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ABSTRACT

The significance of measurement of grain qualitg baen felt since way back to a century old. Howélves
tedious, but very important measurement is to nreathe individual kernel's qualitative analysis.alyeing the grain
sample manually is more time consuming and comigiéicarocess, and having more chances of errorssatifectivity of
human perception. In order to achieve uniform staticiuality and precision, machine based techniguesevolved,
solely on its prime advantage of reproducing theesgualitative result efficiency again and agaiacéht developments
in the field of image processing, has opened ugwsimbpe of its use for sample analysis too. Varammications of Image
processing are seen in the field of agriculturemadical engineering, food and drug industry andiymathers. Food

application mainly caters the qualitative aspeatarfous food and dairy products.

In this article, an attempt is made to investigatshniques used for the quality analysis. The rasiempt is to
compare relative applicability of human v/s machiased approach of analysis. Machine based tedmican be further
classified as, offline grain analysis technique antine grain analysis technique. Both techniquesteaving their own
limitations. Offline techniques consumes more tifoe sample preparation. On the other hand, onkmdniques suffer
from less processing speed and kernel missingwiahe processing. Research gaps are identified meigpect to the both
techniques’ limitations and new intelligent and wete grain analyzer technology is evolved to enbaspeed and
accuracy by removing deficiency of the existingtegss. Moreover offline and online grain image asahfeatures can be

combined and enhanced to prepare a fully autongated analyser to deal with different kind of grasrieties.
KEYWORDS: Feature Extraction, Grain Analysis, Image Acquisitiimage Processing, Quality Analysis
INTRODUCTION

Grain quality is very important aspect for humambe as it affects health and development of hubwy. It is
require to measure quality of grain for identifyirglulteration and presence of non-quality elemeBis. forth,
measurement of grain quality and cereal researglide research areas now a days. Techniques ateedvip measure
grain sample’s quality based on it; samples caslassified in terms of productivity and price. Séenguality has also
proven its significance in cereal breeding. Classaifon may vary, based on consumer preferencesn@uality depends
on individual kernel features. Kernel's features ¢t measured by either structural analysis or oasitipnal analysis.
Compositional analysis is done for measuring internal aspects of ker@dr compositional analysis generally,
near-infrared (NIR) technologies and chemical asialypased technologies are used.NIR technologiesused for

detection of protein, fat, starch and water in (¢anget al. 2015. Research is made to check sugar, fructose arbsgg
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level in fruits using NIR technology (Bellogt al. 20149. NIR technology is also useful for indicating shmess level
(Huanget al. 2015; Linet al. 2017). Structural analysis focuses on the outer paatyais. Sructural analysis includes
measurement of size (length, width, and heightlprcand glossiness. Image analysis techniques seiluand effective

for structural analysis.

Length and width of grain are critical parameters drain samples classification. Grains are clessias short
grain, medium grain and long grain. Based on ARSD-ARS 464:2012(E))_(The Africanorganisation foarsiardy —
African Rice Standard Organization, grain seedsdiviled into head, broken and chip seed. Brokesd se further
classified in long broken, medium broken and srbatlken. For CODEX STAN 195-198 (Codex standardsrice)

standards the grain seed is classified in long,seedlium seed and small seed. Classification aisseepends of the

options selected i.e. based on seed length / wadlid, based on seed length, based on a combinatithe seed length and
the length/width ratio. The length and width ofi@ergrain are important attributes that determireedlass of the rice. The
ratio of the length and the width is used intemaily to describe the shape and class of thetyaii@e other important
aspect of length and width is uniformity, i.e. #ilé grains in one sample must look the same. Adegrih research thin
kernel breaks while milling, this needs to be safet out. A trend is set for improved milled rigel¢ and head rice yield
based on the above concept. When cookauj-grain brown rice fluffs up readily and tends to sepanaten cooked.
Therefore, this kind of rice is choice for pilatgsseroles, salads and baked dishes. It also firasea, dryer texture and
feel in the mouth. That means rice will fall apaather than stick together whihaedium-grain varieties are stickier and a
good choice for paella, a pungent Spanish dishiticatporates seafood and meat and stuffing foetades Short-grain
brown rice has a bit creamy texture that lendslfiteell to dishes such as risotto rice pudding. gteiprovides
information about density of grain; moisture retatapacity and cooking capacity. Two samples hafferent quality
which are having same look in size but differenwieight. These discussed features of rice are ugafiagricultural

breeding and categorization of grain for markeiveey.

Texture is important characteristic for the every graingyplt defines as the common repetitive pattetnisas
some tonal primitives which are common across nseggs. Image texture can be calculated based oaranere of the
properties of fineness, coarseness, smoothness lgt@n, randomness or irregularity. Rice reseant development
programs in Louisiana and Arkansas, in the USA adtempting to identify instrumental methods thatrelate well with

scores reported by sensory panels for the difféesttiiral characters. (International Rice Reseéanstitute 2008.

MATERIALS AND METHODS

Manual Techniques and Their Limitations

In manual techniques, grain sample is analysed mattked eyes. For measuring dimensional parameisug)ly
micrometer screw and vernier calipers are used.r&sdts with these technologies are very subjedivd also depend on
expertise level and mind set of analyser. Resuigghtibe varying with same analyser based on anasysgperience level
and mood. For same sample and for same analyserithehance of different results with repetitiveasurement of same
sample. So results would not be more reliable. lhege if we are interested in individual seed’sguaeter then it is very
time consuming and tedious in manual measuremeht micrometer screw and optical inspection. It ésyvdifficult to
measure quality parameters and remember every’seatises individually. Average features like I&mgwidth, color and
no. of broken seeds are generally measured wishntiethod. The centered white color part calledsickalkiness is also

sometimes distinguished with the manual techniduere is also possibility of material damaged aetbamation. It
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becomes more tedious when many samples need todbgsad. Inexperienced human analyser may prowdalts in
unacceptable range. Therefore, it is inefficieny w@ measure rice appearance using manual techmitenual analysis
is highly subjective and affected by physiologicahditions of human and other environment confions which results

in erroneous results.
Traditional Image Based Techniques

Recent technological development in the field ob@@ processing has made it more adoptable andtadcep
method for feature extractions in grain qualitylgsis. In image based grain analysis, grain seesipuat/spread over grain
tray or conveyer belt. Grain sample image is tadigimer by scanning (using scanner) or by captufivith different types
of cameras). This image is processed for featuraetion of every seeds. To get better resultsppoeessing is performed

on captured image. Based on each seed’s extraztutés of grain sample image, the sorting is pexd.
Image based grain analyzers can be classifiedlowimg two categories:
* Onlinegrain analyzers
»  Offline grain analyzers.

In both the techniques grain sample image is cagttor processing. In online grain analyzer thérgveould be
in moving condition while capturing the grain samphage. While in offline grain analyser the graiould be in steady

condition while capturing the grain sample image.

Different offline/online image based grain analgseare studied. Subsequent section discuss about the

methodology and limitations associated with eagle tyf grain analyzers.
Offline Image Based Grain Analyser
Digital image analysis (DIA) — ‘SeedCount’ 324(Anmmget al. 2009

SeedCount 324 DIA (Digital Image Analysis) systendeveloped by SunRice, through the Rice Appraisals
Laboratory in Leeton NSW, does the careful placanaémgrains sampled with a vacuum based positiofimgel. After

capturing the image, it is analyzed using algorghmmeasure the kernel length, width and relasedmeters.

In this technique, grain seeds need to be put éngain tray. Grain tray is having slots in rowsl @oelumns like
structure. Grain sample is gently spread on graiyy ind then all kernels are separated to fitkamael in one single slot
of grid tray. Each slot must accommodate only oamdél while capturing image, as every slot is diyemapped with
particular address for image analygisigure 1(a)) shows the grain tray which needseddilled by grain seeds. Grain

seeds are fit in different grid kind structuredtsi¢Figure 1(b)) shows the SeedCount scanner.

Figure 1: (a). Seed Count Tray Preparation (Armstrang et al. 2005)
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SeedCount sca

Figure 1: (b). Seed Count Tray in Scanner CabinetArmstrong et al. 2005)

Limitation with this technique is that it does rd®al with the connected seeds. It requires sepgratl kernels
manually, taking much time for sample preparatitndoesn’t measure the real length and breadthitboteasures a
diagonal approximation. The DIA system is useful &xamining larger samples, as up to 1350 rice étergan be
examined per tray. This data is useful for comgatime dimensional distributions within and betwegain lots and to
briefly examine the effects of milling on rice. it very tedious to arrange all 1350 kernels atigaer place to get
accurate result. Angular position of seed is on¢hefaffecting factors to results. This methodiffiadilt to apply when

huge amount of samples needs to be measured ardgtepossibility of kernel damage.

Rice image is captured from top; it could give elifint results if angels of camera are varied. Wed§lseed is
not considered while analysis. As weight also affébhe quality, there should be few techniquesategorize seed based
on individual weight. Image smoothing could be ubetbre extracting features. Cut rice identificatieeeds to be made to
improve quality results. More specific developmergthods are required for various rice types sucBassnati, lachkari
etc. Chalkiness (Guangromgal. 2011) of rice one of the important factors for s@éng rice quality might be considered

for better results.
Image acquisition system (Guzmetral. 2008)

Image acquisition system deals with the parames&zss, shapes, and variety of samples. Five vesieti
Philippines rice is considered. Technique is dgwetbusing multilayer neural networks and samplelassified using

thirteen grain features extracted from each sainpdge.

While capturing image, grains arranged in a sirtgut@on-touching pattern for each rice variety aswshin
(Figure 2). So here there is limitation of arramggadl seeds at particular location which is teditagk if many samples
need to be analyzed. With this method classificatieeds to be improved more by combining it withchiae vision

system. Sampling methods, sample processing anplsaime should be standardise according to ridesiny standards.

Figure 2: Pictorial of Image Acquisition System (Gaman et al. 2008)
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Rice quality analyzer— kett — model RN300 (Riceligpanalyser Model RN 300

Rice Quality Analyzer— kett — Model RN300 grainsritson reflected lights fundamentals. Measuremeayt¢an
accumulate 1148 grains in one tray. Tray contai#8loles; each hole in the tray has an addreskead is based on row
and column position of the tray. It has color cdaleidentification and verification. Tray fits intthe scanner for further
processing. The light is transmitted on sample rafiéction of light by each seeds is measured.dvwery sample RGB
signal is taken and processed by “Quality Scantwsaofe. For every sample data is compared with pfared standards
and each kernel is analysed. Based on that sunwhagmple quality is prepared and results are fearesl to computer. It
takes 24 seconds to complete this operatiBigure 3) shows the mapping of kernel in pictorgpresentation computer

system with the physical tray slot in tray.

It is required to make careful placement of eacirgseeds before start processing. Result depenttarsmitted

light, so it depends on intensity of light sourBesult might vary based upon the selected lightcgou

One-to-one correlation between
the sample and the graphical
data file

Figure 3: Pictorial of Image Acquisition System (Rte Quality Analyser Model RN 300

Offline Image Based Grain Analyser Limitations

In all the offline grain analyzers, it is necessaryput grain kernels in particular positions, nidgkind structure.
Grid contains slots in row and columns arrangenteath slot can accommodate one seed at a timsloAdl are mapped
with particular address, which can be used to batél by image analysis software. With this methaglg it is required
to separate all kernels manually before startinglyesis. If huge amount of samples are there thempka preparation
becomes too tedious task. If the seeds are noinputividual slots then there is chance of congide more than one
seeds as one seed, which affects quality resutsalSseeds should be separated precisely. Offjnaén analyzers deal
with few rice varieties only. Reason is, to dealwdifferent rice varieties the tray slots size wWHabe variable, which is
not possible with static frames. For such kind eftmd (by seed scan)(Armstroagal. 2009 generally different frames
are provided containing different size slots. Sampéight should be considered, which can be funthagpped to quality
parameters indirectly. It is also require settiogfguration variables. If they are not set propehlen results would vary
for the same sample analysis. Chalkiness is otleeofmportant factors for rice which is not consatewith many offline

grain analyzers.
Online Image Based Grain Analyser
HRY grain check system - GrainCheck310 (Wanhal. 2005

In HRY grain check system - GrainCheck310, imadeduoum wheat kernels are analyzed from three ¢immdi
(reflected, side—transmitted, and transmitted).Base their vitreousness artificial neural networkdal is develop to
classify durum wheat kernels. It shows 100% clasgibn results for non-vitreous kernels and 92f6%mottled kernels

based on trained models (Waetgl. 2005.
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Milled rice from a laboratory mill and a commercsdale mill are evaluated for head rice yield usanghaker
table and a machine vision system called the Gtdiack. Comparisons are made for both medium angl ¢pain rice
varieties. For each variety, samples with diffelemels of broken kernels are analyzed to deteritiegoerformance of the
two instruments over a range of head rice yieldghat Head rice yield for laboratory milled longard medium — grain
rice is measured for samples obtained from thrg@nglrconditions using a shaker table and a Graieckhsystem.
(Guzmaret al. 2008

For calculating vitreousness it does the comparigbhe effectiveness of transmitted and refleckednel
images. Based on position of kernels the qualisplte can differ. This deficiency should be elintéthwhile measuring
grain quality (Wanget al. 2005).

In grain check system vibrator is used for sepagaternels. So, it cannot be used if rice kernedscannected or
overlapped. Only two varieties of rice are focus@dth different varieties rice features affectsfeliéntly to quality.
(Guzmaret al. 2008

Automatic grain quality inspectiafWwanet al. 2002

The system is composed of two main parts, an ingpemachine and an image-processing unit. In ptief rice
kernel handling procedure involves the followingpst. First, rice kernels are scattered over a pgadaed matrix
positioned conveyer belt. Photograph of seeds owen@r belt is taken by two CCD (charge-coupledia®vcameras
which are connected to the computer. First can'eeaSony XC-711 color CCD camera and other is AyYSOB-75 black
and white CCD cameras. The computer segregatdsethel images from the background, provides a neitiog process,
and transfers the final sorting results to the rraekontroller. The controller signals each coroegfing pneumatic valve
to eject the kernels from the carrying holes intdlection containers. An interface protocol is deped between the

inspection machine and the image-processing umibtedinate their concurrent activity.
Online Image Based Grain Analyser Limitations

In online grain analysis the grain would be in nmgvicondition and for capturing particular kernebiye there
would be very little time. So with this approachette is chance of missing current kernel while gssing previous
kernel; which affects final quality results. Withig option, faster processor and high speed canseasequired which
deals with image capture and processing part iallghar Kernel shall be capable of handling majsuiss with online
image based techniques, be it reflected, transiniteside-transmitted. Chalkiness is also not @ersid with studied
online grain analyzers, which is having much imance in quality measurement. It is also requirdinigavith complex

issues like touching and overlapped kernels whagsuotating conveyer belt mechanism.
Offline / Online Image Based Grain Analyser Limitaions

Comparisons are made for light and source depegdpnzcessing mechanism, processing power and hardw

architecture of offline and online image basedrgeaialyser features to identify their limitatiorepitted in Table 1.
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Table 1; Grain Analysers’ Features Comparison *NSNot Specified

73

Rice Quality HRY Grain Automatic
Seed Count324| Image Acquisition| Analyzer RN300 Check 310 Grain Quality
(Armstrong et |System (Guzmaret (Rice Quality (Wang et al Inspection
al. 2009 al. 2008 Analyser Model RN 2090 " | (Wanetal.
300 220 2009
Offline/Online Offline Offline Offline Online Onlia
C_halkmess/ No No No Yes Yes
\Vitreousness
Pred_etermlned Yes Yes Yes Yes Yes
Matrix
Camera Angle Yes Yes No Yes Yes
Dependency
Light Source Yes Yes Yes Yes Yes
Dependency
Light TransmissionNo No Yes Yes No
Consume more
static sample Yes Yes Yes No No
preparation time
.Graln.should be f'tYes Yes Yes NS* Yes
in grain slot
Time NS* NS* 1 Sample / 24 Secs [NS* 1200 .
Kerenls/Min
Grain Rice Rice Rice Wheat Rice
Maximum no.of 1, 35 110 1148 50 24
Kernels
Software NS* CIAS 2.0, MS ExceQuality Scan, matlab Grain check C Visual Basic
Neural Networ Neural Networ
Vibration No No No Yes No
DISCUSSIONS

After studying all the above discussed grain ansliechniques and based on literature review, \wepaosposing
one solution where we have combined features oh lmotline and offline image based grain analyzehnayes.

Subsequent sections of this paper provide an ihgigbros and cons related to proposed solutions.

With proposed solution, grain sample is spreadlgever the flat conveyer belt and image of altistéernels is
captured using camera. Then features are extréategliality measurement. All kernels are classifieded on extracted

features and based on that overall sample qualiigiermined. The whole process is as depicteeiguie 4).

Conveyer belt (Figure 5) used with this solutioravihg vibration mechanism which help in separatng
overlapped kernels. However, touching kernels mighfound after the vibration. Starting efforts dmmade by using
plain colored-background grain tray, which doesofsist of any slots for accommodating grain kexn8election of tray
background color depends on the presence of sasmgkenents color. Back-ground color should be pawenough to
distinguish it from sample particles. Mostly blugckground is selected as there is very little chayfcsame color element
present in grain sample. However, with differerdigrtype and grain varieties tray background calan be changed.
Static grain tray can provide one image of sample #@me and for next iteration it is require tosficlearing it. So when
sample is huge, time will be wasted in creatingtngxation setup. To resolve that, static graaytcan be replaced by
sensor based moving conveyer belt. Conveyer baltsemsor point which is useful for controlling ttremvement of

conveyer belt. When sensor point comes the convegkris stopped and image is captured by camegainAconveyer
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belt move until next sensor point reach. This pssde repeated until whole sample is passed throagheyer belt. There
might be chance of touching and overlapped kemas if you use vibration mechanism. Image anabfgjsrithms needs

to resolve quickly the issue arise with this method

Camera

Camera
%

Capt;red g@
- Image
Conveyer belt with Image

Processing

fo]
Features
\ Extraction J

vibration mechanism
a G

Report Generation

Standard ‘1
Parameters |

Database

Figure 4: Proposed Solution Architecture

Figure 5: Conveyer Belt

With this proposed solution there is no need tarage seed in particular manner, which overcomemnha
offline analysis technique’s limitations. Therenis chance of missing any single kernel, which mesithe solution for

online grain analysis techniques.

With this proposed solution, different rice vamstican be analyzed using same setup. Traditionhhigues
measure only four parameters length, width, thiskpn@nd roundness. It does not incorporate evémea timensional
approach also. With this solution, more qualitygmaeters can be added which can accommodate measurquality by
considering dimensional approach, like chalkinessiae. Chalkiness (Guangrong al. 2011 of rice is one of the
important factors for measuring rice quality. Millj rice can be brittle if more chalkiness is th&khile exporting rice it

has great significance and must be added intotguakasurement part. Sorting can be more robwsddition to it.

The only limitation to address is, if the camerglaa are changed then how it will affect to qualltyis not
addressed in this paper. Moreover light intensitgansidered static. With change in light sourcagenclarity would be
changed, which leads to different quality resiltéth that we cannot exactly give conclusion foroemrate with different
samples. These are research gaps associated withntmnal techniques which should be overcomegiedf seed has
direct mapping with quality parameters which is ootsidered with this conventional techniques. Asght also affects

the quality, efforts should be made to map seedjhtevith based quality parameters. Image smootbiogd be used
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before extracting features. In both type of techa&broken seeds are not identified. Broken seksigification needs to

be made to improve the analysis of quality res@tandards and guideline should be specified feréint grain varieties.

Quality results can be improved by developing impgecessing algorithms for intelligent grain analyzvhich

could be independent from following:

Camera angles

Sample image backgrounds
Light intensity

Overlapped / Connected seeds
Variety with specific standards

Camera types

Other things that can be taken into consideratimnsproviding robust solutions are: (1) Image datarage

techniques (2) Analysis report generation methd®)sBroken grain analysis (4) Chalkiness measureni@ntColor

calibration (6) Size calibration. Grain analyzeousll deal with different varieties of grain.

Issues Resolved by Proposed Architecture

Following issues can be resolved with this propaeetiitecture:

No need to arrange seed in particular manner

Sample preparation time is reduced

No chance of kernel missing

More no. of rice samples can be analysed using $aanging setup

More image based quality parameters can be adkkedHialkiness of rice
Classification mechanism based on measurementastdsdan be provided
Different types of grain varieties can be analys@tiout changing imaging setup

Different types of grain can be analysed withowtrading imaging setup

Emerged Issues with Proposed Architecture

Following issues are emerged with this proposeHitcture:

Identification of touching kernel which are not aegted by vibration

Identification of overlapped kernel which are neparated by vibration

Identification of each kernel’s individual addressthere is no direct mapping for that
Position of kernel which might be vertical, horitalnor angular

Combinations and analysis of each iteration outeome
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Boundary seed kernel appears in more than ondiitera

CONCLUSIONS

With providing all the discussed features in ondutson, many conventional grain analysis technigues

deficiencies can be removed and intelligent gramlyzer can be developed with enhanced speed andaay.

REFERENCES

1.

10.

11.

12.

ARMSTRONG, B., ALDRED, G., ARMSTRONG, T., BLAKENEYA., & LEWIN, L. (2005). Measuring rice

grain dimensions with an image analyser. Quest;35.

BELLON, V., VIGNEAU, J. L., & SAQOVILA, F. (1994). hfrared and near-infrared technology for the food
industry and agricultural uses: on-line applicagidfrood Control, 5 (1), 21-27.

Codex Standard for Rice: CODEX STAN 198-1995. ()9@mdex Standard for Rice: CODEX STAN 198-1995.
website:http://www.justice.gov.md/file/Centrul%2@d20armonizare%20a%20legislatiei/Baza%20de%20date/M
ateriale%202013/Legislatie/CODEX%20STAN%20198-198%.Accessed 21 Nov 2016.

GUANGRONG, L. (2011). Detection of Chalk DegreeRite Based on Image Processing. Intelligence Seienc
and Information Engineering (ISIE), 2011 InternadbConference on, (pp. 515-518).

GUZMAN, J. D., & PERALTA, E. K. (2008). Classifidan of Philippine rice grains using machine visimmd

artificial neural networks. World conference oniegftural information and IT, Tokyo, Japan, (pp-24).

HOBSON, D. M., CARTER, R. M., & YAN, Y. (2007). Checterisation and identification of rice grainsaihgh
digital image analysis. Instrumentation and Measen® Technology Conference Proceedings, 2007. IMTC
2007. IEEE, (pp. 1-5)

HUANG, Q., CHEN, Q., LI, H., HUANG, G., OUYANG, Q& ZHAO, J. (2015). Non-destructively sensing
pork’s freshness indicator using near infrared ispéctral imaging technique. Journal of Food Engiimg, 154

(0), 69-75. International rice research instit(ted.). International rice research institute.

LIN, H., ZHAO, J., SUN, L., CHEN, Q., & ZHOU, F. (41). Freshness measurement of eggs using neareidfr
(NIR) spectroscopy and multivariate data analyisisovative Food Science & Emerging Technologies(2)2
182-186.

Rice Quality Analyzer — Model RN 300 manual by Kécience of sensing). (n.d.). Rice Quality Anatyze
Model RN 300 manual by Kett (Science of sensing).

The African Organisation for Standardisation: ARl 42012) (English): Milled rice _ Specificationhd African
Organisation for Standardisation: ARS 464 (2012)ng{ish): Milled rice _ Specification. Website:
https://law.resource.org/pub/ars/ibr/ars.464.20df2 Accessed 21 Nov 2016.

WAN, VY., & FANGQUAN, M. (2002). Automatic grain qlity inspection with learning mechanism. AFITA 2002
Asian agricultural information technology & managarh Proceedings of the Third Asian Conference for
Information Technology in Agriculture, Beijing, Gtd, 26-28 October, 2002., (pp. 445-449).

WANG, N., ZHANG, N., DOWELL, F., & PEARSON, T. (2005). Determining vitreousne$slurum wheat using

Impact Factor (JCC): 4.6723 NAAS Ratinf.89



Unexplored Idea to Examine Grain Specimen Quality § Utilizing Image Processing Intelligence

transmitted and reflected images. Transactione@ASAE, 48 (1), 219-222.

13. YANG S, H. Y. (2015). Near infrared rapid detectwfrprotein, fat, starch and water in rice. (3);52

www.iaset.us editor@et.us

7






