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ABSTRACT

Completeness of rice grain inspection is one of the methods to check the rice
grain for ensuring the quality of the rice grain after being sorted according to the
required standard and no other contaminants such as rice, grits, soil, and stone. Along
with collecting data of the grain in a statistical way for use in the inspection and
development of the efficiency of the separation process to be of high quality. This
thesis proposes to check the completeness of the rice grains that have been sorted
by using image processing principles and adapted to process images from a normal
webcam camera. In addition, the Microsoft Visual C# 2017 was used for processing the
signals by analyzing the output signals of webcam camera. In the experiment is divided
into two forms, non-overlapping rice grain inspection. And overlapping rice grain
inspection. In this system, it is highly effective and gives the results of accuracy and
inspection of non-overlapping grain cases which are divided into four cases: inspection
50 perfect rice grain, 50 imperfect rice grain, 50 rice grain in 1:1 ratio between the
perfect and imperfect rice grain and 40 rice grain in 3:1, 1:1, and 1:3 ratio between the
perfect and imperfect rice grain. From the experimental result of four cases, the error
rates were 0.2%, 0%, 1.4%, and 1.11%, respectively, while the average of process error

was 0.82%.
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2.3 AMnLnsgana (Gray Image)
AWLNTTALNANIBLIENDNDYIUTIIN ANTZAUVFENT AD AWATAVII-101-A1 Tagazil

JEAUANULLYRIAAIUS 0-255 (8 Bit) Aawandlugun 2.1

UM 2.1 uanwiiegesE AU

AMNSEAUAMIAiinslaTEAUALERULAYDIAT0g TEnINeEUILaEAN Halftone Image

agriaiiles ngfiAudazfinea Y8 nagingfsniduuasiaziumiuasinigg og
TugUsesudon

s

Amnsdanainannsuuasd RGB unlunw Gray scale lngldansmandinanansaadl

P=0.2992+0.587x+0.114C (2.1)
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[ 1

AIUULAAZANA VDININALUTLAILANVDWTATNLANIDT ANUD9 R A1989 G azAIu8d B SEUU

[y
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o
v

a e faws 0 89 255 MNNIPaNafIRE1TILAINNTARBIARIAIFUN 2.3
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2.4 N15UaINNIAEIS OTSU

Jwigmameaianuwdsusiuseninengy lneld kduawdangy Suan k=189 k
=255 fawandluguil 2.4 ievihniswlasnndvramiiidudvnmduanduaunisi 2.3

k=1 k=255

5UN 2.4 msuuangulaglden & wemAinnuudsusiuseninenay 99nnsu Pixel

Intensity
D) 2,
Op = Wy (:uo _:ul) (2.3)
il o, ABAINNMUIUTINVDINGURIA 1-255 108 k=1-255

A ' & oA
@, feA1ANNUNIITUYRINGNT 1

P ! 1 [J oA
o, fomANN1zluYeINgUn 2
Uy PefafeveIngud 1

L, AoANRdYRINgNil 2

PNTWINITN  RNTAANNWUSUTILNTgAlAsWuAIY & = 1-255 Tuaunisi 2.4

o, (k) = max o, (k) (2.4)

1<k<L

< 2(F") a_ . .
M) O (k ) ADAIAITULUTUTIUGEATDINGY

JEHLE (k ) Alpanaunis 2.4 Aeaunsslvanfitonlilduudunsulasnmaindinidunind

o Y 1 =) [ Ao aq v t:l'
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Raw image

Result Image

JUT 2.5 fegnsramsutaininandun - dunmd@rni-dninnisesivaeuwdntia

2.5 wsylyan (Threshold)

wsnlvas WJun159n1s Seementation Usstavmilsiifonvihiuunn esindesenis
Segmentation @usafiaznenudnafiaulassninuiadisliaulaldie mamaﬁm
Foaenustalunmisaulasenanusnaisliaulatiy Weldnisussanananniud
UsyansanuasUsyansnaunnty snfetiady Ussnanaldiity ﬁm’mgﬂﬁaamﬂ%{u an
Anududouvaslusunsuas 1udy nsviaThreshold Fuanunsaviilalasnissanunan
Threshold FadluAamnudulfidfiaunsausnanuunnsiwesusnaisaulauayitungs

o Ingunfnaan1sidana Threshold agdiuagiu Pixel Histogram 8401w logaziianan

'
1 o

Histogram Viegansnaniiagseninegnasannandlugui 2.6

g(x, y){1 P T (2.2)

0—otherwise...

dl I~ % ) 1 Q"
G glxy) Duleyanm e sumisd xy
T AaA1 Threshold
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2.6 ﬂ']i’JLﬂ'i"l3%?]8%651’]1/\1‘[91ﬂlﬂiﬂiaUﬁLWaﬂﬁJﬂﬂaaﬁJ?ﬂQ (Boundmg box
Method)

Aanaesdndsud1niulndeusauusINTLY NTRUSINTYNATMUANINELATITING B
awdeuilazyiglunisAuiugngudnats Aul ANeIBNUEN-UNUlN TR 1 YBIUTIIN

wseinglunniauladsuandusun 2.7

g‘llﬁ 2.7 L@AIN15Y191UU09 Bounding Box



12

2.7 NMTAATINNFUIANINV1IAT (Blob detection Method)

AonTATIzvigRdvesn mlulrinn MY IA(grayscale)ierinnisiUseuiiisulaguenyn

EN

[y ¥

dvasnnidnaiulagmdunigeaudnarsinguainnisasinsevamasulugad g

v =l

WatioddayauIAIMLayiATIEY Tayaiilaainn1svin Blob detection Aia aunvesing
ANNIT AUET Adavesingidudu nzuIun1siasIziuaau(Blob Analysis) [19] 1Ty
115U NIaNANIVABUTIR L MUIT0INgUVeIndE wazdeyaduqlagldiSnis Flood fill /g

wanslugun 2.8 Falivunounasaluil

—-
"l'fmin
Lf
Y max
Xmin Kmiax

sUfl 2.8 Mahauves Blob Analysis Tagl#35 Flood fill

fupoul 1 svndeugadlubony Wereyndundidslildnsaasumnon Wihduneud 2
fumeudl 2 wansirgedtidudvmvesedvesudoulnl
fumeudl 3 arnaeuyad
fupoudl 4 ssndeugadtiadesis 8 mnyedladudvniidsliliiuandeu huluass
aounnaadaulifiyedfivnndn Wusumungadiu
Fupoud 5 ndulushdumeudl 1 auasuynnduuaw
¥ RINAILNSZEUIUMS Flood fill auastudusfiagldvouivnvasufoutusen

17 98 FIWINLAAINITMEMLINaT9laInNaNNISA 2.5

xmax + xmin — ymax + ymin (2 5)

::4' a ! & 9 I3
e X X AD ANYBULYAVN 4 ANUYBDIUADU

max ’ ““min’ ymax 3 ymin
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Raw Image Resut image

JUN 2.9 f19819n157191u84 Blob Analysis

2.8 Wlam Wa (Flood Fill) [20]
AeFsnsusulgteyanmiivinaiosaina mdsiunsin Binary image liaunsa
woninquagiiundalddniau luamuidediaddas Flood Fill Tnedumeuusznaudae nns
Anunveulwnvesingiiegnislunmdisinigeusiefu waznIsuUsiuildndnnisvos
Connect component labeling [21] LﬁaLLaﬂﬁfquLﬁiaxs?}VulﬁLLé’a %umau%%%ﬁwmiizmaﬁ;m
fifasnns Fill 3ond1qn Seed Point laeidugalag melunwiiy Tasdoulunsssuisie
liiszunegaissuisuda uaghiszuisveunn nsszuioliudnuae Recursive Ao N3z
dsweuresinguinduinssunediaaiindeds Seed Point delunnsiiansanafinuadily
Tunsszueldineila Neighborhood Operations [22] TagliAuas Neighborhood pixel 111
3zt WeunuAsuiawes pixel To pixel il Imamiﬁmﬂ"]La?{aLmumﬂmqﬁqgﬂﬁ 2.10

LARIFIDYIIFNLALINNANHDINITHNUAT 1ReITNTAIUIN AILEAILUFUNITA 2.6
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Zi Z2 Z3
Z4 Zs Zs
Z7 Zs Z9

5U# 2.10 Moving window Flélunisuias Flood Fill
;1
Zs :§(zl+zz+...+zg) (2.6)

We  z' ADFLLNANIYaNIADIN1TUNUAIBAIYOY Neighborhood pixel

Z,..2y  PRAMMUsNWaTILAsldlun1sHaNMIAT Neishborhood pixel

2.9 ANSHUUAATID

mom @ Wm oW N kg

JUN 2.11 uandegnslumsiuwdnd
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= R % i & Y v v v &
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TUUNIU A8VNITUANIHATIAUVBUNTUAIN VBIVUIAVABULAALA FIT1UIUVBIUGOUN
[y v aa o < v ) ! | v g X (Y
arvduladunfe Fuiwmdatndulaluwsiazisunin ddssianvesdiiuluegiv

YUIAVD9 blob kazA1 Threshold Alenruald
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using
using
using
using
using
using
using
using
using
using
using
using
using
using
using

System;
SystemCollections.Generic;
SystemComponentModel;
SystemData;
SystemDrawing;
SystemlLing;

SystemText;
SystemThreadingTasks;
SystemWindows Forms;
Emgu.CV;
Emgu.CV.Structure;
Emgu.CV.Cvb;
SystemDrawingDrawing2D;
Emgu.CV.Ocl;

EmguCVUtil;

namespace rice_detection

{

publicpartial classForml:Form
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{
VideoCapture capture;
public static CvBlobs blobs;
Mat mat;
int cam;
public staticint MaxArea, MinArea, WidthMin, PixelValue;

privatevoid ProcessFramewobject sender, EventArgs e)

{
if(capture 1=null && capturePtr =IntPtrZero

{

if(captureRetrievemat, cam=true)
pictureBox1.Image -matBitmap;

}

public Formlo

{

InitializeComponento;
MaxArea =99999;
MinArea =350;
WidthMin -44;
PixelValue =150;
cam =0;
mat =new Mato;
capture =new VideoCapture®;
comboBox1.Items Add¢9m;
comboBoxlSelectedItem ='0-;
int index -9;
while (capture.IsOpened =true)

£

index++;
capture =new VideoCapturedndex);
if (captureIsOpened —=true)

{
}

comboBox1.Items Adddindex.ToStringo;

}

capture =new VideoCapture®);
captureImageGrabbed +=ProcessFrame;

if(capture =null)

{
try
{
captureStarto;
}
catch Exception ex)
{
MessageBox.ShowexMessage);
}
}
}

privatevoid Forml_Loadobject sender, EventArgs e

{
}
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privatevoid buttonl_Clickobject sender, EventArgs e)

{

Bitmap img -new BitmappictureBox1lImage);
Image<Gray, byte> imgInput -newImage<Gray, byte>dmg;
Image<Gray, Byte> greyThreshImg;
if(checkBox1.Checked =true)
greyThreshImg =imgInput.ThresholdBinaryInv(new
GrayPixelValue), new Gray255)Noto;
else
greyThreshImg -imgInput.ThresholdBinaryInv(new
GrayPixelValue), new Gray255);

blobs -new CvBlobso;

CvBlobDetector blob_detect -new CvBlobDetectoro;
blob_detectDetectgreyThreshImg, blobs);

img -greyThreshImgConvert<Bgr, Byte>oBitmap;

int blobNumber =0;
foreachCvBlob blob in blobsValues){
if(blobArea > 30

X
blobNumber:+;

Rectangle rectangle =blob.BoundingBox;
int rice_width =MathMaxrectangleSizeWidth, rectangleSizeHeight);
usingGraphics gr =Graphics.FromImagedmg))

{
if(blobArea > MinArea && blobArea < MaxArea && rice_width > WidthMin)
{
grDrawRectanglemnew PenColor.Green, 4),
rectangle);
}
else
{
grDrawRectanglemnew PenColorRed, 4), rectangle);
}
}
}
}
pictureBox2.Image -img;
ConsoleWrite(;
}
privatevoid button2_Clickobject sender, EventArgs e
{
Form3 frm =new Form3;
frmShowo;
}

privatevoid comboBox1l_SelectedIndexChangedobject sender, EventArgs e

{

cam =intParsecomboBoxl.SelectedItemToStringo;
capture.Stopo;
ApplicationIdle =ProcessFrame;
capture =new
VideoCapturednt ParsecomboBoxlSelectedItemToStringoy;
mat =new Mato;



ApplicationIdle +=ProcessFrame;
captureStarto;

}
privatevoid button3_Clickobject sender, EventArgs e
{
Form2 frm =new Form2o;
frm.Showo;
}
}
}
Form2

namespace rice_detection

{
public partial class Form2:Form
{
public Form2g
{
InitializeComponento;
textBox1Text =FormlMaxAreaToStringo;
textBox2.Text =FormlMinAreaToStringo;
textBox3.Text =FormlWidthMinToStringo;
textBox4.Text =FormlPixelValueToStringo;
}
privatevoid Form2_Loadobject sender, EventArgs e
{
}

privatevoid buttonl_Clickobject sender, EventArgs e

{

FormlMaxArea =int.ParsectextBox1l Text);

FormlMinArea -intParsetextBox2 Text);

FormlWidthMin =intParsectextBox3.Text);

FormlPixelValue -intParsectextBox4.Text);
this.Closeo;

}

privatevoid label3_Clickobject sender, EventArgs e

{
}

privatevoid textBox3_TextChangedobject sender, EventArgs

{
}
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Form3

namespace rice_detection

{

publicpartialclassForm3:Form
{
public structResult {
public string name;
publicint num;
public float percent;

}
public Form3g
{
InitializeComponento;
show_resulto;
}

privatevoid show_resulto{
CvBlobs blobs =Formlblobs;
int min =FormlMinArea;
int max =FormlMaxArea;
int width_min -FormlWidthMin;

Result good_rice -new Resulto;
Result bad_rice -new Resulto;

good_ricename ='dnquamar;
bad_ricename ='dnpunmhia-;

good_ricenum =0;
bad_ricenum -0;

foreachCvBlob blob in blobsValues)

{
int rice_width =MathMaxblobBoundingBox.SizeWidth,

blobBoundingBox SizeHeight);
if(blobArea > 30

{
if(blobArea > min &% blobArea < max && rice_width > width_min)
{
good_rice.num++;
}
else
{
bad_rice.num:+;
}
}

}

good_rice.percent =(float)good_rice.num /good_ricenum +
bad_rice.numy+100;

bad_ricepercent =(floatbad_rice.num /good_rice.num +bad_rice.num:*
100;

DataGridViewRow row ={DataGridViewRow)dataGridViewl.Rows[@1.Cloneo;
row.Cells@)Value =good_ricename;
row.Cells(liValue =good_ricenumToStringo;
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row.Cells(21Value =good_ricepercent.ToStringo;
dataGridViewl Rows.Add(row);

row ={DataGridViewRow)dataGridViewl Rows[1l1.Cloneo;
row.Cellsi@)Value =bad_rice.name;
row.Cells[liValue =bad_ricenumToStringo;
row.Cells(21Value =-bad_ricepercentToStringo;
dataGridViewl.Rows Add(row);
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Abstract— Inspection of the external appearance of the pill is
one of the methods to check the basic qualify according to the
standard of Food and Drug Administration (FDA) such as chipped
pills, inappropriate sizes, and unclear letter printed on pills. This
paper proposes an application of image processing for inspection
of pill production process. In this study, the Image Processing
principal including the Grayscale Method, Threshold Method,
OTSU Mecthod, Bounding Box Method and Geometric Algorithm
was adopted to process images from normal webcam camera. In
addition, the Microsoft Visual C# 2008 was used for processing the
signals by analyzing the output signals of webcam camera. In the
experiment, the perfect pill was determined by a cross-sectional
area not less than 98% of the standard pill in units of milligrams
(mg) in FDA standard. The experiment was divided into three
cases: inspection 100 perfect pills, 100 imperfect pills and 100 pills
in 1:1 ratio between the perfect pills and the imperfect pills with
the speed for inspecting and distinguishing of 70 pills per minute.
From the experimental result of three cases, the error rates were
0.6%, 1.2% and 1.0%, respectively, while the average of process
error was 0.93%.

Keywords—inspection,
imperfect, distingnish

image processing, pill,  perfeat,

1. INTRODUCTION

Nowadays, the image processing is one of the most method
which is widely used in inspection application because it
provides cxact results, long service life, quick and highly
accuratc. There arc theorics and principles applicd in the image
processing such as the use of FIR (Finite Tmpulse Response
Svstem) [1] . Geometric Matching Method [2]. Geometric shape
features |3]. Pyvthon |4]: the analysis in doing the Project would
usc theorics related to OTSU Method [3). Grayscale Mcthod|6],
bounding box Method [7]. Geometric Matching algorithm [8] in
order to be analyzed by algebra principle [9] in finding the
feature of pill to be as the complete data were collected from the
prototype by using Microsoft Visual C# 2008 [10] software and
C++ language used to write in processing by digital image.
When compared to the visual inspection by photometric slereo
[11]. our device is cheaper and proper to use for primary
inspection, with a range of damaged parts not more than 2% of
cross-sectional area of the standard pill. This Project is prepared
to present the process in distinguishing the imperfection of the

978-1-5386-4956-5/18/$31.00 ©2018 TEEE

pill. There would be the study to collect data and to study into
the feasibility from the experiment; the analysis result would be
used to find accuracy and speed of work of the process. The
equipment used in the experiment is easily available and is
affordable. The experiment was divided into three cases:
inspection 100 perfect pills, 100 imperfect pills and 100 pills in
1:1 ratio between the perfect pills and the imperfect pills, then
the result was used to analyze in order to calculate for the
average accuracy of the process as specified in the experimental
results.

TI. PRINCIPLE OF IMAGT PROCESSING

In preparing for image processing, there would be various
theories and methods (o use in the processing as follows:

A. Grayscale Method

Grayscale Method is the collection of data by using the form
of two-dimension array; the collected data is at particular level
of the color depending on the size of bits used to collect color
value. In this mode, there would be only 2 colors including black
and white, but the intensity level of black 255 levels together
with the white color, in this mode, the change of image from
Red, Green, and Bluc to be Grayscalc is as shown in (1).

P = 03R-0.59G+0.11B (0

where P s the gray value at the pixel.
R is the red value at the point.
G is the green valuc at the point.
B is the blue value at the point.

B. Geometric Matching Algorithm

Geometric Matching Algorithm is the limits of arca in the
destination of Grayscale image. This limited arca has the same
geomelric characteristics as Template used in the comparison.

C. OTSU Method

OTSU is the method of finding variance between the groups
by using k as dividing value, starting fromk = 1, to k=255 [12]
as shown in (2).
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0, =00 (4 —14) @)
where o} is the variance of group ranging from
1-255 where k=1-255
@, is the probability of Group 1
@, is the probability of Group 2
{4, is the means of Group 1

4, is the means of Group 2

D. Bounding Box Method

Bounding Box Method is the box for closing such area or the
arca which is specified by numbers: this box would help to
calculate the center point, arca, arca, major-minor length,
coordinated point etc. of the area or object in the interested
image.

M. SYSTEM DESIGN

A. Inspection Device

This structure consists of the unit with length of 70 cm, width
of 17 cm, and height of 7 cm., the conveyor is 14.50 cm wide
and 70 cm. long. The alignment device was installed in the
starting part of the system. The camera is 10 cm. higher from the
conveyor, with motor as the driver of conveyor and motor
control as the controller of speed of function of motor as shown
in Figure 1.

Webcam
Camera

Motor |
Control ||
=

- - ks g \ -
N
fra]

Y

Alignment |
device

Fig. | Design of Inspection device.

B. Block diagram of Inspection Processing

In the operation. it would start from inputting pills into the
process. The pills would be brought by conveyor to the
alignment device. After that, the pills would be aligned in one
linc then move to the camera to be inspected. When the camera
captures already, then it would be sent to be processed via
Microsoft Visual C#2008 Program on laptop and display the
dataon LCD. After completing the processing, the system would
order the process to distinguish the function in order to
distinguish the perfect pills as shown in Figure 2,
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C. Algorithm and Processing

There would be procedures of work that is: when starting the
work the camera would capturc pills moving along the conveyor,
after that the image data would be sent to Matching process or is
called as Image processing, in order to inspect the pills to see
whether the pills has feature which is consistent with the
standard pill or not. Afler matching process inspects already,
then it would be into Check State process by bringing the result
from the processing to distinguish the pills. If the pills are
perfect. then it would end the process, if the pills are imperfect,
then the pills would be distinguished out, as shown in Figure 3.
On part of Matching Process, it is the writing of Algorithm in
processing image by using Microsoft Visual C#2008. The
operation would start when the camera captures image already
then send data into the Matching process. Aller the Maiching
process receives image data, then it would change image into
Gray image by Grayscale Method. After that, the image would
be framed to find location of center point, vertical and horizontal
length and area in order for analysis. Subsequently, the image
would be changed from Gray image to be black and white by
Binary Method to separate the pills and the backgrounds. After
that, the picture obtained would be used to analyze, by
comparing data of image received with typical image data as set
as shown in Figure 4.

D. Distinguishing System

1t is the system that distinguish the pills, when the data sent
form Maiching Algorithm is received. then the order to
distinguish pill is found, it would make distinguishing equipment
{0 have solenoid as component.

Feature of e
ik || Sy
Analysis wes LCD
Pass o Distinguishing
System
Reject f— y

Fig. 2 Block Diagram of Inspection Processing.
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Tig. 4 Image Processing Algorithm
TV. EXPERIMENT AND RESULT

A. Experiment

After putting pills into the process, the pills would be carricd
by conveyor into the picture capturing point. After the camera
captures the image already, it would change the colored image
to be gray image. However, since the pills are moved by the
conveyor. therefore, there would be blurred image as shown in
Figure 5. After that, the image would change to be white and
black to erase the background out and inspect only the pills as
shown in Figure 6. In the next process, the image which passes
the data conversion would be inspected by Matching Algorithm
via Microsoft Visual C# 2008. In Figure 5 and 6, they are
prototype pills which are standard for analysis and comparison
with other pills. In case of perfect pills, then there must be the
cross-sectional area of pills not less than 98 % of the image of
standard pill as set as shown in Figure 7. In case ol imperfect
pills. then there must be the cross-sectional area of pills less than
98 % of the image of standard pill as set as shown in Figure 8.
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Gray Image

Gray Image

Pill moving Pill moving

(a) (b)

Tig. 5 Image of pill in circle type (a) and oval type (b) while moving on conveyor
in [orm of Gray Image

Black-White I

(a) )

Fig. 6 Image of pill in circle type (a) and oval type (b) that are changed to be
black-white by Binary Mcthod.

100%of standard pill

S

Perfect

()

Fig. 7 In case of perfect pill (circle type (a) and oval type (b)), then there must
be the cross-sectional area of pill not less than 98 % of the standard pill image.

standard pill

Imperfect

@)



standard pill

Fig. 8 In case of imperfect pill (circle tvpe (a) and oval type (b)), then there musi
be the cross-sectional area of pill less than 98 % of the standard pill image.

B. Resuit

The experiment consists of 3 cases: first by using 100 perfect
pills into the process then perform 5 experiments. the results
obtained from the experiment in the first case is found that the
process fails in distinguishing, which makes it unable to
distinguish perfect pills for 3 pills from 5 experiments as shown
in Table 1. in second case, experiment is done by using 100
imperfect pills to be into the process, there would be 5
cxperiments. The results obtained from the experiment in sccond
casc is found that there is mistakes in distinguishing which
makes it unable to distinguish imperfect pills for 6 pills from 5
cxperiments as shown in Table 2. In third case, the cxperiment
is donc by using 100 pills in the ratio of 1:1 between the perfect
pills and imperfect pills to be into the process for 5 experiments,
the results obtained inthe third case is found that there is mistake
indistinguishing which makes it unable to distinguish the perfect
and imperfect pills for 5 pills from 5 cxperiments as shown in
Table 3.

TABLE L CASE 1 INSPECTION 100 PERFECT PILLS
Time of experiments Perfect pills Imperfect pills
1 99 1
2 100 0
3 9. 2
4 100 0
5 100 0
TABLE IL CASE 2 INsPECTION 100 IMPERFECT PILLS
Time of experiments Perfect pills Imperfect pills
1 2 98
2 0 100
3 1 Qe
4 2 98
- 1 9
TABLE 1L CASE 3 INSPECTION 100 PILLS IN 1:1 RATIO
BETWEEN PERFECT PILLS AND IMPERFECT PILLS
Time of experiments Perfect pills Imperfect pills
1 51 49
2 50 30
3 48 A
4 50 30
5 48 52
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V. CONCLUSION

According to the experiment from 3 cases, the experiment of
100 perfect pills, the experiment of 100 imperfect pills, and the
expetiment in the ratio of 1:1 between the perfect pills and
imperfect pills, it is found that the errors {tom the process are
0.6%. 1.2 %, and 1.0 %, respectively, which is equal to 0.93 %
of the process. The least distance between the pills that can be
inspected would be 2.5 cm. in case of the counting rate and pills
distinguishing. since the camera used is webcam (Logitech
C170) which is cheap and has moderate capacity in capturing
images. So, it is necessary to adjust the speed of conveyor in low
level so it would affect the maximum counting and
distinguishing ratio to be 70 pills per minutc. The factors that
makes the pills to not display the accurate result are light,
distance between pills. and the speed of conveyor.
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