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PREFACE

Information technology is an everyday means that is found in all walks of life today. This is also true
for almost all areas of agricultural management. The aim of this Journal is to improve scientific
knowledge dissemination and innovation process in the agri-food sector. The Journal of Agricultural
Informatics has been established in 2009 by the HAAI within a project of the Hungarian National
Development Plan Framework. The peer-reviewed journal is operating with international editorial and
advisory board supported by the EFITA (European Federation for Information Technology in
Agriculture Food and the Environment).
Agricultural informatics serves not only the development of the management systems of the industry
but also obtaining and publicising information on production, organisation and the market for the
producer.
Technologies into network based business systems built on co-operation will ensure up-to-date
production and supply in food-industry. The sector-level approach and the traceability of processed
agricultural products both require the application of up-to-date information technology by actors of
domestic and international markets alike.
This journal serves the publication as well as familiarization the results and findings of research,
development and application in the field of agricultural informatics to a wide public. It also wishes to
provide a forum to the results of the doctoral (Ph.D) theses prepared in the field of agricultural
informatics. Opportunities for information technology are forever increasing, they are also becoming
more and more complex and their up-to-date knowledge and utilisation mean a serious competitive
advantage.
These are some of the most important reasons for bringing this journal to life. The journal
“Agricultural Informatics” wishes to enhance knowledge in the field of informatics, to familiarise its
readers with the advantages of using the Internet and also to set up a forum for the introduction of their
application and improvement.
The editorial board of the journal consists of professionals engaged in dealing with informatics in
higher education, economists and staff from agricultural research institutions, who can only hope that
there will be a demand for submitting contributions to this journal and at the same time there will also
be interest shown toward its publications.

Prof. Dr. Miklós Herdon
Chair of the Editorial Board
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ABSTRACT
What to expect, when planning to use Sentinel-2 datasets in unsupervised classification?
This is a very actual question, since Copernicus Sentinel-2 data has been available since
November 2015, but due to the winter period conditions, wide use has been obstacled,
user experiences are missing. In a European Space Agency (ESA) financed feasibility
study we needed to simulate 2015 Sentinel-2 data input with Landsat 8 OLI data, and we
were also curious, how this may affect the performance? In a case study we measured
Sentinel-2 and Landsat-8 OLI to Kompsat-3 very high resolution multispectral imagery in
four sample sites and we used landscape indices to quantify the effect of utilized input
data on spatial pattern.

1. Introduction
In the confines of a European Space Agency (ESA) financed feasibility study (contractor: GeoData
Services Ltd.), three Copernicus Sentinel data based Earth Observation service developments has been
prepared for launch and were examined from a technical aspect. During the feasibility study we
needed to use Landsat 8 OLI (L8) data simulating Sentinel-2 (S2) data input. In my task group we also
carried out a small experiment to interpret how will real S2 data (ESA 2016) based service quality
differ from the recent L8 (USGS 2015) supported results. The outcomes may be of interest of many,
since S2 data had already been published via the Sentinel Scientific Data Hub since November 2015,
but due to the weather conditions of the winter period operative, take-up has been hindered.
Our experiment was designed to have an empirical approach: we were interested how the
unsupervised classification of only one image of S2 is influenced by the data quality? Thus, at the very
first moment we ruled out one of the most important new quality of S2: its increased revisit frequency
(S2: 5 days; L8: 16 days). In the study we also did not assess the performance of the access facilities
(S2: Scientific Data Hub; L8: USGS Earth Explorer), effective data sizes, formats and primer
infrastructures of the data platforms.
Our practical approach was to identify with multivariate statistics how the utilized input data affect
the resulted spatial pattern of the unsupervised classification. Thus our objective was analogue to a
variance analysis: to delineate the statistical power of utilized sensors on resulted spatial pattern from
other effects. The analysis can be automated and executed with other input datasets as well, thus it can
be taken as a case study of a frame work intention to qualify single image performance of remotely
sensed data.
Before giving a short summary of the experiment setup, the calculations and the results, the
performance influencing metadata shall be described here. Besides the radiometric layout of the
datasets (Figure 1) phargitai, S2 provides the 13-band spectral data in three different spatial
resolutions (10 m: Band 2-4, 8; 20 m: Band 5-8a; 11-12; 60 m: Band 1, 9, 10), while L8 provides the
multi spectral information in two spatial resolutions (30 m: Band 1-7, 9; 100 m: Band 10-11) and one
panchromatic band (Band 8: 15 m). Over the sample sites L8 has its pass at 9:27, S2 at 10:02 CET.

Györk Fülöp
GeoData Services Ltd.
gyfulop@geoadat.hu
1
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Figure 1. Setup of Sentinel-2 and Landsat 7-8 HR multispectral bands (source of imagery:
http://earth.esa.int)

2. Experiment setup – data and samples
The experiment was set up, measuring the performance of S2 and L8 high resolution imagery to a
Kompsat-3 (K3) very high resolution reference image (EOPORTAL 2016). The reference image was
taken 26.04.2013. In the study only the 4-band multispectral (4 m) data were used (B: 450-520 nm; G:
520-600 nm; R: 630-690 nm; NIR: 760-900 nm), 1 m panchromatic information was excluded.
First challenge of the experiment setup was to find spatially with the K3 reference imagery
overlapping S2 and L8 imagery, with decent cloud cover and in time close to each other. After
researching in the Sentinel Scientific Data Hub (SCIHUB 2016) and the USGS Earth Explorer
(EARTHEXPLORER 2016) catalogues, a 14.01.2016 (S2) – 20.01.2016 (L8) data pair seemed to be
adequate for the experiment.
S2 and L8 input data originating from the winter period (less vegetation) might influence the
expected multispectral quality of the images significantly (E.g.: precision approach of S2 NIR bands
might not be represented with enough power), but this discrepancy shall be ruled out by the fact that
both S2 and L8 image sets are from close range in time, and that a preliminary report shall present
what to expect in the active imaging period of 2016 already. However, the reference K3 image was
taken almost three years earlier, showing mid-spring vegetation. With this, we arrive to the second
challenge: such sample sites had to be defined in the images, where significant changes are not likely
to happen.
Four sample sites (NO1-4) were chosen (Figure 2), with the priorities: 1) not to have cloud cover;
2) avoid haze influence; 3) not to have surface snow representation (histograms); 4) spatially far from
built infrastructure (risk of surface changes); 5) and that the samples should differ in their basic
diversity.
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Figure 2. Sample sites; from right to left NO1-NO4; from up to down on K3-S2-L8 RGB composites
It might be observed, that the primer diversity of the samples is decreasing from NO1 to NO4,
while NO1-2 are basically of the same extent, NO3 is of a small extent sampling, NO4 is of a huge
extent agricultural parcel, representing only bare soil (Figure 3).

Figure 3. Situation of sample sites in Google Earth with thumbnail of S2 Band-4 data; yellow AOI:
NO1 site; red AOI: NO2 site; green AOI: NO3 site; blue AOI: NO4
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3. Primer image processing
During the primer image processing we processed the input (K3, S2, L8) imagery in parallel, to
achieve datasets, which can be compared to each other efficiently. During the data processing ENVI
4.7 software [1] were utilized, thus all input data was converted into ENVI .hdr format. As preliminary
steps, L8’s B1-7 multispectral bands were pan-sharpened (with Band 8) and S2 bands were resampled
(nearest neighbour), all to have 10 m resolution. Then, multispectral stacks were created from K3 (4
bands), S2 (13 bands) and L8 (7 bands) data. After subsetting the stacked imagery with sample AOIs,
each sample were over-sampled (1 m) using cubic convolution method. After achieving uniform
virtual spatial resolution, to handle the different numbers of input bands (which may influence the
unsupervised classification), all samples (K3, S2, L8) were undergoing a Principal Component
Analysis (PCA), and in each cases the first 3-3 PCs were saved as independent bands of a stack. 3rd
PCs were preserved only for safety reasons (not to lose different amount of information), since in all
samples the first two PCs described the original input with convincing power (Figure 4).

Figure 4. PCA performance in case of NO1 (K3, S2, L8)
All spatially and spectrally uniformed sample datasets (12) were used for unsupervised
classification. The chosen method was K-mean clustering, with the settings to create maximum 7
classes during maximum 10 iterations. The created classified images were saved as single band
GeoTiff sets (Figure 5).
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Figure 5. K-mean classified sample sites; from right to left NO1-NO4; from up to down resulted from
K3-S2-L8 data input

4. Secondary image assessment
The secondary image assessment was aiming to compare the resulted classified data statistically.
The difference in the resulted class-structure can be the effect of 1) error of experiment: effective
changes on the surface between acquisitions; 2) effect of sensor: difference between information
contain of S2 and L8 HR and K3 VHR image acquisitions; 3) effect of sites: different attributes and
spatial structure of sample sites.
To gain numeric description of classified imagery, the GeoTiff sets were ingested into Fragstats 4.2
software [2] to assess their spatial pattern. During the automatic assessment, adjacency tables and
landscape (sample) level statistics were created in table format. Landscape indices were computed to
describe the 1) classified samples’ area and edge relations; 2) the contained patches’ shape; 3) the
spatial distribution of the patches (aggregation); and 4) the landscape diversity of sample sites. Used
landscape indices are presented in Table 1, with respect to their known computation and meaning
(MCGARIGAL 2015).
Table 1. Applied landscape level statistics

Simpson’s DI

COHESION

PLADJ

NP

CONTAG

ENN

Shanon’s DI

Diversity

Aggregation

CONTIG

CIRCLE

PARA

SHAPE

Shape

GYRATE

TE

LPI

Indices

Area and edge

AREA

Index group
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It must be emphasized, that landscape metrics are not utilized in this study in their general function
– to support landscape ecological and landscape planning decision making, but as mirrors of the
affects, which are created by differently sensed data. This consideration gives excuse of GUSTAFSON’s
(1998) in general very accurate and valid observation on the false interpretation of landscape indices.
Landscape metrics are not interpreted, only used for measuring underlying effects, thus the causal
direction is opposite.

5. Results and discussion
Statistical assessment of output adjacency tables and landscape level statistics were executed in
three phases. First, autocorrelation information was extracted from adjacency relations, then landscape
index values were undergoing dimension reduction, finally a general linear model was used to
describe the relations between the sample sites, and to define the force of utilized datasets on the
spatial differences. For statistical analysis IBM SPSS Statistics 20.0 was used [3].
5.1. Assessment of classification resulted adjacency: autocorrelation for image performance
Adjacency describes a categorical map, how the neighbourhood relations of the rasters of a given
class are distributed among all the classes. In Table 2 the adjacency matrices of the first sample site
can be seen, as observed on the categorical maps extracted from K3, L8 and S2 data. When first
observing the adjacency matrices, it can be noticed, that cells are organized symmetrically along the
main diagonal of the matrix. It can also be observed, that the values of the cells are not distributed the
same way, VHR K3 data resulted adjacency is expending further from the diagonal, than HR resulted
adjacencies.
Table 2. Adjacency matrices of the sample site NO1, resulted from K3, L8 and S2 input data
K3_NO1
Class ID
1
2
3
4
5
6
7
1 161230 14955
25
9
0
0
0
2 14955 495258
4017 37684
218
3
0
3
25
4017 227254
1931
6996
0
927
4
9 37684
1931 516116 31110 12597
1
5
0
218
6996 31110 326358 25637
2901
6
0
3
0 12597 25637 403620 13770
7
0
0
927
1
2901 13770 143914

backgr.
181
513
234
736
712
677
163

L8_NO1
Class ID
1
2
3
4
5
6
7
1 349056
9244
0
0
0
0
0
2
9244 524382
5251
5125
0
0
0
3
0
5251 344422
3502
3510
0
0
4
0
5125
3502 350214
7341
0
0
5
0
0
3510
7341 378316
7630
0
6
0
0
0
0
7630 328934
3389
7
0
0
0
0
0
3389 252252

backgr.
436
854
475
330
455
447
243

S2_NO1
Class ID
1
2
3
4
5
6
7
1 254434
9834
0
0
0
0
0
2
9834 528506 18411
1
0
0
0
3
0 18411 391558 18098
2
0
0
4
0
1 18098 327942 16376
0
0
5
0
0
2 16376 334952 12301
0
6
0
0
0
0 12301 317324
5924
7
0
0
0
0
0
5924 269770

backgr.
256
792
431
519
517
419
286
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When considering the meaning of adjacency, we can relate to spatial similarity, and after a short
thinking also to autocorrelation. Autocorrelation is a phenomenon, which results that spatially close
objects are more likely to be similar (LABOVITZ et al. 1980, ODLAND 1988). Autocorrelation is
more valid in datasets with coarser spatial resolution (DORMANN et al. 2007). If in an adjacency
matrix the values of the cells are organized more and more “leaning” to the diagonal, the classmember rasters are more and more likely to be neighboured by members of similar clusters. But how
to interpret adjacency matrices in order to extract the degree of autocorrelation?

Figure 6. Surface and contour line representation of adjacency matrices of NO1 sample site
On Figure 6 surface model of adjacency table and contour line representation of adjacency relations
can be seen (surface model from above). Unfortunately, even though that it describes the distributions
(among classes) expressively, degree of autocorrelation cannot be observed sufficiently. A matrix
transformation is needed, which gives a view of the cross-section of the introduced surfaces – with a
square root transformation in favour of interpretability (Figure 7).
The “sharpness” of the averaged adjacency cross-section can describe the autocorrelation relations,
thus skewness can be a well-tailored index. Figure 8 shows the measured skewness information of the
adjacency matrixes, thus the degree of autocorrelation in the categorical maps of K3, S2 and L8 input
data. This way, skewness of adjacency – thus degree of autocorrelation – shows how the details get
lost due to the resulting data, describing the phenomena in one index, handling the effects of spatial
and spectral resolution together.

Figure 7. Cross-section of averaged adjacency surfaces
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Figure 8. Skewness of adjacency surfaces – a possible measure for autocorrelation
It can be observed, that the 4-band VHR K3 has at all four sample sites the lowest skewness value
– thus in this data it is more likely that a given raster is neighboured by rasters of other classes (in the
1 m resampled data based categorical maps). Skewness of S2 is in between K3 and L8 values, thus
Sentinel-2 data gives measurably more detailed information of the Earth surface, than Landsat 8 OLI.
Power of autocorrelation can be observed best on samples with extreme primer diversity (NO1 and
NO4), where the spatial resolution of initial input datasets has greater significance.
With greater number of samples – thus more detailed diversity set up – the force of spectral and
spatial resolution contributing to observable autocorrelation might be extracted and quantified
separately with tests of variances.
5.2. Dimension reduction of resulted landscape index values
It would be a target of a landscape ecological study to measure how utilized input data can effect
individual landscape indices and to explain its consequences on resulted decision support (WALTZ
2011). Recent study is aiming to quantify how the three different sensors (the reference VHR K3 and
the tested HR S2 and L8) affect the index groups, thus area and edge relations, the shape attributes, the
aggregation of patches and measurable landscape diversity. With this consideration, dimension
reduction of measured index values was needed.
Principal component analysis was performed on index groups, compacting the indices into one PC
in each cases (Table 3) using regression method for factor scoring. That it was possible to do so,
highlights the problem of correlating landscape metrics, which issue was raised already by
GUSTAFSON (1998).
Table 3. PCA of index groups
AREA
indices

SHAPE
indices

AGGREG.
indices

L. DIVERS.
indices

82,08%

87,58%

77,32%

99,60%

4

4

5

2

Min of communalities

76,81%

73,33%

56,77%

95,98%

Index of min. comm.

LPI

SHAPE

ENN

SHDI=SIDI

0,9333

0,9647

-0,9682

0,9980

GYRATE

CONTIG

NP

SHDI=SIDI

PC containing % of variance
Number of indices

Max. force component
Index of max. force comp.
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5.3. Explanatory statistics, force of input data, S2 performance
A General Linear Model (GLM) was built of independent variables of sensor (K3, S2, L8) and site
(NO1-4) to describe how the depending factor scores of landscape indices are influenced by them. In
the model, the sensor was kept to be the fixed factor (planned effect) and site information to be the
random factor, while the landscape index resulted factor scores the dependent variables. The model
was designed to assess how the variances of the measured landscape index factor scores are explained
by the fixed factor (sensor), the random factor (site) and their intercept, and which part is inexplicable
(error) (Table 4).
Table 4. The factors’ explained % variance by index groups; force of effects
DIVERSITY
AREA
SHAPE
AGGREG
SENSOR
2,93%*
50,42%
92,92%
72,45%
SITE
78,68%
45,59%
6,04%*
21,87%*
ERROR
18,39%
4,00%
1,03%
5,68%
* significance level above 0,05

Since the intercept elements of the models were not significant in any cases, they were excluded
from the model. Table 4 also represents the factors’ force to affect the spatial structure of the sample
sites. As it can be seen, in case of area, shape and aggregation relations, the applied input data (sensor)
affects with more force the measured landscape metrics, then the sites themselves. In case of the two
diversity metrics (SHDI and SIDI) the ratio is opposite, site has more influence on the metrics,
however inexplicable error has also increased value.
After the fixed (sensor) and random (site) factors were pruned of their co-effect (intercept)
marginal means could be estimated. Figure 9-10 presents the marginal means of factor scores among
sites by sensors. It can be observed that in case of area and edge metrics (except NO3 site) and
aggregation metrics Sentinel-2 resulted index values is more close to the reference Kompsat-3 VHR
image than values extracted out of Landsat 8 OLI data. In case of shape metrics Landsat-8 data input
performs better than Sentinel-2. In case of diversity metrics the picture may be confusing, but after
short examination it can be observed that K3 is taking the most extreme values (sensitive), while L8 is
the most mediocre (generalizing). S2 falls in between K3 and L8. This can also be the reason why the
GLM (linear) did not find greater power of fixed factors (sensor) in case of diversity metrics.

Figure 9. Estimated marginal means of the landscape metric based factor scores of area and edge, and
shape indices; sensor type: 2 (S2), 3 (K3), 8 (L8)
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Figure 10. Estimated marginal means of the landscape metric based factor scores of aggregation and
diversity metrics; sensor type: 2 (S2), 3 (K3), 8 (L8)
Table 5. Estimation of S2 performance from marginal means by landscape index groups
Marg. mean
Sensor AREA
SHAPE AGGREG DIV
K3
-0,847
-1,219
-1,010
-0,181
S2

0,289

0,756

0,288

0,022

L8

0,557

0,463

0,722

0,158

Marg. mean distance from reference K3
S2

1,136

1,603

1,134

0,869

L8

1,404

1,310

1,569

1,005

Marg. mean distance in % of L8
S2

80,93%

122,37%

72,29%

86,49%

L8

100,00%

100,00%

100,00%

100,00%

Perfromance of S2 measured to L8
S2

123,57%

81,72%

138,33%

115,62%

By keeping K3 VHR input data resulted values to be the reference, the marginal means can be used
to measure the (absolute) distance between the HR (S2 and L8) resulted values (Table 5). Due to
applied factor scores, the computed distance has also normal distribution. The distances of S2 and L8
resulted marginal means can be broken down to the percentage of L8 distance. The reciprocal of the
S2 distance percentage is providing a good measure of the S2 performance measured to L8 (Figure
11).
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Figure 11. Performance of S2 in the percentage of L8 in reference to K3
When interpreting results presented in Figure 10, the validity of the outcomes must be questioned
also by a landscape ecologist approach. Eg.: what plausibility the under-performing of patch shape
detection has, when area and edge, aggregation and diversity indices show a significant difference?
These questions must be raised in a separate study, which reaches out also to the interpretation of
resulted index values.

6. Summary
In this paper a study has been presented, which aimed to compare the performance of unsupervised
classification of high resolution multispectral Sentinel-2 and Landsat 8 OLI datasets with a reference
to very high resolution multispectral Kompsat-3 imagery provided categorical maps. After the set-up
of the experiments, spatially and timely overlapping imagery (reference imagery acquisitioned almost
3 years earlier) were gathered, comparable AOIs were defined. Primer image processing was applied
to each dataset in parallel resulting comparable categorical maps. The statistical comparison utilized
adjacency information for presentation of autocorrelation and compared spatial pattern of categorical
maps with the help of landscape index groups (area and edge, shape, aggregation and diversity) on
landscape (sample) level. The study resulted that the choice of input data has a significant force on the
resulted spatial pattern, and that – in general – Sentinel-2 data performs better (measured to VHR
reference) than Landsat 8 imagery. Degree of developed performance quality has been published, with
remarks that landscape ecological approach shall interpret the long term edification of data utilization.
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ABSTRACT
Corn leaf aphid Rhopalosiphum maidis and bird cherry-oat aphid R. padi,
attacking many host plants, which be recorded not only in most localities of Egypt but
also along a year. So, numbers of generations could be calculated and predicted in all
localities by employing Geographical Information System (GIS) and by exploiting
calculated values of daily degree units and thresholds of development for them, with
current and future thermal climatic conditions. Biannually generations' numbers of them
differ from region to another, that numbers of wintery and summery generations of R.
maidis ranged between 1-29 and 12-50 generations, respectively under current conditions.
Expected generations numbers will changed with rates ranged between -4: 14 and -24:16
generations, respectively in 2050, and with rates ranged -3: 15 generation and -42: 17
generation, respectively in 2070. On other hand, Numbers of wintery and summery
generations of R. padi ranged between 1–27 and 11-42 generations, respectively under
current conditions. Finally expected numbers of wintery and summery generation in 2070
will be nearly similar to 2050, that its changing rates ranged between -3: 14 generation
and -36: 16 generation, respectively. Temporal spatial distributions and variations of
generation numbers in different regions and governorates of Egypt were discussed under
current and future conditions. Moreover future of growing cereal crops was also discussed
especially in southern reclaimed regions.

1. Introduction
Spatial analysis by Geographical Information System (GIS), a computer program for analyzing
and mapping geographical datasets, is availability methods to research spatial distribution of insect
pests by analysis the relationship between geographic conditions, climate resources and occurrence of
insect pests (Schell et al., 1997). So the GIS could be employed to predict effect of climatic changes
on insect, that effect on geographical distribution, Behavior and physiology of insects (Parmesan 2007
and Merrill et al. 2008). Temperature has a direct influence on insect activity and rate of development
(Zalom and Wilson, 1982). The assessment report from the Intergovernmental Panel on Climate
Change (IPCC) predicts an increment in mean temperature from 1.1 to 5.4o C toward the year 2100
(Meehl et al. 2007). The thermal unit provides a valuable tool for insect pest control; in forecasting
infestations monitoring and timing of insecticide applications (Zalom et al., 1983). Moreover
estimation of generations number of insects relying on current and expected future climatic factors
such as maximum, minimum and mean temperature (Abolmaaty et al., 2010). In addition, such
changes in climatic conditions could profoundly affect the population dynamics and the status of
insect pests of crops (Woiwod, 1997). Development of aphid is faster in warmer temperature (Kuo, et
al., 2006; Park and Obrycki, 2004; Razmjou and Golizadeh, 2010; Sharma and Bhatnagar, 2002).
Corn leaf aphid Rhopalosiphum maidis (Fitch, 1856) and bird cherry-oat Aphid R. padi
(Linnaeus, 1758)), attacking many host plants, including corn, sorghum, barley, oats, and wheat, as
well as weeds and plants of the families Gramineae, Cyperaceae, and Typhaceae, have spread almost
worldwide, including the Nearctic, Ethiopian, Australian, and Neotropical regions, as well as some
Oceanic islands, including Hawaii. They are widespread across the United States, Mexico, the Middle
East, and Europe, as well as the southern half of Canada and Asia, and parts of Africa. (Helmi, 2011;
Jarasova, et al., 2013; Messing, et al., 2007; Mushtaq, et al., 2013; Parry, et al., 2012; Razmjou and
Golizadeh, 2010; Van Emden and Harrington, 2007).
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Rhopalosiphum maidis and R. padi were recorded on wheat, barley and corn in different sites in
Upper, Middle and lower Egypt, On other hand, both species were observed on summer, winter and
perennial cereal weeds in different localities of Egypt such as Kharga and Dakhla Oases, Giza,
Zagazig Governorate (Delta), Kafer El-Sheikh (Delta); and on beard grass and wild oats in North Sinai
Governorate (El-Heneidy, and Adly, 2012). R. maidis was the most abundant aphid species in
Northern and Western coast of Egypt (Noaman et al., 1992). R. maidis is ongoing migration from one
host to another throughout the year that migrated from summer weeds to early grown barley and wheat
and the infestation remained until March or April then moved again to gramineous weeds for a short
time then migrated during May and early June to the sorghum and summer maize plantations and the
weeds grew on the sides of canals (Hassan, 1957).
As result of presence of different host plants of R. maidis and R. padi not only in most
localities of Egypt but also along a year, Number of annual and seasonal generation could be
calculated in all locality by employing calculated values of Daily Degree units (DDU) (k) and lower
threshold of development (zero of development) (t0) (Jasic, 1975) which estimated by many authors
for R. padi (Abdel-Rahman, et al., 2002; Auad et al. 2009; Campbell, et al. 1974; Kuroli, 1984; ElHeneidy, et al., 2003; Elliott and Kieckhefer 1989) and for R.maidis (El-Ibrashy et al., 1972; ElSheikh et al., 2009; Kuo et al., 2006; Singh et al.,1996), in addition upper threshold temperature could
be also concerned which estimated by (Auad et al., 2009; Debarro and Maelzer, 1993) for R. padi or
(El-Ibrashy et al., 1972) for R. maidis.
So previously calculated thermal constant value, upper and lower threshold temperature of
development for both aphid species could be exploited with recorded current and expected maximum,
minimum and mean temperature of future in different locality to predict numbers of annual generation
in different locality of Egypt by using GIS, which good ability to analyze different datasets and to
present the results on maps with geographical nature.

2. Material and Methods
Current study aimed to employ monthly mean values of current and future maximum, minimum
and mean temperature; estimated temperature of development thresholds and thermal constants for R.
maidis and R. padi to calculate number of current and predicted generation of both species in future
under impact climatic change in all over Egypt, along a year by using Geographical information
system (GIS). So ArcGIS 10 computer system was used to perform spatial analysis for all obtained
and necessary data then spatial estimation of generation numbers could be achieved.

2.1. Location
Current study was performed on Arab Republic of Egypt region that has an area of about 1,01,408
square kilometers (390,000 square miles), which located in northeast corner of Africa and southwest
corner of Asia between latitudes of 22° and 32°N and longitudes 25°E and 35°E. It has 27
administrative regions.
Egypt, as a country, can be divided to four different agro-ecosystem regions as shown in Figure
(1); Lower Egypt which contains Delta Governorates [Kafr El-Sheikh (Kaf), Dakhalia (Dak), Behera
(Beh), Domiata (Dom), Gharbia (Gha), Monoufia (Mon), Sharkia (Sha) and Qaluobia (Qal)
Governorates]; Canal Governorates [ Port said (Port), Ismalia (Ism) Suez (Suz)] and west north coast
governorates such as Alexanderia (Alex) and Matrouh (Mat). Middle-Egypt which contains Giza
(Giz), Fayoum (Fay) and Beni-Suef (Ben) Governorates. Upper-Egypt which contains Menia (Meni),
Assuit (Asu), Sohag (Soh), Qina (Qin), Luxor (Lux) Aswan (Asw), Red Sea (Red) and New Valley
(Wad) Governorates. Finally, Sinai contains South Sinai (So.Si.) and North Sinai (No.Si.)
governorates. Most of Egyptian Agro-ecosystem lies along the Nile valley. Agro-ecosystems for
newly reclaimed land, in Toshka (1), west and east of Owinat (2), and Kharga and Dakhla Oases (3),
lied on Upper Egypt, and considered as main land reclamation projects in Egypt.

2.2. Required Data
Global layers maps of monthly averages for maximum, minimum and mean temperatures were
downloaded as ESRI grid (raster) format from Worldclim.org (WorldClim is a set of global climate
layers (climate grids) with a spatial resolution of about 1 square kilometer, so data can be used for
mapping and spatial modeling in a GIS or with other computer programs). Monthly average
doi: 10.17700/jai.2016.7.1.249
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temperature were downloaded under current conditions (interpolations of observed data, representative
of 1950-2000) with highest resolution (30 arc-seconds (~1 km)) and under future conditions of 2050
(average for 2041-2060) and 2070 (average for 2061-2080) with spatial resolutions 2.5 minutes (this is
about 4.5 km at the equator), which were obtained from global climate models MIROC5 (Model for
Interdisciplinary Research on Climate) and using representative concentration pathways 45 (rcp). In
addition, boundary map of administrative areas of Egypt is also downloaded as shape layer.
Biological aspects for survivor of R. maidis and R. padi were obtained from almost latest biological
studied conducted in Egypt as possible. Each of lower threshold temperature (t0), and thermal
requirements (k) as Day-degree units (DDU) and upper threshold temperature are most concerned
value. So during current study, estimated values of lower threshold temperature (t 0) (8.38oC) and
thermal requirements (k) (88.11 degree-days) for generation time of R. maidis by El-Sheikh et al.,
2009, are used and employed to calculate number of generations. On the other hand, estimated values
of lower threshold temperature (t0) (8.89oC) and thermal requirements (k) (92.32 degree-days) for
generation time of R. padi by Abdel-Rahman, et al., 2002, are used and employed to calculate number
of generations. In addition, upper threshold temperature (35oC) for R. maidis, estimated by El-Ibrashy
et al., 1972, and (32oC) for R. pad, estimated by Auad et al., 2009 are also used as highest inhabiting
temperature for generation formation in some months of summer.

Figure 1. Land cover and boundary distributions of Agro-ecosystem and governorates of Egypt,
obtained from DIVA-GIS.com.

2.3. Input and Processing Data
Global layers of current and future monthly average of maximum, minimum and mean
temperature, lower threshold temperature (t0), and thermal requirements (k), upper threshold
temperature for both aphid species were subjected to ArcGIS 10 computer program to estimate their
numbers of seasonal and annual generations. Input raster layers of monthly average of maximum,
minimum and mean temperature of Egypt were extracted by spatial analysis tools from Global layers
then subjected to following process as shown in Figure 2.
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Figure 2. A flow chart illustrated main steps used to create maps of annual or biannual generations'
numbers for aphid by using ArcGIS 10 computer system.
1- Layer of monthly mean temperature for Egypt (first input) is extracted with attitude of values
that less than upper threshold temperature.
2- Last extracted raster layer of mean temperature used in masking extraction for monthly
maximum temperature layer (second input) to give raster layer for maximum temperature (1).
3- Extracted layer of maximum temperature (1) is subjected to another attitude extraction for
values that less than lower threshold temperature (t0) to give Extracted layer of maximum
temperature (2).
4- Layer of monthly minimum temperature (third input) is subjected to attitude extraction for
extract values less than or equal lower threshold temperature (t0) and value more than lower
threshold temperature (t0) to give two raster one for minimum temperature values less than or
equal (t0) (4) and the other for values more than (t0) (3).
5- Recent extracted layers of minimum temperature(3)(4) are used in masking extraction for
Extracted layer of maximum temperature(2) to output two parallel raster layer for them
(extracted layers of maximum temperature(3)(4)).
6- Generated and extracted layers of maximum temperature(3)(4) and minimum temperature(3)(4) are
subjected to Map Algebra tools for raster calculation by applying following formulas
according to Jasic, 1975:
- No. Gen.(Raster a) = [(max3+min3)/2)- t0] ]* D /K
In case of Max. t < Min. t < to
2
- No. Gen.(Raster b) = [(max4- t0) /2(max4-min4) ]* D /K In case of Max. t < to < Min. t
- No. Gen. = Zero
In case of to < Max. t < Min. t
D: Number of Days for each month
K: Thermal requirements
to: Lower threshold of temperature
No. Gen: Monthly generation numbers.
max or min: Layers of extracted maximum or minimum temperature.
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7- The last two generated raster maps for numbers of monthly generations (Raster a and raster b,
respectively) are joined together by local cell statistics of spatial analysis tools to generate
raster map for monthly generations numbers of all Egypt regions.
8- Sum of monthly raster maps of generations' numbers could be calculated easily by applying
also local cell statistics tools to generate biannually maps [for cold (October to March on
wintery hosts) or hot (April to September on summery hosts) months] for number of
generation under current and future thermal climatic conditions, which could be discussed.

3. Results and Discussion
To simplify results of obtained generation numbers in different regions of Egypt under current
and future conditions of 2050 and 2070, in addition to clarify impact of increasing temperature, that
higher than upper threshold temperature of each species on generations numbers under climatic
changes in future, number of generations calculated biannually on summery (from April to September)
and wintery (from October to March) hosts separately.
3.1.

Numbers of biannual generations of R. maidis

Numbers of wintery and summery generations differ from region to another as illustrated in
Figure (3) that ranged between 1 - 29 generations on wintery hosts while it was higher on summery
hosts that harbored 12-50 generation, under current conditions. Expected numbers of R. maidis
generations numbers in 2050 will changed with rates ranged between -4 : 14 and -24 :16
generations on wintery and summery host plants, respectively, to give spatial distribution of
generations reach 4-35 generations on wintery hosts, and 22-51 generations on summery hosts.
Finally Expected numbers of generation in 2070 will be 5-36 generation on wintery hosts and 7-52
on summery hosts, with numbers changing rates ranged -3: 15 generation and -42 : 17 generation,
respectively. Temporal impact of climatic changes on current and forecasting generation numbers
in future isn't obvious without combining it with spatial effect, which will be obvious through
following discussions.
3.1.1. Spatial distribution of wintery R. maidis generations numbers under current and future
conditions
Numbers of wintery generations under current conditions, graphically illustrated in Figure
(3W1), reflect that dominate and moderated numbers of wintery generations was about 13-20
which observed in most regions and governorate of Egypt, 13-16 generation noticed in middle of
delta and western regions of each of Alexandria, Behera, Giza, Fayoum, Beni-Suef and Menia in
addition all regions of north Sinai and Matrouh. On contrary canal governorates, north delta and
regions located on border of river Nile had 17-20 generation except Qina, Luxor and north Aswan
had 21-24 generation. Lowest generation numbers were observed in most south Sini (9-12
generation) while highest one observed in south Aswan (25-29 generation). Those numbers will
increased with nearly stable number, not more three generation, under future conditions of 2050
in all region, as shown in Figure (3W2) that will reach to 19-23 generations in Delta, North coast,
Canal governorates, middle Egypt and Minia, while it reach to 24-28 generations in upper Egypt
governorates (from Asuit to north Aswan) in addition numbers of generation will also increase to
35 generations in south Aswan. Generations of R. maidis will increase in most Sinai governorates
to reach 14-23 generation. Numbers of generations in all later mention regions will increase with
stable and low rates (not more than one generation) under climatic conditions of 2070.
3.1.2. Spatial distribution of Summery R. maidis generations numbers under current and
future conditions
Numbers of R. maidis generations on summery hosts under current conditions, graphically
illustrated in Figure (3S1), that shown numbers of summery generation are more than wintery in
all regions. On other hand, spatial distribution of generation numbers was differ from region to
another that was 32-36 generations in Delta, Canal Governorates, Middle Egypt, middle Matrouh
(from around Qattara depression to Siwa osis) and Minia, while it increased to 37-41 generation
in Upper Egypt especially in Asuit, Sohag and northwest of New Valley Governorates.
Continuous increasing for generations numbers was more pronounced toward south direction, that
doi: 10.17700/jai.2016.7.1.249
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reached 42-46 generations in Qina, Luxor, southeast of New Valley and north of Aswan, while it
increased to 47-50 generation in south Aswan (around Nasser lake). Most of Sinai regions and
northwest coastal regions had moderated numbers of generations (27-31generation).
In future conditions of 2050 numbers of generations, as shown in Figure (3S2), will increased
with nearly constant rates (5-6 generations) in Lower Egypt and (5-10 generations) in most
Middle Egypt, Minia, Sohag and Asuit. While generation numbers will decreased with rates 1-14
generation in Qina and Luxor and more than 14 generation (15-24 generation) in Aswan as a
result of increasing mean temperature above 35oC (upper threshold temperature of development
of R. maidis ), which inhibit generation formation during summer of 2050 El-Ibrashy et al., 1972.
Same observations will also be noticed in 2070 as shown in Figure (3S3), that generation will
decrease with rates 20-27 generation in most of Luxor and Aswan and southeast of new valley
regions, while decreasing rates will be less in most of Qina Governorates (not more than 12
generation) than in current conditions.

W1

S1

W2

S2

W3

S3

Figure 3. Maps of regional biannual distribution of R. maidis generation numbers on wintery (W) and
summery (S) hosts in Egypt, under current (W1 and S1) and future conditions of 2050 (W2 and
S2) and 2070 (W3 and S3).
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So expected generation numbers in most regions of Lower Egypt will reach 38-41 and 37-42
generation under 2050 and 2070 conditions, respectively except in Kafr El-Sheikh, along west
north coast in addition most Sini that will have 34-37 generations and less (31-36 generation)
under 2050 and 2070 conditions, respectively. In most regions of middle Egypt and Minia and
northwest new valley will have 42-45 generation and will increase to 46-49 generation in Asuit,
Sohag and middle of new valley under 2050 conditions, while those previous region will be have
nearly stable generation numbers that will be 43-48 generations under 2070 conditions. On
contrary numbers of R. maidis is expected that will decrease from Qina and Luxor (30-33
generation) and less toward southern regions to reach 22-25 generation in most regions, under
2050 condition, and will decrease to 25-30 generation in Qina and Luxor and less in most
southern regions to reach 19-24 generations under 2070 conditions. So cultivation of summery
cereal crops in this area, that has main land reclamation projects in Egypt, will be more
convenient than other region because of absence or decreasing generation numbers of R. maidis,
which attack and transmit viral diseases to plants.

3.2. Numbers of biannual generations of R. padi
Numbers of wintery and summery generations differ also from region to another as illustrated in
Figure (4) that ranged between 1 - 27 generations on wintery hosts while it was higher on summery
hosts that harbored 11-42 generation, under current conditions. In prospect, numbers of wintery
generations in 2050 will changed with rates ranged between -3 : 13 generations to give spatial
distribution of generations, may be range 4-32 generations on wintery hosts allover Egypt. Under
summery conditions of 2050, despite the increase in the number of generations for rates up 16
generation, will be observed in some areas, but the generations numbers will decline at rates up to
36 generation in other areas. Same rates of generation numbers changes (-36: 16) will be also
observed on summery hosts of 2070 as a result of the higher temperatures degrees than upper
threshold temperature of R. padi generation forming (32oC) Auad et al., 2009, so numbers of
generations will ranged between 5-41 generation allover Egypt on summery host plants in both
2050 and 2070. Finally expected numbers of wintery generation in 2070 will be nearly similar to
2050, that its changing rates ranged between -3: 14 generation on wintery hosts to format 4 -33
wintery generation and rates of changes. For more explanation of spatial and temporal impact of
climatic changes on current and forecasting R. padi generation numbers in future, biannually
discussion for generations numbers could be conducted as flow:3.2.1. Spatial distribution of wintery R. padi generations numbers under current and future
conditions
Numbers of R. padi wintery generations under current conditions, graphically illustrated in
Figure (4W1), reflect that dominate and moderated numbers of wintery generations was about 1316 which observed in most regions and governorates of Egypt, especially in Lower, Middle
Egypt, and north areas of Upper Egypt (Minia, north of Red sea and north of New Valley
Governorates), and less than 13 generation in north Matrouh, most of Sinai Governorates. In
contrary, numbers of generation was higher than 16 (17-20) in Sohag, Asuit, Qina, Luxor, middle
of each of New Valley and Red sea and parts of canal Governorates. Finally the highest values
will be observed (21-27) in Aswan and south of each of New valley and Red sea Governorates. In
2050 and 2070 as graphically illustrated in Figures (4W2) and (4W3), respectively, it expected that
those generations' numbers will increase nearly with constant increasing rate (3 generations) in
most of previously discussed regions of Egypt in both of them, with little exception in 2070, that
generation numbers of R. padi in governorates that located along river Nile and canal
governorates, will be higher (20-23) than other Governorates (16-19) of lower and middle Egypt.

3.2.2. Spatial distribution of Summery R. padi generations numbers under current
and future conditions
Numbers of R. padi generations on summery hosts under current conditions, graphically
illustrated in Figure (4S1), that shown numbers of summery generation are also more than wintery
in most regions. Moderated numbers of summery generations was about 27-30 generation that
observed in north of each Delta and Matrouh and most of Sini Governorates. Those numbers
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increased gradually toward southern Governorates of Egypt till Luxor Governorate, that are 31-34
generation in South of Behera, Dakhalia, Monoufia, Sharkia, Qaluobia, Minia, Middle Egypt and
canal Governorates, then increased to 35 generation in Sohag, Asuit, north New valley and Red
sea governorates, and more to 42 generation in Qina, Luxor and middle of new valley. On
contrary, numbers of generation decreased to reach 19-22 generation in Aswan and South of New
valley Governorates.

W1

S1

W2

S2

W3

S3

Figure (4): Maps of regional biannual distribution of R. padi generation numbers on wintery (W)
and summery (S) hosts in Egypt, under current (W1 and S1) and future conditions of 2050
(W2 and S2) and 2070 (W3 and S3).
From obtained and illustrated data in Figures (4S2) and (4S3) reflected that expected summery
generation numbers in 2050 and 2070 will increase to reach 35-39 in most Lower and Middle
Egypt, Red sea governorates till Minia Governorate, with little exception in north coast and Sinai
governorates that have less generation numbers (30-34 generation). On contrary, expected
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numbers of generation will decline in Upper Egypt governorates comparing with current
generation numbers that will be 15-24 generation in Sohag, Asuit, north Qina and north of New
valley and west of Red sea Governorates. Least generations' numbers (5-9 generations) will
notice in south Qina, Luxor, Aswan and south new valley governorates, so in prospect cultivation
of summery cereal crops in this area will be also more protected of R. padi attacking and viral
diseases transmission.
Cultivation of cereal crops in newly reclaimed land in Toshka, west and east of Owinat and
Kharga and Dakhla Oases (New valley Governorate) in Upper Egypt will be more convenient because
of reduction or absence generations of R. maidis and R. padi under future conditions of 2050 and
2070. Those pests were recorded by Hassan, 1957 and Mannaa, 2000 in this area.
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1

It is desirable to increase the frequency between livestock welfare assessments to enhance
problem identification and consumer confidence in livestock welfare management.
However, animal welfare is difficult to monitor in practice, due to the inefficiencies
involved in manually documenting and determining, animal behaviour, social interaction
and health condition of large numbers of animals. Furthermore, the effectiveness of a
welfare assessment relies on the intuition of the observer which may vary considerably
between assessors. Hence, this review investigates the application of machine vision
systems to recognise and monitor the behaviour of animals in a quantitative manner.
Behaviour-recognition concepts, techniques, and current behaviour monitoring systems
are reviewed. Findings indicate that further research is required to develop systems that
can monitor the behaviour and welfare of animals’ more efficiently and effectively in
commercially realistic environments.

Introduction: Livestock Behaviour and Vision Systems

Measuring and assessing the behaviour of livestock is important as it can be used to indicate their
welfare status (Dutta et al., 2015; Porto et al., 2014). Behaviour is formed from an animal’s continuous
interaction with its environment (Figure 1). Animal behaviour is a response to an internal stimuli
(physiological) such as hunger or an external stimuli such as climate. If the goal of the behaviour is not,
or cannot, be achieved the animal may change its behaviour or physiological response (Busse et al.,
2015).
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There is potential for welfare problems to arise when there are inadequate environmental enrichments
to support the behavioural needs of livestock.
It has been argued that the husbandry methods used in intensive livestock production have resulted
in the deprivation of some naturally occurring behaviours (Fraser, 1983). Producers have a strong
interest in maintaining the welfare of their livestock from both economic and ethical perspectives. As
often proactive welfare management has a positive effect on a farm’s production efficiency and the
quality and marketability of the end product (Kashiha et al., 2013).
The observation processes currently used to measure livestock behaviour are subjective, as farm
workers perform the welfare assessment. The worker’s involvement in these tasks are necessary and
therefore increase the demand on the labour and costs associated with monitoring animal behaviour.
These factors have potential to influence the level of attention each animal receives (Oczak et al., 2013;
Pereira et al., 2013). Thus, behavioural measurements are open for interpretation and have potential to
be overlooked.
Given the problems mentioned above, this review investigates the application of machine vision
systems to recognise and monitor the behaviour of animals in a quantitative manner. Specifically in this
article, behaviour-recognition concepts, techniques, and current behaviour monitoring systems are
reviewed.

1.1

Applying machine vision systems to the behaviour recognition task

To overcome these issues, tools that can objectively assess the behaviour and welfare status of
livestock species accurately, repeatedly and continuously are required. Ideally an autonomous system is
required that:

(i)
(ii)

Can recognise the onset of welfare related problems (mimics the intelligence of a
trained welfare inspector) and
Has the ability to monitor and recognise these behaviours continuously

A machine vision system is a suitable device for undertaking this task as it can continuously operate
without operator involvement and has the potential to quantitatively assess animal behaviour under a
predetermined process that will not change greatly (Noldus et al., 2001). For these reasons, vision
systems have replaced human inspectors in many inspection-tasks in food-related industries (Brosnan
and Sun, 2004). In recent times, research surrounding developing tools for the automatic identification
of animal behaviour has gained interest.
Researchers have identified similarities between behaviour recognition and the principles that are
used to recognise speech. Conceptually, these principles are useful to help describe how behaviour can
be quantitatively assessed using a machine vision system. Bregler (1997) introduces the concept that in
the study of behaviour a “movemes” could be treated as being similar in function to a “phoneme” (a
sound) and a gesture (composed of a sequential combination of movemes) could be comparable to a
word (a sequential combination of sounds). This concept can be extended to include the sequence of
several words (a sentence) which is analogous with visually defined activities and behaviours. For
example identifying the activity of someone ‘throwing darts’ would involve the identification of the dart
board, the motion and the orientation of the thrower’s hand, arm, body and the dart in the direction of
the board. In this example the path of behaviour can be followed if the components (dart, hand) can be
tracked and recorded and broken down into smaller components with adequate levels of detail. The
reaction with the environment can be observed as the position that the dart lands on the board. This
constitutes the end result of the sentence or interpretation of the goal-driven behaviour. The reaction can
be labelled as the result (‘throwing a bulls eye’). Furthermore, by analysing the tracked observations
and results of many ‘reactions’, one may be able to begin to forecast the reaction in a similar manner to
how people often finish one another’s sentences. The thrower may have only just released the dart but
it may still be possible to predict what result is likely to occur based on various observed features, such
as the dart’s trajectory and speed at the time it is released from the hand, in relation to past observations.
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As the above example demonstrates, behaviour recognition systems are required to automatically
collect and recognise behaviour-related features which describe the target-object(s) at each time step.
These features need to be modelled in sequence and within the constraints that characterise the
behaviour.
The purpose of this review is to demonstrate if and how machine vision systems may be used to:
(i)

(ii)

Objectively and automatically determine animal behaviour in commercial environments
(especially those surrounding the pose of the animal) and to
Identify any undesirable behaviour

A vision system is made up of hardware (camera, computer) and software components (intelligence).
These components are programmed to communicate with one-another similar to that of the
communication between the eyes and brain. In a recognition process, the eyes provide information to
the brain which then interprets the information to provide the basis for, or to contribute to a decision.

2

Technical aspects: The Recognition Process

A vision system’s behaviour recognition procedure can be broken into four main stages: (i)
initialisation, (ii) tracking, (iii) pose estimation and (iv) recognition (Moeslund and Granum, 2001) (see
Figure 2).
Initialisation is a configuration-stage where the foundation for further processing is achieved.
Reference to the information gained in the initialisation stage makes it easier for the system to interpret
the scene in subsequent processes. This stage can be broken up into software, hardware and data
calibration components, all of which assist in obtaining an appropriate representation of the information
within the image scene. The Tracking stage involves segmentation, where features of objects within the
image are identified and separated from the remainder of the image for further analysis. Tracking
techniques create associations between successive image frames using these object features. Pose
Estimation is a stage that aims to identify the state of the target-object within an image scene. The pose
of a target-object can be identified from its features. Recognition is the correct labelling and
identification of a pose or a sequence of poses as a given action or gesture.
Data

Model Constraints

Software Variables
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Software
Camera System Variables
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Figure 2. The recognition process
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2.1

Initialisation

Initialisation can involve tasks carried out before (offline), or after (online) the vision system is
commissioned. In essence, each task of the initialisation stage will involve some form of calibration.
Hardware, such as the room lighting and camera settings (exposure, focus and contrast) may need to be
calibrated to optimise the integrity of the image for further processing. These calibration tasks are
usually carried-out offline however, some instruments enable online adjustment of these features. For
example, cameras with built-in automatic focus can automatically adjust the focal length between the
lens and the imaging sensor to obtain a clear image, and cameras with built-in automatic exposure can
control the level of light incident onto the imaging sensor to maintain a suitable dynamic range of light
intensity within the resultant image. Like hardware, software must also be initialised. Software
initialisation requires the calibration and optimisation of variables within the software to enable the
tracking and recognition processes to function correctly.
Data describing the target-object also needs to be collected and calibrated. This can be performed
either offline where a detailed model of the target-object is pre-defined. Known as a model based on a
priori knowledge. Or alternatively online where there is no a priori information available (model-free)
and the model for the target-object is learnt and built over time from tracking, clustering and classifying
the object features in successive images. These models are either continuously referred to in a matching
process by the software component (direct model), or are used to identify a pose for adaptive learning
(indirect model). Data such as image distortion coefficients and other model-related referencing
variables may also be included in the offline data (Lind et al., 2005).
As the initialisation stage encompasses the main structure of the system, the way in which these
components are configured and interfaced with one another has a large influence in the overall
performance of the system. In addition, the selection of the descriptive features associated with the
object also plays a vital role.

2.2

Features and cues selection

Features are classes’ of information that can be extracted from images which have special meaning.
Features associated with images acquired in the visible spectrum are considered here, however other
features, such as temperature, can be identified from image sensors sensitive to other bands in the
electromagnetic spectrum (see Figure 3).
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Figure 3. Electro-Magnetic Spectrum

Features can be classed into temporal, spatial, valued, or textural types. Velocity and acceleration are
examples of temporal features which can be found between images when motion occurs. Spatial features
are point(s), edge(s) or shapes of various size and dimensions associated with a target-objects shapeappearance. Value features are image-specific values such as colour information acquired from an image
colour space which may represent the scene or the target-objects visual appearance. Textural features
are a group or range of features such as colours, intensities, edges, points and shapes which can be
combined into a textural feature or template. A feature can also derive its own distribution over time.
The feature extraction processes need to be practical in respect to the application’s demand on
computational cost and efficiency. These processes must also describe the target-object such that
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validation and re-location can occur reliably and errors are prevented in subsequent estimation and
recognition stages.
The concept of features should also include external factors, as an animal’s behaviour is likely to be
the result of an environmental stimulus or goal-driven need. For example, a nocturnal animal will exhibit
different behaviour depending on whether its environment is ‘light’ or ‘dark’. Thus, illumination may
be an important external-variable required to define an observed behaviour in this example. Other
external variables, such as temperature, air quality, and the location of feed and drinking stations may
also be considered features which explain the current conditions that may influence certain behaviours.
After the feature-set is selected, certain techniques must be applied to identify, segment and track
features effectively in and across each image frame.

2.3

Tracking

The tracking process involves the combination of two main processes, (i) segmentation and (ii)
temporal correspondence.
Segmentation involves the process of extracting target feature(s) from images. Thus after
segmentation, a feature-set describing the object and any other conditions will be obtained from the
image. Often, an additional enhancement process is also implemented before segmentation to modify
the image’s pixels to support the feature extraction processes. Temporal correspondence refers to the
process of associating (linking) one or more features in an image-frame to adjacent frames by
continuously collecting and comparing against previously collected feature information. The
correspondence can also be described as spatial-temporal indicating that there are space and time
dimensions factored into the tracking process. This process can dramatically improve the chance and
speed in relocating any features of interest in subsequent frames, and therefore can increase the overall
efficiency of the segmentation process. Tracking processes are favourable in animal studies as the
animal needs to be continuously tracked to understand its behaviour. Hence, the tracking function would
be an important component of a system designed to detect animal welfare status on-farm.
In the segmentation and temporal correspondence processes, four classes of techniques are used to
recover a set of features from an image. In general, these are (i) scene-based, (ii) motion-based, (iii)
shape-based and (iv) appearance-based techniques.
Scene-based techniques aim to describe the background scene such that any object entering it can be
easily segmented when the background scene is removed. Scene based techniques include subtraction
methods and Mixtures of Gaussians (MoG). Motion-based techniques use temporal correspondence
between frames to determine the movements of objects within scenes. The velocity and acceleration
(optical flow) of the pixels representing the movement target-object between images can be found. This
movement can be characteristic of some form of behaviour. For example, two people boxing will exhibit
fast movements when attacking and slow movements during defensive moves or when planning attack.
Such fighting motions have been studied in rodents through manual observation (Pellis and Pellis, 1987).
Shape-based techniques strive to recover unique dimensional attributes of the target-object from edges
and points located within the image. Appearance-based techniques utilise the intensity properties of the
image such as, colour, saturation or hue to form a basis to segment objects from the image (Moeslund
et al. (2006).
These four classes of techniques can be used in any sequence. For example, a scene based technique
may be used to segment an object, then a shape and appearance based technique can be used to describe
it. Alternatively, an appearance based technique could be used to find certain colours in an image,
followed by a shape based technique to describe the boundaries of the colour region(s). These four
classes can also be used in combination to form textures. For example, ‘blob analysis’ is an appearanceshape texture method, as a combination of image values and their co-ordinates are used to provide
grounds for segmentation (Wren et al., 1997b).

doi: 10.17700/jai.2016.7.1.279
27
Matthew Tscharke, Thomas M. Banhazi: A brief review of the application of machine vision in livestock behaviour analysis

Journal of Agricultural Informatics (ISSN 2061-862X) 2016 Vol. 7, No. 1:23-42

2.4

Pose estimation and behaviour recognition

After feature-set is extracted, the intelligence of the system needs to be configured so that pose and
behaviour can be recognised. The pose estimation stage determines the correspondence between a pose
and feature information such as its orientation, position, appearance and current movement. The word
pose should not be associated with only shape and size. For example, a bird may have unique colouring
on the underside of its wing that is hidden when it is stationary, hence colour may be used as a cue
indicate its posture. The recognition phase is the correct identification and labelling of a sequential
combination of poses using a cross-reference to previously obtained data. Similar processes can be used
when recognising behaviour from a sequence of poses and when estimating a pose from a given featureset.

2.4.1

Recording biomechanical data

In most cases, biomechanical information surrounding the target-object needs to be collected to
model its relevant features. This a priori data can be collected in one of the three following ways: (i)
actively by attaching sensors to the subject, (ii) passively by observing the subject using a sensor device
such as a video camera, or (iii) using markers, which involves a combination of active and passive
techniques. Active techniques are techniques that attach sensors physically to the subject’s body, such
as accelerometers which could be used to determine the kinematics of the subject’s model. Alternatively,
a marker can be placed on the subject and a vision system can be used to track and record the motion
and position of the motion of the markers relative to the motion of the subject’s body. However, having
to place a marker or sensor on the subject is not always practical, so passive systems may be considered.
Passive techniques build their own feature references, such as body motion constraints and dimensions,
using a vision system without physically interfering with the subject (a look and learn approach)
(Kakadiaris and Metaxas, 1998; Kakadiaris and Metaxas, 1996). A list of motion capture providers can
be found in Alberto (2011).

2.4.2

Methods for handing model-data

One of three different data storage and retrieval methods can be programmed to derive a feature-set
of a target-object, or to access a previously stored feature-set for validation purposes. These three
methods which structure the data-flow are model-free, direct and indirect methods. Here the word model
refers to the distributions (clusters or groups) that represent dissimilar feature-sets. Systems that do not
use prior knowledge are model-free at initialisation, and build their recognition database (groupings or
clusters of feature information) online while the system is running. The application of such systems in
artificial surveillance is promising as systems that operate model-free can effectively learn and
categorise object-behaviour systematically. Hence, they are commonly called machine-learning
systems. However, the limitation for a model-free system is that it lacks intuition, and for a particular
pose or behaviour external intelligence is required to correctly label or interpret the discovered data
clusters (see Figure 4).
Alternatively, to minimise the solution search-space, a direct data-retrieval method can be adopted
which uses previously stored knowledge such as the kinematic and dimensional characteristics of the
target-object. The feature-set of the target-object is collected, modelled and labelled before initialisation
so that specific information can be retrieved for goodness of fit between a new observation and the
existing labelled observations. However, the main limitation of a method that directly cross-references
to a fixed database is that it cannot adapt. A system adopting this method is only as good as the
predefined model that represents the target-object’s constraints. For example, if an animal sustains an
injury which affects its gait, its motion and shape will be distorted. If the predefined distributions within
the model are not flexible enough to correctly respond to problems like this, identifying the behaviour
of the animal (in this case, walking) may become unrecognisable. For this reason an indirect method
can be used which is a combination of both model-free and direct methods.
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Figure 4. The validation process: comparing a computer and a human’s interpretation of behaviour from Xue
and Henderson (2006)

An indirect method self-learns in a similar manner to the model-free method only with constraints
which restrict the level of adaptation of the model. The updates to the model only occur when the
observed feature is highly correlated to a cluster representing a built-in feature. New clusters can form
when there is significant evidence to support the proposal that a new cluster exists. Therefore, this
method can be used to help confirm the integrity of the initial a priori model distribution(s) and labelling
over time. However, if not done correctly the indirect model can update and compound the reference
data (and thus models) with errors if false positives are frequently introduced into the clusters that define
the model. The balance between whether the system updates its model (or not) is known as the plasticity
of the system. This balance is based on how well the observed feature-set relates to the existing model.
The control and flexibility in the indirect data storage and retrieval method make it well suited for
recognition type vision systems that observe deformable bodies which vary considerably.
Once sufficient information of the target-object has been acquired, the underlying definition of the
recorded behaviour or poses must be translated into a computer readable model. This model is
categorised using three techniques known as (i) clustering, (ii) classification and (iii) training.
A recursive training process containing classification and clustering stages is illustrated in Figure
5Hiba! A hivatkozási forrás nem található.. Condition 1 refers to a classification stage. At this point
the system cross-references between the incident feature-set and the stored model. A calculation is made
that determines whether or not the feature-set belongs to one of the clusters (distributions) which define
the model. If the feature-set does belong to one of the predefined clusters then the distribution’s meaning
or label is used for the output. If the feature-set does not belong, or the model is configured to adapt,
then Condition 2 (a clustering routine) is executed that handles the adaptation of the model’s existing
clusters and any new clusters of information. In this clustering stage, if the incident feature-set is not a
significantly related to any of the models existing clusters it has potential to become to a new cluster. If
the number of feature-sets recorded and associated with a new cluster increase beyond a threshold level,
then the new cluster can be integrated into the model and can appear in subsequent classification stages
to provide additional grounds for discrimination. If the model is adaptive, any feature-set that is
successfully classified is introduced into the model, allowing the model to modify itself indirectly. This
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recursive process of categorising information is called as training. Support vector machines (SVM) are
regarded as good classifiers that are able to discriminate effectively between clusters of information
(Burges, 1998).
Significant

Insignificant store
and return

Condition 2

Feature-set

Model Update

No or Update
Yes

Condition 1

Output

Model
Figure 5. Training: a clustering and classification process

The aim of the clustering and classification stage is to provide an information-structure which the
computer can then associate incident features with and determine their validity. So the comparison can
be made effectively and efficiently the feature-set may also be scaled or compressed.
The two types of scale relevant to identifying behaviour are spatial and temporal scale. Objects can
vary in size and shape (spatial) and the size and shape of objects can vary over a random period of time
(temporal). For example, it may take a child less than a second to sit down but it may take and elderly
person half a minute. How can a system intuitively interpret this as the same action? In a spatial example,
a person walking away from a camera will continuously have a decreasing amount of pixels associated
to his or her body. How can a system interpret this as the same object across all frames?
In both cases a method is required to facilitate these changes of scale across image sequences. A
system in its most basic form which neglects temporal scale can be considered static, as correlations
between new observations and prior data references are only made within the scene at the current time
step. In this case matching tasks can only identify the final pose, like an observation in a photograph.
This process is often called template matching, where segmentation, pose estimation and behaviour
recognition are performed almost simultaneously. However, using such a system limits the ability to
forecast behaviour, as the prior sequence of actions leading up to the final interpretation and
physiological reasoning behind the behaviour is not known. Several methods are used overcome the
problems associated with temporal scale across images. In general, these methods are based on or similar
to Dynamic Bayesian networks (DBN). A DBN is a data structure that supports different states. The
states within the DBN are defined by training a collection of feature-sets corresponding to a sequence
of behaviour. Thus, an incident feature-set which describes a part of a behaviour will have a strong
association to a state stored within in the DBN, if the behaviour’s states have been predefined before
initialisation, or during adaptation. During recognition, a feature-set does not have to be an exact match
to a state, but just the closest match, based on conditional probability, above a specified threshold. A
DBN can be thought of conceptually as a path which defines the behaviour. The feature-set is used to
determine the location (the state) of the subject on the behaviour path. Once the position on the path is
found, the system can transition between adjacent states based on the fit between the feature-set and the
DBN. Monitoring the timing and frequency of transition patterns between states can be used to track,
recognise and forecast a given behaviour. Spatial scale can be handled using rotation and scale invariant
techniques such as ‘Scale Invariant Feature Transform’ (SIFT) and ‘Speed-up Robust Features’ (SURF)
(Lowe, 2004; Lowe, 1999; Bay et al., 2006).
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3

COMMERCIALLY AVAILABLE VISION SYSTEMS THAT
DETERMINE BEHAVIOUR

Vision systems have been developed and are commercially available for recording and monitoring
the behaviour of both humans and animals. These systems can be classified into two types based on their
ability to, (i) record biomechanical information for modelling behaviour (such as a motion capture
system) and to (ii) recognise and quantify behaviours automatically from video (behaviour recognition
systems).

3.1

Biomechanical recording systems

Several companies provide vision-based motion-capture services to record and reconstruct the
geometry and motion of bodies, virtually. Such systems do not recognise or identify behaviour, but can
be used to record the constraints and features for a given sequence of animal movement (body
measurements, angles, motion timing) to define its model.
Vicon Systems has a range of systems for life sciences animation and engineering that have the
ability to record and reconstruct models of human and animal movement (Vicon, 2010). Their systems
can record behaviours in 2D, and in 3D both actively using markers and passively without. The passive
system enables the user to define landmarks on the surface of the subjects body to target specific body
movements. Tolerances of 0.01 mm can be achieved for the reconstructed body surface mesh. A model
can be captured in 3D using a system composed of up to 10 cameras. The system is capable of presenting
real-time 3D information such as joint angles. The company also provides systems designed for the
capture of animals biometric information (Vicon, 2010). All kinematic data is transferable to third party
software packages such as Matlab (The MathWorks Inc., Natick MA, USA) and LabVIEW (National
Instruments Corporation, Austin TX, USA) for further analysis in the form of a C3D file. Vicon systems
have been used in numerous research projects on animals to record parts of their biomechanical function
(Liu et al., 2007; Herring et al., 1993).

3.2

Behaviour recognition systems

Behaviour recognition systems can be classified into either laboratory or field-type implementations.
Laboratory type implementations allow for the additional expenditure on control (building, enclosure or
environmental alterations) that may not be feasible to operate in commercially realistic environments.
Field-type implementations are flexible and can be integrated into existing commercial environments
(which are variable) with little or no control required. Furthermore, the type of behaviour assessed by
the system can be categorised into either tracking or pose related behaviour, where tracking relates to
the co-ordinate position of the animal relative to its surroundings and pose relates to is actual physical
actions.
In general, the commercially available systems found during the review had the objective to record
the spatial movement of a laboratory animal performing a set task. Observational tests carried out using
vision systems included tracking the rodent through various maze types to analyse the animal’s
behaviour when subject to certain environmental conditions. Other vision systems recorded fear
conditioning experiments, light-dark-testing, tail suspensions, swim tests and novel object recognition.
Recorded variables included, time resting, time moving, entry to a zone, time in a zone, locomotive
speed, distance travelled, contact between different coloured animals and condition-place-preference.
The systems generally export data output into Microsoft Office Excel (Microsoft Corporation,
Redmond, WA, United States) and facilitate a visual output of the tracking plot. In most tracking systems
presented here, the animals were identified and tracked by their geometric centre after segmentation. A
description of the main features of some commercially available systems follows.
The Video Mot2 (TSE Systems GmbH, Bad Homburg, Germany) system can track and record the
position of an animal over time in a controlled environment. The system can support up to 6 cameras
per computer. Each camera image can be divided by the operator into an unlimited number of image
sections (arenas) which are the boundaries for an experiment involving either one or two animals. The
system can also be configured for day and night recording. The animal in the experiment can trigger the
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collection of data based on predefined positions or zones within the image arena defined by the user.
For example, the animals can start or pause the experiment by moving between different locations inside
the image (TSE-Systems, 2010).
Actimetrics (2010) has four vision systems Freeze Frame, Water Maze, Limelight and Big Brother
(ActiMetrics, Wilmette IL, USA) which are all marketed at different testing environments. Freeze
Frame is a fear conditioning software which is used to determine the animal’s motion when it is subject
to a fear provoking stimulant such as loud noise or uncomfortable environment. This motion recognition
system can detect the movement of limbs (grooming, sniffing turning and rearing) when an animal
(mouse or rat) is stationary, however, it has no ability to recognise, label or record these movements.
Water Maze has a project planning component where the user can enter an experimental design before
running an experiment. The system then notifies the user which animals should be introduced into to the
experiment, and the timing of their introduction. The animal’s movement can be used to trigger different
recording properties of the experiment in a similar way to the TSE system mentioned above. An
algorithm compensates for lighting changes and shadows within the image. The Limelight system can
track up to four arenas at once using one camera. Complex behaviours are manually labelled or scored
(offline or online) by an operator. A novel feature of the Limelight system is the ability to monitor body
length which indicates different stretch-attend behaviours caused by changes in the body length of the
test animal. For example from the camera’s top view, the body length will be shorter when the animal
is in a rearing position (sitting). Over the course of the experiment, the body lengths are divided into
short, medium or long body lengths manually. These three data clusters are then used to cross examine
the spatial locations in which the animals are situated at the time the change in body length occurs, and
to identify any relevant patterns. The Big Brother system is a system which is capable of tracking a large
number of laboratory animals from above in open field type tests (in the laboratory). Each camera’s
image can be divided into 50 sections to define the boundaries of 50 arenas containing a rodent to be
tracked. Thus, four cameras can be used to track the movement of up to 200 animals (Actimetrics, 2010).
Med Associates Inc (2010) also has a range of systems for monitoring lab animals. A fear
conditioning and tracking system which utilises video recorded of the near infrared spectrum, an open
field video tracking system with test enclosure, and a water maze and video tracking software designed
to determine the path co-ordinates undertaken by the animal and other motion variables that occur during
a Water Maze test.
Qubit Systems Inc (2010) has two video systems. The QUATTRO (Qubit Systems Inc., Kingston
ON, Canada) system can track animals in three dimensions using two cameras (top and side view). The
system determines and tracks the animal’s geometric centre. A mask (image-based filter) is applied to
remove false positives improving identification. Another one of Qubit’s products called Video Tracking
Software, can track an animal in a range of the different observation type tests previously listed. Qubit
Systems, Inc also offers a system called DanioTrack, which can determine the tracking information of
multiple danio (zebra fish) in one arena from pre-recorded video (Qubit Systems Inc, 2010).
Biobserve (2010) has four vision systems. The Trackit2D (BIOBSERVE GmbH, Augustin,
Germany) system uses a pan-tilt-zoom (PTZ) camera to automatically follow the object and keep it
within the boundaries of the image. Trackit 3D uses the top and side view of the animal’s arena to obtain
the x, y and z co-ordinates of the test subject. The system can be used to track fish species in a tank. The
Viewer system tracks the centroid, nose and the tail of mice and rats. Additional movement can be
identified using these three points such as the animal moving its head from side to side (head wagging),
stretching and freezing (when the animal stops abruptly). The Forced Swim Test or FST system is
designed to observe the reaction of an animal from the side view when it is placed in water. The system
automatically determines whether the animal is struggling, swimming or floating by measuring its
position between predefined zones on the surface of the water (Biobserve, 2010).

Noldus (2010) has a wide range of products targeting animal and human behaviour. The
Observer XT (Noldus Information Technology BV, Wageningen, Netherlands) software can be
used to organise a behavioural assessment during an experiment or observation trial. The user
pre-configures and defines the behavioural actions to be witnessed and recorded during a given
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experiment. The user then manually documents the behaviour as it takes place from either
streaming video or pre-recorded video files. The software organises the data so that results of
certain behaviours can be easily accessed by querying the acquired data. EthoVision® XT is a
vision system which can track the nose point, centroid and tail base of a laboratory animal.
From these three points the body elongation can also be found. Catwalk XT is a novel system
to analyse the gait of mice (Deumens et al., 2007). The mice walk over a LED illuminated glass
plate which reflects the light of all points within the glass plate except for where the animal is
in direct contact. The feet of the animal can be observed and are automatically classified by the
system. The tail or other parts of the animal’s body which are not required in the analysis can
to be removed manually by the operator (Noldus, 2010).
IBM’s smart surveillance solution (S3) is a commercially available surveillance software package
for tracking humans. The system simultaneously monitors different levels of surveillance. For example,
the system can be used to track a car, its number plate, and its occupants in the parking space surrounding
a building. Lower level cameras monitor the entry and exit points of the building and provide a means
of facial and appearance recognition. Using this surveillance framework the movements of the car’s
occupants can be tracked in a time line from when their vehicle arrives to when it leaves. The system is
structured to be able to accept queries to classify events. For example, someone or a vehicle remaining
in the camera view for an extended period of time could be considered loitering or abandoned so a query
can be set to sift through all events bounded by this criterion. Other search criteria consider the targetobject type, size, image-region, and appearance (Chiao-Fe et al., 2005).

4

RESEARCH BASED VISION SYSTEMS THAT DETERMINE
BEHAVIOUR

There are many applications of vision systems in agriculture and other industries which essentially
fit within three broad research categories of surveillance applications, control applications and analysis
applications (Moeslund et al., 2006). The following section presents various research projects that adopt
machine vision systems to determine animal behaviour.
A number of vision systems that target animal production have been developed in research
organisations. In most applications, the aim is to reduce the level of animal handling and improve
efficiency, safety and welfare compared to traditional methods. Some examples are systems which
survey the linear or angular dimensions of livestock such as cattle and pigs for sorting or weight
estimation (Banhazi et al., 2009b; Brandl and Jorgensen, 1996; Schofield et al., 1999; Schofield et al.,
2002). A vision-based control application was demonstrated by Wouters et al. (1990) who applied
imaging techniques to housed piglets. The application determined the thermal comfort-levels of the
piglets from characteristics of their spatial behaviour (as observed in images) to determine appropriate
parameters to regulate the thermal conditions within their enclosure. More recently a similar control
system was created based on the resting behaviour of the pigs as determined by a vision system (Xin,
1999; Shao and Xin, 2008; Xin and Shao, 2002). Other researchers have created and simulated models
of pigs’ behaviour based on the spatio-temporal data obtained from live pigs in an effort to determine
the behaviour of pigs in relation to their housing requirements (Stricklin et al., 1998; Gonyou et al.,
1997).
A study conducted by Sumpter et al. (1997) aimed to herd a group of ducks using a ‘robotic sheep
dog’. A vision system was required to determine the coordinate location of the robot and the ducks to
control the path of the robot. A behavioural simulation model was built based on parameters acquired
from observing the behaviour of the ducks. Vaughan et al. (2000, p117) later reports the success of the
‘robotic sheep dog’ project in both the simulation and real-world applications, concluding that their
“methodology is appropriate for future animal-interactive robotics experiments” and that uncomplicated
mathematical models could be used to model basic flock behaviour.
Vision systems can also function as a tool to analyse the biomechanical movements of humans and
animals in research and clinical applications. An example is gait analysis, which often includes muscle
movement and force generation (Bharatkumar et al., 1994; Chen and Lee, 1992; Rohr and Systeme,
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1997; Little and Boyd, 1998; Aydin et al., 2010; Favreau et al., 2006). Gait analysis has been used in
the development of sports simulation models to improve the athletic performance of both humans and
animals. The locomotor activity of the animal has also been determined though the observation of body
parts other than directly from the animals legs. Burghardt and Calic (2006) devised an image processing
technique to determine in the loco-motor behaviour of wild lions based on head posture and facial
recognition.
A large number of analysis methods also focus on animal tracking. In the poultry industry, a vision
system was used to detect and track broiler chickens and identify the birds interacting with the drinker
and feeder (Sergeant et al., 1998). Kato et al. (1996) used a vision system in an aquatic environment to
track and record the position and velocity of fish in a tank and successfully identified the left and right
turning behaviour of the fish. In a similar manner, Cangar et al. (2008) determined the spatial movement
of a cow in a barn using a vision system. Measures of walking trajectory, distance walked, orientation
of the main axis, body width/length ratio, hip length and back area were recorded. Eating, drinking,
standing and lying behaviours were derived from the continuous monitoring of these variables in relation
to its enclosure.
EthoVision, a generic behavioural assessment software, has been described in the literature (Noldus
et al., 2002). The software has been used to study insects in various applications such as the time taken
for cockroaches to reach the odour bait and the behavioural interaction between other insects including
wasps, aphids, ticks, beetles, flies, and spiders (Noldus et al., 2001). Šustr et al. (2001) used the
EthoVision system and their own software to create a hybrid system to enable them to study the
interactions of pigs during pre and post weaning. The study focused on behaviours related to contact
such as fighting. Markings were made on the pigs and identified by the system to track the pig’s
movements. Like Šustr, Lind et al. (2005) developed a basic vision system to overcome some of the
limitations of the EthoVision software in tracking the movements of pigs. Their study involved the
administration of apomorphine to minipigs to observe and record the locomotor behaviour of the subject.
Perner (2001) used a side viewing angle to successfully track the movement of pigs based on motion
parameters and time.
Vision systems have also been developed to determine when an animal’s welfare is compromised
based on certain behavioural characteristics. Duarte et al. (2009) identified the activity of flat fish ‘taking
off’ and ‘surface swimming’ as a preliminary measure of their welfare. Branson and Belongie (2005)
also developed a vision system to give an indication of the animal welfare by monitoring the behaviours
of multiple mice from a side view. Complex behaviours such as grooming frequency and basic postures
such as stretch, sit and walk were identified. Systems have also been designed to monitor herds to detect
their behaviour during milking (Kaihilahti et al., 2007).
Identification of multiple animals within the field of view presents additional challenges as multiple
regions within the image containing individual animals need to be identified and analysed. Tweed and
Calway (2002) demonstrated the ability to identify and track multiple birds during flight using image
processing techniques. Kalafatic et al. (2001) tracked multiple mice in a laboratory using a contour
tracking technique that was based on the animals’ movements.
A large number of vision systems are targeted at specific human-behaviour applications. One such
example is given by How-Lung et al. (2006) who developed a system which can monitor people in an
aquatic environment. The application acts as a virtual life guard for a swimming pool. As their system
was aimed at preventing drowning, they monitored the surface of the pool for people acting in distress.
Wren et al. (1997a) created a system called ‘Pfinder’ (People finder) an improved version of the
ALIVE system (Maes et al., 1997) which can identify the head, hands and body of a person in real time
using a camera with a fixed view. It is suggested that the system could potentially be used to track
vehicles and animals.
Several large-scale multilevel surveillance research projects are also being undertaken in an effort to
enhance the safety of the general public. The HERMES system (Human Expressive graphic
Representation of Motion and their Evaluation in Sequences) is a blanket system designed to track
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people using pan-tilt-zoom (PTZ) cameras. The system has three levels of recognition. Level one
identifies the agent which can be done from a long distance. The system then automatically instructs the
camera to zoom in on the agent to perform another level of analysis. At the next stage the agent is
classified based on its posture or movement. For example, the system determines whether agent is a car,
human, cat or dog. If more detailed information can be acquired from the agent such as a human face, a
third level is used to identify the face and/or facial expression if need be. The system is structured to
learn and has the ability to recognise the movement patterns and shape for certain silhouette postures
(HERMES, 2009). The W4 system has similar objectives to the HERMES project (Haritaoglu et al.,
2000).

5

FUTURE RESEARCH POSSIBILITIES

A system which can identify complex behaviours in and between animals, such as fighting, is not
currently commercially-available. Given the techniques used, the performance of the commercial
systems reviewed would be questionable if applied outside the laboratory environment. Therefore, a
vision system would need to be designed to monitor both simple tracking and complex behaviours in a
commercial farm environment. For example, a significant amount of information can be gained by
simply determining the pose of an animal. For instance, if a sow can be automatically and reliably
identified in a standing posture the result can lead into two useful surveillance applications. When the
sow is not standing it must be lying down or sitting, therefore by detecting when the sow is not standing
one can assume that is beginning to lie down. This transition can be used to activate a control system to
prevent her crushing her piglets (Weary et al., 1996). Using the same identification scheme, one can log
the time taken in a standing pose in addition to the general activity of the sow or gilt which can be used
for oestrus detection during their interaction with boars (Cornou, 2006; Ostersen et al., 2010). It may
also be possible to detect when a sow is on heat from the distinct lack of motion (freezing), pricking of
its ears and the arching of its back, which shortens the perceived length of the animal. This form of
automated oestrus-detection system could result in up to 30% labour-cost savings by both minimising
the manual labour required to facilitate the interaction between the sow and boar(s) and the nonproductive days (Freson et al., 1998).
The potential to identify welfare-compromised animals through other motion characteristics or
spatial characteristics can also be explored. Systems that identify dead animals or animals with poor
mobility can be developed by tracking the movement of the animals around the pen (Tillett et al., 1997).
Animals with poor mobility or dead animals can also be found by averaging the image over time and
observing the animals which have greatest presence in the background image. The mobility or condition
of the animal may be achieved by a gait analysis as performed by a vision system (von Wachenfelt et
al., 2010; Favreau et al., 2006; Aydin et al., 2010).
Tracking the animal around its enclosure can also lead to the discovery of other important behaviours
such as the time taken at the feeder or drinker and help to optimise the animal’s requirements, such as
the number of feed stations or space requirements. The behavioural activity around certain parts of the
enclosure has the potential to assist with disease prevention. For example, an outbreak of diarrhoea can
be traced back to excessive water consumption of individual animals (Pedersen and Madsen, 2001). A
system that identifies sufficient space requirements based on the posture or activity of the animals is
also a possible application area (Ekkel et al., 2003).
Stressors or threats can be recognised from animals’ freezing and abrupt lack of motion in the image.
Tail biting in groups of pigs or wounds from animals fighting can be identified in images based on blood
colour information. Single tail biting events are suggested to be strong indicators of a larger outbreak
approaching and therefore, if identified early enough may provide sufficient information to implement
management strategies to control the problem (Statham et al., 2009). Fighting behaviour may also be
detected from various motion characteristics (Pellis, 1988).
Thermal infrared (IR) cameras give an indication of the thermal comfort of an animal which can be
based on a particular body reference region. For example, Andersen et al. (2008) determine that pigs’
ear temperature relates to their thermal comfort and behaviour. An infrared vision system can potentially
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be used to determine the required thermal level for input into the environmental control system in a
similar manner to what was demonstrated previously by Shao and Xin (2008) and Wouters et al. (1990).
The difference would be that the control would be based using the actual temperatures of the individual
animals not on their spatial characteristics.
Potentially, the same system could also be used to monitor the animal’s health (through variations in
temperature) and its relationship to its behaviour, as IR imaging has been used for the detection of
disease and flu symptoms (Gariepy et al., 1989; Rainwater-Lovett et al., 2009; Schaefer et al., 2007;
Stewart et al., 2007; Banhazi et al., 2009a). This would also immensely improve traceability. Ng and
Acharya (2009) give an account of how IR was used during the 2003 SARS out break to identify people
who might have been carrying the H5N1 virus. The same concept can potentially be undertaken at
piggeries to identify an outbreak or localise animals or groups of animals with flu or disease like
symptoms based on their temperature profile.
Temperature may also be related to types of behaviour. For example, fighting animals may have
increased temperatures. Monitoring temperature could help with the identification of fighting behaviour
(Pedersen et al., 1998).
Temperature has also shown a correlation to the level of pen fouling as pigs may choose to lay on
surfaces that are zoned for excreting to satisfy their thermal comfort (Aarnink et al., 2006). In addition,
inflammation around wounds may also be able to be identified from heat characteristics giving some
indication of fighting, tail biting or injury to the hoofs (FLIR, 2010). Another advantage of using IR is
that segmentation of the animal from the resulting images is relatively straight forward if the surrounding
temperature is not similar to animal temperature. This segmentation benefit could also be used to
document when and where the animal excretes within its enclosure. Despite these benefits, the major
problem with IR video cameras is that their expense which limits their application on farms. However,
in future as they become cheaper and operate at higher resolutions, they will be the preferred choice for
most applications (Banhazi et al., 2009a).

6

CONCLUSION

An animal welfare is the primary reason for its behaviour to be monitored. Hence, the main focus is
to identify behaviours that lead up to the event that causes an animal’s welfare to be compromised. In
particular, the behaviours which may result in long-term adverse effects need to be targeted. To achieve
this, first tools to assess animal welfare are required (Smulders et al., 2006). Machine vision systems
are able to facilitate this assessment and overcome problems related the level of individual animal
attention, labour and welfare assessment. It is possible for a machine vision system to recognise the
critical points in an observed behavioural sequence that indicates welfare problem. At one end of the
scale the basic motion derived behaviours such as freezing (no-motion) and an animal’s movements
relative to its environment can be tracked using relatively straight forward techniques. At the other end
of the scale are complex behaviours which require more demanding reconstruction, validation and
adaptation of models to document behaviour in detail.
Numerous experiments in psychology and pharmacology, involving visual observation of the
interaction between humans and machines, and animals and objects were found in the literature.
It was found that using vision systems to automatically track or monitor moving objects, such as
laboratory animals in research projects, is becoming more common. The majority of commercially
available behaviour recognition systems, analysed behaviours that occurred in relation to an animal’s
spatial position within its enclosure over time. In general, these systems were designed for laboratorytype experiments. Given the small size of the animals, the variables associated with the construction and
control of the experimental enclosure could be managed with relative ease. For example, structured
lighting could be applied to simplify image processing techniques. However, application of this
technology to monitor the health, welfare or production of commercial livestock on farms is a relatively
new concept. No commercially available behaviour monitoring system was found that recognised
complex behaviours in humans besides a facial recognition system by Noldus (2010) which could
identify several facial expressions of humans. However, some research papers did demonstrate the
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ability to reconstruct relatively complex body movements from images and then recognise them.
Behaviour recognition systems in commercial farm environments require more complex controls and
sophisticated algorithms to be useful, as they need to assess large animals, large groups of animals and
operate in dirty and often corrosive environments with non-uniform lighting. For these reasons, a
number of authors experienced difficulties implementing behaviour recognition systems in commercial
farms. Systems which can identify complex behaviours in and between animals are not currently
commercially available. Given the techniques used, the performance of the commercial systems
reviewed would be questionable if applied outside the laboratory environment. Therefore, further
development is required to realize the full potential of vision-based techniques in monitoring and
recognising the complex behaviour of livestock in commercial farm environments.
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ABSTRACT
Temperature and head movement are relevant parameters when analyzing the farrowing
behavior of sows. Obtaining these body parameters in a way that is nonintrusive to
animals is a major challenge in the harsh farrowing pen environment. Due to the presence
of large amounts of metal as well as the unpredictable behavior of animals, such
environments are not ideal for wired communication platforms. Intrusive measuring
equipment may cause animals to deviate from their normal behavioral patterns
invalidating gathered sensor data. Using lightweight, highly mobile and wireless sensor
equipment is thus essential for unobtrusive measurements. This article discusses the
challenges involved in developing a lightweight and flexible wireless sensor network
infrastructure platform used in the analysis of sow behavior during farrowing. The
platform is based on the customizable wireless sensor platform Shimmer and the open
source software frameworks TinyOS and SPINE. Embedded in hot melt adhesive, the
Shimmer modules were used as ear tags providing biologists with head movement and
temperature data throughout six months. Focus is on the technical aspects of developing a
system faced with mutually exclusive and changing requirements in an iterative and
progressive research project, drawing upon the experiences from several stages of live
experiments with farrowing sows.

1. Introduction
Obtaining continuous body parameters for classifying animal behavior is useful for automating and
improving critical agricultural processes (Moreau et al. 2009), (Roelofs et al. 2005), and (Cornou &
Lundbye-Christensen 2012). One such process, the farrowing of sows, is often associated with a high
piglet mortality rate (up to 22.4 %) as discussed by Oliverio et al. (2008) and Fernandes et al. (2011).
Reducing piglet mortality requires timely manual assistance from farm staff members. This is not
always feasible in modern farming as many processes have been automated and human presence in the
farrowing pen during critical situations cannot always be relied upon.
The need for measuring body parameters on animals has been investigated for more than a decade.
Early research by Frost et al. (1997) indicates a need for measuring body temperature and heart rate.
Wathes et al. (2008) describes the need for an integrated system that manages interlinked biological
and physical processes of livestock production while Cornouand & Lundbye-Christensen in series of
studies (2008, 2010, 2012) has investigated the behavior of farrowing sows. Different approaches for
measuring body parameters on animals have been investigated. Ulrich et al. (2008) describes the ALTpedometer (Activity, Lying time and Temperature) which detects oestrus duration and oestrus
intensity for dairy cattle. The detection of activity is achieved by using piezo-accelerometers and
inactivity by using photo sensors through a device mounted at one of the forelegs. Guo et al (2009)
describes how an accelerometer, a GPS-receiver, and a radio transceiver were mounted in a neck collar
to observe the behavior of cows. They were able to perform sleeping, grazing, and ruminating
behavioral analysis for groups of cows based on position tracking and acceleration. Cornou &
Lundbye-Christensen (2008) used a neck collar based monitoring system to observe the behavior of
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pigs in an indoor stable environment by using accelerometer and Bluetooth radio communication.
They describe how the sows' neck collars tended to loosen after few days and further discuss whether
accelerometers should be placed on ear tags instead (Cornou & Lundbye-Christensen 2010).
When observing body parameters of animals, it is important for the applied technology to remain
nonintrusive. It is impossible to predict animal behavior when introducing foreign objects into a
habitat, and any interaction with the environment can potentially invalidate data. Transferring data via
physical cables may prevent animals from moving freely, contaminating data through interaction.
Wireless communication, though presenting other challenges (such as battery life time), allow us to
observe more discretely. An in depth discussion of the challenges of such a wireless monitoring
system is discussed in section 2.
Previous approaches to monitoring systems have thus relied on mounting measuring equipment in
places that allows for the weight of the equipment to be disregarded. As a consequence, sensor data
quality may be affected out of consideration for animal welfare and practical concerns. In this paper,
we present a case study in which a lightweight wireless sensor network is used for continuous
monitoring of head-movement and body- and surrounding temperature for a group of farrowing sows
while keeping the technology as nonintrusive as possible. Requirements to sensors, population size,
habitat, and data gathering, was planned to change progressively during the project lifecycle.
The aim of this study was to determine whether it is feasible to construct a lightweight flexible
wireless sensor infrastructure platform that is: easy to reconfigure and deploy, able to support an
iterative and progressive research agenda, while also being sufficiently robust for real world
deployment in the harsh environment of a pig pen.

2. Challenges
In order to gather biological data on sow behavior in the farrowing pen, a sensor platform was
needed that would facilitate several iterative substudies to evaluate the feasibility of using ear-mounted
accelerometers, temperature sensors, and possibly other sensor types, for the individual animal and
surroundings, in order to track and identify pig farrowing behaviour. Also, the sensor platform needed
to be wireless and should be able to measure farrowing behaviour for the entire duration of the
farrowing process.
As the platform was intended to evolve based on results from progressive experiments at AU
Foulum6, where non-technical research staff should be able to (re)use and (re)configure the equipment
in several substudies, the platform needed to be highly flexible and configurable. Furthermore, the
sensor platform should be mature enough to evolve into a final product.
The first prototype was required to support obtaining accelerometer data from a single sow for
initial data analysis purposes. The second prototype was required to support up to six sows
simultaneously using two additional temperature sensors. Later experiments required additional pens
and animals to be included. Important design criteria were: to support changing accelerometer usage
and configuration as well as to design and implement a communication model with only minimum
changes to hardware and software design needed when changing scope and focus of the individual
animal studies.

6

AU Foulum is part of Aarhus University and is home to most of the university’s research in food and
agriculture. Research areas include plants, animals, food, organic farming, bioenergy, environment, climate,
soil, genetics and technology, including pig behaviour studies, as was the case for this project. AU Foulum has
flexible housing facilities for experiments with pigs, cattle, poultry and horses and a mink farm. The facilities
include an experimental slaughterhouse, a feed mill and an intensive care unit. The intensive care unit contains
a wide range of facilities, including highly specialised operating theatres, an infection unit, a rat house and
isolators.
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Several challenges were identified, arising from conflicting requirements:
1. The ear tag mounted sensor devices should be able to transmit data continuously in a reliable
way for a long period, at least three weeks, gathering data before, during and after the
farrowing process. Continuous transmission of sensor data leads to high power consumption
requiring heavier battery packs.
2. Data measured by the sensors on the ear tag should be as accurate as possible and should be
sent continuously with time stamps for real-time monitoring, as well as asynchronous data
analysis. Such sensor equipment tends to be inaccurate necessitating individual calibration of
sensor platforms.
3. The weight of the ear tag should be as low as possible to avoid irritating the pigs’ ears, i.e. not
exceeding 65 grams if possible, in order not to be cumbersome for the pig to wear. This calls
for a lightweight hardware design including limited battery size and capacity.
4. The ear tag should be encapsulated in a way that makes it resistant to dust, dirt, ammonium
gasses, and the mechanical stress that occurs when a sow shakes her head or the ear tag collides
with the metal bars in the farrow pen. Increased protection increases weight of the ear tag.
5. Wireless communication in farrowing pens can be problematic as these pens are often
constructed with iron bars leading to reflection and attenuation of radio waves. Furthermore,
the sow's body leads to an attenuation of the radio waves if she is lying on the radio antenna.
Increased radio stability may lead to higher power usage.
6. Requirements to hardware functionality and configuration were expected to change due to the
iterative nature of the project. The project was planned to start with initial basic data gathering
and analysis before moving on to large scale data collection. Therefore, both hardware and
software infrastructure needed to be flexible and open for reprogramming and sensor refitting
as needed.
Thus, low weight and long operating lifetime were some of the mutually exclusive goals of the
project. Therefore, a main challenge of the project was to discover the optimal combination of weight
and operating life time with data transfer being as reliable as possible.

Figure 1. a) Ear tag embedded in hot melt adhesive, and b) placement on pig, mounted on the ear
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3. Materials and methods
For the ear tag to remain a nonintrusive entity in the farrowing pen environment, the most
important attribute was its low weight. Secondly, a wireless sensor platform that allowed sows to
move freely and unhindered was crucial to maintaining the validity of the sensor data. Operating
lifetime based on battery size and low power operation weighed heavily as well. Finally, the need for a
flexible and configurable platform was also a major requirement. Constructing a flexible and reliable
infrastructure platform would either require building a dedicated hardware platform or selecting a
well-tested, low power wireless sensor hardware platform. As we needed a high degree of flexibility in
the project including progressive experimentation with different sensors (accelerometer and
temperature) we decided to build on an existing standard hardware platform. Also, we considered
using a platform with a low power operating system, in order to be able to deploy advanced software
algorithms and communication models.
Shimmer, Micaz, and Telosb are examples of small form factor, low power, and wireless sensor
platforms (Johnson et al. 2009) which were considered relevant to employ as sensor platforms. Table 1
shows a comparison between wireless sensor platforms of interest emphasizing some of the important
criteria that were used to choose the sensor platform for the ear tag (Johnson et al. 2009).

Table 1. Mote comparison. Data from (Johnsen et al. 2009).
TelosB
Micaz
Shimmer

Radio Chip

TI CC2420,
802.15.4
compatible

TI CC2420,
802.15.4
compatible

TI CC2420,
802.15.4
compatible

Humidity,
Accelerometer,
Onboard sensors
temperature,
Gyroscope
light

None

TinyOS support

Yes

Yes

Yes

Weight

10.36g (w.
250mAh Lithion battery)

63.05g (w. 2
AA batteries)

63.82.g (w. 2
AA batteries)

All platforms have on-board sensors supported natively by TinyOS allowing for faster development
time and all support wireless radio transmission. The weight of both the TelosB and the Micaz,
however, were more than the allowed weight of the final ear tag, and with a weight of 10.36 grams the
Shimmer sensor platform was chosen. The Shimmer platform has been used successfully in related
sensor network projects (Yang et al. 2009).

3.1 Software Frameworks
In order to facilitate a flexible development process, the system was based on existing software
frameworks exclusively. This included TinyOS which is a component-based operating system for
small, resource constrained wireless sensor networks (WSN). TinyOS is an open source operating
system designed for wireless embedded sensor networks and features a component based architecture
that enables fast development while minimizing code size which is often required by the memory
constraints inherent in small form factor sensor networks. TinyOS's component library includes
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network protocols, distributed services, sensor drivers, and data acquisition tools all of which can be
used as-is or refined for custom behaviour.
SPINE (Signal Processing In Node Environment) is a software framework for the design of
Wireless Sensor Network applications. SPINE is developed as a TinyOS application and enables
speedy development of systems that can be used for analysis and classification of sensor data through
its built in signal processing libraries. A SPINE application is deployed on the sensor platform, and
sensor data is handled at the server side through an API developed in the Java programming language.
SPINE has been used in related wireless sensor network case studies (Johnson et al. 2009).
Combined, TinyOS and SPINE support features such as over-the-air configuration of multiple
nodes and flexible integration of new drivers for custom sensor hardware extensions. Both frameworks
offer drivers for basic sensor types like accelerometers, temperature sensors, and gyroscopes and
support a heterogeneous and flexible environment.

3.2 Encapsulation
Ammonia, which can be found in all livestock stables, is a gas with alkaline properties and a
corrosive effect that requires shielding of sensitive hardware to avoid malfunction. During the first
pilot study of the project, Shimmer devices were encased in simple plastic containers and attached to
the ears of the sows with crude tape, but they stopped working after a short amount of time due to the
lack of proper shielding. In order to allow the Shimmer sensing hardware to survive in such a hostile
stable environment, they were embedded in a hot melt adhesive during the final stages of the second
ear tag prototype construction. A picture of the fully functional ear tag featuring the onboard
accelerometer, a 1200 mAh battery and two temperature sensors, can be seen in Figure 1. The
transparent nature of the hot melt adhesive allows the LEDs on the Shimmer platform to remain
visible for problem detection purposes. The Shimmer platform connector port used for programming
and recharging had to be left accessible and was covered with tape during operation, increasing the
size of the ear tag slightly.

3.3 Sensor network configuration
SPINE allows for network configurations to be changed dynamically through server-side, over-theair configuration of a network of sensors, which also allows configuration from remote locations. Due
to the star topology nature of the sensor network, only the nodes immediately visible by the base
station handling configuration requests could be configured.
Through a custom and textual configuration format, super users of the system could manipulate
central configurations to change the workings of each ear tag in the sensor network such as sample rate
and amount of samples contained in each transmission.
In order to avoid data loss and reduce data communication power usage, an extended local data
cache on each ear tag was considered as a design alternative. Such a solution could only be used to
transmit data wirelessly when signal strength conditions would be optimal, reducing lost data package
levels and power use. This only includes transmitting data when being near a data collection unit
allowing for low power communication. The Shimmer device features an SD-card storage facility.
However, according to Shimmer specifications, the SD-card hardware is not designed for low power
operation which was confirmed by initial testing efforts. Rather than implementing such a caching
strategy, each transmission was optimized to contain as much sampled data from each sensor as
possible according to an agreed upon sample rate that would optimize the amount of data gathered
while allowing data to be monitored in real time. During initial tests of the ear tag, a sample rate
providing the best balance between data coverage and battery-lifetime was determined in order to
transmit sampled data as infrequently as possible, prolonging battery lifetime. Each transmission
contained a series of samples from each sensor, represented as 12-bit values, utilizing the maximum
possible amount of data in each message header. While a local cache and a deferred communication
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strategy might prove more energy efficient, this would require us to employ a dedicated hardware
platform instead.
Due to the layout of the farrowing pens, each base station could cover only a limited number of ear
tags. For the system to receive data from larger quantities of ear tags, more base station nodes had to
be deployed. No effort was made to configure the signal range of base stations in order to avoid an
intersection of ear tags and picking up sensor data from the same ear tag at multiple base stations.
Figure 2 depicts a scenario where each sow is placed in a big farrowing pen. The radio waves have
free passage due to the size of the pen. In this case two base stations were able to receive the
measurements. The reception radius from two base stations overlaps. No effort was made to discard
duplicate transmissions during run time. Instead, these entries were discarded during post processing.

Figure 2. Deployment of sows placed in small pens, seen from the side and from above
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3.4 Analysis and design
Following standard systems engineering analysis methods, field visits were made to AU Foulum
research center to inspect the farrowing pens in order to gather input for the technical requirements
including communication technology, environment analysis, and physical constraints of the sows.
Also, several meetings were held with both engineers and Foulum biologists researchers in order to
establish functional requirements for each sub study with a focus on purpose and duration of the
planned substudies as well as required sensor support and data export format.
3.5 Evaluation
After gathering system requirements and deciding on basing the infrastructure platform design on
the Shimmer with TinyOS and SPINE, an initial version of the ear tag was produced. The main
purpose of this pilot study was to collect data from a single sow, gathering accelerometer data only.
This allowed the AU Foulum researchers to perform data analysis on the accelerometer measurements
and deduce required changes to data gathering and communicating algorithms, sensor calibration, as
well as identifying communication and battery limitations. The special purpose linearity device was
constructed to facilitate the calibration process, and all sensor devices were calibrated.
In the next pilot study, six sows were monitored with the second generation ear tag which included
the two temperature sensors. These ear tags were calibrated so their accelerometer data could be used
for precise measurements. Initially, data from up to six ear tags was collected by one data collection
unit to test the basic functionality. Data was collected on a dedicated computer running Windows, the
SPINE base station framework, and our specialized test application.
Following this, groups of maximum twelve sows were equipped with ear tags in big farrowing
pens. This required the addition of a second data collection unit in order to cover the entire pen area.
The data collection units were placed with an overlap to ensure that no data would be lost.
Finally, the infrastructure platform needed to support twelve sows in small farrowing pens. It was
necessary to place a data collection unit above each pen, most likely caused by the upward radio wave
radiation from each pen.

4. Results
The constructed infrastructure platform was successfully used in 15 substudies of the farrowing
sow research project at AU Foulum. The development team was able to gather the required type and
amount of data in the various phases of the project, adapt the infrastructure platform with new sensors,
change algorithms and calibration, as requested by the Foulum research team after the first two
substudies. A total of 125 sows were equipped with ear tags containing a wireless sensor device; first
up to 6 sows at a time and later up to 12 sows at a time, in small and large farrowing pens. In all, 53
sows were tested in small farrowing pens and 72 sows were tested in large pens. Each sow was
measured during the three weeks they spent in the farrowing pen. The data was successfully used by
biologists to analyse sow behaviour in farrow pens based on acceleration and temperature data. In
total, the sensor network collected 32 Gigabytes of data represented by 385 million accelerometer and
temperature measurements. Furthermore, during the test period only a few ear tags were lost, and the
irritation of the sow's ears was negligible. Finally, the battery life time was sufficient to gather the
required data.

5. Discussion
Based on the successful usage of the reported lightweight sensor platform in 15 substudies, we
conclude that it is indeed feasible to construct a flexible wireless sensor infrastructure platform that is
easily reconfigurable and deployable and able to support an iterative and progressive research agenda,
as stated in the aim of the study. Also, we found that the platform was sufficiently robust for real
world deployment in the harsh environment of a pig pen, thus fulfilling the main objectives of the 15
pig farrowing studies. Also, battery life time was sufficient to achieve the biologist’s requirements of
three weeks of uninterrupted data collection, despite the special environment a pig pen constitutes.
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We argue that there is a lack of relevant research platforms for studying pig farrowing behavior and
related studies. Thus, although Marchioro et al. (2011) and Fernandes et al. (2011) both report on
similar lightweight approaches based on dedicated hardware platforms, neither Marchioro et al. or
Fernandes et al., nor any other studies reported in literature, provides a relevant lightweight platform
solution similar to the one presented in this study; a platform that is able to support the flexible and
iterative research agenda needed for this type of observational studies. This include our choice of
sensor placement on the ear of the pig, rather than a collar as suggested by Cornou & LundbyeChristensen (2008 & 2010)
However, due to radio link disturbance caused by radio wave reflections some measurements were
lost. This instability in the radio link also caused issues related to the configuration of the sensor
network of tags. If one of several configuration messages from the base station to the ear tag was lost,
that ear tag would have to be reset physically. This was, however, considered to be a minor fault that
only applied to the configuration phase. It could be solved by manual inspection of data and sensor
reset without obstructing the data gathering process.
Changes in multipath propagation of radio signals caused by natural movements of the sow
sometimes compromised the link quality of the ear tags for brief periods. Radio link quality was also
compromised, sometimes for longer periods, when a sow laid on her ear tag, because of the inability of
radio frequencies to penetrate body fluids. Given the small batteries of the tags due to the low weight
requirements for the equipment, retransmission of lost packages could not be afforded. However,
minor occurrences of package loss were not considered as a problem by the Foulum research group.
Some wireless sensor networks support a multi-hop topology in which nodes can interact with each
other to transmit and receive data when out of range of a base station. SPINE, used in this project,
supports only a single-hop star-topology without immediate retransmission capabilities (IEEE
802.15.4). Metal bars and biological matter were expected to reduce the effectiveness of real-time data
coverage, and retransmission of lost messages was deemed too costly in terms of battery efficiency.
Utilizing a multi-hop topology in such an environment will effectively turn every ear tag into a basestation, thus reducing the complexity of the base-station infrastructure. This reduction in complexity,
however, increases the amount of required transmissions for an ear tag drastically, thus reducing the
lifetime of most ear tags in the sensor network depending on their ability to reach the main base
station. To avoid disturbance of the radio channel in this situation, a second ear tag could be mounted
at the other ear. This suggestion would ensure that a radio link is available most of the time
independent of sow behaviour, though leading to a higher cost of the system and possibly more
redundant data.
The TinyOS and SPINE frameworks facilitated building a system for collecting biological data.
Combined, the two frameworks supplied the development team features such as over-the-air
configuration of multiple nodes as well as fast integration of new drivers for custom sensor extensions.
Thus, using TinyOS and SPINE provided us with the required high flexibility for adapting and
updating the sensor platform during the progressive iterations of the project in a much easier manner
than by using a dedicated platform. The platform allowed us to deploy new versions of data gathering
and communication algorithms even after the devices were deployed in the farrowing pen
environment. However, the Shimmer platform did have some shortcomings. First of all, it did not
allow us to pursue a local caching strategy due to the lack of low power local storage facilities. Also, it
did not enable us to choose an alternative radio platform which might perform better in the pen
environment. Here, a dedicated platform, such as the solution suggested by Marchioro et al. (2011),
might be better suited. That said, a dedicated platform is costly to develop and maintain, is more
difficult to extend with new drivers, and does not allow for an iterative progressive research agenda as
required by the Foulum research group as previously discussed in this paper.
If the ear tags described in this paper are to be used commercially by farmers, it will be necessary
to implement specific, behavioural algorithms in the ear tags software so that data is transmitted only
if a certain pattern is observed. This would allow a sow to keep the same ear tag during its entire lifetime due to the greatly lowered frequency of radio-activation and optimized use of the efficient TI
MSP340 CPU of the Shimmer platform.
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6. Conlusion
We found that it is feasible to construct an ear mounted flexible wireless sensor infrastructure
platform that is easy to reconfigure and deploy, and able to support an iterative and progressive
research agenda. Also, we found that the wireless sensor platform was sufficiently robust for real
world deployment in the harsh environment of a pig pen, thus meeting the main objectives of the 15
pig farrowing studies carried out by the AU Foulum research group.
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ABSTRACT
In data mining, cluster analysis is one of the widely used analytics to discover existing
groups in datasets. However, the traditional clustering algorithms become insufficient for
the analysis of big data which have been formed with the enormous increase in the
amount of collected data in recent years. Therefore, the scalability has been one of the
most intensively studied research topics for clustering big data. The parallel clustering
algorithms and the Map-Reduce framework based techniques on multiple machines are
getting popular in scalability for big data analysis. However, applying the sampling
techniques on big datasets could be still alternative or complementary task in order to run
the traditional algorithms on single machines. The results obtained in this study showed
that the data size reduction by the simple random sampling could be successfully used in
cluster analysis for large datasets. The clustering validities by running K-means algorithm
on the sample datasets were found as high as those of the complete datasets. Additionally
the required execution time for cluster analysis on the sample datasets was significantly
shorter than those obtained for the complete datasets.

1. Introduction
Although there are dozens of definitions, big data is a broad term that defines the very large
datasets that are complex, diverse and massive to manage and analyze with the traditional data
analysis tools and methods. With the wide spread use of the internet, the new developments in the
information technologies and the recently enormous growth in the use of social networks in addition to
the increased applications of the internet of things, the data has rapidly become very big. Big data is
now so big, and continues to bigger day by day. For instance, the size of spatial and temporal data
recorded for a thousand acres of field can reach to several hundred terabytes in some of agricultural
practices like precision farming. In data mining, the need for new data storage architectures, data
processing techniques and data analysis algorithms has led to the new challenges in knowledge
discovery from big data.
However, sometimes it is used as the synonym of Knowledge Discovery in Databases (KDD), in
fact, Data Mining (DM) is a suit of high-end analyses in KDD involving a sequentially applied group
of the data processing stages such as data cleaning, data integration, data selection, data
transformation, data mining, pattern evaluation and knowledge presentation. In this context, DM is an
emerging multidisciplinary field of study borrowing the methods and techniques from many research
areas such as database and data warehouse architecture, high performance computing, machine
learning, artificial intelligence, information retrieval, data visualization, mathematics, statistics and a
series of related fields. DM is therefore actually a fusion of the techniques and methods which has
been developed to discover hidden knowledge such as the meaningful patterns, relationships, changes,
trends and useful structures generally in large datasets which are stored in databases, data warehouses
and other kind of repositories. These DM methods and techniques can be usually classified in three
groups as descriptive, predictive and prescriptive analytics.
Cluster analysis, one of the descriptive analytics in DM, is used to reveal priori unknown cluster
tendency (or grouping structure) in datasets. Although there are many clustering algorithms, the
1
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majority of them have some disadvantages in analyzing large datasets because the system resources
may be insufficient to execute them in the memory of a single computer, or to finish analysis within a
short time on a single computer (Jain & Verma 2014, Kothari & Kale 2014, Shirkhorshidi et al 2014,
Zerhari et al 2015). Some of the datasets can be so big that they cannot be loaded to a single computer
memory as a whole set, and hence they are also called “unloadable data” (Hathaway & Bezdek 2006).
Since the volume of unloadable data beyond the ability of analyzing by traditional tools and
algorithms within a reasonable execution time, the scalability is required to perform clustering
algorithms on high volume and high dimensional datasets stored in databases and data warehouses.
The scalability approaches which have been proposed for big data clustering could be gathered in two
groups as follows (Shirkhorshidi et al 2014):
- Single machine techniques
o Sampling based techniques
o Dimension reduction techniques
- Multiple machine techniques
o Parallel clustering techniques
o Map-Reduce framework based techniques
While the single machine techniques are performed on a single machine, the multiple machine
techniques are executed on more than one machine. Although the majority of clustering algorithms
have been developed to run on a single machine, today they are being improved in scalability with
parallel computing extensions to analyze the large datasets on multiple machines. In general, the
parallel computing is a common choice to discover clusters on large data sets (Nagesh et al 2000). For
instance, various parallel K-means algorithms (Huang 1998, Stoffel & Belkoniene 1999, Dhillon &
Modha 2000), and the parallel Fuzzy C-means algorithm (Kwok et al 2002) and the fuzzy extension
called as the Generalized Extensible Fast Fuzzy C-means (geFFCM) algorithm by Hathaway et al
(2006) have been proposed to perform partitioning of big data. Beyond these extensions, the
clustering algorithms in Map-Reduce framework are based on task distribution among multiple
machines. In the Map-Reduce framework, a clustering task is firstly divided into small tasks and
assigned to the distributed systems in the mapping stage, and then the obtained results are merged in
reduction phase. K-means, Expectation Maximization (EM) and DBCURE algorithms are frequently
being used in this kind of scalability approaches.
Some algorithms have been proposed and their efficiencies with parallel computing have been
proven, yet they are not widely in use. The use of them by individual researchers is not easy task due
to their complexity, difficulties in task organization and the required resources to run on multiple
machines. Therefore, there is still a strong need for the easy-to-use approaches to cluster big data
which are unloadable into memory but storable on single machines.
In DM, data reduction is mainly done for the dimension reduction purposes. In order to lower
computing costs, the number of dimensions (features) in data is decreased with some well-known
statistical methods such as multidimensional scaling, principal component analysis, factor analysis and
the others (Napoleon & Pavalakodi 2011). Another purpose of data reduction is to make unloadable
data loadable. In this way, it is expected that the use of smaller datasets drawn from unloadable
datasets by some sampling techniques may shorten the computing time for clustering.
Although the research works in data reduction have mostly been focused on high dimensionality
issues in order to select the most important features to be analyzed, there are also a few research works
on data size reduction by sampling techniques. The scalability for the clustering algorithms on big data
can be applied by sampling and some other reduction techniques (Hathaway et al 2006). Shirkhorshidi
et al (2014) evaluated that the sampling takes at the first place of progress of the developments in
clustering algorithms to deal with big data. Zaki et al (1997) revealed that sampling reduced the
computing costs in the mining of association rules. Cormode & Duffield (2014) stated that the use of
sampling motivates to generate summary datasets that support rapid queries, and prolong the useful
life of the data in storage. Palguna et al (2015) studied on some sampling formulations for Twitter’s
big data, and found that “random sampling can be used as a first step before using other sophisticated
algorithms to form human readable summaries or for mining social opinion”. Tong & Kang (2013)
reported that the randomized techniques reduce the complexity of the input data size to speed up/scale
up a data clustering algorithm.
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Earlier studies suggest that running the clustering algorithms on smaller datasets by the random
sampling may remarkably shorten the required execution time of clustering task for large datasets. For
that reason, in this study, we aimed to empirically determine the effect of the random sampling on
computing time and validity of clustering for data mining purposes. According to our goals, we
generated the artificial datasets of different cluster structures, and analyzed them by using the K-means
algorithm in different sampling rates.

2. Simple random sampling for data size reduction
Sampling is to draw n samples representing characteristics of an entire population with N size. The
aim of sampling is to describe or to make inferences about a larger population with the statistics
computed from a smaller sample. In general, however there are the probability and the nonprobability
based sampling methods; the most commonly used sampling methods are simple random sampling,
systematic sampling, stratified sampling and cluster sampling.
The simple random sampling (SRS) is the most commonly applied method in which each unit in a
population has the same chance (1/N) of being drawn. SRS can be applied with replacement or without
replacement of drawn samples. In SRS without replacement, when an object is drawn it cannot be
sampled once again because it is not given back to the population. Because of its simplicity and the
proven efficiency in traditional applications we used SRS without replacement method for sampling
datasets in this study.

3. External validity indices and clustering quality
The success of sampling can be determined with the clustering similarity of smaller sample datasets
and large complete dataset from which the samples are drawn. Thus, clustering results from sample
datasets are compared to clustering results on complete datasets by using the cluster validity indices.
The indices measuring clustering validity can be external, internal and relative depending on the
information available prior to the clustering task (Dudoit & Fridlyand 2002, Kovács et al 2005,
Thalamuthu et al 2005, Rendón et al 2011). If the cluster labels of objects in a dataset are already
known they can be used as external information. So the external indices compare the results of a
clustering to the cluster labels of a reference clustering. The internal indices do not use any external
information because they measure clustering validity by using some metrics obtained in clustering.
The relative indices are based on comparison of the clustering results from successive runs of a
clustering algorithm on the same dataset by changing the input parameters in each run.
Since the data is mostly unlabeled in clustering, the internal indices are commonly used to
determine the validity of a partitioning task. On the other hand, most of the internal indices might be
sensitive to the density of clusters in datasets, and have a tendency to ignore small clusters and clusters
with low density (Žalik & Žalik 2011). According to Desgraupes (2013) “the external indices of
comparison are indices designed to measure the similitude between two partitions. They take into
account only the distribution of the points in different clusters and do not allow to measure the quality
of this distribution”. Hence, for our research purpose the external indices could be more robust in
comparison of clustering concordance between sample and complete datasets. In their research aiming
to carry out the effect of sampling, de Souto et al (2012) also preferred to use the external validity
indices for assessing the partitions for highly imbalanced datasets. In our study, since we expect that
the cluster densities can be changed by the sampling rates we also assumed that the external indices
would be more informative in comparison of the partitions obtained on different sample datasets.
For a given dataset X with n objects (𝑋 = {𝑥1 , 𝑥2 , , … , 𝑥𝑛 }), let C1 be any partitioning of X
obtained as a result of a clustering algorithm (𝐶1 = {𝐶11 , 𝐶12 , , … , 𝐶1𝑘 }), and C2 be a reference
partitioning of X built with the use of an external information, namely class labels (𝐶2 =
{𝐶21 , 𝐶22 , , … , 𝐶2𝑘 }). In order to check the agreement of these clustering, C1 could be compared to
C2 as the “ground truth” or “actual class structure” by using the external indices. The external indices
measuring the magnitudes of this agreement are calculated from contingency tables which contain the
frequencies of objects in the same and different clusters in C1 and C2.
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Table 1. Structure of a contingency table
Clustering on the
reference dataset (C1)
a
Clustering on the reference dataset (C1)
c
Clustering on sample dataset (C2)

Clustering on sample
dataset (C2)
b
d

As shown in Table 1, a contingency table has the four elements, namely a, b, c and d which are the
frequencies of objects for the following situations:
a: Number of objects in same clusters in both C1 and C2,
b: Number of objects in same clusters in C1 but in different clusters in C2,
c: Number of objects in different clusters in C1 but in same clusters in C2,
d: Number of objects in different clusters in both C1 and C2.
Although there are many more, the external validity indices used in this study are listed in Table 2.
They can be computed by using the above described elements of a contingency table with the formulas
given in Table 2.
Table 2. The formulas of some well-known external indices
Indices
Formula
𝑎
Jaccard (J)
𝑎+𝑏+𝑐
2𝑎
Czekanowski-Dice (CD)
2𝑎 + 𝑏 + 𝑐
𝑎
Fowlkes-Mallows (FM)
√(𝑎 + 𝑏)(𝑎 + 𝑐)
1
𝑎
𝑎
Kulczynski (K)
(
+
)
2 𝑎+𝑏 𝑎+𝑐
𝑎+𝑑
Rand (R)
𝑎+𝑏+𝑐+𝑑
𝑎
Sokal-Sneath 1 (SS1)
𝑎 + 2(𝑏 + 𝑐)
The values of indices are computed in the range [0, 1] for the most of external validity indices. An
index value becomes higher while it approaches to 1. Whereas the quality of clustering decreases
while it approaches to 0. In other words, if an index value is 1 it means that there is an excellent
agreement between ground truth and clustering results, but a value of 0 means no similarity at all.
Thus the magnitude of an external index value indicates the quality of different cluster analysis on
different datasets sampled from a complete dataset. Although there is no a commonly agreed scheme
for describing the strength of index values, a classification scheme as shown in Table 3 may be helpful
to describe it.
Table 3. Quality classification of clustering validity according to index values
Index value
Quality of clustering
1.00
excellent
0.90 - 0.99
very high
0.70 - 0.89
high
0.50 - 0.69
moderate
0.30 - 0.49
low
0.01 - 0.29
very low
0.00
none

3. Datasets and tools for analysis
In order to determine the efficiency of sampling based on the quality of clustering, six complete
artificial datasets were used in this study. The characteristics of these datasets are listed in Table 4, and
their scatter plots are given in Figure 1. Because the arbitrary shapes of clusters in large datasets may
differently respond to the sampling, we generated the rectangular, circular and elliptical shaped
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clusters in the first 3 datasets in order to see whether the shape effect is important or not. In order to
observe the performance of clustering for noisy datasets we also generated the last three datasets
containing the varying degree of noises for only circular shaped clusters. All the datasets were
generated with 2 dimensions (2 features) by an R script using the functions from the packages
stats, ellipse (Murdoch & Chow 2015), splancs (Bivand et al 2015), and mlbench
(Leisch & Dimitriadou 2015) in R environment (R Core Team, 2015). In Table 4, k, N and nk stand for
the number of clusters in labeled complete dataset, the size of dataset and the size of clusters in each
dataset, respectively. The number of clusters, k was taken as 9 in order to create a centered cluster in
all the datasets. For using as the ground truth, the data points in each cluster were labeled with their
cluster numbers.

Datasets
DS1
DS2
DS3
DS4
DS5
DS6

k
9
9
9
9
9
9

N
1800
1800
1800
1800
1800
1800

Table 4. Characteristics of the experimental datasets
Shape of
Scattering pattern of
Separation status of
nk
clusters
clusters
clusters
200 rectangle
tiled
well separated
200 ellipse
tiled
well separated
200 circle
tiled
well separated
200 circle
circular
well separated
200 circle
circular, noisy
not well separated
200 circle
circular, too noisy
not well separated

The simple random sampling without replacement (srswor) method in the sampling package
by Tillé and Matei (2013) in R environment was applied to form the sample datasets from the
complete datasets. DSs-1%, DSs-5%, DSs-10%, DSs-25%, DSs-50% and DSs-75% datasets (s
denotes the subscripts of datasets) were generated from the relevant complete datasets (DS1-T to DS6T) with varying sampling rates of 1.66%, 5%, 10% , 25%, 50% and 75% respectively. With the
sampling rate of 1.66% we aimed to generate the sample datasets as small as of 30 samples. This is the
smallest size which is considered as reliable for many statistical methods.

DS1

DS2

DS3

DS4

DS5
Figure 1. Scatter plots of the artificial datasets (DSs-T)

DS6
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After sampling completed, the sample datasets were plotted for inspection of probable anomalies
about the densities and distributions. An example of these scatter plots for the sample datasets drawn
from DS3 was given in Figure 2.
In this study, K-means as one of the most common clustering algorithms was used by running
kmeans function of the stats package of R. It was executed with the input parameters as of
nstart=10 and iter.max=100. For each sample dataset and related complete dataset, the k
parameter, number of clusters were set to the number of reference clusters which are listed in Table 4
(centers=k).

DS3-1%

DS3-5%

DS3-10%

DS3-25%
DS3-50%
DS3-75%
Figure 2. Scatter plots of the sample datasets sampled from DS3-T dataset.
The external indices were computed by using the results of K-means clustering from the
extCriteria function of clusterCrit package developed by Desgraupes (2013). The
execution time for each K-means run was computed Sys.time function as follows:
ctime <- Sys.time()
kmeans(dataset, centers=k, iter.max=100, nstart=10)
ctime <- round(Sys.time()- ctime, 12)

The analysis was performed on a PC with i7 microprocessor, 4 MB RAM and 1TB HDD running
64-bit Windows 10 operating system, and R was only active application during execution of R script.

5. Results and discussion
As seen in Table 5, DS1 having the rectangular shaped and tiled spreading clusters, the result
of clustering with 1.66% sampling rate was very highly similar to the actual cluster structure
(ground truth) according to the similarity scheme given in Table 3. Although SS1 index with the
value of 0.73 was the lowest when compared to the values of other indices, it was still high
enough. For DS1, the clustering similarities between the sample datasets and the reference
datasets were the same according to all the indices in 5% and other higher sampling rates.
In DS2 dataset having the elliptical clusters with tiled spreading pattern there was a small
amount of decrease in the values of all the indices when compared to those of DS1. However,
according to all the external indices, the clustering results of sample datasets and reference
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dataset were found to be similar with the index values over 0.60 except SS1 index values for
DS2-5% dataset.
Table 5. The values of external indices for different datasets*
Datasets

J

CD

FM

K

R

SS1

DS1-1%
DS1-5%
DS1-10%
DS1-25%
DS1-50%
DS1-75%
DS1-T

0.84
1.00
1.00
1.00
1.00
1.00
1.00

0.91
1.00
1.00
1.00
1.00
1.00
1.00

0.92
1.00
1.00
1.00
1.00
1.00
1.00

0.92
1.00
1.00
1.00
1.00
1.00
1.00

0.98
1.00
1.00
1.00
1.00
1.00
1.00

0.73
1.00
1.00
1.00
1.00
1.00
1.00

DS2-1%
DS2-5%
DS2-10%
DS2-25%
DS2-50%
DS2-75%
DS2-T

0.61
0.60
0.96
0.95
0.99
0.99
1.00

0.76
0.75
0.98
0.97
1.00
1.00
1.00

0.76
0.75
0.98
0.97
1.00
1.00
1.00

0.77
0.75
0.98
0.97
1.00
1.00
1.00

0.95
0.94
1.00
0.99
1.00
1.00
1.00

0.44
0.43
0.93
0.90
0.98
0.99
1.00

DS3-1%
DS3-5%
DS3-10%
DS3-25%
DS3-50%
DS3-75%
DS3-T

0.69
1.00
1.00
1.00
1.00
1.00
1.00

0.82
1.00
1.00
1.00
1.00
1.00
1.00

0.82
1.00
1.00
1.00
1.00
1.00
1.00

0.82
1.00
1.00
1.00
1.00
1.00
1.00

0.96
1.00
1.00
1.00
1.00
1.00
1.00

0.53
1.00
1.00
1.00
1.00
1.00
1.00

DS4-1%
DS4-5%
DS4-10%
DS4-25%
DS4-50%
DS4-75%
DS4-T

1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00

DS5-1%
DS5-5%
DS5-10%
DS5-25%
DS5-50%
DS5-75%
DS5-T

0.61
0.75
0.77
0.82
0.78
0.77
0.76

0.76
0.86
0.87
0.90
0.88
0.87
0.87

0.76
0.86
0.87
0.90
0.88
0.87
0.87

0.76
0.86
0.87
0.90
0.88
0.87
0.87

0.95
0.97
0.97
0.98
0.97
0.97
0.97

0.44
0.60
0.63
0.70
0.64
0.63
0.62

0.20
0.34
0.34
0.34
DS6-1%
0.28
0.44
0.44
0.44
DS6-5%
0.27
0.43
0.43
0.43
DS6-10%
0.28
0.43
0.43
0.43
DS6-25%
0.29
0.45
0.45
0.45
DS6-50%
0.28
0.44
0.44
0.44
DS6-75%
0.27
0.43
0.43
0.43
DS6-T
(*) : The abbreviations of external indices are the same as in Table 2.

0.86
0.88
0.87
0.87
0.88
0.87
0.87

0.11
0.17
0.16
0.16
0.17
0.16
0.16
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In DS3, however the clustering similarity of the reference dataset and DS3-1% was moderate
according to J and SS1 indices, yet it was high for the remaining indices. The values of clustering
validity indices obtained with 5% and higher sampling rates were found to be the same as 1 according
to all the indices.
It was interesting that the clustering results for all the sample datasets drawn from DS4 having the
circular shaped and circularly spreading clusters were fully similar with each other with an index value
of 1 for all the indices.
Although DS5 dataset had the circular shaped clusters like DS4, the values of all the indices were
relatively smaller when compared to those of DS4. This result was due to the noisy clusters in DS5
and the sample datasets drawn from it. However, even in DS5-1% sample dataset which was smallest
among the sample datasets of DS5, the values of the indices except J and SS1 were high with the
values over 0.76. Another interesting result for DS5 was that the index values increased until 25%
sampling rate but slightly started to decrease in 50% and in higher sampling rates. This behavior was
probably due to the increase in separation of the clusters because of noise reduction in the lower
sampling rates. This finding indicates that sampling on large datasets may give more compact clusters
if they are noisy and partly overlapped with each other.
In DS6, the values of indices were low for all the indices except R index. There were no appearant
differences between the clustering validities for different sampled datasets and the complete dataset.
This means that if a complete dataset is too noisy the reduced datasets with lower sampling rates coul
be reccommended in favour of decrease in computing time. As a result we could say that “a small
number of samples does not necessarily result in a poor classification, nor does a relatively large
number of samples guarantee the best classification” as stated by Wharton (1987).

Figure 3. Computing time by the datasets (seconds)
Concerning the computing time required for clustering, there was no any significant difference
between the datasets (p>0.05). On the other hand, as clearly seen from Figure 3 the sampling rate
increases more the computing time linearly increases. A positive and very strong correlation was
obtained between the computing time and the sampling rates for all the analyzed datasets. The
magnitude of this Pearson’s correlation was significantly high as 0.97, and the relationship was
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significantly linear with the model of computing time = 0.000795 + 0.101263 * sampling rate (t =
23.433, p < 2e-16).

Table 6. The changes in computing time by the datasets
Datasets
DS1-1%
DS1-5%
DS1-10%
DS1-25%
DS1-50%
DS1-75%
DS1-T

Computing
time (sec)
0.003001
0.006007
0.011008
0.024016
0.047031
0.072054
0.090065

Change-1
(%)
100
83
118
96
53
25

Change-2
(%)
2901
1399
718
275
92
25
-

DS2-1%
DS2-5%
DS2-10%
DS2-25%
DS2-50%
DS2-75%
DS2-T

0.003002
0.006364
0.011007
0.026017
0.050033
0.081053
0.095068

112
73
136
92
62
17

3067
1394
764
265
90
17
-

DS3-1%
DS3-5%
DS3-10%
DS3-25%
DS3-50%
DS3-75%
DS3-T

0.004003
0.009011
0.011010
0.024019
0.045029
0.067046
0.083058

125
22
118
87
49
24

1975
822
654
246
84
24
-

DS4-1%
DS4-5%
DS4-10%
DS4-25%
DS4-50%
DS4-75%
DS4-T

0.006004
0.006005
0.011012
0.022015
0.044031
0.066048
0.089054

0
83
100
100
50
35

1383
1383
709
305
102
35
-

DS5-1%
DS5-5%
DS5-10%
DS5-25%
DS5-50%
DS5-75%
DS5-T

0.003002
0.006007
0.013014
0.027024
0.052040
0.086061
0.111079

100
117
108
93
65
29

3600
1749
754
311
113
29
-

DS6-1%
DS6-5%
DS6-10%
DS6-25%
DS6-50%
DS6-75%
DS6-T

0.003002
0.005003
0.009006
0.023016
0.053035
0.096069
0.149103

67
80
156
130
81
55

4867
2880
1556
548
181
55
-
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The second column (Change-1) of Table 6 shows the increase in computing time for a dataset from
the preceding adjacent dataset. There was no increase (0%) from DS4-1% to DS4-5% while the
highest increase (125%) was calculated from DS3-1% to DS3-5%. On the other hand, the change
varied between 17% and 55% between the sample datasets formed with 50% and 75% sampling rate.
This finding pointed out that the changes in computing time between contiguous datasets were
significantly different (t=-2.869, p=0.00703).
Using the computing time for a complete dataset as the base, the decrease as the percentages in the
computing time between the sample datasets and relevant complete datasets are listed in the third
column (Change-2) of Table 6. The computing time required with the use of sampled datasets was
significantly less for the sample datasets built in lower sampling rates (t=-8.419; p=7.87e-10). For
instance, the computing time required for the sample datasets with 1.66% sampling rate were as less as
1383% and 4867% when compared to the time required for the relevant complete datasets. On the
other hand, the decrease in computing time between the sample datasets with 5% sampling rate and
the related complete datasets were changed between 822% and 2880%.

6. Conclusions
Sampling for data reduction is an important research question in DM. This study revealed that the
clustering will be of high quality for the sample datasets which are generated by using simple random
sampling. The values of external clustering validity indices computed on the sample datasets and the
relevant complete datasets were found to be highly similar in lower sampling rates and almost same in
higher sampling rates. This finding showed that clustering on sample datasets handled with data size
reduction by sample random sampling can provide information as much as those gained from
complete datasets. So, when sampling applied to large datasets, clustering tasks would be performed
faster with no or a negligible loss of information about data structures.
Concerning the values of external validity indices obtained in this study, they were almost same for
all the datasets with sampling rate of 10% when compared to those computed for the complete
datasets. Therefore, this sampling rate can be evaluated good enough to discover existing clusters in
datasets since it can provide high validity clustering in a relatively less computing time. Besides, in the
applications in which near real-time processing is required, it could be possible to use the sample
datasets drawn with a sampling rate of 1% without a remarkable information loss. This sampling rate
can especially work well for the datasets which having noises and not well separated clusters.
However, the algorithms scaled for parallel processing or Map-Reduce techniques are being
popular for cluster analysis in DM, we suggest that data reduction by sampling should at least be
useful to determine the parameter k needed as an input by partitioning and discretization algorithms. In
this way, before going to a clustering task on large datasets, k value could be determined with use of
the simple random sampling within a short time.
In this study, the datasets were small in size even they were considered to be large enough for an
average scientific research work. On the other hand, in a real-world application of DM we usually go
to deal with really big data in a size of several hundred of terabytes or even more. In this case we
recommend applying the multistage sampling techniques for data size reduction again. Nevertheless,
working with a sampling rate around 1% could be still informative for cluster analysis of big data
containing noisy and not well separated clusters. Finally, we suggest further studies examining the
efficiency of this kind of size reduction on very big data with some improvements of random sampling
algorithms.
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ABSTRACT
The main factor responsible for non-uniform density of planting is the inequality of soil
fertility in different parts of the field and above all the inequality of the content of
available nutrients. The aim of our work is to study, in field conditions, the relationship
between the nitrogen status of crops and colorimetric characteristics of their digital
images and to develop a method of selecting uniform management zones for spatially
differentiated fertilization. The field was photographed using a small radio-controlled
aircraft equipped with a digital high resolution camera at the flight altitude of 500-700 m.
The colour of crop images was characterized by parameters L, A and B of the CIELAB
colour system. Changes in these parameters (∆L, ∆A and ∆B), hue (∆C) and saturation
(∆H) were calculated relative to their values at reference plots with different content of
nitrogen in the soil. Dissimilarities in the colour of the crop canopy between reference
plots and various sections of the field were determined from the value ∆E that
summarizes changes in the parameters L, A and B. To quantify nitrogen status of plants
for spatially differentiated fertilization, regression relationships between colour
characteristics of the canopy and the dose of nitrogen at test plots were used. The
experiment performed has shown that the method we used to analyze colorimetric
characteristics of crop canopy by its digital image, test plots with known nitrogen content
in the soil including, is of considerable promise for quantitative evaluation of plant needs
in nitrogen nutrients, management zones selection and spatially differentiated fertilization.

Introduction
Availability of nutrients is one of the principal conditions of attaining maximum potential
productivity of each crop and variety. The problem of maintaining balance between crop yields, profits
and environment protection can be solved with the help of a new agricultural strategy which consists
in applying fertilizers with regard for spatial and temporal heterogeneity of plant provision with
nutrients during the vegetation period. It is implied that the amount of nutrients provided will be fully
utilized by plants.
At present, the assessment of crop canopy spatial heterogeneity and differentiated fertilizer
application are performed on the basis of various optical criteria. The most widely used of them are the
simplest indices that permit to evaluate, more or less accurately, parameters of plant growth and
represent either a simple ratio of reflectance values in two spectral regions or a difference between
these values (Jordan, 1969; Tucker, 1979). Most of reflection indices used in the evaluation of plant
nitrogen status exhibit a close correlation with the content of chlorophyll (Blackburn, 1998; Datt,
1999; Sims and Gamon, 2002, and others). These indices may be defined with the help of
multispectral aerospace vehicles having spectral channels in the red (600-750 nm) and near infrared
(750-1300 nm) regions. It is these vehicles that are most often used presently in assessing crop canopy
condition.
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However, methods of remote sensing based on the estimation of chlorophyll content do not always
detect the deficiency of the pigment early in its development. Thus, when studying variation of wheat
optical properties with the intensity of plant growing technology, we observed no close correlation
between chlorophyll index and net productivity at early stages of nitrogen deficiency, such
dependence appearing only after considerable reduction of the green pigment content (Kanash,
Osipov, 2009). At early stages of stress, when chlorophyll concentration does not change or changes
only slightly, growth inhibition may be evidenced, for instance, by increased value of photochemical
reflection index as well as by indices of anthocyanins, flavonols and carotenoids (Kanash, Osipov,
2009; Yakushev et al., 2010). Changes in the value of these indices suggest a less effective utilization
of photosynthetically active radiation, a poorer assimilation of carbon and a slower growth rate. The
above indices can be determined with the availability of the equipment that is capable of carrying out a
hyper-spectral assessment of the plants and obtaining hyper-spectral aerospace photographs in remote
sensing.
Multispectral remote sensing, and still more so the hyper-spectral one, make possible to perform
monitoring of crops state with high degree of accuracy and promptly take necessary corrective actions.
However, this method has grave disadvantages, such as high maintenance costs, a limited number of
remote sensing stations and weather dependent performance of the system. Drawbacks inherent in
remote sensing carried out from satellites may be avoided by using light aircrafts that allow to survey
the field and obtain promptly high-quality aerial photographs. Remote sensing carried out from low
altitude attracts attention of both research and practical workers owing to the rapidity of operation and
relatively low expenditures, as well as high resolution of the equipment and high accuracy of
observations.
Appliances for remote sensing from low altitudes, such as hyper-spectral reflection sensors, SPAD
502, GreenSeeker ® and Yara N sensor have been employed successfully for crop monitoring and
evaluation of crops nitrogen status. However, some of these instruments are too expensive for the
farmers while the cheaper ones are able only to indicate the need of nitrogen dressing but cannot
quantify the dose to be applied. In this connection, a number of researchers wishing to estimate the
demand of plants for nitrogen in due time used crop photographs taken with digital cameras and then
evaluated the condition of crops from the colour of crop canopy. Basing on the colour system RGB,
they determined the indices correlated with the chlorophyll content as measured per leaf area
(Kawashima and Nakatani, 1998) or per unit area of crop canopy (Jia et al., 2004; Lee and Lee, 2011).
It has been also demonstrated with rice plants that the intensity of crop canopy colour is closely related
to plant biomass at the stages of ear formation and flowering. Methods of digital visualization were
also employed for measuring the extent of projective cover that is related to leaf area index, aboveground biomass and nitrogen content at early stages of plant development (Lee and Lee, 2011).
In addition to RGB colour system that is most frequently used to analyze digital images of crops, a
three-dimensional colour space CIELAB system has been tested and approved as a means serving the
same purpose. This system allows to estimate, along with two chromatic parameters (A and B), the
intensity of the object colour (L). Graeff and colleagues (2008) carried out experiments with broccoli
plants having received various doses of nitrogen and analyzed their digital images. Their work was
aimed at perfecting the method of evaluation of nitrogen nutrition level basing on the images obtained
with colour-filters in different spectral ranges. Digital images of plants were processed and parameters
L, A and B of CIELAB colour system were measured. The authors have shown that this method is an
effective means of estimating nitrogen status of plants, so when used in determining the amount of
nitrogen necessary for dressing, it benefits the growth of crops and optimization of their quality.
The aim of our work is to study, in field conditions, the relationship between the nitrogen status of
crops and colorimetric characteristics of their digital aerophotographic images and to develop a
method of selecting uniform management zones for spatially differentiated fertilization.
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Materials and methods
Objects and variants of the experiment
The experiment was carried out in field conditions at Menkovo branch of the Agrophysical Research
Institute (Leningrad region, the north-western part of Russia) during growing seasons of 2008-2010.
Wheat plants (Triticum aestivum L. cultivar Ester) were grown in the experimental fields with the area
of 6.5 – 7.5 ha. Three variants of the experiment procedure were tried.
Variant 1. Extensive technology (C) – no fertilizers were applied (control), initial content of
nitrogen in the soil before sowing varied from 20 to 60 kg/ha;
Variant 2. Standard Russian technology (N) – application of nitrogen fertilizer before sowing at a
rate of 40-60 kg/ha (FBS-60); no additional dressing was applied during the vegetation period.
Variant 3. High-intensity technology (HI) – FBS-60 plus two water-soluble nitrogen dressings
(WSN) at the stages of tillering and shooting with a cumulative dose of 60 kg of active fertilizer per
hectare.
Fertilizers were applied in two ways: a necessary amount of nitrogen was either distributed uniformly
over the field or applied in different doses depending on the content of nitrogen in the soil and optical
properties of the crop canopy at given section of the field.
Radio-controlled aircraft and image acquisition
Digital images of crops were obtained with an unmanned radio-controlled aircraft engineered at the
Agrophysical Research Institute. Aerial photographs were taken with digital SLR cameras Olimpus
E510 or Canon EOS Rebel Tli from the height of 300-500 meters. All images were saved in JPEG
format with the highest quality and minimal compression. The camera was connected to the
aircraft remote control station. Aerial photographs taken at the aircraft turnaround at the end of the
rout were discarded when the value if only of one angle of aircraft orientation (tangage, bank, yaw)
exceeded 3°. Digital images were combined and related to the Global Positioning System with
ERDAS Imagine software. Aerial photography was performed once in 7-10 days.
Test plots
To quantify nitrogen status of plants and to select homogenous zones for spatially differentiated
fertilization, regression relationships between colour characteristics of the canopy and the dose of
nitrogen in test plots were used. The area of one test plot was equal to 25 m2. Different doses of
ammonium nitrate: 0, 30, 60, 90, 120, 150, 180, 210 kg/ha were introduced by hand into the soil of test
plots before sowing. Test plot with maximum nitrogen content in the soil of a given field (210 kg/ha)
was taken as reference area while colorimetric characteristics of the canopy in this plot were taken as
reference for comparing with them canopy colorimetric characteristics in other test plots and other
sites of the field. The difference in canopy colorimetric characteristics between reference plot and test
plots with lower content of nitrogen was used to plot a calibration curve allowing to evaluate
quantitatively the provision of plants with nitrogen in different sections of the experimental field.
In quantifying nitrogen status of plants, only high-quality aerial photographs with the whole field
and the test plots clearly visible were employed. Uniform illumination of the field without any
shadows from the clouds was a necessary condition when selecting a photograph for further
examination.
Colour characteristics and colour theory
Colour was characterized by means of the international three-dimensional model of colour
representation CIE 1978 L*a*b*, or CIE 1976 LAB (CIELAB). As distinct from colour models of
RGB and CMYK that are essentially hardware-controlled data sets for reproducing colour on paper or
displaying it on a screen, LAB uniquely determines the colour. In the CIELAB model, to each colour
there corresponds a point located in the Euclidean space which is covered by given colour scale, while
doi: 10.17700/jai.2016.7.1.268
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the distance between two points indicates the difference in colour between two objects. When colour is
related to the coordinates of this model, the values L, A and B represent lightness, red/green and
yellow/blue components, correspondingly (CIE Colorimetry, 1986). In this model, the value of L is
separated from the value of chromatic component (hue, saturation). The maximum value (L=100)
corresponds to white colour of an ideally reflecting diffuser, the minimum value (L=0) corresponds to
black colour. Numerically, axes A and B are not limited. Positive A values are characteristic of red
objects, negative values of green ones. Positive B values represent yellow objects, while negative
values correspond to those of blue colour. Axes A and B intersect and designate the diameters of the
circle along whose circumference the hue (H) changes whereas changes in colour saturation (C) are
plotted along the radius.
Associated with the colour scale CIELAB are delta values ΔL, ΔA and ΔB which show how much
two objects (for instance, a reference plot and a tested sample) differ in parameters L, A and B
(Fairchild, 2005). When plant demand for nitrogen nutrition is determined from colorimetric
characteristics of crop canopy, delta values allow to estimate the difference in the provision of
nitrogen between L, A and B of plants in a given section of the field (a sample) and L, A and B in a
test plot with a maximum dose of nitrogen to be applied in the field (a reference plot). The lower are
the values ΔL, ΔA and ΔB, the less is the difference between a sample and a reference plot, which
may serve as an indication of equal or nearly equal supply of nitrogen. Differences between two points
in the three-dimensional space of CIELAB may be estimated from a single value ΔE that takes into
account differences in the values of L, A and B and represents a segment of the straight line drawn in a
three-dimensional coordinate system between two points corresponding to the colours being
compared:

E  L2  A2  B 2

(1)

The value ΔE does not indicate which colour characteristic of the sample differs from that of the
reference plot (L, A and/or B) but merely gives evidence of differences in colour (Plataniotis and
Venetsanopoulos, 2002). The value of ΔE increases with building-up of colour differences between
the reference plot and the sample.
There are also two other delta values related to the colour scale CIELAB that characterize the
difference in colour saturation (ΔС) and hue (ΔH):
ΔС = Csample – Creference ,
(2)
where

С

A2  B 2

H  E 2  L2  C 2

(3)
(4)

Data acquisition and analysis
To measure colorimetric characteristics, aerial photographs of the field and test plots taken from radiocontrolled aircraft are downloaded into the program of image processing. The photos are analyzed
with the program Adobe Photoshop CS4 Portable (*jpeg, 8 bit) or with another program capable of
processing digital images and recording their colorimetric characteristics. A digital image is covered
with a grid; spatial positions of the grid cells may be pin-pointed because coordinates of the field as
well as position of various landmarks and cropping strips on the field are determined beforehand with
the help of GPS navigation system. The size of a cell was usually specified equal to 9 x 9 m.
Colorimetric characteristics of digital images are conveniently measured in the Histogram window by
Lab mode. The colour space model Lab is an early version of CIELAB, their components relationship
is described by Equations 5-7:

LCIELAB  ( L / 255) 100

(5)

ACIELAB  ((240  A) / 255))  120

(6)

BCIELAB  ((240  B) / 255))  120

(7)
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The colorimetric characteristics of the crop canopy are measured in the test plots or sections of the
field which are chosen with the help of the Rectangular Marquee instrument. The mean L, A, B
values, their median and standard deviation, as well as the number of pixels inside the area chosen are
displayed in the Histogram window of the program Adobe Photoshop CS4 Portable.

Results and discussion
The relationship between provision of plants with nitrogen and colorimetric characteristics of
crop cover
Figure 1 displays an aerial photograph of the field with wheat variety Ester at the stage of ear
formation. It can be seen that coloration of the plant canopy is uneven which results from different
rates of fertilizer application. Test plots are situated in that section of the field where neither presowing
nor supplementary fertilization was carried out, – in other words, they represent Variant 1 of the
experiment.
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Figure 1. Aerial photograph of the field with wheat variety Ester. Each pixel covers 0.25 × 0.25 m2 of
a field area. Test plots are framed in red. The soil of test plots was fertilized with nitrogen before
sowing at a rate of 0, 30, 60, 90, 120, 150, 180 and 210 kg/ha. At the right of the figure there are
values of ΔE that refer to the section of the field in yellow frame and show the difference in
colorimetric characteristics between crop canopy in the reference test plot and various parts of this
section (g12 – j17). Coordinates of these parts are displayed in bold face.
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Table 1 lists colorimetric characteristics of crops in the test plots of Fig. 1. As may be seen, crops in
all test plots with lower dose of applied fertilizers differ from those in the reference plot with 210 kg
of nitrogen per hectare, values L and B displaying most notable variation with the increase of fertilizer
dose. There is a close inverse relationship between the value of ∆L and nitrogen dose which manifests
itself in the fact that in conditions of nitrogen deficiency crops become lighter in colour. When the
dose of nitrogen is 180 kg/ha, ∆L of crop canopy is 40 times greater than that of the crop in the
reference plot where nitrogen has not been applied and plants suffer from acute nitrogen deficiency.
Positive values of ∆B indicate the increased proportion of yellow in crop coloration as compared with
crops in the reference plot. The higher is the value of ∆B, the more pronounced is the yellow colour of
plants suffering from nitrogen deficiency. In the test plots with 150 kg of nitrogen per hectare this
value is 4 times higher than in the plots with 180 kg/ha, while in the plots without nitrogen it is 25
times higher. Negative values of ∆A indicate that green colour of the crop is less pronounced than that
in the reference plot. Absolute values of ∆A, ∆L and ∆B make it possible to evaluate quantitatively the
extent of the changes taking place under nitrogen deficit.
Nitrogen deficiency causes reduction in colour saturation which is accompanied by the increase of
∆C values and changes in hue (∆H). High values of ∆H indicate major changes of crop canopy colour.

Table 1. Mean values of colorimetric characteristics of crops in the test plots and parameters
indicating their deviation from reference values
Dose
N,
L
A
B
C
ΔL
ΔA
ΔB
ΔC
ΔH
ΔE
kg/ha
9.1
42.1
0
62.7
-21.2 48.5 52.9 33.3 -3.8 25.4 24.0
5.3
38.0
30
58.0
-25.9 46.6 53.3 28.6 -8.5 23.5 24.4
3.8
31.0
60
51.8
-25.9 42.8 50.0 22.4 -8.5 19.7 21.1
3.8
26.2
90
48.2
-24.0 40.0 46.6 18.8 -6.6 16.9 17.7
-3.8 8.4
9.1
1.7
13.2
120
38.8
-21.2 31.5 38.0 9.4
-1.9 3.7
4.1
0.5
6.0
150
33.7
-19.3 26.8 33.0 4.3
0.0
0.9
0.8
0.5
1.2
180
30.2
-17.4 24.0 29.7 0.8
210
29.4
-17.4 23.1 28.9
Note: Shown in bold italics are colorimetric characteristics of crop canopy in the reference test plot.
The standard deviation of L, A, B is less than 13, 2, and 3 respectively.
Evaluation of plants provision with nitrogen by colorimetric characteristics of crop digital
images
Each of the above-mentioned colorimetric characteristics allowing to assess colour distinctions
between crops in the reference test plot and test plots with lesser dose of applied nitrogen may be used
to plot calibration curves for quantifying the demand of plants for the fertilizer. In our work, we
employed the index of colour distinctions ∆E that summarizes changes of the values L, A and B
(Equation 1). Colorimetric characteristics of the crop were determined in every cell of the grid
superimposed on the aerial photograph of the experimental field. Provision of plants with nitrogen was
estimated quantitatively with the help of calibration curve shown in Fig. 2. In evaluating nitrogen
status of plants, colorimetric characteristics of crops in different parts of the field were compared with
those in the test plots. By way of example, Fig. 1 shows values ∆E in the section of the field inside the
yellow frame which permit to quantify the deviation of crop colorimetric characteristics in different
sites of this section from those in the reference plot. The lower is the value of ∆E, the less is the
deviation, which indicates that plants are provided with nitrogen in about equal degree.
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N rate = 180.2 - 4.0 × (ΔE)
2
r =-0.99; p=0.00002; r =0.98

Figure 2. Differences in the colour of crop canopy (∆E) between the reference test plot (with nitrogen
content 210 kg/ha) and other test plots (with nitrogen content 0, 30, 60, 90, 120, 150 and 180 kg/ha).
The calibration curve plotted indicates provision of plants with nitrogen. Lines below the calibration
curve illustrate provision of various sections of the field with nitrogen as determined from ∆E (Eq. 1):
J16 – brown colour, h15 – violet, g12 – blue.
It can be seen that the relationship between ∆E values and the content of nitrogen in the range from 0
to 180 kg/ha is a linear one and may be described with a high degree of accuracy by an equation of
linear regression (p = 0.000002):
∆Е = 44.43-0.243N

(8),

where N is the amount of nitrogen fertilizer applied before sowing.
Colour differences ∆E of crops colorimetric characteristics between field plots j16, h15 and g12
and the reference test plot are equal to 3.8, 11.4 and 22.4, which corresponds to nitrogen doses of 165,
135 and 90 kg/ha, correspondingly. Results of evaluation of plants provision with nitrogen in various
sections of the experimental field are given in Table 2. The table demonstrates significant spatial
heterogeneity due to different fertilizer doses in different experimental variants and under different
nutrient conditions within one variant.
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Table 2. The chart illustrating plant provision with nitrogen as determined by evaluating crop
colorimetric characteristics on the basis of digital images of the experimental field

1

2
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b
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d
e
f
g
h
i
j
k
l
m
40
n
60
o
35
p
70
q
110
r
120
s
150
t 155 160
u 120 105

3

0
0
30
30
35
45
70
60
100
135
120
150
170
130

4

0
10
15
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25
45
30
50
55
90
80
120
155
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165
165
150

5
0
0
0
0
5
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150
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165
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0
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To obtain the grain yield of 5 t/ha in the given experimental field, the dose of nitrogen applied must
be no less than 175 kg/ha. Therefore, in accordance with the schematic map of Table 2, 115 – 155 kg
of nitrogen per hectare should be applied in Variant 1 (technological zone 1), 45 – 95 kg/ha in Variant
2 (technological zone 2) and 5 – 40 kg/ha in Variant 3 (technological zone 3).
As a result of site-specific application of nitrogen fertilizers based on the analysis of crop
colorimetric characteristics and quantitative estimation of plants demand for nitrogen, the wheat yield
has increased by 20% with expenditures on nitrogen fertilizers decreasing by 19-30% as compared
with the case when fertilization before sowing and additional dressings were carried out without
regard for spatial and temporal non-uniformity of crops (table 3).
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Table 3. Relationship between the manner of nitrogen fertilizer application and wheat grain yield
(t/ha). Intensive growing technology (Variant 3).
Year of the experiments
Manner of nitrogen application

2009

2010

2011

Average per
year for the
given variant
(А)

Traditional uniform distribution of
4.7
3.0
3.1
3.6
fertilizer across the field
Differentiated application based on
4.8
4.1
4.7
4.5
the estimated optical properties
Average for variants in a given
4.7
3.5
3.9
4.0
year (B)
The least average difference at the significance level of 0.05 for: А=0.77, В=1.09,
АВ=1.89
Note: for each manner of nitrogen application shows the average grain yield from three experimental
plots of the field ranging from 2 to 3 hectares.
It should be noted that nowadays the technology of precise application of fertilizers and other
agricultural chemicals that implies, among other things, evaluating condition of soil and plant cover, is
still in the initial stage of its commercial use in Russia. It may be explained, first of all, by rather high
cost of equipment necessary for the implementation of this technology, its low resolution demanding
newly developed or advanced software as well as lack of adequate data base, knowledge and
experience in carrying out precision operations. Evaluation of plant nitrogen status from colorimetric
characteristics of crop digital images was performed with high resolution. Employment of test plots
with different content of nitrogen in the soil makes it possible to plot calibration curves and estimate
quantitatively plant requirements for nitrogen, enabling spatially differentiated application of
fertilizers.

Conclusion
Remote sensing of crops and leaves condition by means of digital images and three-dimensional
model of colour representation CIELAB allows to estimate spatial and temporal heterogeneity of
wheat physiological state and detect mineral nutrients deficiency at early stages of its development.
The method of quantitative evaluation of plant demand for nitrogen based on the analysis of
colorimetric characteristics of crop digital images is very promising. It ensures high resolution, is not
expensive and time-consuming. Digital images may be obtained quickly at different stages of plant
vegetation and development, which enables monitoring of plant growth dynamics and crop condition.
Analyzing crop colorimetric characteristics by aerial photographs, it is possible to mark out
technological zones and make up map reference for differentiated fertilizer application when
performing dressing during vegetation period. An additional advantage of the method based on the
analysis of crop aerial photographs is the possibility to archive and store data as database that can be
used in future research work. Aerial photographs permit to estimate requirements of plants for
fertilizers over large areas, which is extremely difficult to do from the ground.
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ABSTRACT
Arguably, poverty is concentrated in developing countries due to poor capacity to
develop, to access and to manage agricultural information and knowledge. This is owed to
disconnect that exist between the eAgricultural products available in the market and the
information needs of the farmers. To address this challenge, there is need to integrate
information required by the farmers from the diverse to a single information access point.
Such an access point need to be pervasive enough to provide anywhere, anytime and any
device information access while meeting the need to avail timely, relevant, accurate and
consumable information to farmers. In this paper we attempt to build such an information
access point. Specifically, we establish information needs of farmers in Kenya and
strategies to bridge these needs in attempt to improve agricultural productivity. We then
illustrate that addressing these needs require strict considerations to interests of
stakeholders in agriculture as we show that it is critical that the agricultural stakeholders
cooperate and collaborate, that is working jointly toward maximizing whole-some
agricultural output and individual benefits. And consequently we develop an integrated
framework for eAgriculture adoption based on the agriculture-stakeholder consortium that
models stakeholders’ interests.

1. Introduction
The importance of agricultural growth to poverty alleviation and stimulation of economic growth
and development in developing countries such as Kenya cannot be over emphasized. Available
evidence reveals that sustainable poverty reduction can only be possible through economic growth and
development strategies with agriculture being a key driver (FAO, 2012a). There are many factor
(including policy, legal framework, technology, knowledge, markets, research among others) to be
considered when addressing food security, but in all of them ICT can act as catalyst (Zhou Y., 2010).
ICT can contribute to poverty reduction, if it is tailored to the needs of the poor and boost economic
growth. Like all other technologies, ICT offers tools and applications but no solutions. The solutions
to the problem of poverty are what they have always been: economic growth, enabling infrastructure,
the creation of livelihoods, education and healthcare, and sufficient democratic government to ensure
that economic benefits do not accrue mainly to the powerful elites (Munyua & Adera, 2009). By
providing cheap and efficient media for the exchange of information, ideas and knowledge, ICT can
become an enabling tool for wider socio-economic development. When properly used, ICT can greatly
increase the ability of the poor to benefit from development programs meant to help them for
economic development (Kelles-Viitanen, 2003; Lotter, 2007). Nonetheless, efforts to employ ICT
have not been uniform or sufficiently widespread (Romero A. F. & Adolph M., 2009; Zhou Y., 2010).
(Awuor F. & Kimeli K., 2013) illustrates the contribution of ICT to food security and sustainable
agriculture in developing countries and argues that developing eAgriculture framework gives farmers
access to the much needed information (for instance, pre-harvest and post-harvest information, pricing
and weather conditions) that assist to boost agricultural productivity, if only such a framework would
accommodate the dynamic trends in ICT tools, applications, adoption and usage.
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Most farming activities in Africa are on small scale (Lotter, 2007) and the problems of these
farmers are multifaceted including (Munyua & Adera, 2009; Tiamiyu, Bankole, & Agbonlahor, 2012):
sub-divisions and small farm sizes, leading to diseconomies of scale and low productivity; inadequate
knowledge and skills in modern farming techniques and optimum methods of management; storage
difficulties and inadequate farmer experience with the marketing of produce; poor linkages between
farmers, processors, markets, researchers and extension workers. (Munyua & Adera, 2009) also notes
that African farmers often lack adequate information on inputs, markets, credit, improved
technologies, commercial farming and other aspects of rural development, and that the use of ICT to
deliver training and information is a critical ingredient for improving access to markets, production
and productivity. Farmers need information on trending cropping techniques for pre-harvest, harvest
and post-harvest activities in an integrated and comprehensive platform to assist farmers in making
decision. ICT in agriculture (eAgriculture) framework to address farmers’ concerns need to be
developed by incorporating all the stakeholders in agriculture. Main objective is to provide cheap and
efficient media for the exchange of information and knowledge supported by ICT. Achieving this
relies on developing eAgriculture framework for ICT-in-agriculture in addition to ensuring
collaboration among the agricultural stakeholders. Specifically, this approach transforms solution to
food security problem from less resource and labour intensive to more knowledge intensive that makes
information accessible to the farmers in addition to integrating all the diverse interests of the
stakeholders.
Main challenge facing developing nations is to restore agricultural growth, food security, and rural
development. To achieve this goal, these countries need to; extend the area under sustainable land
management and reliable water control systems; access to healthcare through eHealth; improve rural
infrastructure and trade-related capacities for improved market access; increase food supply and
reduce hunger; and perform agricultural research, technology dissemination and adoption (FARA,
2006; Singh J.V., Nagatsuka T., & Ninomiya S., 2008). The poor performance of the agricultural
sector explains much of the slow progress towards reducing poverty and hunger in Africa. Increasing
agricultural productivity implies a transformation from traditional to modern agriculture, which
involves both technical challenge and lack of input, seasonal finance and marketing systems to
increase farm production and to deliver products to consumers at competitive prices. Sustainable
agricultural development through ICT-in-agriculture is only realistic when all the stakeholders’
interests are considered and effectively addressed. There is an urgent need to bring all technological
development, available information, market sources, government policies and actions, research work,
international efforts and other stakeholders to a common table with a view to formulate policies for
agriculture. In order to exploit the contribution of ICT in sustainable agricultural development,
countries have two tasks, that is, to empower poor farmers with information and communication assets
and services that will increase their productivity and income as well as ensure food security and
livelihoods, and; to harness ICT effectively to compete in complex, ever rapidly changing global
markets that is, avoiding falling behind the technology curve.
Food security in the developing world, especially in Africa, need to be more knowledge intensive
than resource intensive. This is only achievable by considering and incorporating factors such as
policy, legal framework, technology, knowledge, markets, research among others, in addressing food
security. In all these, ICT can act as a catalyst to facilitate their incorporation into agriculture. Millions
of farm families and the rural poor need right information and knowledge for their agricultural
survival. Such information can be easily availed to them through ICT. Arguably, hunger and poverty is
concentrated in developing countries due to poor capacity to develop, to access and to manage
agricultural information and knowledge for agricultural production. To address this, there is a need to
integrate information required by the farmers and all stakeholders in agriculture into a single access
point to provide anywhere-anytime and any device information. Such an access point will enable the
stakeholders to interact and maximize the benefit of shared and accessible information. This has
necessitates the development of eAgriculture (ICT-in-agriculture) framework to make the much
needed information available for farmers and all the stakeholders. By putting the farmer at the center
of focus, the framework enables the farmers to get access to all services they need such as financial
services, insurance services and agricultural extension services.
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The goal of this research is to model and develop single access point eAgriculture framework for
sustainable development of agriculture in Kenya. The contribution of this paper are to:
i.
ii.

iii.

Establish information needs of farmers in Kenya and to develop mechanisms to address these
needs in attempt to improve agricultural productivity.
We illustrate that addressing these needs require strict considerations to interests of
stakeholders in agriculture. Specifically, we show that it is critical that these stakeholders
cooperate and collaborate, that is working jointly toward maximizing whole-some agricultural
output and individual benefits.
We then develop an integrated framework for eAgriculture adoption based on the agriculturestakeholder consortium modelled in objective (ii) above for the case of Kenya.

For the sake of clarity, we define eAgriculture as the conceptualization, design,
development, evaluation and application of innovative ways to use information and
communication technologies (ICT) in the rural domain, with a primary focus on agriculture.
The term ICT-in-Agriculture and eAgriculture are used interchangingly.
2. Literature Review
2.1. ICT as enablers of agricultural innovation systems
Farmers make critical decisions throughout the year. These decisions include those based on
choice of inputs (crop varieties and seeds, water, power, fertilizers and pesticides) and market
transactions related to them, farm operations (tillage, sowing, water management, fertilizer
management, pest management, harvest), post-harvest operations and transactions (including storage,
transport, marketing and processing) and others. Further, at the level of households, a number of nonfarm decisions are made related to consumption, savings, investments, education, health, among
others, which impact farm operations. Typically, farmers rely on accumulated experience and the
support of local organizations (for instance, input suppliers, rural credit agencies, extension services,
NGOs) for information related to both farm and non-farm decisions. They also receive information
from radio and television broadcasts by experts and professionals from more distant sources. Together,
these form the local knowledge system accessible to a small farmer for making decisions. Often, this
system is inadequate and many decisions are made with limited information. The decisions are also
subject to high transaction costs and time delays. The role of ICT in such a scenario is to provide
timely information, increase choice, reduce transaction costs, and contribute to improving the
efficiency of decision making to raise rural incomes and improve the quality of life of the rural
populations (Rao N.H., 2007).
ICT appears ideally suited to the task of enhanced interaction because they can expand
communication, cooperation, and ultimately innovation among the growing array of actors in
agriculture. ICT, especially mobile phones, can and do drive participatory communication, including
communication from those on the margins of traditional research-extension processes, and they are
often the key instruments that organizations use to deliver services to larger numbers of rural people
than they could reach before. ICT is fundamental to the business models of the “infomediaries” and
“brokers,” public and private - extension agents, consultants, companies contracting farmers, and
others - emerging to broker advice, knowledge, collaboration, and interaction among groups and
communities throughout the agricultural sector. Numerous electronic tools increase interaction among
the actors involved in agriculture. On a micro level, m-Agriculture, powered by increasingly
affordable mobile digital devices such as phones, laptops, and sensors, connects millions of rural
people to sources of information. In these cases, ICT empower individuals and institutions to create,
access, and use knowledge and to communicate in unprecedented ways. In agricultural extension and
education, from universities to farmers’ fields, ICT facilitate learning (World Bank, 2011).
Research, extension, and advisory services are some of the most knowledge-intensive elements of
agricultural innovation systems. They are also among the heaviest users of ICT. The traditional
approach to fostering innovation in agriculture is often described as linear: researchers develop an
innovation such as a disease-resistant wheat variety, extension services advise farmers through
demonstrations and other methods that a more disease-resistant variety is available, and farmers plant
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it (World Bank, 2011). The problems with this approach has been widely acknowledged. It can
encourage research and extension to act independently of one another and of farmers, to the extent that
each group becomes relatively isolated. A linear approach can exclude other stakeholders in the
agricultural sector such as universities, agribusiness, traders, and nongovernmental and civil society
organizations. It does not reflect the many well-documented ways that agricultural innovation actually
occurs, such as experimentation by individual farmers, informal networking among farm communities,
private sector participation, collaboration among extension workers interested in a particular idea,
collaboration between researchers and farmers, and the adaptation by all of these actors of knowledge
and practices from domains outside agriculture (World Bank, 2011).
2.2. Challenges in ICT adoption by farmers to support Agriculture in Kenya
There are nmberous challenges that have hindered penetration of ICT in agrciuture in Kenya and
below are group them into three caterories: policy environment, rural setting, infrastructure and
capacity problem, and the nature of local communities. This is definitely not the exhaustive list but
key barriers.
First is the policy environment. In (Asenso-Okyere & Mekonnen, 2012) argues that the national
objectives of achieving universal and affordable access to the full range of communications services in
most African countries have been undermined either by poor policies constraining market entry and
the competitive allocation of available resources; weak institutional arrangements with a death of
technical capacity and competencies; and, in some instances, regressive taxes on usage. It is observed
in (Tiamiyu, et al., 2012) that one of the key factors affecting use of ICT in agriculture is inappropriate
ICT policies, especially those targeting rural communities and rural development, language barriers,
poor information sharing culture, and the fact that not all people in rural areas have even the low-end
ICT such as radio and television. Although there have been various attempts to introduce ICT to
small-scale farmers in Africa to provide effective communication and information services, these
efforts have been mostly through uncoordinated projects. It would also entail the optimal integration
and use of ICT with other productive inputs in all aspects of agricultural value chains. There is an
urgent need to bring all technological development, available information, market sources,
government policies and actions, research work, international efforts and other stakeholder to one table
and formulate policies for agriculture (Singh J.V., et al., 2008). Effective design and consistent,
transparent implementation of appropriate policies and regulations guiding a country’s investment in
and provision of ICT infrastructure, tools and services are keys to enabling ICT interventions. In
creating a supportive environment for ICT innovation and service provision, effective policies and
regulations in a number of other key areas are equally important, such as public and private financing
of infrastructure, the business environment, support for innovation, and intellectual property. ICT-inagriculture interventions require a strong, but flexible, regulatory environment; the policy environment
is further strengthened by incentives for the private sector to make investments.
Second is the rural setting, infrastructure and capacity problem. Rural people mostly live sparsely
and this would make provision of infrastructure and public utilities such as electric power, water,
health facilities and some devices of modern ICT very difficult to deploy in rural areas. Private
companies invest their resources in areas where they would get good returns. In addition, provision of
ICT services would require electricity which is limited in most places of rural Africa. However, this is
easily addressed by tapping solar energy since most of African countries have intense sunshine all year
round. Authors in (Patil V.C. et al., 2008) argues that since commercial investments including ICT are
driven by profit motive, ICT operators may not be willing to cover the rural areas unless there are
strong incentives to do so. This is because of the high cost of start-up, operating and programming
costs given the capacity of the rural people to pay for the services offered.
Third is the nature of local communities, including their ability to use the technology to access
information for their work, gender and social differences. The study conducted by (Munyua & Adera,
2009) summarizes the main challenges and factors that influence the use of ICT as: high cost of
available technologies, inadequate infrastructure and low ICT skills, poor and expensive connectivity,
inappropriate ICT policies, language barriers, low bandwidth, inadequate and/or inappropriate credit
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facilities and systems. Other challenges identified are poor involvement of women and other
disadvantaged groups, inappropriate local content, weak institutions and inadequate collaboration and
awareness of existing ICT facilities and resources, a poor information sharing culture and low
awareness of the role of ICT in development at all levels. In fact (Asenso-Okyere & Mekonnen, 2012;
Patil V.C., et al., 2008; Taragola N. & Gelb E., 2005) in their independent studies found that the
diffusion of ICT is highly uneven, concentrated in urban areas and leaving some rural areas almost
untouched. Access to these technologies is constrained by income as is usage, and as they become
more complex, they are increasingly constrained by literacy and education. Further disaggregating the
data by gender, the study by (Asenso-Okyere & Mekonnen, 2012) revealed that women are not
equally able to access and use even the more prevalent forms of ICT. The study also reported that
important factors such as income, education and social position played a major role in explaining ICT
access and usage.
2.3. Why the future of agriculture in Kenya will depend much on ICT
Knowledge, information and data - and the social and physical infrastructures that carry them - are
widely recognized as key building blocks for a more sustainable agriculture, effective agricultural
science, and productive partnerships among the global research community. Study by (Ballantyne,
Maru, & Porcari, 2010) argues that the processes by which knowledge, information and data are
generated and shared are being transformed and reinvented - especially enabled by ongoing
developments in the area of ICT - and that these transformations provide massive opportunities for
agricultural research. Catching and successfully harnessing these ‘waves’ requires strategic
investments in capacities, bandwidth and infrastructure, skills, tools and applications, and the adoption
of an ‘open innovation’ mindset that breaks barriers, links data and knowledge, and guarantees the
public accessibility of goods generated and captured through science. Some of the trends and changes
in eAgriculture predictable in the future include (Ballantyne, et al., 2010):












Increasingly ‘ubiquitous’ connectivity along value chains – It is expected that all farmers will
increasingly make use of a range of devices and platforms to access and share knowledge: from
the web to phones, radio, video and text messaging. Most scientists will work in knowledge-rich
environments; farming communities, probably using different devices, will be far more connected
than at present. Multiple connectivity paths widen the potential reach of science.
Increasingly ‘precise’ applications and tools – ICT and digital signatures or labels of various types
will be used to track products from producer to consumer; to monitor local soil, weather and
market conditions; to tailor data and information services to the demands of a specific audience or
individuals. Applications will come in many shapes and sizes, to suit even the most specialized
needs.
Increasingly ‘accessible’ data and information – Vast quantities of public data and information
held by institutions and individuals will become visible and re-usable at the click of a device.
More intermediary skills and applications will be needed to help harvest, make sense of, and add
value to these layers of data and information.
Increasingly ‘diverse’ set of applications available across digital clouds – The digital ‘identities’ of
scientists and their collaborators will give them access to a wide range of online tools and
applications, accessible from any location and across different devices, enabling collaboration
across boundaries as never before. Local firewalls and server configurations conditions will not
restrict global sharing.
Increasingly ‘inter-connected’ tools and knowledge bases – Different communities and their
knowledge will be able to connect and share with each other, along the research cycle and across
disciplines, including people with different engagement in science such as farmers, traders,
politicians among others. A whole new breed of products and services will emerge to interconnect and re-present diverse knowledge.
Develop sustainable business and investment models through partnerships - public-private
partnerships (PPP) are now considered essential to the long-term viability of most interventions
that use ICT in agriculture. The public sector in developing countries particularly may need
guidance in providing technological services; a lack of human and financial resources as well as
the overwhelming needs of the agrarian population weaken its ability to provide widespread
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services of acceptable quality (World Bank, 2011). With private investment, public service
provision can be more sustainable. Technical experts with experience in various subsectors; IT
teams for technological maintenance, design, and troubleshooting; multi-level policy makers; and
farmers and farmers’ organizations that can provide local know-how, are needed in one way or
another.
According to (Winrock International, 2003), developing eAgriculture
should support
“participatory content development,” as a method, merging participatory methodologies with content
development activities. In the participatory content development model, local intermediaries convene
rural farming groups to identify and rate the type of information they need, then go about finding it,
creating it, distributing it, and readapting support in content development, but community
intermediaries ultimately own the product. The beauty of the participatory content development model
is that it meets several development objectives simultaneously that is, it identifies gaps in needed
content, develops it in language and terminology accessible to target users, increases demand for rural
ICT access, builds individual and organizational ICT skills in rural communities, and strengthens the
capacity of communities to engage in democratic dialogue and contribute to regional and global
knowledge societies. In many cases, the content is likely to retain its value to users long after a
project’s closeout.
Ensuring effective participation of women and girls in eAgriculture initiative is very essential. It is
easy for well-intentioned programs to assume that women and men will benefit equally from ICT
deployed in agriculture, but the history of agricultural development shows that agricultural and other
assistance programs can easily overlook women’s needs. Women need to be an explicit focus for
connectivity, capacity building, and content development approaches to ICT in rural areas. The study
by (Winrock International, 2003) notes a particular gap in developing ICT content for rural women.
Content and applications are crucial because they drive demand for ICT and information services.
Without content that addresses women’s needs, evaluations may erroneously conclude that women are
uninterested, unable, or unwilling to take advantage of ICT, even when they have access to
connectivity and training to use it. The absence of content that addresses women’s needs can reduce
overall demand for ICT services by as much as 50% or more, threatening the sustainability of access
centers.
2.4. Developing an Information-driven eAgriculture Framework
Agriculture in Kenya and Africa in general is currently at its lowest agricultural productivity
level and cannot be rejuvenated unless we change the present farming practices. This requires that
farmers are empowered with information in regard to these new farming techniques, finances
educating farmers on best farming practices among others. This is implies that farmers need access to
relevant, timely and accurate information all the time to enable them to make informed decisions. In
early sections of this section, it has been illustrated that the only tool to avail information to farmers is
using ICT. This has led to call for ICT-in-Agriculture, the so called e-Agriculture is attempt to support
the information needs of the farmers. To this end, there is essential need to structure how farmers can
use ICT tools to access information which has led call for development of e-Agriculture frameworks.
The ability of farmers to make informed decisions is limited by the deficiencies which have been
observed in the quality and applicability of the information available to them. These deficiencies are
compounded by the lack of consistent data formatting or standards for the integration of data.
Frameworks have been applied in the data mining and bioinformatics research disciplines as a means
of facilitating integration of data, for example by the use of the knowledge discovery in databases
(KDD) methodology. An eAgriculture framework need to take information needed by farmers and
utilises processes that deliver this critical information in a format usable by the farmer (Armstrong L.
& Diepeveen D., 2008). A series of steps which include data capture, analysis and data processing
precede the delivery of integrated information to the farmer. Information is collected from disparate
sources, captured and validated according to defined rules. It is then processed and integrated by data
mining tools and technologies into a format that can be readily used by the farmer ddd (Vaghl Y.,
Armstrong L., & Diepeveen D., 2010).

doi: 10.17700/jai.2016.7.1.244
Fredrick Awuor, George Raburu, ArvinLucy Onditi, Dorothy Rambim: Building E-Agriculture Framework in Kenya

80

Journal of Agricultural Informatics (ISSN 2061-862X) 2016 Vol. 7, No. 1:75-93

A number of attempts have been made to develop systems which deliver customizable
information to farmers to assist in their decision making in terms of crop choices (Vaghl Y., et al.,
2010). For instance, the framework proposed by (Armstrong L. & Diepeveen D., 2008) considers
general information flow which takes inputs, processes and collates these inputs and outputs as a
decipherable data set. The framework comprises a series of steps which include data capture, analysis
and data processing and which precede the delivery of integrated information to the farmer.
Information is collected from disparate sources, collated and validated according to defined rules. It is
then processed and further integrated, by using data mining tools and other technologies, into a format
that may be readily used by the farmer. The framework illustrates how new technologies, such as the
use of the Internet and data mining techniques, fits into the agricultural management process.
eAgriculture models proposed by (Armstrong L. & Diepeveen D., 2008; Vaghl Y., et al., 2010)
quantify the processes involved in a farmers seeking information and making decisions about farming
practices to be employed during the season. It attempts to help growers manage the increasing
amounts of information needed to manage and run their operations in the most effective and efficient
manner. Decision making theory initially provided frameworks that suggested that the process of
making a decision was a series of sequential steps; identify the problem, generate alternative solutions,
evaluate and choose, implement. However, more recently, these ideas have been replaced by a more
complex chaotic cycle based decision making process.
(Smart Farm Flagship, 2011) proposed an eAgriculture framework that integrates all ICT
applications to farming from an ambitious perspective founded on the Internet of Things (IoT)
paradigm. This approach, also called smart farm or smart agriculture, connects knowledge
management with sensor data and data as a service (DaaS) in desire to create IT enabling farming
environment. The cyber brain layer collects data from the various sensors such as the geo-social
network and sensors on the mobile devices. This forms a foundation for building environmental and
situation specific agricultural applications, that is, context-aware agriculture. Smart devices such as
robots and radio frequency identifiers (RFIDs) have also been incorporated into this lower layer
coupled with the power of cloud computing. The latter is noted to give the users ubiquitous access to
information supported by large storage capacity while the former is need to enrich the information
collected to support data mining and knowledge discovery. At the upper layer, the framework
considers need to learn and train the system while at the top most, every user is given access to the
extracted information. This is the peak at which new usage and applications need to be built upon.
This framework was founded on the need to collect massive data from various sources such as sensors
and to leverage the power of large data to inform the development of farming. Such an approach has
well know problems that the authors have assumed such as: (i) how to fusion data from the numerous
independent sensing sources; (ii) ensuring data quality from the various sensors and the need to ensure
data quality and validity; and (iii) how to manage the heterogeneous data, that is integrating
information from diverse data sources.
Far from data mining issues, the framework was built on the premise that farmers are technical
engineers and computer scientists and therefore will always know how to access the needed data and
mine the required knowledge. The framework has not addressed the role of stakeholders in
eAgriculture adoption yet this is the core contributor to success or failure of any ICT initiative.
Therefore, the proposed framework may have a sound theoretical bound but it is not practical and
applicable. For instance, how the framework would support rolling out of eAgriculture initiatives
cannot be explained from the framework.
Some of the challenges and ambiguity raised from (Smart Farm Flagship, 2011) have been
addressed by (Nilsook, 2013) by building specific modules to meet all the information needs of the
farmers supported by ICT. For instance, the framework considers that eAgricultural system need to
have access to data collected from various sensors such as RFID and that this data is mined and
integrated with contents from multimedia analysis such as agricultural digital images. This
complemented by other support systems such as global positioning systems and geographical systems
provides a rich database that can meet farmers’ needs. However, both the two frameworks have not
been able to address the need to integrate information from various stakeholders to give a farmers a
single information access point. In fact, both (Nilsook, 2013) and (Smart Farm Flagship, 2011) have
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assumed erroneously that stakeholders are not key components of ICT-in-Agriculture adoption to the
extent that they can be neglected.
According to (Deloitte, June 2011), transforming agriculture in Africa requires involvement and
participation of all stakeholders due to their unique interests and contributions to agriculture. This is
particularly important when we need to leverage the capacity and capability of these stakeholders as
each has unique strengths. In (Deloitte, June 2011), these stakeholders are grouped into four
categories, that is, farmers, researchers, government and business. In this architecture, farmers
(referring to both the livestock breeders and croppers) may either form associations or operate as
individual and use their capacity to access farm inputs. The government refers to relevant ministry of
agriculture, parastatal entities working under the ministry and other government ministries that
directly or indirectly get involved in agriculture. The third unit is the researchers that represents all the
entities working to train and educate the public on agricultural issues and to carry research on new
farming techniques among others. The fourth entity is the business that specifically represents the need
for market accessibility and using agricultural associations to earn economy of scale and to control the
market. The study by (Deloitte, June 2011) has highlighted the need to identify and involve all the
agricultural stakeholders when considering incorporating ICT-in-agriculture. However, the study has
not been exhaustive to illustrate all the agricultural stakeholders therein assuming some key
stakeholders and their contribution. For instance, the framework needed to appreciate the contribution
from the policy makers (that is, the legislators and the county assemblies) that make and amend laws
and bills that directly affects adoption and usage of ICT. Another key player that has been neglected is
the financial institutions and the donor agencies that are always keen to invest on viable agriculture.
Also, the roles of international community and research centers have not been consider while these
play key roles in standardization and providing a key platform for comparison. (Deloitte, June 2011)
has also not illustrated how and why these stakeholders would wish to work together.
Naturally, these stakeholders may have common interest of achieving high agricultural productivity
in the country, but since their contributions to this interest is variant and diverse, we can only expect
conflicting motives and approaches to achieving this interest. Intuitively, there can be much contrast
and opposition when stakeholders meet on the ground (with the famers) to push for their agendas. This
implies that identifying and listing all stakeholders involved in farming is not sufficient enough to
motivate them to work together or to promote their cooperation in attempt to achieve high agricultural
productive, which is the ultimate goal in this case. Notably, these stakeholders can choose to work in
contrast to each other while aiming at the same objective of increasing farm output that potentially
leads to in fact decrease in productivity due to competing and unsynchronized interests lagged on the
farmers. In this regard, there is need to exhaustively illustrate the roles of these stakeholders, their
interests and contribution to agriculture in Africa (and Kenya in particular). In this paper, five
stakeholders are identifies, that is, farmers, financial institutions, government (ministries, policy
makers and county assemblies), international community and research centers, and local universities
and research institutions. We then illustrate the contributions of each stakeholder and their interests in
farming specifically in Kenya.
Our contribution is to propose a framework to promote cooperation and team work among the
stakeholders. Specifically, this paper proposes need to form a consortium that can harmonize the
interests and contributions of the stakeholders therein ensuring that the farmers access a synchronized
information that reflects the interests of all the stakeholders without need to consult each stakeholder
separately. Architecture for such a single information access point is presented in section 3. However,
to achieve this objective, there is need to encourage the stakeholders to form and join agricultural
consortium. Since the stakeholders interests are variant and not necessarily complementing, this
problem is noted to exhibit properties of game theory (commonly used to model problems in
economics) and therefore modelled as such (readers are refered to our previous work in (Awuor F. &
Kimeli K., 2013) for the model). Therefore, the problem translates to building an eAgriculture
framework grounded on the strength of the consortium that reflects the individual interests of the
stakeholders.

3. Towards Building a Farmer-Centered eAgriculture Framework
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3.1. Farmers’ information needs and how to meet them
Most of eAgriculture solutions have focused much on what technology can offer to the farmers as
opposed to the demands and needs of the farmer. Farmers apparently have little interest, if any, on the
type of technology used to meet their needs but so careful to adopt technologies that provide them
timely information, appropriate advice on issues such as disease control, access to financial services
among others. This is achievable only through farmers’ participatory centered approach while
developing these solutions. This approach, also called user centered design, is so critical that most
applications developed to serve farmers are simply not being adopted by them (Grewal, Grunfeld, &
Sheehan, 2012; Prakash S., 2000). Choice of what technology to use in developing the applications
need to be what the farmers can associate and relate to. It is noted in (Sitalakshmi V., 2010) that the
technology used to develop most of eAgriculture applications are always new and current and this may
impede farmers who are technophobic from adopting them. Besides, this problem widens digital
divide as such technology may not meet affordance in terms of gender, literacy and culture just to
name a few. The farmers may prefer a blend of the old and new technology, that is, the new
technology need to be introduce gradually but first as part of the old familiar technology. Now, this
problem coupled with poorly designed and poorly implemented technique is simply a recipe of
rejection by the farmers. Human centered computing issues such as usability and user experience has
to be taken into consideration while developing these applications. For instance, (Huarui, Chunjiang,
& Baozhu, 2006) notes that a technology that is robust, scalable, and implemented to meet the need for
local content, that is, able to interact with the farmers using local language has potential to improve
usage by the farmers.
To be precise, farmers require information that is accurate, relevant, timely and consumable. The
information provided by these systems need to be “just-in-time” solutions to the farmers to aid and
support their decision making, for example information on credit evaluations or locating a remote
specialist for disease (or pest) diagnosis and treatment has to be accurate and time. Besides, issues of
literacy, use of local language, digital device, culture and gender must be considered while packaging
the information to the farmers. Otherwise, it may just be inconsumable bearing in mind that these are
smallholder farmers who are mostly based in the rural setup. Meeting these information needs of the
farmers relies on two strategies, that is, community participation approach and collaborative approach.
In community participation approach, the farmers need to be made part of the process of designing and
developing these eAgriculture solutions. The farmers must not be seen as spectators that only become
relevant when the solutions are ready. In the latter, the farmers are always going to reject the solution
provide. However, in the former, the farmers will always feel part of the solution being developed and
in fact this approach ensures that their interests are capture and addressed within the limits of the
technology and resources available. Issues such as need to blend new and old technology, and to
address relevancy and technophobia challenges get addressed at the initial stages of the solution
development.
In the second strategy, that is, collaborative approach requires that since information needs of the
farmers are vast and potentially cannot be provided by one source, there is need to ensure that all the
information providers share a common goal of providing the information within their jurisdiction in a
timely manner. In section two, it was noted that individual eAgriculture solutions were only able to
meet a specific information needs of the farmers. That implied that a farmers needs to access (for
instance, install in their phones) so many applications to be able to access all the information they
need. This is due to the fact that various stakeholders have their own solutions and therefore it is upon
the farmers to access all these solutions (irrespective of how many they are) to access all the
information they need. As the farmers’ needs increases, this only means that farmers have to keep
scanning all the eAgriculture solutions for various information then combine these information to
build some knowledge to assist them make some decision. In regard to collaborative approach, the
argument is that since all these stakeholders have direct or indirect contribution to the farmers, they
need to work together and develop a single information entity that integrates all their eAgriculture
solutions to the farmers. To this end, this information can be mined and provided to the farmers (from
a single source) depending on the farmers’ needs. In developing such a single point eAgriculture
solution access requires all stakeholders in agriculture to work together and in fact cooperate in
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attempt to increase agricultural productivity. However, as illustrated in (Awuor F. & Kimeli K., 2013),
these stakeholders always have divergent and probably competing interests that may not necessarily
allow them to work together or as a team. Most times, these stakeholders have self-interests that they
want to realize while they focus on agriculture. Fortunately, since all these stakeholders have interests
in agriculture, we can always use this shared interest to beseech them to cooperate and in fact develop
a single eAgricultural information center that meets all the needs of the farmers such that the farmers
do not have to install or access separate numerous eAgriculture solutions. Designing this single
eAgricultural information access point that incorporates all the involved stakeholders and to develop a
framework that supports such an information access point is presented in our previour works (Awuor
F. & Kimeli K., 2013; Awuor F. & Rambim D., 2014). In this paper, we build on this modelling to
develop an eAgriculture framework for adoption of ICT in agriculutre that is consistent to the unique
cases of developing nations like Kenya. The framework can however, be extended for all cases of ICT
adoption in agriculture.
3.2. Role of Stakeholders in eAgriculture Adoption
From the discussion in section two, it is clear that any ICT-based support to farmers requires a
framework that incorporates all the stakeholders in agriculture yet at the same time allows farmers to
access accurate, timely, relevant and consumable information. The only way to achieve this is to
develop an information source that collects information from all the stakeholders, processes this
information and present it to the farmers in the format they can access it. The challenge lies on how to
build a single information access point that is founded on information from different and variant
stakeholders. Achieving this requires that stakeholders contribute there solutions to farmers but
through the single information access point so that the farmers do not have to access so many
information access points as discussed earlier in this section. This brings the need to have the
stakeholders cooperate and work together in regard to ensuring that the farmers have access to much
needed information. At the same time, the stakeholders need to put aside all their potentially
conflicting interests and divergent interests.
Practically speaking, it is not always easy to have entities (in this case, stakeholders) with
different, contradicting and may be selfish interests to work together. We therefore need to define a
stakeholder consortium (or forum) that is able to bring all the stakeholders together amidst all the
variant interests but with single focus of improving the agricultural productivity. That is, we need to
develop a strategy that maximizes individual interests of the stakeholders such that the global interest
realized is the maximization of agricultural productivity. In this case, the farmers will be having
centralized access to information collected from the various stakeholders and sent to the farmer when
needed. This is equivalent to a zero-sum game in game theory. We therefore need to formulate a
model to illustrate such a consortium and to show that in there is always an ideal (strictly called
optimal) point where all the stakeholders will consider global performance of the system important
than individual performance. However, this is not to imply that the stakeholders stop to pursue
individual interests within the system, otherwise, there can never be an optimal point to integrate the
individual contributions of the stakeholders to aid in building an information maximization access
point that can meet the intended needs of the farmers.
By definition, all entities or persons who have interests and concerns in agriculture, in regard to
its performance, operation, management among to others in the country are therein referred to as
stakeholders. Specifically, this term is used to refer to the following persons (or entities or
organizations) in eAgriculture: farmers, international bodies and research centers, government
ministries and policy makers, academics and research institutions, and financial institutions (c.f.
(Awuor F. & Kimeli K., 2013; Awuor F. & Rambim D., 2014) for exhaustive discussion on the roles
of these stakeholders in agrciutlure in Kenya). From this discussion, it stands out that the need to have
a single information access point that integrates various information sources (that is, various
stakeholders) relies on developing stakeholders’ consortium. At the optimal operation where all the
stakeholders are maximally represented and all are giving maximum contribution towards agricluture,
we can always have optimal agricultural productivity. This translates to providing famers with
accessing timely, relevant, accurate and consumable information anywhere anytime ubiquitously from
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some data center. The data centre is a central database that collects and processes all the information
collected from all relevant information sources and allows the farmers to access it at their
convenience. This is presented in figure 1. Specifically, this model fosters collaboration and
cooperation among all the information sources with objective of enrich the data centre to the benefit of
the farmers.

Figure 1. Consortium of stakeholders in eAgriculture
Without loss of generality, the architecture’s sole objective is to illustrate how to integrate
various information sources to a single central point such that the farmers can access information from
them at a single point. For the sake of illustration (refer to figure 1), the architecture integrates services
of agriculture extension officers, ministry of agriculture and agricultural support institutions (for
example, soil nutrients scientist). In this model, farmers easily access with all the information they
require to make decision on what crop to grow depending on the soil type, nutrients contents, market
pricing and weather conditions among others. Making such informed decisions would definitely
increase the production output of the selected product. The desire is that with such information, the
farmer does not have to consult all the numerous information sources separately (for example,
installing various applications form the providers), but simply having one access point (for example,
single application) that can allow them to access information from all the other sources.
To address these competing and conflicting interests, there is need to establish an independent
board (called trustee or consortium) made up of representation from all the stakeholders. We assume
that when the stakeholders are convinced that they are adequately represented in the consortium, they
doi: 10.17700/jai.2016.7.1.244
Fredrick Awuor, George Raburu, ArvinLucy Onditi, Dorothy Rambim: Building E-Agriculture Framework in Kenya

85

Journal of Agricultural Informatics (ISSN 2061-862X) 2016 Vol. 7, No. 1:75-93

are going to remain loyal on the system and may not have any reason to be defiant from the desire to
improve system performance (here being agricultural productivity). Individual stakeholder’s role
towards this is to provide as much information as possible to the central data center for the farmer to
access, and to use for making informed decision. We assume that this will always lead to high
agricultural productivity. This is the global objective function. Assuming that we can assign monetary
value to the contribution of stakeholders (Sexton R.J., 1994), the stakeholders can have slots of
representation on the trustee board that is democratically assigned. That is, for example, a board of ten
members can have three members representing farmers (farmers elect the three members among
themselves). The bottleneck will be to have ideal representation of all the stakeholders enough to drive
the interests of the group they represent. Deciding on the board representation is similar to a game
where the players (stakeholders) strive to optimize (maximize) their interests (utility) with or with no
interest of other players’ utilities (that is, cooperative and non-cooperative games). In our previous
work (Awuor F. & Kimeli K., 2013), we model this problem as a game theory problem. This this
paper, we use present the results from the model and use these results to build and eAgriculture
framework presented in section 4.

4. E-Agriculture Model Evaluation and Framework Development
To illustrate the theoretical behavior and performance of the proposed mode, there was a need to
perform simulations. This approach enabled us to visualize the practicality of the model with regard to
properties in relatively shorter time compared to other model evaluation approaches such as building
test beds. Let us consider a consortium composed of the following stakeholders; farmers, financial
institutions, local research centers and academics, government and international research community.
We assume that the population of these stakeholders are as shown in table 1. We may not need to get
the exact figures to illustrate the utility of the model as a guided wild guess is good enough to
demonstrate the desired objective of the model. We assume that all the stakeholders have enough
interests to participate and to want to be represented in the consortium. That is, the stakeholders
always have so much compelling reasons to join the consortium or to cooperate than the reasons to
deviate. Since there is no sufficient reason for stakeholders to deviate from the desired objective, no
form of penalty or cost function is included.
Table 1: Simulation parameters
Stakeholders
Farmers
Government
Academics and Research Centers
Financial Institutions
International Research Community
Simulation Parameter,

Population
At least 20M
200
100
400
250
5×10-5

The value of V in the graph is the perceived optimal and ideal value for representing diverse
interest of stakeholders as seen by the respective stakeholders themselves. Key observation made is
that at the first few iterations, the max V value for each stakeholder tends to increase significantly with
a factor of up to more than half of the total population from their respective pool. The value reaches its
peak in the first 10th percentile of the graph and then begins to decrease gradually and later settles to
some low value in the last 20th percentile of the graph. In the first few iterations, the stakeholders tend
to think that they need to have not so big number to represent their interests so as to show that they are
not selfish. This is also due to the fact that the stakeholders do not have a clear picture of the strategies
that the other stakeholders could be playing. So they simply pick some value close to half or threequarter of their population. This value is noted to increase as the stakeholders tries to play the most
extreme strategy that maximizes V at the expense of others. They soon realize that they do not need
such a strategy since probably few members are enough to drive their agenda at the consortium than a
large group of people that may conflict among themselves. They keep on with this search for a lean
number that is not too small to argue the stakeholder’s interests at the consortium board and not too
large to confuse and conflict within themselves thus losing focus of the stakeholder’s interest.
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Figure 2. Individual stakeholders’ interests in the consortium
Figure 3 shows how the stakeholders would wish to be represented in the consortium on grounds
that the slots they propose are adequate enough to bargain their agenda is ideally enough to always
make their interests taken care of. Therefore, these stakeholders will always want to participate wholly
and fully to ensure that the global objective of maximizing agricultural productivity is achieved. This
is motivated by the fact that the stakeholders are aware that when the productivity of agriculture is at
its highest peak, they are assured of high returns at individual level.

Figure 3. Consortium board members
4.2. Proposed eAgriculture Framework
In figure 4, a framework to realize the needs of the farmers and all stakeholders in agriculture has
been defined. Specifically, the framework attempts to ensure that all the stakeholders have their
desires and goals met while promoting agricultural productivity. The framework is developed using
the following building block: agricultural stakeholder consortium, data center, big data and Internet,
social networks, machine learning algorithms and information retrieval modules. The many building
blocks and modules that constitutes the framework are grouped into four layers, that is, the foundation
layer, management layer, data layer and the access layer discussed below:
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Figure 4. Proposed framework
i.

Foundation Layer:

This layer contains all the stakeholders who participate in agriculture thus used to formulate the
model, namely farmers, government, research institutions, international organizations and financial
institutions. The objective of this layer is to identify all the stakeholders and their interests and
contribution, categorize them into respective clusters for easy coordination and to agree with each
other on the need to work together to support agriculture. Specifically, each stakeholder is expected to
perform its role and together achieve desired high productivity in agriculture.
ii.

Management Layer:

This being the second layer of the framework, its main objective is to coordinate and integrate the
roles of each stakeholder towards increasing its contribution to agricultural productivity by enhancing
cooperation among the stakeholders such that they complement each other. The objective of this layer
is to develop a consortium or a board of trustees that can ensure that the individual interests of
respective stakeholders are taken care of. Specifically, this layer ensures that stakeholders are brought
together to work though individually but for the common goal, being to increase overall productivity
of the system, while increasing individual output. Therefore this layer is crucial in the framework as it
determines the sustainability and workability of the framework. It is the basis of ensuring that farmers
have a single access point for agricultural information. In fact using this layer, all the stakeholders
avail there services to farmers from a single point and not at individual level as it has been the case
priori. How this layer is formulated and manage has been exhaustively discussed from view of
resource allocation and maximization using game theory in section three. The end result at this layer is
formation of the consortium.
iii.

Data Layer:

Having been able to coordinate and integrate the roles and functionalities of all stakeholders using the
consortium proposed in layer 2, this layer’s role is to develop and maintain a data center that collects,
process and stores all the data from the stakeholders. The desire is to meet the information needs of
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farmers that have been shown to meet specific criterion such being timely, accurate, relevant and
consumable. In most cases, stakeholders reach out to farmers at their own initiative by developing
applications that they assume to meet the needs of the farmers and then push them to the farmers.
Stakeholders then expected the farmers to use these applications to access information they needed
from them. However, to the farmer, this could be a tedious and tiresome solution since there may exist
so many services and solutions offered by one cluster of stakeholders and the farmers may need to
access these solutions individually. Imagining so many entities (that is, ICT solutions) for all the
clusters of stakeholders, then we are thinking of so many services some of which will be duplicating
duties and functions of the others, yet the famer has to access them all. Being that they offer
information separately, the task of collecting information from all of them before making a decision is
very cumbersome to an average famer. The role of this layer is therefore to provide a single
information access point where all the stakeholders can host their information and the farmer can
access them from this one point. Given that the stakeholders had formed a consortium at layer 2, it is
to their advantage that they share their resources with the farmer using a single information center. The
other function of this layer is to provide secure data storage and to authenticate access, provide a way
to integrate heterogeneous data from various stakeholder and to fusion from different stakeholders to
support comprehensive information needs of farmers.
iv.
Information Access Layer
This is the upper most layer of the framework and is used by the farmers to meet their information
needs. Key functions of this layer is its ability to empower farmers to retrieve information from the
data center that host information from all stakeholders therein giving farmers a single information
access point. The information retrieval techniques is customized to the farmers’ needs based on their
culture, gender, literacy level, digital divide, urgency just to mention a few. For instance, farmers can
automatically call the stand by agents to get specific and relevant information on time as required.
Besides, language translation, speech synthesis, automated SMSs and calls and dedicated websites for
agriculture enables the farmers to access information ubiquitously.
Urgent information or any information meeting the farmers’ standing queries is automatically
pushed to the farmers to their inboxes using SMSs or calls. Also, farmers can pull any relevant
information they need from the system. The framework is well aware that farmers need to
communicate and share information among themselves and to learn from others within the region and
around outside the region. This layer handles this by incorporating social network, big data and human
computing modules. In a nutshell, this layer is intended to empower the farmers to leverage the
strength of the big data and the Internet to their advantage to support their decision making. Also, this
layers helps the farmers to communicate among themselves using social media such as Facebook,
Twitters as they comment, post, twit, like on these Web 2.0 applications.
The modules of proposed eAgriculture framework are as follows:
eAgriculture data center: This is the data host that collects, structure, process and stores all the data
collected from the various sources including the agricultural stakeholders, internet and social
networks. The data can be seen as traditional database that stores data and supports relational querying
and information retrieval both manual and automated. Tools such as cloud computing, distributed
computing techniques like grid and cluster computing can be used to support this resource. For sake of
clarity, this resource need to be managed by the agricultural consortium but openly accessible to
authenticated public users for research and general use. Big data and Internet. There is massive
information available in the Internet that is being generated daily from all over the world that can only
make farmers more informed. This gives the farmers much more than they can gather on their own
from past experience or friends and extension services. It is therefore critical these benefits are
leveraged to build the data center. However, there is need to extract only what is relevant from the
massive data available on the Internet. We therefore consider machine learning system as explained in
the next section to determine only what is relevant and feed the data center. Also, since a lot of data
from the internet are not labeled and variant at the same time, human computing tools such as games
with a purpose (GWAP) can be used to labelled them to assist in building the machine learning
process. Other technique which is essential to this module is micro-tasks that takes advantage of cheap
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labour in the internet to do some task that require human beings’ ability. Example of such is Amazon
mechanical turk.
Machine learning module: Machine learning algorithms are proposed to enable the framework
extract what farmer relevant information from the Internet and social networks to enrich the
agricultural data center. The ultimate goal is to make use the massive data available from the internet,
labeled or unlabeled, to learn a concept and update the data center with the concept. Then the farmers
is informed of the new concept whenever they need it. There are a lot of machine learning tools
available ranging from supervised to unsupervised learning and even semi-supervised learning. The
key idea is to cluster or classify concepts and use the learnt classification to make recommendations
for current observation and even to predictions probable concepts based on the current observation.
The task being done in this module can also be described as data mining.
Social networks and Web 2.0 module: Social networks such as Facebook, Twitter, Linkedin,
Mettup, Whatsapp among others have brought new ways in which people interact and communicate.
The traditional phone call, short message texting and letter writing is not so much used as these social
network services. Computing and business society have realized this and they are currently using it to
improve business sales and to give satisfactory user experiences. The proposed framework takes
advantage of this to meet the needs of the farmers. This module therefore collects all the posts,
comments, tweets, shares, likes, and tags etc. that are relevant to agriculture, processes them at the
machine learning system, develops a new concept and updates the data center. As farmers and other
users share information among themselves using some social network, for example photos of crop
wilting in Uasin Gishu, other farmers (and social networks users) gets to comment or retweet these
posts. This behavior has been called crowd sourcing. The work of the machine learning system is to
extract all these relevant agricultural posts, deduce the concept and uprate the data center.
Information retrieval module: Now that the agricultural data center has been developed and the
stakeholders’ forum is functional, the next task is to make this data center able to support the farmers’
informational needs. To achieve this, the framework has proposed an information retrieval system that
is intended to crawl and search all the concepts in the data center to respond to the farmers’ queries.
Farmers can decide to build information query and submit it to the information retrieval system. This
query then gets executed periodically and all responses that meet the query needs are sent to the
farmers, such as the Google alerts. Another option is that the farmers send their queries to the system
when there is need. In such case, the data center is searched when there is a request from the farmers
and not as periodically as before. This is a well-known task in computer science called information
retrieval. In special cased, the retrieval system need to automatically send information to the farmers
without farmers involvement particularly when there is an alert learnt in the data center. This is called
push information.
However, when the request for information is triggered by the farmers themselves then the
information retrieved by the system as response is referred in the system as pull request. Nevertheless,
there is need to have the information availed to the farmers in a format and language that they can
consume them. Call center agents who are able to speak the farmers native language may be needed in
cases where the farmers cannot communicate in official languages like English or in even that the
farmers are not literate and therefore cannot read text short messages or information displayed on
webpages. Another option is to build a system a language translator plugin into the website that can
change the website content to the language the farmers can access. Another option is to build a speech
synthesis system that is able to convert text to audio and then translate it to the language of interest to
the farmers. In this case, issues common problems in natural language processing such as
disambiguation, parsing, among others become real issues. However, with intensive research currently
on going in natural language processing, we can only hope that in the future, the systems would be
able to query the data center and respond to the farmers using natural language tools. For now, we can
only consider call agents, text language translation tools, short messages text and video tutorials for etraining.

5. Conclusion and Recommendation
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The goal of this research was to empower the farmers with right and accessible information to
make decisions anytime-anywhere in regard to improving their agricultural productivity. Specifically,
there was a need to develop a single information access point that integrates all the agricultural
solutions that farmers may need. In addition, the platform needed to allow the farmers to interact
among themselves and with various stakeholders. In developing such a platform, a number of issues
needed to be addressed such as potential conflicting interests among the users, developers and
managers, and deriving a sustainable and optimal ground that meets all the interests of the concerned
and interested stakeholders in agriculture. These two factors therefore informed the development
framework. Farmers’ information need is precise and specific with the following characteristics;
accuracy, relevant, timely and consumable. The information provided to the farmer need to be “justin-time” to support farmers’ decision making, for example information on credit evaluations or
locating a remote specialist for disease or pest diagnosis and treatment has to be accurate and timely.
Besides, issues of literacy, use of local language, digital divide, culture and gender must be considered
while packaging the information to the farmers in regard to their contexts. Otherwise, the information
may just be inconsumable bearing in mind that these are smallholder farmers who are mostly based in
the rural setup.
Meeting these farmers’ information needs relies on two strategies, that is, community participation
approach and collaborative approach. In community participation approach, the farmers need to be
made part of the process of designing and developing these eAgriculture solutions. While
collaborative approach requires that since information needs of the farmers are vast and potentially
cannot be provided by one source, there is need to ensure that all the information providers share a
common goal of providing the information within their jurisdiction in a timely manner.
It was clear from the literature that there is a significant disconnect between the information needs
of farmers and that which is provided by these trendy technologies offered by researchers community.
Therefore there was a need to bridge this gap which in this thesis has been seen as a need to form a
single point information access platform built on premise of formulating a consortium to harmonize
the diverse and variant interests and contributions from all agricultural stakeholders. In such, farmers
are enabled to access a synchronized information that reflects the interests of all the stakeholders
without need to consult each stakeholder separately. This leads to a single information access point
architecture.
A single point information access framework for eAgriculture was developed to promote
innovative use of ICT to bridge the distance between the farmers and the stakeholders, and to bring
transparency in agricultural market by discouraging middlemen in the market value chain. The
framework is therefore an aggregation tool for farmers to leverage the collective bargain at both the
supply and at the market ends. In addition, it enhance social interaction to promote community
participation for instance using social media to assist crowdsource farmers’ needs besides encouraging
organization of farmers into small groups at the community level. The key contribution of the
framework is to that it bridges the gap between the information need of the farmer and that which is
provided by the stakeholders by ensuring collaborative and cooperative participation among all the
stakeholders.
In developing the framework, a number of issues and concerns arose in regard to eAgriculture
implementation and adoption in Kenya that need a follow up research. Firstly, the integrated data
center propose in the framework need to be hosted locally in a private cloud or with a trusted cloud
service provider. However, it is critical to establish evaluation parameters to assist determine the latter
as massive and sensitive data will be shared trusted to their hands. Besides, there is need to establish
trust and reputation levels among the users of the framework as it is has an API to allow connection to
Internet and web, and social media. Framework to evaluate these details is a potential future work
coupled with the need to establish a robust data center back-up plan and recovery strategy.
Secondly, ensuring food security and high agricultural productivity must rely on multidisciplinary
research approaches that takes advantage of main stream STEM that is, science, technology,
engineering and mathematics, and social science in addition to the key specialist in agriculture. There
has to be a collaboration among researchers from all these disciplines. In addition, is need to have ICT
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specialists biased to agriculture (agricultural informaticians), who are able to interpret ICT solutions
for agriculture based on agricultural needs and not technical needs. Most ICT specialists develop
applications for agriculture with inclination to technological needs and less attention to the farmers’
needs.
Thirdly, there is need to integrate all ICT-in-agriculture tools motivated by wide spread ICT
equipment within farmers’ reach (such as mobile phones, World Wide Web, smart devices - sensors
among others). Moreover, successfully implementation of ICT-in-agriculture in Kenya should involve
all the agriculture stakeholders and have their opinions and interests represented and catered for.
Therefore, the Ministry of Agriculture and Livestock should be able to create agricultural consortium
that has fair representation from these stakeholders as the country rolls out eAgriculture inititatives. At
the basic level, farmers need to form groups at grassroots and regional level. The leaders of these
groups need to members of the consortium. Using such initiative, farmers will get training on how to
access information to improve their agricultural production using ICT devices within their reach. In
addition, this will also support crowd-sourcing to assist spreading emergency information, for
instance, an outbreak of highly infectious disease. In addition, the government needs to formulate
robust eAgriculture policies to support the implementation of ICT-in-agriculture.
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ABSTRACT
This study presents the use of e-learning application for agricultural professionals. In
addition to traditional forms of training, and built on it there was necessary to establish a
distance learning system (e-learning platform), which was extensive multimedia-based
solution for the staff of Central Agricultural Office (CAO), working in different parts of
the country and caring different areas. E-learning has been introduced under a projects.
The e-learning (distance learning) pilot training of CAO’s professionals started at the end
of 2009. Our research aims to examine the spread of e-learning applications for further
training of agricultural professionals, particularly in the human development of agrotechnical administrative staff and experts. There have never been any surveys about the
application of the e-learning system among the agricultural experts. This fact enforced
our aim to carry out a research among them. This goal was formulated in 2011, when we
conducted a questionnaire survey among the consultants. We repeated the survey in 2015
and this article publish the comparison of results too.

1. Introduction
After the millennium, many organizations operating in the agricultural sector recognized the
opportunities provided by e-learning, including the National Food Chain Safety Office (NFCSO) and
the Hermann Ottó Institution in Hungary, which was previously the Ministry of Rural Development,
Rural Development Educational and Advisory Institute (MRD RDEAI).
The Central Agricultural Office (CAO) and the former Hungarian Food Safety Office (HFSO) were
integrated into a new office establishing the NFCSO on 15th March 2012. From then on, the NFCSO
operates as a legal successor of the CAO and the HFSO incorporating all aspects of the food chain safety
supervision into one single authority (Soltész, Szőke, & Balogh 2013). According to Government
Decree No.22/2012., the NFCSO is authority for food chain safety, plant production, soil conservation,
animal breeding, forestry, hunting, fishery, wine control, agricultural administration, pálinka (Hungarian
fruit distillate) control (National Food Chain Safety Office, 2016).
RDEAI was the background institution of the Ministry of Rural Development. In cooperation with
the Ministry in the field of educational activities such as central development and service organization,
it performed operational tasks and enforcement activities in the field of agriculture.
The Institute's activities are the follows:
 communication with educational institutions, regional, county and local advisory centres;
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assistance of advisory system quality assurance: registering of consultants exam obligations,
organization of training courses, developing training materials, documents, software (tests,
databases), collecting test results, the developing special advisers qualification proposals;
Perform administrative tasks with agricultural advisory register.

Our research aims to examine the spread of e-learning applications for further training of agricultural
experts, particularly in the human development of agro-technical administrative staff and experts. There
have never been any surveys about the application of the e-learning system and the IT skills among the
professional consultants. This fact enforced our aim to carry out a research among them. This goal was
formulated in 2011, when we conducted a questionnaire survey among the consultants. We repeated the
survey in 2015 and the results will be published in this article.

2. Overview of Learning Management Systems
Teaching in an E-learning environment can contribute to the ability to teach, the ability to learn and
most important to bridge between two main components in the classroom, the teacher and the learner.
E-learning provides different environments for learners with dynamic, interactive, nonlinear access to a
wide range of information (text, graphics, and animation) as well as to self-directed learning in online
communication e-mail and forums (Kotzer & Elran 2012).
Learning Management Systems (LMS) are information systems running on a server, offering various
tools like document publishing, assessment modules, wiki, etc. and LMS can be accessed using a web
browser. Within the LMS, educational material is processed, stored and disseminated; teaching and
learning related administration and communication is supported (McGill & Klobas 2009). A LMS is a
high solution package that allows for the delivery and administration of content and resources to all
students and employees. This system contains software application and features which make learning
content easily accessible and managed (Ráthonyi, Várallyai, Nagyné Polyák & Pető 2014). In addition,
it helps instructors to provide their students with learning materials and manages student registration. A
LMS provides the platform for this type of learning environment by enabling the management, delivery,
tracking of learning, testing, communication, the registration process, and scheduling (Cavus 2013).
Concerning open-source solutions, there are some studies that identify the Moodle (Modular ObjectOriented Dynamic Learning Environment) as the most used platform in higher education, as well as the
most easy to use (Paulsen 2003).
2.1. LMS Statistics
It is estimated that between the years 2017 and 2018, the LMS market will grow by about 23.17%,
with an estimate of growth from $2.65 billion in 2013 to $7.8 billion in 2018, which is roughly an annual
growth rate of 25.2%. Currently, it’s a $2.5 billion industry in the corporate sector, without calculating
revenue from the academic sector, as well. Figure 1 shows that governmental institutions only consists
2% of the LMS software market, with the educational sector to be approximately one fifth of the entire
LMS market (21%). Other industries follow, such as: technology 12%, manufacturing 9%, consulting
and healthcare (7%) and software development companies (4%). Finally, non-profit organizations and
real-estate are also found at 3% of the LMS market each.
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Figure 1. LMS usage per industry (LMS Industry User Research Report 2016)
In terms of actual users, Moodle seems has the most users in the Learning Management System
market. It currently boasts an estimated 79.6 million users. Edmodo comes in second and Blackboard
rounds out the top 3, with around 20 million users each (Figure 2)

million users

Moodle

Edmodo

SuccessFactors

TOPYX

Blackboard

79,6

49

28

20

20

Figure 2. Top 5 LMS by total users (Top LMS Software 2016)
While the number of users is an important factor to keep in mind when selecting a LMS, the number
of satisfied customers can give you a clear indication of who is successfully building customer loyalty
through effective business practices and a winning product. Edmodo has the largest number of
customers, an estimated 120k of them, in fact. Moodle is second on the list, with 87.1k customers and
Collaborize Classroom is third, with 48k customers (Pappas 2015).
2.2. Moodle platform
The Moodle represents one of the most widely used open-source e-learning platforms that enables
the creation of a course website, ensuring their access only to enrolled students. This platform allows
the exchange of information among users geographically dispersed, through mechanisms of
synchronous (chats) and asynchronous communication (discussion forums). In a functional perspective,
it has easily configurable features, allowing the creation of student assessment processes (quizzes, online
tests and surveys), as well as managing their tasks with their timetable (Itmazi, Megías, Paderewski, &
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Gutiérrez 2005), besides offering a wide variety of complementary tools to support the teaching and
learning process.
According the classification presented by the Moodle platform is characterized by a set of
functionalities grouped in two different classes: resources and modules. Resources represent
instructional materials that are usually created in digital formats and then uploaded to the platform. Web
pages, PowerPoint files, word documents, flash animations, video and audio files represent some
examples of these resources. Modules are components created via Moodle in order to provide interaction
among students and teachers towards manipulation and content transformation (Blin & Munkro 2008).
In this context, the Moodle platform provides several modules, such as Database, Lessons, Assignments,
Workshops, Chats, Forums, News, Glossary, Wikis, Choice, Quiz, Survey, Feedback, SCORM
(Sharable Content Object Reference Model) and external tools.

3. Introduction of e-learning system for experts’ training
In addition to traditional forms of training, and built on it there was necessary to establish a distance
learning system (e-learning platform), which was extensive multimedia-based solution for the CAO’s
staff, working in different parts of the country and caring different areas.
E-learning has been introduced under a project. The e-learning (distance learning) pilot training of
CAO’s professionals started at the end of 2009. The training system was used for the following teaching
curriculum (courses):
 Analysis of foodborne illness;
 Rules of Administrative Procedure and General Service;
 Basics of Monitoring;
 Salmonella discharge.
The aim of the training was to test the usability of e-learning system and adaptability to the training
system, which was considered as pilot training, but regardless of this study materials and exams
themselves are no longer a pilot, but as a live functioned. There were at least two weeks available
understanding the curriculums of all courses. In addition to the concrete curriculum on course surface
there were placed other related materials, supplementary document templates, rules, guides, video
materials in order to expand the knowledge (Vörös & Lukácsné Veres 2010). Professionals had one
week per course to take an exam in each courses. The exam tests included 20 questions, and there were
available 45 minutes to finish it. They had achieved more than 50% for successful exam.
Using e-learning in education of CAO’s experts was successful the basis of pilot training. They have
gained new knowledge and refreshed their skills. The participants of pilot training had a positive attitude
towards trainings implemented in the Distance Learning Framework and still try to take advantage of
its benefits. They have been used the system from 2010.

4. Applied methods
The preparation of the questionnaire was preceded by a depth interview. The aim of it was to
understand the rules and the system of RDEAI’ consultancy testing. During the interview we asked the
next questions from the head of the Training and Coordination Department:
1. Since when was electronic learning materials used in the training of consultant?
2. Since when did they use the computer examination?
3. How many consultants took part on the electronic examination? How many times a year?
4. When did you introduce the e-learning?
5. What kind of system do you use, what are the main features?
6. What teaching materials can be found in the system (curricula parties)?
7. How does the testing process?
8. What are the advantages and disadvantages of e-learning examining the consultant point of view?
9. What is the use of e-learning for RDEAI?
10. Did anyone make a survey among the consultants?
Based on the interviews we got the following information:
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The use of computers began in 1995 at the mandatory annual experts training. In this year ‘Számadó’
examiner computer program was introduced. The program has generated random tests from three types
of test question (true/false, multiple choice, matching.). It could be used for practice and examination.
During the introduction, the assessment was not rigorous, but after the great reception the evaluation
has become more rigorous in next few years. The program was used for testing consultants until 2009.
The growth of Internet use among agricultural experts and the reduction of the available money for
the trainings made necessary to establish an efficient, lower-cost training mode (Szilágyi 2012). As a
result, the e-learning system of RDEAI (Figure 3) began operating in 2010.

Figure 3. The user interface of RDEAI e-learning system (The Menu: Vidékfejlesztés – Rural
development, Képzés – Training, Szaktanácsadás – Extension service, Felnőttképzés – Adult training)
The experts can reach the full training curriculum in the e-learning system. The preparation of
consultants for the exams is done individually, but the Regional Advisory Centres provide consultancy
to them (RDEAI 2011). The exams of RDEAI - such as the National Advisory Centre - organized and
transacted under the scheme. Everybody can use the system with their account. There are possibilities
to fill practice test and take exams in the system. At present, the re-registration and registration of
agricultural and rural development consultants is underway, which have been managed by Hungarian
Chamber of Agriculture (HCA) from October 1, 2014.
Based on the collected information we compiled a questionnaire to get information about the role of
Internet in their knowledge, their information technology (IT) skills, the usage of IT communication
(ITC) tools, the usage of information database, and their opinion from the advantages of e-learning
system. Our questionnaire was accessible through Limesurvey system (Questionnaire to assess the use
of e-Learning among consultants 2015), which is a free and open source on-line survey application
written in PHP based on a MySQL database. As a web server-based software it enables users using a
web interface to develop and publish on-line surveys, collect responses, create statistics, and export the
resulting data to other applications (Limesurvey 2016).

5. Results
According to the register of consultants the questionnaire was sent to 670 email address. 79
questionnaires were filled out, which is 11.8% of the total amount. We had 82 answers in 2011, which
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serve as a benchmark for this analysis. Basic IT skills and computer usage are the minimal criteria for
the consultants to be able to participate in the electronic exams. So we try to examine their IT skills too.
The respondents could rate themselves about their computer skills by a scale of five, from 1 to 5.
Figure 4 shows that 24% rated themselves into the category of three, 29% to four, 43% to five and only
4% rated themselves to two in 2015. In total there is an improvement in IT skills compared to 2011.

2011

2015
4%

7%
22%

24%

2
43%

3
37%

2
3

4

4

5

5

34%

29%

Figure 4. Distribution of IT skills in 2011 and 2015 (1 – Poor, … , 5 – Excellent)
This means that the consultants have enough IT knowledge to do exams via electronic distance
learning and they can serve their information needs using available sources of information on the
Internet. This statement is also supported by Figure 5, which indicates that 67% of the consultants rated
the role of the Internet regarding the acquisition of new knowledge by 5 in 2015. We can see that there
is a significant increase at role of Internet.

2011

2015
1%

10%

3

25%

4
56%

34%

7%

2
3

4

5

5
67%

Figure 5. The role of the Internet to get knowledge in 2011 and 2015 (1 – Unimportant, …, 5 – Very
important)
Figure 6 represents the sources of information. 78% of respondents use database from the ARDA
and 63% use database from the NFCSO during their daily work. Agricultural experts have wide variety
of information sources and they greatly exploit the online databases. We can see differences in data of
2011 and 2015. There is significant increase for example using Land Office database, National Tax and
Customs Administration (NTCA) database and Research Institute of Agricultural Economics (RIAE)
information.

doi: 10.17700/jai.2016.7.1.262
99
Peter Lengyel, István Füzesi, Ádám Péntek, Miklós Herdon: Human resource development using e-learning for Hungarian
agricultural experts

Journal of Agricultural Informatics (ISSN 2061-862X) 2016 Vol. 7, No. 1:94-102

90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

78%78%
63%65%
53%
48%

43%
30%
23%

23%

38%39%

39%
23%
2011
2015

Figure 6. Usage of information source by agricultural experts (ARDA: Agricultural and Rural
Development Agency, NFCSO: National Food Chain Safety Office, NTCA: National Tax and
Customs Administration, HSCO: Hungarian Central Statistical Office, RIAE: Research Institute of
Agricultural Economics)
We can also say that emails have the same role in everyday communication as phones (Figure 7).
The benefits of skype are not yet used completely, but we can see a little increase. Statistics also indicate
that mainly the experts who are under age of 35 use these type of information technologies. The
community places, for example Facebook, Twitter, LinkedIn, are used by the younger generation too,
and there is a large increase from 2011 to 2015.
100%
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20%
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44%

2015
27%
16%

20% 22%

6%
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email

community site
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Figure 7. Usage of information technologies by agricultural experts
According to 49% of the consultants (Figure 8), the most important advantage of the system is the
time independent. It is interesting to see that only 10% of them think that the most important advantage
is the cost saving. The most difficult part is the time management and not that they have to have time
for examinations. We can say that more and more important the time compared to the cost.
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Figure 8. The main advantages of learning system

6. Conclusion
The research clearly demonstrates that the introduction of the e-learning system was welcomed
positively by the consultants and they recognized its benefits and advantages. We can say that e-learning
gradually has a more important role in the training of the agricultural experts and the development of
human resources. The survey of IT skills found that there is clear increase in the last 4 years. It may
result in other income, which represents an increase in the use of data sources and the use of information
technologies. Consequently, there are prerequisites to the e-learning applications can be more and more
successful and effective in the future.
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The paper gives an overview of open access (OA) institutional digital repositories (IDRs)
in agricultural fields. The main objective is to provide free and unrestricted access to the
public funded research outputs in global-scale in the domain of agricultural by developing
a single window search interface as a useful tool for agricultural researchers in developing
countries with special reference to India keeping in view the exorbitant cost of research
output. It reports the design and development of a federated search interface, viz. AgriCat
that facilitates resource sharing through extracting metadata from different OAI (Open
Archives Initiative) compatible agricultural IDRs registered in OpenDOAR (Directory of
Open Access Repositories) database.

1. Introduction
Agriculture as a subject and as a discipline has become an important field of research among
academic communities. Agriculture is one of the key sectors of an economy which provides the basic
needs of people for food as well as larger employment opportunities. Agriculture is the backbone of
the economy of the majority of the developing countries like India and a large number of people
(almost 75%) depend on it for their livelihood. India has a comprehensive agricultural education and
research system. There are sixty five agricultural universities (including 5 deemed universities and 2
central universities recognized by the Indian Council of Agricultural Research) and more than 200
colleges, which offer various courses in agriculture and allied subjects (http://www.indiacollegeshub
.com/top-agricultural-universities-india.aspx). A good number of agricultural learning repositories
have already been developed worldwide (http://www.fao.org/3/a-ai264e.pdf). And India is not the
exception. In 2006, the first AGRIS (International System for Agricultural Science and Technology)
workshop on open access (OA) in agricultural sciences and technology held at ICRISAT (International
Crops Research Institute for the Semi-Arid Tropics), Hyderabad. The first repository for agricultural
sciences was initiated in 2008 under the name ‘Krishiprabha'. It holds all the doctoral dissertations
submitted to various agricultural universities in India. In 2009, another important move in this regards
was the establishment of open access repository (OAR) in agricultural sciences with the help of
ICRISAT (Roy, Biswas & Mukhopadhyay 2016a).
Bu these are distributed across the globe with different software architecture bundled with different
retrieval technique. It creates a serious retrieval problem for end users. So, current research outputs
acquired by these repositories in agricultural sciences and allied fields need to be shared with
researchers, scientists, and academicians all over the world. In this sense, there is a growing need for
coordination and cooperation among different academic and research institutes working in these fields
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and research outputs in the form of theses, projects, reports, etc. created by various organizations in
different languages need to be distributed globally (Roy, Biswas & Mukhopadhyay 2016a). From this
perspective, the development and promotion of a global infrastructure is required with the objective of
sharing and reusing of scholarly resources on topics related to agricultural and rural development
(http://www.fao.org/3/a-ai264e.pdf).
Due to the advancement of information communication technologies and particularly the
development of open source software (OSS), federated searching has quickly become an invaluable
tool for digital library systems. The open access to knowledge movement, which started in the 1990s
after the advent of WWW (World Wide Web) and Internet, influenced the emergence of new resource
discovery platforms for sharing bibliographic records between these OAI (Open Archives Initiative)based information retrieval systems. Now resources are being generated in an open manner and it has
become quite difficult to archive, preserve these knowledge objects in a centralized system that would
support distributed processing and distributed access to resources globally. From researchers' point of
view, they are not familiar with different distributed (OA publishing platforms such as open access repositories (OARs) or
open access journals (OAJs) etc. They are having difficulties to find what is available to them and need to
learn how to access each interfaces. Besides, their expectations towards OA resources are also
changing significantly and they would like to have it through a single search interface (Sarkar &
Mukhopadhyay 2010). They prefer to have a gateway that would give free full text access to the public funded
research outputs in their domain through a single access point (Sarkar & Mukhopadhyay 2012a).
So, a need arises among researchers to manage and maintain scholarly objects in an organized and
accessible manner in a web-enabled distributed system. Here lies the importance of preserving such
knowledge resources in an online interoperable information retrieval system for perpetual access. But,
these valuable resources are underutilized and inaccessible due to the absence of suitable resource
discovery tool. Existing information retrieval systems are not well suited for this purpose, particularly
in the domain for agricultural sciences. A comprehensive federated search service for all the OA
repositories in the country has not been attempted as yet. In keeping in mind the requirements of the
researchers, this model e.g AgriCat based on open standard (OS) and OSS may be considered as an
alternative platform that facilitates resource sharing through harvesting bibliographic records from
OAI-based repositories on global scale. It is basically a metadata harvesting, search and retrieval tool
that enables information to be accessed, preserved and disseminated far more easily than ever before.
The objective of the paper is to provide an overview of the existing resource discovery systems and
outlines the innovative use of the model (e.g. AgriCat) along with its key features. It is presented here
as a centralized repository of metadata with distributed data sources, the objective of which is to
harvest metadata from various data providers and making knowledge resources available through a
single access point. In this context, AgriCat may be considered as a union catalogue containing OA
records from multiple OAI-based agricultural OARs that would provide one-stop shop to multiple
information sources for researchers searching resources in the domain of agricultural sciences.

2. Literature Review
The growth of repositories as Green road (also known as self archiving) to OA has been rapid
throughout the world and has emerged as a new publishing tool in order to provide seamless access to
the world’s research output (Roy 2015). To strengthen the repository movement in this domain in
order to exchange, share and reuse of scientific research results among researchers, several projects
were launched and a number of initiatives were taken to expose their datasets in public domain (Roy,
Biswas & Mukhopadhyay 2016a). GODAN (Global Open Data for Agriculture and Nutrition) is an
initiative that seeks to support global efforts to make data relevant to agriculture and nutrition
available, accessible, and usable for unrestricted use worldwide (http://www.godan.info). AGRIS is
one of the most important world-wide information system in the area of the agricultural sciences
(http://agris.fao.org/agris-search/index.do). One of the main objectives of AGRIS is to improve the
access and exchange of information serving the information-related needs of developed and
developing countries on a partnership basis (http://agris.fao.org/content/about). It may safely be said
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that AGRIS started a movement to open up agrcultural research output to scientists and academia from
developing countries in eighties and that initiative acted as a forerunner to triger almost all the
countries in the world for developing and maintaining OARs to promote and support research in
agricultural domain (OpenDOAR 2016; ROAR 2016). Several papers reported the repository
movement in India (Roy 2007, 2010, 2014b; Roy, Biswas & Mukhopadhyay 2012a, 2012b, 2012d,
2013, 2016d) as well as abroad such as Europe (Roy, Biswas & Mukhopadhyay 2015), North America
(Roy, Biswas & Mukhopadhyay 2016b). Couple of authors have emphasized on maintaining domain
specific subject repository such as in agriculture (Roy, Biswas & Mukhopadhyay 2016a) and in library
and information science (Ganaie et al. 2014; Sengupta 2012; Roy, Biswas & Mukhopadhyay 2016c).
In another paper, Roy and Mukhopadhyay (2011) explained the necessity of maintaining repository for
learning objects in India. But finding open access (OA) resources available in different OA channels
and searching them separately is a difficult and time consuming task to the researchers (Donaldson &
Nelson 2011). Mukhopadhyay (2015) provided an overview and technical issues related to
interoperability in OA contents dissemination along with metadata interoperability and harvesting. Liu
et al. (2001) suggested for a unified searching interface that can address this issue by amalgamating
different OA sources together and providing a unified interface to perform search queries. Crow
(2002) suggested that retrieval systems must be able to support interoperability and able to harvest
metadata through multiple search engines and other standard discovery tools in order to provide
broader access not only to the academic and research community, but also to users outside the
institution. Marcondes and Sayao (2003) put emphasis on forming such cooperative union catalogue
with the aim of providing integration and unified access, via a Web gateway. Sarkar and
Mukhopadhyay (2010) presented a method of metadata harvesting from different OAI-PMH (Protocol
for Metadata Harvesting) compliant repositories containing electronic theses and dissertations. This
study developed and described in details harvesting framework using PKP (Public Knowledge Project)
harvester. In another paper, authors reported the designing of a prototype union catalogue of ETDs
(Electronic Theses and Dissertations) on health and medicine (Sarkar & Mukhopadhyay 2012a). In the
same year in another publication, they showed how metadata helps in organization and retrieval of
ETDs (Sarkar & Mukhopadhyay 2012b). Jayakanth and Minj (2012) shared their practical experiences
in setting up a prototype metadata harvesting service using the PKP harvesting software for the OAIcompliant repositories in India. Kumar, Sanaman and Rai (2008) covered various federated search
providers along with advantages and drawbacks in federated search. Roy (2014) in his research work
designed a prototype namely BURA (Burdwan University Research Archive) using PKP harvester
(version 2) that facilitates resource sharing by extracting bibliographic records between OAI-based
repositories on global scale. In another work, he opined that this type of web-enabled gateway is
useful to the researchers because it provides global access to the resources through a unified search
interface (Roy 2015). In a recent study, Sarkar and Mukhopadhyay (2015) reported the development
of interoperable ETD repositories in Indian context and concluded that this facilitates resource sharing
in the digital library domain and increases discoverability of resources by providing easy access. Of
late, Roy, Biswas & Mukhopadhyay (2016e) reported the development of a prototype using OSS that
is applicable to any domain. Several cross search services based on metadata harvesting have already
been established in India (Hirwade & Hirwade 2006; Hirwade & Bherwani 2011). For example,
CASSIR (Cross Archive Search Service for Indian Repositories - http://smart.ncsi.iisc.ernet.in/oai) is
the first such attempt in the country to harvest OAI-compatible repositories developed in India
irrespective of subject. SDL (Search Digital Libraries - http://drtc.isibang.ac.in/sdl/) is another
federated search service related to the library and information science discipline but covers OARs
from different parts of the world. SEED (Search Engine for Engineering Digital Repositories http://eprint.iitd.ac.in/seed/) is a federated search service for the engineering discipline (Roy, Biswas
& Mukhopadhyay 2012c).

3. Agricultural Repositories: Present Situation
Repository movement was initiated mainly in some developed countries like USA, UK and
Germany, but now it has become an area of research among academicians and scientists throughout
the world. Now countries in all the continents are maintaining repositories on different subjects and
objects. However, majority of the repositories are from Europe and North America. OpenDOAR
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(2016) has recorded 2990 repositories (as on January 2016) all over the world and this field (e.g.
'Agriculture, Food and Veterinary Sciences') having 138 (4.6%) repositories stand at 16th position.
Europe contributes 46 repositories, 31 in the Asia, 19 in North America, 16 each in Africa and South
America, and the remaining 13 repositories are from Central America and Australasia (Figure 1). If we
consider countries as per number of repositories, India having 5 repositories ranks 8 th position in the
world (Figure 2).

Figure 1. Continent-wise distribution
(Source: OpenDOAR)

Figure 2. Country-wise distribution
(Source: OpenDOAR)

There is a steady growth of OARs in all disciplines including agricultural sciences since 2004 after
taking calls from Budapest Open Access Initiative (2002), Berlin declaration (2003) and Bethesda
Statement (2003). Figure 3 shows the cumulative growth of agricultural OARs during the last 6 years
e.g. 2010 to 2016. Figure 3 suggests that in January 2010, there were only 35 OARs and this number
has climbed to more than 138 in January 2016, with an average increase of 16 to 17 new repositories
added per year (except 2015).

Figure 3. Cumulative growth of OARs
(Source: OpenDOAR)

4. Scope and Limitations
The model (AgriCat) is based on the architecture of BURA and is configured using DSpace
software (version 4.2) (http://www.dspace.org/) and harvesting is done using its (BURA) user
interface. OHS (Open Harvester System - https://pkp.sfu.ca/ohs/), version 2.0 developed by PKP
(Public Knowledge Project) has been selected as the best fit for the purpose. This study is limited to
only agricultural OARs registered in OpenDOAR database. Repositories containing 'Agriculture' as
one of the key subject have been considered, although the field 'agriculture' (as shown in OpenDOAR
database) covers three broad subjects viz. agriculture, food and veterinary science. An exhaustive
review and harvesting of existing agricultural IDRs is out of the scope of this paper. It is a prototype
harvesting framework which may be integrated with any Web-enabled retrieval system Only textual
objects were harvested and non-textual object types, such as datasets, images and software, etc were
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not harvested. Data was collected from the official websites of these data providers during January March, 2016 and harvesting metadata from selected repositories was done thereon.

5. AgriCat: The Key Features
The purpose of this framework is to aggregate all OA research outputs in different form (e.g.
theses, dissertations, project reports, etc) and format (e.g. doc, pdf, etc) from agricultural IDRs
registered in OpenDOAR database and making it available to the public through a single search
gateway. It is an effort to create a unified search interface for cross archive searching. It facilitates free
unrestricted access and reuse of OA research outputs for all working in the agricultural field by
harvesting openly accessible content available in agricultural OARs recorded in OpenDOAR database.
This model harvester named AgriCat has few features that are worth mentioning – i) compatible with
open standards and open source software; ii) displays bibliographic records as well as full text; iii) sort
by relevance, date, author, title and publication; iv) supports multiple harvesting protocols versions; v)
support different metadata standards and languages; vi) allow generation of new plug-ins, patches to
the base system; vii) supports distributed searching approach and harvesting approach; viii) refine
search; and ix) RSS feeds for live updates.

6. Methodology: Development of the Prototype
This section provides a brief theoretical overview of the methodology followed for the
development of the solution named AgriCat. It has been developed following current approaches,
technologies, standards and best practices. It uses a number of OSS, protocols and open standard
technologies in different layers and levels of its implementations. It is based on the software
architecture developed in a research work (Roy 2014a) and uses the technical architecture of the
BURA framework with some modifications and alternations. A general metadata harvesting
mechanism had been proposed in the field of integrating/extracting bibliographic records in distributed
digital library system. AgriCat has been introduced here as a harvesting model based on LAMP
(Linux-Apache-MySQL-PHP) architecture. It uses Lucene search engine to extract metadata from data
providers, the MySQL as relational database, Apache as web server, PHP as programming/scripting
language and PKP (version 2.3.2) as harvesting tool. Linux (Ubuntu -14.04.4) is used as operating
system. All these software were integrated and deployed in DSpace to achive seamless connectivity to
existing IDR. The system has been tested on several different configurations. The designing part is
divided into four broad groups - a) selection and installation of software, b) development of LAMP
architecture, c) selection and installation of Harvester (here PKP), and) performing and configuring
repository related activities. The whole methodology may schemetically be represented here as follows
(Figure 4):

Figure 4. Development of the Model
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As a whole, the methodology (as illustrated in Figure 4) may be explained under following major
heads - Group I: Development of Basic cluster by installation and configuation of LAMP architecture;
Group II: Selection of harvesting software against a predefined checklist (PKP OHS selected after
evaluation agaist a set of craefully crafted parametrs); Group III: Checking of OAI compatibility (by
the application of Six OAI verbs) of repositories on Agriculture (as listed in OpenDOAR); Group IV:
Adding selected archives in PKP OHS by providing URL, OAI Base URL and associated information
(available from OpenDOAR); Group V: Harvesting of metadata from selected OAI compliant
repositories on Agriculture; Group VI: Development of centralized index and customization of user
interface.
Apart from this, selection of repositories (section 7) and validation testing of OAI-PMH url of
repositories (section 8) are also the part of the methodology and have been discussed in subsequent
sections. In addition of these steps, section 9 also represents part of the methodology as it is concerned
with the customization of interface for performing various system level operations such as addition/
deletion of new repositories, password management, managing of sites, creating sorting order etc.

7. Selection of Agricultural Repositories
As mentioned above, out of the 138 OARs (as on January 2016) registered in OpenDOAR
database, we have selected 29 repositories (for the first stage of selection) based on carefully crafted
criteria mentioned in Table 1 (cf. Roy, Biswas & Mukhopadhyay 2015). All OARs selected in the first
level of study have been reviewed individually and have been tested using OVAL (Open Vulnerability
and Assessment Language) validation tool (http://oval.base-search.net/) (Figure 5). This tool is used
to check whether the OAI-PMH based URL of the particular repository is working or not. Finally,
repositories those qualified in the validation test have been considered for metadata harvesting. For
this study, six validation qualified interoperable (e.g. data providers) repositories have been short
listed simply to get a representative sample.
Table 1: Parameters for selection of agricultural repositories
Parameters/Criteria
Conditions (Order of preferences)
Support for OAI-PMH (version 2)
Available for metadata harvesting
Number of objects uploaded
5,000 and above
Type of software used
Distributed architecture
Language covered
English only
Data type
Textual (at least)
Data format
Variety of format supported
Data availability
Full text
Interface
Web-based
Searching
Simple and Advanced (at least)
Browsing and Sorting
Metadata elements
Metadata schemas
Open standard

8. Validations testing of base OAI-PMH URL
Validations testing of base OAI-PMH URLs of selected repositories have been conducted by using
OVAL validator tool. OAI-PMH validator or OVAL is a Web application that verifies validation of
OARs compliance with OAI-PMH. It has been designed to help repository managers to easily verify if
their repository is compliant with the BASE (Bielefeld Academic Search Engine) requirements. It
supports both generic as well as content-specific validation. It can also detect problems with metadata
entries (e.g. invalid URLs, empty title, invalid date formats, etc.). For a sample study, QUT
(Queensland University of Technology) ePrints archive has been tested against OVAL validator tool
and the result is given in Figure 5. QUT ePrints archive has been short listed as per the criteria
mentioned in table 1.
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Figure 5. Validations testing of base OAI-PMH URL

9. Features and Functions of AgriCat
The model has several features like re-setting password, site management, adding new repository,
managing repositories, sorting repositories updating metadata records etc. This section demonstrates
some of the key features and functionalities of the proposed metadata harvesting framework from the
administrators' point of view.
9.1. System Level Operations
Organization and management of repositories is vital task and includes various administrative
operations such as password management, editing and managing repositories, creating sorting order
etc. (Figure 6).

Figure 6. Administrative interface of AgriCat
9.2. Site Settings
In addition, administrator can perform system level operations like site management including title
and brief information about the service provider, contact details of the administrator etc. (Figure 7).
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Figure 7. Site management
9.3. Adding Data Provider to the Harvester
Like other harvesting framework, this system has the capability to include new OAI-PMH
compatible OARs at any time (Figure 8). A number of data providers can be added through the ‘Add
Archive’ interface.

Figure 8. Addition of new repository
9.4. Updating Metadata Records
Metadata is important for location, identification and retrieval of documents, and quality of
research depends on quality of metadata. The novelty of this model is that system allows updating of
metadata records at any time (Figure 9). It (metadata harvesting) can be limited by setting 'Record
Dates' or by 'Sets'.

Figure 9. Updating metadata index
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10. Key Services
This section outlines some of the key services offered by the model from the users’ point of view.
10.1. Browsing
AgriCat provides basic services like retrieval of records either by browsing or searching. Figure 10
is the browse view of the model. User can browse content by different access points such as author,
title, subject or date.

Figure 10. Browsing repositories
10.2. Searching
User interface of the framework provides two basic search facilities: i) simple search and ii)
advanced search. Simple searching allows users searching free text across archives. Advanced
searching allows users restricting his/her search to a specific metadata fields. In addition, the system
(e.g. harvester) can search for an exact phrase by putting it in quotes; exclude a word by prefixing it
with ‘–‘ or NOT; use * in a term as a wildcard to match any sequence of characters. This interface
allows user searching a particular repository or all repositories (Figure 11).

Figure 11. Search interface

The search results against the search term 'agriculture’ (Figure 11) is displayed in Figure 12.
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Figure 12. Search results
Figure 13 displays the records in details. When the user clicks the ‘View Record’ link (Figure 12),
the full record will be displayed.

Figure 13. Record display
Like other harvesting system, this model also allows users searching records by 'Date', by 'Sets' or
by 'Domain'.

11. Findings
After reviewing all the repositories under study, a number of key findings have been identified.
These are – i) immense variations among the granularities and the types of the objects characterized by
harvested metadata; ii) non-availability of metadata and no review mechanism for extracted metadata;
iii) currency and persistence of metadata; iv) non-existence of OAI-PMH based URL; v) no link to the
full text and and some objects with restricted access; vi) Dublin Core metadata elements is the
common metadata standard used for displaying metadata; vii) problem regarding updating metadata
index; viii) repositories not responding against a search term; ix) syntax problem for the baseURLs of
repositories; and x) DSpace has been the common software ued by the data providers.
Agricat, as a local tool for harvesting global OARs on agriculture and related disciplines, has also
faced the above listed general problems related to harvesting. It solved most of the listed problems
through auto cheking of metadata granularities, datestamp and injected id of the harvested XML
records. The quality of descriptive metadata check is beyond the scope of AgriCat and obviously it
inherites the harvested metadata as-it-is basis.
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12. Conclusion
There is a growing trend of organization and management of agricultural resources and providing
global access to these resources through a unified search interface has been a challenging task to the
digital library developers. There is no exclusive list of agricultural OARs and due to the non-existence
of web-enabled distributed harvesting framework in this domain, attempts have been made to harvest
metadata of OARs to support interoperability among globally distributed agricultural information
systems. AgriCat solely deals with aggregating resources from agriculture and related subjects and
facilitates resource sharing by means of extracting metadata between OAI-based OARs on global
scale. This general solution shows how the open knowledge resources from different heterogeneous
distributed sources can be harvested and ingested. Basically, it is a mashup application that provides a
single search box and enables users’ maximum usage and access to open knowledge objects both
licensed and free from multiple OAI-based data providers. The development of this new category of
search services in agricultural sciences may be considered as an alternative resource discovery
platform to the next generation library users by replacing traditional OPAC (Online Public Access
Catalogue) system. This feasible solution named AgriCat is applicable to any other discipline or
domain and could be useful to the current and prospective service providers who plan to set up new
OAI-based services.
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