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Abstract: Rice crop height is an important agronomic trait linkeghlant type and yield
potential. This research developed an automatic image processing technique to detect rice
crop height based on images taken by a digital camera attached to a field server. The
camera acquires rice paddy images daily at a consisteatdfirday. The imagesiclude

the rice plants and a marker bar used to provide a height reference. The rice crop height can
be indirectly measured from the images by measuring the lodigie marker bacompared

to the height otheinitial marker bar. For digital image processing steps are employed to
automatically measure the rice crop height: band selection, filtering, thresholding, and
height measuement Band selection is used to remove redundant features. Filtering
extracts significant features ofie@ marker barThe thresholdingmethodis applied to
separate objects and boundaries of the markewdrausother areas. The marker bar is
detected and compared withe initial marker barto measue therice crop height. Our
experiment used a field semvwith a digital camera to continuously monitor a rice field
locatedin Suphanburi Province, Thailand. The experimental results show that the proposed
methodmeasures rice crdpeight effectively, with no human intervention required

Keywords: rice crop height measurementield server; digital image processing;
image segmentation
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1. Introduction

The demand for food is growing because of the continued increabe iorldé population.
Therefore, automated tools to improve agricultural praodigthave received a great deal of attention
recently. Automatic monitoring systems are one interesting approach to improve farming efficiency.
The use of field servers or automatic weather stations has been suggested as a solution to continuous
monitor the status of a crofili 7]. Usually, a field server consists of various sensors, one or two
cameras, and communication and control units. The devices can collect various types of data such a
rain volume, humidity, wind speed, temperature, andmsoisture to support agricultural planning and
management. The server can transfer data and be controlled remotely by a computer connected vi
cellular Internet or other wireless communication technologies.

A number of researchers have applied field serkeosvn as smart monitoring systems for various
applications. For example, Fukatstial. [8] developed a field server with a web server to monitor
environmental parameters of interest via the Internet. Several s{@¢i€$ have tried to link field
serves with a wired and wireless sensor network system that includes various meteorological sensors,
cameras and a wireless LAN to provide information which can be accessed-basezbapplications
via a wireless communication system. Field servers are cleadtrioy a management program called
an agent systenfll], which automatically collects sensor data at the field via Intdrastd
communication. The agent system can automatically operate the field sensor to follow user
requirements, and can also perfoemwide range of data analyses by using external processing
technique$12].

An application of field servers and their sensor technology for helping farm managememian Ta
was presented by Waat al [13]. This research used the ZigBee protocol to conémote sensors for
poultry management. Wagt al [13] also presented another use of sensor technology to achieve
integrated automation management via the Internet for improving farm. @nkilar work by
Fukatsu [14]has developed a method to estimateurrence ofhe insect pedteptocorisa chinensis
using synthetic attractants, a field server and image analysis.

The main goal of installing a field server in a farm is to monitor the plant growth so that resources
such as fertilizer and water can betioylly utilized. There are many possible measures of plant
growth including leaf area index, vegetation index, and plant height. Among them, the plant height is
the most direct measurement of the plant growth and is directly related to productivityatil rgite.

For exampleundernormal conditios, plants will grow to a certaa heightin each growth statdn

contrast if plantis distressed due tdiseaseor a lack of water,its growth rate may drop, and
consequetty, theyield will be lower[15,16]. Several researchers, therefdiaye investigated on how

to measure plant height. IQing [17], tree height measurement methods and tools have been
introduced since tree height is one of the most important factors in forest resource management. Thes
methals give excellent accuracy since tree height is directly measured bguielkels but thesehave

high operational cost. To reduce the cost, the tree height measurement methods based on imag
processing techniques have been investigated by many resedd@jes tree height measurement
method based onDB perspective view was mented by Zhang and Huari®]. Han [20] developed a

tree height measurement method based on 3D view wahir8 correction. These methods provide
good accuracy at low cost because they do not require surveying. In addhimmget al [21]
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measured the height dMiscanthus giganteugrass baed onLight Detection and Rangin@-IDAR).
They useda SICK LMS 291 LIDAR to get data for crop height analy3isis sensor provides high
accuracybut itis very expensive when compared with common digital cameras.

Some researchers have used tree heigbasorement approaches based on remote sensing
technology. For example, the synthetic aperture radar (SAR) is a widely used sensor in measuring tree
height[22i 24]. Another technology that can provide a very accurate tree height measurement is the
airborneLIDAR [25i 31]. Unfortunately these remote sensing methods have several disadvantages,
including high cost and the difficulty of acquiring frequent #t&ake data, which may be essential for
some analysis models that need a continuous data streammicguctop growth models, and for some
applications that need retne analysis such as rice disease monitorifige work [32,33] by
measured thieight of rice croms the distance betweground level to the tip of the paniclé?], and
used this distarecasone of the factors to indicate the yield poteritsdi 36].

In most literaturethe height ofrice crops is measured b field survey. This approach produces
very high precisioncrop heightmeasuremest but is very costly [33,37]. Furthermore, fieldsurveys
can only be cotucteda couple of times during one crop season. Heaog,sudden changes in crop
status due to diseases or water shortage may be missedresultwe proposea new approach to
continuously measure rice crop height using image procet&sihgiques

In order to acquire plant height information frequently at a low cost, this paper investigates an
automatic method for rice crop height measurement using digital image proceshmgues on a
field server equipped with a digital camef&e idea is to set up a field server to tdkdy photc of a
field where a marker bar of known height I's a
grows higher, it obscures moperts of the marker bar. Thus, in the images, rice crop height can be
indirectly measured by measuring the visible portion of the marker bar. To calculate the height, our
proposed method uses digital image processing techniques consisting of band sélesriimgn,and
thresholding. The benefits of our method are reduced manual work, lower costs, fast computation and
real time availability of information.

This paper is organized as followSection2 gives the details abaufl) study area(2) the field
saver for monitoring rice crop fieldand (3) our rice crop height measurement algorithm based on
image processing techniques. Our experiments and the results are desci@eetioim3. Finally,
Sectiord providesthe conclusiors of this paper.

2. Study Area, Field Serverand RiceCrop Height Measurement Technique
2.1. StudyArea

Our experimental area was a rice field located at 14.4742N (latitude in decimal degrees), 105.122E
(longitude in decimal degrees) in Suphanburi, Thailand. Suphanburi is looatiee central part of
Thailand, about 150 km from Bangkok. The terrain of Suphanburi province is mostly low river plains,
with small mountain ranges in the north and the west of the province. The southeastern part with the
very low plain of the Tha CheenRr isarice paddy area. This highly suitable area was selected to be
our experimental area for rice crop monitoring. The field server was installéd dune 2012 for
collecting various data needed for a rice crop analysis model.
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2.2. FieldSever

The field server is composed of sensors, cameras, communication units, control units and a powel
supply unit. The sensors are used to measure the characteristics of the environment. Our field serve
provides various sensor types consisting of temperattimgspheric pressure, light, wind, and soill
moisture. We installed two digit@ingleLens Reflex(SLR) cameras in the field seer. The main
function ofthe digital cameras is to convert an optical image into electronic siggammunication
units are usedb transmt sensor and command data betwésnfield server anda computer server.
Control units are used to modify the actions of the field server. The power supply unit supplies electric
power to electrical loads.

In our field server system, the control unit is programmed to mattageensors and cameras
included in the system. When a sensor measures some environmentalggdperbbserved data are
stored in the unit and then transferred to a remote server. The el can then be viewed and
managed through a web browser. The data are separated into two display types: (1) log data for
common sensors; (2) image series for camera sensors. The architecture of the field server system |
shown inFigurel.

Figure 1. Field server system
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Details of the sensors in the field server are as follatipping-bucketrain gauge is an instrument
to gather and measure the amount of liquid precipitation over a set period of time. An anemometer is a
device for measuring wind speed, and is a common weather station instrument. Anemometers can b
divided into two classes: teBe that measure theindé speed, and those that measure \ilvedG
pressure. A pyranometer is used to measure broadband solar irradiance on a planar surface; it i
designed to measure the solar radiation flux density. A soil moisture sensor measunagutiech
moisture found in the soil, which is important for agriculture. This sensor can measure moisture right
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neartheroots.The nost relevanpartsto this researchrethetwo Digital SingleLens Reflex (DSLR)
camerasvith a mirror and prism systenOne of these camergsovides RGB images for redgreen

and bluecolor bands.Figure 2 shows the field server in the rice field in Suphanbrdvince,
Thailand. Although the field server provides various sensors that give a wealth of data that can be
usefu for agricultural management,gtmain sensors used in tbmp height measurement are one of

the twoDSLR camerasHere,the DSLR camerasedin the field serveto acquire images in the rice

crop field under natural conditiomsa Canon 1100¥Canoninc., Tokyo, Japahwith a costof around

$300. We decidéto use DSLR cameras instead of a LIDAR sensor in measuring the crop height since
the cost of LIDAR sensor can be as mucB@&800.

Figure 2. Field severin rice crop field in SupanburiProvince, Thailand
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Digital Cameras

During image collection, the camera is always located above the scene and focused on the rice crog
We also fixed the location of the field server including the focus of the camera in this experiment. The
digital images were stored as-Bi color images with a resolution G20 x 480 pixels and saved in
RGB color space in the JPEG formatthough te cameraanprovide higher resolutiormagesand
using the higher resolution can give the higher accunaeydid not use thénigher orfull resolution
due tosomelimitations of otherdevices such as limitecstorage spacend datatransferrate of the
communication moduleéAs a resultwe chosdo use a lower resolution in order to reduce the amount
of datastorage spaceequired andermablemore efficient data communicatiomhis also indicate that
our methodcanbe usedwith other lowcost low-resolutioncamerasThe resolution must be chosen
such that the images asbarp enougfior crop height estimationrhe images are stored in the field
server memory and then transferred to a server computer locNatatal Electronics and Computer
Technology CentefNECTEC) for web service managemeand therthe images are transferred and
stored athe GecInformatics and Space Technology Development Age(@\sTDA) for computing
rice crop heightThenall the information of the field server including rice crop height is integrated to
computearice crop model.
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Rice crop height can be directly measured by fieldresging. This technique provides the most
accurate resudt but is rather expensive in terms of high cost in human resources and time.
Consequentlyrice crop height can also be indirectly measured from a digital image by measuring the
height of a marker banstalled in the field in the focus area of the digital camera. The markés bar
definedasa reference height.In agricultural field farmes commonly usedh redwhite stipe bar to
estimate the height of rice plantence it is easy to evaluate the height for human evaluation by
consideringit block by block In image analysisusinga uniform color barmakes iteasier to detect
than usinga stripe bar.In this work, we still usedthe marker bar with alternating colmstead of
uniform color sincewe need to preserviae option of doingnanual measuremengiving reliable
resultsandwe did not want to make& new marker bathatrequires more budgeln addition,image
processing technigsean solve the problewf alternating coloreffectively. In the rice crop field,he
marker bars 250cm in height with 25 alternatingwhite and redtripes. Each stripe hasvdth of 10 cm.

We put the marker bar into the soilaadepth of 20cm (two stripes),andhence230cm (23 stripes) of

the marker bar height was above ground level. A humamarually measure rice crop height by
counting alternating color stripes and addiragtionsof stripe. Rice crop height the initial marker

bar height minus the visible markéar height.This is the logic behind our proposed method.
However, ve use digital image processing to measure the visible height of the marker bar and thus
provide automatic rice crop height measurement, instead of requiring human evaluation. We used
humanevaluation as a standard to measure the accuracy of our automated technique.

2.3. RiceCrop Height Measurement Technique

The images acquired by the field server digital camera are composed of rice plants, théanarker
and the other areas such soil, dpand sky. The marker bar must be detected for indirect measurement
of rice crop height. Band selection is used to remove redundant features. Filtering is used to extract the
marker barfeatures. Thresholding is applied to separate objects tand find the boundaries of the
marker bar. The marker bar is detected and compared with the initial marker bar for measuring rice crop
height. A flowchart of this method is shownkigure3 and the details are described in the following
four sulsections, which cover the topics of band selection, filtering, and image threstaging

Figure 3. Therice crop height measuremdidwchart
[ Image ]

Band selection
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Thresholding |

Height Measuring |

[ Rice crop height ]
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2.3.1. Band Selection

Band selectioni39] is the practice of choosing some subset of image data for further analysis. The
data from many experiments often include redundant inform#tissband selection is used to discard
information that is unnecessary for the problem at hand. By removingdadufeatures from the
data, band selection can significantly improve the overall analysis performance.

Our digital camera provides images that use the RGB color medgiré 4a). The color value of
each pixel is composed of three components, namelygredn and blue. The marker bar is designed
as alternating white and red colors. THeeraating color pattern is eas$gr humans to detect and
evaluatehe heightIn contrastthe alternating colors are harder to detect in digital image analysis than
a sngle homogeneous color, since a homogeneous value for the whole object is easy to separate fron
other objects. We initially selected the red band to use as the primary feature in our analysis because i
the red band, both the white and red colors of tleeker bar will have high intensity values. In
contrast, in either the green or the blue band, white areas will have high values but red areas will have
low values.

Figure4b for ared band shows that the whole marker bar has characteristics of a homayeaous
and the marker bamaluesare uniformly high (white color). In contrast, both (c) and (d) in Figure 4 for
green and blue bands show that the values of the marker bar alternate between high and low (white
and black). Thus, the red band image is blgtéao use fodistinguishingbetweenthe marker bar and
therice crop.

Figure 4. (a) RGB image (b) Red band Imagéc) Green band Imagé¢d) Blue bandmage

(@ (b)

(d)
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Unfortunately,using only a single band of red, green or blue valudgharanalysis is not robust
when the environment changes. Color indifed0] including excess green, excess red and excess
blue have been shown to increase resistance to noise when the environment changes. The equations f
calculating excess green, excess red and excess blue features are: given as

ExcessRed2 R G- (1)
ExcessGreen2 G R- (2)
Excess Blue2 B G - (3)

whereR, G, B are intensiesof red, green and blue, respectively.

Excess green was selected to be the primary feature in our analysis since, as shgume & in
excess green, values of both white and red colored areas of the marker bar are low and the marke
looks homogeneous. This is not true for excess red and excess blue features. Eventually, excess gree
is most suitable to detect the marker bar.

Figure 5. (a) Excess red imagéb) Excess green imagé) Excess blue image

(;;) RS ; (b).

(©

In excess green image, the whole marker bar looks uniform and different from other objects. The
observed marker bar can be estimated by choosing the loregésal line. However, we found that
the color of whole marker bar in the excess green image is not completely usafrenwhite and red
strips areas are still separated. As a result, the direct measurement of the crop height from the longe:
vertical line may be erroneous. Moreover, other environmental effects such as light wineteain
may vary the intensity value in the excess green image. In order to measure the height of the rice croy
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efficiently undervaried conditions, feature extraction step is needed. This feature extraction must
transform the whole marker bar into a uniform object and be robust to various environmental factors.

2.3.2. Filtering

Spatial filters are often used to extract features in image processing. The Laplacipflfircan
be applied to extract edge features. The Laplacian of an image locates regions of large and sudde
intensity change. The Laplaciafx,y) of an image with pixel intensity valué&,y) is given by

(xy “XZT (4)

This equation can be computed using a convolution filter in the spatial domain. Since the input
image is represented as a set of discrete pixels, a discrete convolution kernel can be approximated fror
the second derivatives in the definition of the Lalacbperation. Two commonly used small kernels
with 3 x 3 pixels are shown ifigure6. Figure7 shows the red band image after application of this filter.

Figure 6. Laplacian filter (a) 4-neighbor (b) 8-neighbor

0 -1 0 -1 -1 -1

-1 4 -1 -1 8 -1

0 -1 0 -1 -1 -1
(a) (b)

Figure 7.Filtered excess green band image wihefighbor Laplacian filter

Result inFigure 7 shows that Laplacian filter can be used to detect the edges of the marker bar.
However the edges of the marker bar show gagsceit is hard to separate the marker bar from other
areas or objects.

Directional filters can be designed for any direction within a given space. For imagasd
y-directional filters are commonly used to compute derivatives in their respective ooiestati
Figure8 shows kernel examples oBa 3 pixels for xdirect andy-direction filters.
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Figure 8. Directional filter. (a) x-direction (b) y-direction
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(a) (b)

Since the marker bar is vertical, we use a directional filter designed to find sudden gradients in the
x direction, in order to extract the long edges parallel to theis. Figure 9 show that after directional
filtering, the filtered red band image haslear long edge in the marker bar area. Though, there are
still noise pixels such the edges of trees and rice stalks. Next, we modified the filter by integrating the
Laplacian and directional filters. The modified filter is designed so that the keasdigned similarly
to the Laplacian filter as second derivatives and also has the directional characteristic to find edges
orthogonal to the widthx{axis). We deliberately assigned the values and set the size of the kernel to be
appropriate for the size of the marker bar feature in the image. In this case, we observed that the widtt
of marker bar in the image is about 5 pixels in tkexis. Thus, weassigned the kernel size to be
11 pixels(abouttwo times the width othe marker bar). Like the Laplacian filtethe five columns
located in the center of the kernel in #haxis were defined as negativalues since they was intended
to similar to themarker bar that has low or negative value of exgessn, whereas the three columns
located in the leftmost and the three columns located in the rightmost of the kernex-mxthevere
given as positiveralues since the surrounding area of the markhaa high intensity values in the
excesgyreen color space. Also like directional filter in thaxis, all thevalues in each column have
the same values. When the filter slides to the marker bar, the multiplication of marker bar area
(negative value mtiply by negative value) and the other areas (positive value multiply by positive
value) will produce high valuefigure 10 shows the 1211 kernel for the modified filter. The excess
green image after applying the modified filter is shown in Figure 11.

Figure 9. Filtered excess green image witdirection filter.
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Figure 10.Modified filter.

B [ (B [0 (B [h |12 B [ |2
BB [P [ [ | (B |19 [ [ [
— = == === = = = =

|

—_

|

2

|

=N

|

]

|

—_
— = == === = = = =
BB [P [ [ | (B |19 [ [ [
B [ (B [0 (B [h |12 B [ |2

Figure 11.Filtered excess green image with modified filter
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Figurell shows that modified filter clearly differentiates between the marker bar and other objects.
In order to obtairthe fittestdiscrimination between marker bar and sugrounding areashe kernel
filter mustbe optimized and depend on the size othe marker bar irtheimage.The kernel idairly
sensitive to changeof resolution andlistance between a camera and a marker bar. For the example;
when a resolution of the image is lower or a marker bar is closer to a camera, the marker bar in image
will be larger.As the result,lte kernel will be definedslarger. In the other hand, if esolution of the
image is higher or a marker bar is furtfesm a camera, the marker bar the image will be
constricted. Hence, the kerrgouldbe assigned smaller.

2.3.3 Thresholding

Thresholding [43] is the simplest method of image segmentation. The objective of image
segmentation is to simplify or change the representation of an image into something that is more
meaningful and easier to analyze. We used thresholding to separate the image inaspocited
with the marker bar from others. Thresholding is applied to turn asgalg image into a binary image
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by applying a clipevel or threshold value. A gregcale value above the threshold is set to one (white
color) and a value equal to or belthe threshold is set to zero (black color). The key to this method is
to select an appropriate threshold value for the tdeke,we selected 200 samples of marker bar area
and 200 samples of other areas such sky, tree and rice and put them intorhispigra (Figure 12).

We deemedhat they can be obviously separated into two groups; high value for marker bar area and
low value for other areag\fter that, we determind the appropriate value of threshad 2000 by

varying values of threshold that pides the district discrimination between two separated groups
(marker and nomarker) The resultanbinary image Figure13) is separated into two types of pixels:

(1) marker bar candidates with a pixel value ;0f2) nonmarker bar pixels with a value of 0

él, D (x,y)> Threshold
R(D =j
(D(x ) :'0, D(x,y)¢ Thresholc 6)

where R(D(x,y)) is one for masked marker bar, and zero for unmasked marker bar, and
D(x,y) = values of image at pixel ¢%,y).

Figure 12.Histogramspacebetween samples of marker bar area and other.areas
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Figure 13. Resultant binary image
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2.3.4 Height Measurement

In the resulint binaryimage(Figure #), there are a number of vertical white lines, including the
marker bar plus other noise featur€ae marker bar is longer than any of the noise lines. Therefore,
we identify and locate the longest vertical line in the image as the marker. We already know the height
of the full marker bar (unobscured by rice). We can manually translate that into pixelsce crop
height is the height of the hidden part of the marker bar which can be obtained by comparing the height
of the detected marker bar with the height of the initial or full marker bar. Equ&ji@hows the
calculation for computing the riceap height resultOur proposed method providegepresentative
height of the rice crop in this field

1-M

whereH is the height of rice crop in centimeterds the initial marker bar height in pixels,is the
initial marker bar height in centimeterd| is the detected miger bar height in pixels, and is the
initial height of rice crop from the first image.

Figure 14. Resultant binary image; maskadarker bar red circle) and mas&d noises
(greencircle).

Marker barand the background that are closetbhe marker bar should ndtave the same
characteristics since it is hard to separate tHarthis casein the RGB imagéFigure 1%), the white
top marker bar resemblése sky.In the excess green feature bdRgyure 1%), the value of topmost
white stripe on the marker baratsoclose to the value of the sky. The white top of the marker bar and
the sky (white color) cannot be distinguished. The filtering cannot extract the edges and image
segmentation cannot septe the objectsTherefore initial marker bar height is essential to modify.
We adjusted the height of our referethcegion by excludng the white top of the markerbar that
cannot beseparatedrom the sky.
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Figure 15. Cut off arearedcircle) in @) RGB and ) modified filtered excess green images

3. Experimental Results

The rice crop area images were taken at 10:30 AM every daylfthily to17 August 2012. Local
Thai Meteorological Department staff recommended that imagesken in the morningsclouds and
precipitationhas lesof aneffectthanat other times of the day.In total 48 imagesvereused in this
experimentWe observed the color of rice changed over time from green to gold colors. Furthermore,
the rice field conditions also varied. Here, we divided the conditions into five categories, namely,
(1) normaj (2) darkness or low light intensijty3) brightness or high light intensjt{4) drizzle (which
happens after the rain fal(p) rainfall.

A value for initid rice crop height is needed for the height calculation1Quly 2012 the rice crop
height was measured by visual inspection of the image and found to be 77.0 cm. This value was
defined as the initial rice crop height. The rice crop in this field wagebkted onl8 August 2012.

Thus n the daily image series, there are 48 images to evaluate the proposed method.

To provide a referendeheight so that we can evaluate the accuracy of our measures, we used
manual estimation. The marker bar was designetioran estimation, and the rice crop height can be
reliably evaluated by a human observing an image. To validate the reférescéts obtained by
manual estimation, we surveyed the rice crop field and directly measured rice crop height in this field
usingtap meters on the datesiefJuly and12 August 2012. The results based on human estimation and
surveyed data are very close, 98.24% accurady@duly 2012 and 98.80% accuracy BhAugust 2012,
Therebythe results of human evaluation appear to bablienough to use as a standard in reviewing
the results of our proposed method.

We use relative error index given as

_ |Estimated Result Referenced Re}sgll'b

Relative erro(%) Referenced Result

0 (8)

to express the accuracy of our experimental reshtts. performance comparison,evapplied our
methodfor automatic rice crop heighgstimationusing both the excess green and also the red band
color features. Our method is then applied to full 48 daitpagesand the results from our proposed
method with red band color and excess green features are given in Tables 1 and 2, respectively.



