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USING OPTICAL FLOW TECHNIQUES.
THESIS ADVISOR : ASSOC. PROF. JIRAPHON SRISERTPOL, Ph.D., 96 PP.
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Precise speed control of conveyor belt systems is crucial for various industrial
applications, including food irradiation. The irradiation distribution process comprises
two main components: the irradiation system, consisting of power sources and
radiation heads, and the conveyor belt system that users can adjust for speed. Both
components play a role in affecting the amount of radiation distributed to the food.
This thesis presents a speed control system for conveyor belts, specifically designed
for low-speed operation in the range of 0.7 to 2.0 centimeters per second. This research
employs the optical flow method for computer image processing to precisely estimate
the conveyor belt speed. A vertically positioned camera captures images of markers
attached to the conveyor belt, and the system calculates the current speed accurately.
Experimental results show that the accuracy of estimation is influenced by the size
and shape of the markers used. Additionally, a closed-loop system incorporating a
Proportional-Integral  (PI) controller is implemented to test the speed control
performance. The results indicate that the proposed system effectively controls the

belt's speed without exceeding the error margin of +5%
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FMSUNTAUNTNSIAGUNILUU 2 05 AAWAUS (X, v, t) AeANULN | (%, Y, t)
latnelnyg Ax, Ay Lag At SERINUNTUANEDWNTY LA ToINNAANUAIRIVEIAIINEAIN

Faaunisi 2.1
(X, y,2) = 1 (X+AX, Y + Ay, t + At) (2.1)

auuAannsieaeulmivuindn Jediinvesnind | (x, v, t) medsdndians

anunsatdeulensaunisi 2.2

ol ol al
I (X+AX, y+Ay,t+At) =1 (X, y, Z) +&AX+5Ay+EAt+ High order term (2.2)

Tnegn1saanaudeuly High order term Fadunisvinlimdudunse azvlasa

Aunnsn 2.3

a—IAx+a—|Ay+a—lAt=0 (2.3)
OX oy ot

INUUNITINE At 9lAGaaun1sn 2.4

ﬂg+ﬂ&+ﬂAt =0

OXAt Oy At Ot At (24

ANDNTIAIUVRITTEENFBaNRE LT uA1IAIULST Faldmsannisi 2.5

ﬂVX + ﬂVy +ﬂ =0 (2.5)
x Xyl at

Toedl V, uaz V, fis annusanisivavesuaslunuinny x wag y 904 | (x, y, t)
oI oI aI o ¢ a a a Y )
pree Jueyiusvesnini (x, y, t) luienisiidonadesiu I, I, uay | a11150

Beuaunusladsialuil :

LV, + 1V, =1,
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23.2  STUUAIUANLUUINUA
STUUMUANLULITA AaszuumuANianansaususldnasaiaivh o
esnnduszuuiifinnsnseaeuaivesmavieenvesszuy wazthdoyadldsunndng
nszvaunaieuiiteusuaiigenisigldidudimunidu vilviszuudarenseniianu
wsiugnsanuildfonis iuideslunugmaimnssy ssdusznaundnuesszuumua
wuaslinaedivianun 4 asUsznau Ifud
7239 (Sensor) ld s UTANS 0nTI9ERUAN UL VT ONALD W NAVDITEUY &9
Poyanauluduinniuay
FmuR (Controller) avUszananadoyafilésuainiain uaziSeuifioui
AfideanTs (setpoint) il e uavzeUfudyyunuaievilinaidneialnglAss
fuAfidesng
7¢UU (Plant/System) ﬁauﬁgﬂﬂ’mﬂu a‘ffqmmﬂuqﬂﬂmiw?aﬂizmumi
1 9 AnsmuAuE U sdy g umuUANTiFauudaiilY
nsrlSeuLfisunasiiudu (Comparator and Adjuster) Asa9aBUANAANST

landariauasAifaednis wasusudnganivauialinae1dned AuuiugIn1ui

ADINIT

2.4 fnuAuYia PID

AaAuAY PID faA3uAw PID (Proportional-integral-Derivative Controller) l95un1s
o < & = ° v o 1 a = v o < ¥
dnauailu aswsnlula.m. 1922 dmsunismvaussuuiisesmsiause duandududu
11 ey PID lasumsthundssendldanulunimgnamnsstesns n31993198amuin A7
Fawaz 90 fiv 95 veslgminsaruausvuulunirgeavnssuansauilulaniediniugy
PID Tunaadinenansianuan PID InalnujuAnisnadaaansiidunisusu dadou

(proportional) NM38UINTA (integral) Wagn15auRus (derivative) dayay1ad AUAURUTNS



[

ANAFAATYRIRIAIUAN PID Lo mualyl e(t) An doygyruduns uag u(t) Ae dayayro

Y] q g

1 v @ [ ]

11ANR (fyny1uAIUAY) WHRIAIANN1TI (2.8) Lo Kp Ao Aaiidnsivenelds Usudadqu
(proportional gain constant) K, A9 AAIFIEATIVENBLTIDUTNTA (integral gain constant)
LAy Ky fio ANAIAIENIIve18L890UNuS (derivative gain constant) Aatiu Weiduanelau

G, (s) ¥aesAuAu PID Azuanslansaunisn (2.9)

u(t) = Ke(t) + K, [e(t)dt + K, ge(t) (2.7)
K K.s? +K,s+K
GC(S)|PID=KP+?'+KDS: . SP I (2.8)
G.(8) lpio = Kc(l"‘i-FTDSJ (2.9)
7,S

wananil Meiduaielaw G, (s) vosimmuauiilefotuanslafiaunis 7 (2.9) e
7, Ao AIASAINIELIANTIBUILNTH (integral time constant) Way 7, AD AIAY AINILIALTS

aUNUS (derivative time constant) levinsiseuLiieuaunisi (2.8) uwag (2.9) aswui

K =K,
Ko 2K al & (2.10)
Kp =K.7p

fnsanszuumuesilugui 2.1 fmueu PID G, (s) axfudaganainindeu (error
signal: E(s)) mﬁm’amﬁawﬁmﬁ@@mmmu (control signal: U(s)) wazdaluarunu watus
(plant) G, (s) WnEnuanauausmiale1@nm (output signal: C(s)) @enna ey dayay
BUNMD1984 (reference input signal: R(s)) wSausdndayaaisuniu (disturbance signal
D(s)) lunouru daaruau PID aziilna (pole) Agaidndiuiu nilada uazdls (zero)
F1uauaeadia 1 afamuAu PID nsdaeyludddeulunii (forward path) ¥892950UN13
AuAY (control loop) Tudnwaessaunsunsadedudiuiu waus Fafleridudu G, (s) 9

namaluguil 2.1
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R(s) ~EGs)

C(s)
Gy(s) >

Plant

PID Controller

E‘Uﬁ 2.1 Closed loop system with PID

JEUUAIUANTLASUNITAIUANAIE AIAIUAL PID 988 8usU (order) Litudumnils uag
Wasimuay PID Sudyaadunaiuy Tudule (step input) SUanasaIdnmvaddinIuay
PID Aguannaguil 2.2 Fadndiu a vo9 deysyinazilsiunseiua K anudu b veedyayio

UTHUATINUAT K wazdnaiu ¢ v9dgnaaziusiunsenu Ky

output

~Y

JUN 2.2 lodnnasianiuau PID Wasudunawuutuiuln

nanauauaatsrullulamuaaunsawliiasanesndu nansuausugauys
AU (command following/tracking) aznanauauadienurilvan (load regulating)
fauandlu 3UF 2.3 wansgnuainmsUsuuseA1nnslnes vesdanIuAu PID fidse
nameuaussvosszsuululawuna IsunsagUlilunsed 1 e t, Aorantu (ise time),
M, Ao ﬂﬁﬂ/\{ﬂLﬁMQﬂﬁﬂ (maximum overshoot), t, A8 ang (settling time), Mpiregﬁa

ma‘w"ﬂLﬁié@ﬂijﬂ%?ﬂﬂﬂiﬂuﬁﬁiwam (maximum overshoot of load regulation), tre Ao 1381
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LW919INN5ANATMAR (settling time of load regulation) Uag ey Av AMUAAIAAGDY T

an17zA9F1 (steady-state error)

c(?)
i Tracking

Regulating )l

reg - :

JUN 2.3 nanouauasresszuululamy

2.4.1  WUINNINITIBNKUUAIAIUAN PID
0 = = U 1 [ a Q‘ ¥

NTEUIUNNTORNLUUIZATNEINTUSUMALUSEENT P, |, waz D Tamunzau

ABIEULNABINITAIUAY Tnelin1svadeu USULAAImMITIEWes wasUssilunanisvinaues
= 14 v ¢ al = a Aa [ ‘:l'

seuuielilanadnsimunzauuaziuss@nsninlunisnauaussuuluaniaznisinanug
LANFINAL

duUszAn5ue4 P (Proportional) duiildaininumainiaaau (Error) 58139
ANHB4N15 (Setpoint) AuA1TaladagiuioruinA1vesdulsedns P dalindrnudley
ANURANAIATUNITUANINADE1939ALTY wInA1 P wnnubuanariliszuuiienuliaunauas
\An overshoot M3anN1TaUaLLTIOU

duUszaN5U94 | (Integral) duilltinon1susuaranuaainndouluszezen
TnazananuaaInadoulusszaiIuNl wagiiunusummdsiunaingiu P &g
anAnuaaInndetluanuslisashiglissuumUANnga Setpoint laRuy

duUszandues D (Derivative) duillddunsunisusuaanuaaInpaounial
dnsINsasuLUaeIAn Setpoint tiaUodiun15iin overshoot san1sduaziNeuluay

isemnuslunsiudsuudasen Setpoint
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3.1 m3dnmsengunsaliildlunismaasg
Jonseugunsaianians Nldlunismaaes Fausenaulume aeniu welmasuazea

JUUBLHBS NADY Tl 518aLLDYARINITIN 3.1

M1317 3.1 YeyarUasiurasgunsalluniside

Equipment Specification
Motor driver BLE2D120-C Voltage 200-240 volts, speed range  50-4000 rpm
Motor BLM5120HP-GFV Power 120 watts, required voltage 100 volts.

Pulley drives head Diameter 60/30 mm, width 400 mm, length 4200
Belt conveyor

mm
Logitech Brio 4K Ultra HD @ 30 fps, HD 1080p @ 60 fps and HD 720p
Camera
@ 90 fps
Arduino UNO R3 Voltage 0-5 volts, receive/send values, 14 heads,
Controller
connected by USB.
Computer Intel(R) Core (TM) i7-8700 CPU @ 3.20GHz 16 GB ram, 64-bit
Light meter Digital light meter UT383S

3.1.1  doyagunsnilavaziden
3.1.1.1 wawmaslii

y & 5 .
w

Q'
»

U 3.1 seimesliilfluanuide
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Brand Oriental Motor

Voltage Specifications
" AC100V

" AC200V
Gearhead

" Parallel shaft gearhead

" Hollow shaft flat gearhead

Features
" Easy speed control by turning and pressing the setting dial

" Easy wiring just by connecting the motor and driver and turning on

the switch
" Uses a new compact, high-output, high-efficiency brushless motor
" Lineup of cable type and connector type

" The connector type has a protection rating IP66 specification with
high dust-proof and waterproof performance
" Two types of motors are available that can be selected by

connection method

3.1.1.2 fduuatmas i

JUT 3.2 fdudawesnldluauide
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Brand Oriental Motor

Power Supply Voltage

Single-phase 100 to 120 V
Three-phase 200 to 240 V
Single-phase 200 to 240 / Three-phase 200 to 240 V

The BLEZ2 Series has a lineup of motors with electromagnetic brakes,

dust-proof and waterproof specifications, as well as various lineups. It can be used

for a wider range of purposes.

Features

steel shaft

avoiding troubles

profile driver

Speed control range 80 to 4,000 r/min

Speed fluctuation rate +0.2% (At the time of digital setting)
Torque can be limited

Multi-speed operation Up to 16 speeds

Holds the output shaft when stopped (Up to 50% of rated torque)
Protection rating IP66 (Motor part only)

High rust prevention and corrosion resistance due to stainless

Monitor / test function useful for starting up the device and

Digital settings and operations on the driver itself

Close contact mounting is possible with a compact and low

Speed can be set with a personal computer or an external signal
Cable with selectable pull-out direction
Up to 20 m between motor and driver with direct connection

Lineup 30 W to 400 W
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3.1.1.3 d@enu

3 ‘{
42
SUN 3.3 angnnunldlunuide

Y
v

dyanuguy

Driving Type
" Head drive

Max. Conveyance Speed(m/min)
" 96.5

Tail Roller Dia. D (Tail Transfer Part R)(imm)
" 272

Drive Roller Dia.(mm)
" 65

Belt Material
" Polyurethane

Reverse Switch Option

" No
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JUN 3.4 ndeenldlunuide

dayaiugy

YU

ANNG: 27 U,
AN 102 [,
ANUAN: 27 1.
ANUENIENY: 2.2 4.

1IN 63 NSU

ANUALLDEN

4K/30fps (g9gm 4096 x 2160 ANLYA)

1080p/30 %50 60 fps (@3am 1920 x 1080 Aniwa)
720p/30, 60 W30 90 fps (gsgn 1280 x 720 WnLwa)
WnginaYeInNans: 13

wilan s Indasmnluds

yilalaud: nszan

lulastuunelu: awesle

seovlun: gaan 1.22 u.

NUBINWLUINUEIHY (dFoV): 90°/78°/65°

Y
q
AIviagL: 5 i

20
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e MsiEouRe USB: USB-A Aowayldlasiufl, 59550 USB-C iolevuauinasnieuen
3.1.1.5 Controller

ogam-- .

° ARDUINO
L

U7l 3.5 fhmuauiilfluaiide

Foyaiugu

The Arduino Uno is a microcontroller board based on the ATmega328. It has
14 digital input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs,
a 16 MHz ceramic resonator, a USB connection, a power jack, an ICSP header, and a
reset button. It contains everything needed to support the microcontroller; simply
connect it to a computer with a USB cable or power it with a AC-to-DC adapter or
battery to get started. The Uno differs from all preceding boards in that it does not
use the FTDI USB-to-serial driver chip. Instead, it features the Atmegal6U2 (Atmega8U2
up to version R2) programmed as a USB-to-serial converter.

3.1.2 ﬂ’]iL%EJﬁJGiEJ?JENi%UU’?ﬂﬂ’N%JL%’Jﬁ’]EJ‘W’]‘L!

ﬂ’]iL%’eJiJ@l’eJL‘ﬁlﬁ)ﬂﬁiﬁ@ﬁ’ﬁ‘u‘dﬂi%‘UUQSU?%ﬂ@‘Uﬁ’JﬁJ Lﬂ%@\‘iﬂaﬂﬁ?m@%‘%ﬂﬂu

WASUTEUIANANAN UBSAAIUAY kazfduNelmes Aagun 3.6
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JUT 3.6 M35z Ul

lngpauiiunesazdoasivuain Arduino iiesdsrlusuuuuvesiuavlug

A

0-255 W& nfivesn Arduino l9suAuds agvinisdsrnfieglutag 0-5 Fudurussiuluin
Tun vawasluiin evinnstuateniuliieseanusinvug IneldieueasAvianeg

TuNSIAANULEIVDIE NI UADNADIALADSTE TIFIRINAUAIENIY TI5LHLUNIIINATYNIULYIN

45 WURWRTAIgUN 3.7
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Tudwreweawesiderdiuiema dmsuiuiadlunisduyaiad 1Hudns
A 1:50 AagUil 3.8 dwaliluderimunvessanusiaeniulunisvaaessiuiuiuaim
A Ao o s o Y A < P ' a v @& o o
faanfmdunameiaunsaldddlAinusiseusy 50 seudaud azlaruswnign
Y a Ia a2 A Y o ) v )
Yadargnulusz Ui 0.67 wudwnssieiui Judendefmuniliduduumilslunis

Vlﬂﬁ@\ﬂﬂﬂ']iffﬂﬂ’ﬂmL%’J‘Uﬂﬂﬁ’]ﬂW’]u

JUT 3.8 uaimeiuaziigsna
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3.2 PedyanualuURIYaIEIRNIY

[y

AndyanuallaeilssoxaTenINgyanvalindy 10 lWURLAT AADALUIAIINET)
Yesarenu lngazAnuuaisniulaziinsmeadeuinauifiasdydnwal ssegvindluns
Andydnualzasnndetunsouvestisunm Tneddermunie Tunseutsdesddydnuali
nédpsanunsansiaduldedadessiuay 1 dydnuel iiedestulilusunsusiuanuisives
aewAananidosanliamisoaiiannmesmsnsedavililiamisnseyseognied

angnuafouila dewandluguin 3.9

Conveyor

L2 6

JUT 3.9 fregunshindydnualuuaneniu
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3.3 USTNaAUS VR SENENIUAEVANNS A VR ILES

PNUSNAIAS INAUD AN %mmsaﬂizmmmmL%’Jmaﬁmqﬁﬁﬂmﬂ?{auﬁlﬁ 1ay
a1fanannislun1smau§InsE e nILazand ldlunisid sudl na1afe e
Wisuileufinwaiienfuuudydnuaiiifinisedoud avvilivsuszsesmaiifineadiadoud
nsuusnlUaudansudl 10 wazszaznailunisiad oufifesnsnisanen mueInd o

awnsaesunglasiaguil 3.10

I(x, y, t) [(x +dx, y + dy, t + dt)

(x,y) (x +dx,y +dy)

O

displacement = (dx, dy)

time =t time =t + dt

JUT 3.10 n1sindeuvesiiniwalunnluszesiian dt

INAMNA 3.10 WAAIDINITLAADUNVBINNLYA | AU HILAUILSUAY LABNSIUNRNA
° | = = = Y] v 3 a Y] a A aa
sundadu x uaz y idowndeun ldsgagniine aerdsznoufinwadsnaiu 8991013
a A o | A A a I3
WAL ULUAIADAILIUDIN N ALAE TLELLIAN L UNTAADUN LA8NISUTEUIUANULSIEINNT

Amulaeaauni1sn 3.1

V=——\1 (3.1)
n
JGRI
A < a any
v fie anusuadsilaainnisuszunm
Rd, A9  A1U81U8I0NR59INNSLAROUTITOINNLYA
f®  dasinsaiennveindes

= o [ gj
n AD  FIWIUNNABSTIUUATUATN 1 W5
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N52UIUNISNVIN A LALNTIN1TUTEUUANUSVRIE ENIURIENANNTS LiavaILadlag

Tdndosdmsunszuiunsuesiiuvesrouiinnes amnsaesuteduwnunnlinagui 3.11

START —i
CAL DISTANCE
FROM POINT TO
¥ POINT
IMAGE
CAPTURING v
CREATE
DISPLACEMENT
y VECTOR
ROI SELECTION
w
SUM ALL
DISPLACEMENT
r VECTOR
MARKING POINT
OBJECT
DETCETION v
DIVIDED BY
. SAMPLING TIME
CORNER
DETECTION )
SPEED FROM
, ESTIMATION
OPTICAL FLOW
)
END
y
SELECT 10
CONSECLUTIVE
IMAGE

= o <
E‘U‘V] 3.11 LLN‘L!ﬂ']‘Wﬂ'ﬁ‘V]Wﬂ’]u%aﬁigUUﬂixiﬂ’]mﬂ’ﬂiﬂLi’m’]ﬂﬂ’ﬁl‘wa‘ﬂ@ﬂLL?IQ

1n3UT e neimgasuuaenty uazilansvhauvesaeniu ndesiidalvmnly
msvaudunssuiiniile szdenmussdudnuaiuuaieniy nsavdenmngluuiind
#vinn1sfingauld (Region of Interest) 1nnnsseygRnalulusunsy 9ndulusunsuagyii
MsmsaadeULaztdondydnvaiuuanewiu (Object Detection) LieAT9MLAY SEY T

Yosdyanual Inenseuiun1sng 4 tupesuilaztilignszuiunisnisivavewas TWsunsuay
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denlsuiineifiastuainamanenlaanndesd udruiuvionun 10 w5y Waseydiwml
oA AnlukuILAg x kag y lunsuusnuazisuanying vinlimsiuiasseen1anmuai
anevundeud Wethluasadunnnesnsnsedn lngasldnwudunmunaenndosiuiu

UIULNVRIFYanwaTlUSUNTUATIINY faseeslugui 3.12

Displacement vector

Tracking point

JUN 3.12 sUsanansanduinmesvesusinsy

Wialadunnwaininszdnudl 31NTuIsnINATINYBITEEYNTEINIMUATUWSUYDY

A a ) ' ::{' & o = = v o a = A
A ieAndud1eiy ntuIsthllTsuisuiussesnammmuafaenunisuiilag
WguaInam 10 sy laeiivanly 1 ulsy sgdAnvindudnsinsaignInvesnaes (Frame
rate) Farvualaegldlvidanvindu 15 wsudedud Asli anlunisanenin 1 isuiiy
0.067 i agulsiinisuszanaemnuswesaeniuazlinisuszsananinuaznisivaves
e AgAwImn 9 10 wisuideideaiuvesnin tnediiailunisiedounvesnimyiniu 0.67

U NI UM ZELNNALLIAT ALV Ra1NsaUTEIUANILSwesaenule

¢

3.4 asneaswiiaUssualnuutuginisuszuian Ui 1vesdydneal

).

WANFAM9NY
1H19Y1N15NAAINTUTZUIUAUSIVBIE BN UG IENENN TN IaTouad M
FydnuwalgUse@masundauin 3x3 1 URUNT IAENARBIAINNITAIEAINAINABITTINIY

IRV 2,000 b15U TASHIUNTZUIUINGININUA 3 AS LaS AU 91nUUILALTUNNT
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[
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[
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wnsenansveaed tngludimesnisnaasstiazldaunsaldmsuinaianuainaiu Digital

lisht meter sanunsainnuainuazuaninaoenuwluiuavldnegui 3.14
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E‘U‘VI 3.14 A9 NNITINAINUAINAYLATDIIN
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loldnmesamngnuda Mnduasiilunsuuaeniu Tasssann
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JUN 3.16 NMINARBUMIAUIULNUNE AN Wl

3.5.2  jUsnauazvuInvasdydnual

v [
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LY 4
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<
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v 6
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o
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doydnwal lneasnageulurasaneniunents dagun 3.17



32
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wazaeonvessruUesuiug lunuddeiidunmsussanammundaendnnislnaveuas
Feuszanalagldroufnneslunmseiuanuenvesdunnmedmsienaluni saenn
v 10 il fatiu mamuaulvinsmenimsesndesiimnaidinnudAysonisiu
wan1snaasstdusgsun lasiieulilunisnaass fe 1¥dydnuaisusnedindsunas
anuwBsuifivnnn 3x3 uay 2x2 Wwuins Tneagsuiuranismaaemdnidanisiey

Yasaen1uduIan 30 i Feagldanusivesansniuianun 4 a1 lewa 0.67, 1.34, 2.01



33

WAL 2.68 LURNATADIUNT TUAILYDITNTINITANEAINALITIINEY 4 A1 lawA 3, 6, 15

LAY 30 WSURDIUN

3.6 UﬁzﬂﬂmLLUUﬁqaaﬂﬂqﬂﬂiﬁﬁﬂqﬁﬂg

LUUT1809N19ANAAIANTYRITEUUNUY Azegluguves box Tnazstavun 3 sUluy
leun White box model, grey box model wag black box model I@aﬁlumﬁﬁ’ﬂﬁ%mwu
18339 UURe black box model iilpsanszuuiivawmesiuateniu flivsulaseasaniely
Msfiarszyuuuiaswnandinmanfuesszuy azvildlaensmanuduiudsening input
\dueusauliiinfidduieimesdreliunuoines Afldroglurag 0.0625 - 0.25 V waz
output tHuAAEvesaIeIIUIINNISUTEINaNsvestUswAsUTLEYn snae oy
wiiudn Tneazdendudnual $n5In13en8 M LazANNETNe g aznEIAidAuwiug
efign e liuuuaomndamanivesszuuianuadendeiussuuamenuaianniian
TusmiAdetiagldsdnelulusunsy MATLAB filifeth System Identification fagufi 3.18 iile
a$9nsniiuansanuduiusseniussiutuaus vlausansivanuusiueves
FZUU WATNIIVLUUTIa0eAdinmansd s utisauaildideninaeuldiulsunsy
\ieriluadn Block diagram veesEULATENIL ImaLLUUai’ﬂaawmﬂﬁimmam%ﬁ%a@ugmm
#UNTITUUAIVANDUAUEBS (Second Order) LﬁaﬂmﬂgﬂLLUU%M%W@L@@ﬂWWWL“meL‘UU
second order ietlUldnsinaeunanavauesvasszuunnIsIaedlulusunsy MATLAB

Simulink



34
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BDimensions (unit=mm)

@®Motor (Cable type)

@ "Mounting screws" are included. Dimensions of Installation Screws -» Page 45

@ Anumber in the box [ in the product name indicates the gear ratio.

<{>Parallel Shaft Gearhead GFV Gear - 30 W

Product Name Motor Product Name Gearhead Product Name Gear Ratio L Mass kg 2D CAD
5-20 34 A1360A
BLM230-[1B BLM230-GFV2 GFV2GL] 30-100 38 0.82 A13608
200 43 A1360C

2, 38 _ L 32
8

73

<>Round Shaft Type - 30 W
BLM230-A2
Mass: 0.42 kg

XTI A1362  €XTD

Terminal M4

J11DF-06V-KY (JST)

Cross Section A-A  Parallel Key (Included)
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@Motor (Connector type)

@ The dimensions drawing of the motor is an example where a separately sold connection cable (] portion in the figure) is connected.
The described mass does not include the connection cable. Cable Dimensions and Mass =» Page 44

@ "Mounting screws" are included. Dimensions of Installation Screws =» Page 45

@ A number in the box [ in the product name indicates the gear ratio.
The box I in a product name is reptaced with the code that represents the gearhead size.

<{>Parallel Shaft Gearhead GFV Gear - 30 W
A

Motor Gearhead Mass Connection cable drawing | Connection cable drawing

Rioduc Hee Product Name Product Name Seax el S [ NC k| from the output shart side | from the counter-output

is connected shaft side is connected
520 | 3 | 083 AT4G5A AT466A

BLM230HP-TS GFV2GTS

g T BLM230HP-GFV elso T 30-100 | 38 | 068 AT4658 14668
200 FEE AT465C 4650

*When connecting the connection cable drawing from the output shaft side

(4), 38 L 32% = 60
Bl oA 2 Z 15
25vo;£n=§ 75-01
afs 2
= =5
= [ F 1 HH [ = G 7
ulls . oEs—r | e .
H b S| L1l H 25
Iy # 5 il
4x$4.5 Thru
=] @
304 (20) = (49) | 2
Smax. || 376

Protective Earth Terminal M4
@ At the time of shipment, the parallel key is fixed in the key slot of the gearhead shaft.

*When connecting the connection cable drawing from the counter-output shaft side

*When connecting the connection cable drawing from the counter-output shaft side

25 [
==l @ (44)
(20)
376
<>Round Shaft Type - 30 W
BLM230HP-AS
Mass: 0.35 kg
(20 CAD FAFYCIN 3D CAD)
I~
38 24+ &
8, 12 -
>
I <
= e
o ~ ©
[ i‘l C il
304 gig] 44
Protective Earth

Terminal M4
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M Specifications
30 W A C€
Combination Type
Vokor with a Parallel Shaft BLM230HP-(S
Product Name Gearhead
Round Shaft Type BLM230HP-AS
Driver BMUD30-A2 | BMUD30-C2
Rated Output Power (Continuous) w 30
Rated Voltage VAC Single-Phase 100-120 | Single-Phase 200-240 / Three-Phase 200-240
Permissible Voltage Range —15~+10%
Power Supply _F Hz 50/60
Input Permissible Frequency Range +5%
Rated Input Current A 1.2 | Single-Phase: 0.7 / Three-Phase: 0.38
Maximum Input Current A 2 | Single-Phase: 1.2 / Three-Phase: 0.75
Rated Speed r/min 3000
Rated Torque Nm 0.096
Max. Instantaneous Torque Nm 0.144
Rotor Inertia J %104 kgm? 0.042
m@;ﬁa 4 %104 kgm? 18
Speed Control Range 80~4000 r/min (speed ratio 1:50)
Load +0.2% or less: Conditions 0~rated torque, rated speed, rated voltage, normal ambient
Speed Regulation Voltage +0.2% or less: Conditions Rated voltage— 15~ +10%, rated speed, no load, normal ambient temperature
Temperature +0.2% or less: Conditions Operating ambient temperature 0~ +40°C, rated speed, no load, rated voltage

Parallel Shaft Gearhead GFV Gear 3ow,60w, 120w ﬁ g’

MSpecifications s CE
Motor Cable Type BLM230-C B BLM460S- B BLM5120-CB
Product Name Connector Type BLM230HP-(1S / BLM230HP-CISF | BLM460SHP-1S / BLM460SHP-ISF | BLM5120HP-C1S / BLM5120HP-[ISF
Driver BMUD30-A2| BMUD30-C2 |BMUD&0-A2| BMUD60-C2 |BMUD120-A2| BMUDI120-C2
Rated Output Power (Continuous) w 30 60 120
Rated Voltage VAC Single-Phase | Single-Phase 200-240/ |  Single-Phase | Single-Phase 200-240/ Single-Phase Single-Phase 200-240/
100-120 Three-Phase 200-240 100-120 Three-Phase 200-240 100-120 Three-Phase 200-240
Permissible Voltage Range —15~+10% —15~+10% —15~+10%
Fi Hz 50/ 60 50 /60 50 /60
m Supply Frequency Range +5% 5% +5%
Single-Phase: 0.7/ Single-Phase: 1.0/ Single-Phase: 2.0/
B K G A 12 Thee.Phase: 038 N oo Phase- 0.5 i Thies-Phaso, 1.4
Maimmpotcurent —A| 20 | JETRENT | ss | QEeRelY | 88 | Tremaezo
Rated Speed r/min 3000
Speed Control Range 80~4000 r/min (Speed ratio 1:50)
Load £0.2% or less: Conditions 0 to rated torque, rated speed, rated voltage, normal
g Voltage 0.2% orless: Conditions _Rated voltage — 15—+ 10%, rated speed, no load, normal
= Temperature +0.2% or less: Conditions  Operating ambient temp 0~ +40°C, rated speed, no load, rated voltage




Gear Ratio 5 [ 10 [ 15 [ 20 30 | 50 [ 100 | 200
Rotation Direction Same direction as the motor Opposite direction to the molor | e et
) 80rmin| 16 8 53 4 27 6 08 04
Output Shaft Rotation Speed [t/ *! 4000 /min| 800 400 27 200 3 80 40 20
AB0—20007/min| 045 | 09 14 18 26 43 5 6
30w AL3000rmin| 043 | 086 13 17 25 a1 6 6
At40007min| 032 | 065 | 097 13 1.9 31 54 54
ALB0~20007/min| 0.9 18 27 36 52 86 16 16
Permissible Torque [N-m] 60W AL3000 min | 0.86 17 26 34 49 82 16 16
AL4000 7min| 065 13 19 26 37 62 124 14
ALB0—2000t/min| 2.0 41 X 81 16 | 194 30 0
120W AL30007min| 1.7 34 52 69 99 164 3 2
AL4000Umin| 1.3 26 39 52 74 123 | 247 27
2w AB0~3000 ymin| 100 150 200
AL4000Timin| 90 130 180
m&“ sow —ALB0=3000 Umin | 200 300 450
o~ AL4000 min | 180 210 20
o e
1
o ac b 1] sow —_AB0~3000 Jmin | 150 200 300
S AL4000 dmin | 110 170 230
ALB0~3000 /min | _ 250 350 550
Apgan oW AL4000 tmin| 220 330 500
120w —_AL0~3000 vmin [ 400 500 650
AL4000 /min| 300 430 550
30w 40
Permissible Avial Load [N] 50W 100
200 150
W A 50 110 20 an 20 | 250 | 500
_ 50w 2 % 220 350 800 | 2200 | 6200 | 12000
mw 120W 45 190 420 700 1600 | 4500 | 12000 | 25000
[<104gm? | Atinstantaneous stop, E 155 62 14 248 | 558 155
i bi-directi 50W 55 2 295 8 108 550
operation** 120W 2 100 225 400 900 2500
U U 4
FIVUUDERDT

BDimensions unit = mm (in.)

@ Driver
BLE2D30-A, BLE2D30-C, BLE2D60-A, BLE2D60-C, BLE2D120-A, BLE2D120-C, BLE2D200-C, BLE2D400-S
Mass: 0.8 kg (1.76 Ib.)

12D CAD FAESR 3D CAD]
Slits
siits
o |
3 \sass 18071, 11(0.43)
s e |- 9(035)
40(1.57) 23 max 120 (4.72) = \
(0.91 max) sz F \
. X = ,’ s
| 8
SOB E]] 4»|4~_i|'
|
o m [ o P | {
: i | 1 K
B |§ |
s r——
s . ~ .
- |d il || n22s(mo.sy)
n:b ‘—.- F‘l“/
"1 | Protective Earth Terminal 2xM4 3xM3/,_ 30 ||5(0.20)

438/ (o.w)\ 9.5(0.37) (1.18)



M Dimensions Unit: mm (in.)
‘@ Driver

BLE2D120-AM, BLE2D120-CM, BLE2D200-CM
Mass : 0.8 kg (1.76 Ib.)

2D CAD
A1710

C|

18071, 11
b4, 30.43)
(so(.om)_ 120072 (GOIHTAN oo
5(0.20) E\
| w i\ ;
ul -
= : S
e || |=
- I 2
I
/ R225
i )
3xM3/| 30

(M . -
{1.18) (0.20)
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Output power Power supply voltage Driver model Motor model
Single-phase 100-120VAC | BLE2D30-A
30w Single-phase 200-240 VAC BLM230HP
Three-phase 200-240 VAC BLE2D30-C
Single- 100-120 VAC S
60w s;::; ::: 200-240 VAC et g
Three-phase 200-240 VAC BLE2D60-C EEnionte
Single-phase 100-120VAC | BLE2D120-A
120w Single-phase 200-240 VAC BLM5120HP
Three-phase 200-240 VAC BLE2D120-C
) BLM6200SHP
200w Sngle phase 200 240V~ | BLE2D200-C | BLM5200HP
2 BLM7200HW
. BLM6300SHP
300W e e e | BLE2D300-C | BLM5300HP
s BLM7300HW
BLM6400SHP
400 W Three-phase 200-240 VAC BLE2D400-S BLM5400HP
BLM7400HW
@ With Electromagnetic Brake
Output power Power supply voltage u Driver model Motor model
Single-phase 100-120VAC | BLE2D30-AM
30w Single-phase 200-240 VAC BLM230HPM
Three-phase 200-240 VAC BLE2D30-CM
Single- 100-120 VAC e
60w s::;:-z:z 200-240 VAC A gm‘;ggﬁ?&”‘
Three-phase 200-240 VAC BLE2D60-CM
Single-phase 100-120VAC | BLE2D120-AM
120w Single-phase 200-240 VAC BLM5120HPM
Three-phase 200-240 VAC BLE2D120-CM
Single-phase 200-240 VAC BLM6200SHPM
A0 Three-phase 200-240 VAC BLE2D200-CM BLM5200HPM

70



nNaDIIULAL

DIMENSIONS

Webcam

Height: 1.06 in (27 mm)
Width: 4.01in (102 rmm)
Depth: 1.06 in (27 mm)
Cable length: 7.2 ft (2.2 m)
Weight: 2.2 oz (63 g)

ATTACHABLE MOUNTING CLIP

Height: 0.75 in (19 mm)
Width: 1.42 in (36 mm)
Depth: 2.48 in (63 mm)
Weight: 1.55 oz (44 g}

COMPATIBILITY

Compatible with

Windows 8 or later 1

macOSs 10.10 or later

ChromeOS 2

2 GB RAM or more needed for 1080p video
streaming

1 GB is typically needed for streaming 720p

One USB 2 or USE'3 port 3
Compatible with Micgoseft DirectShow

Works with popular calling platforms



TECHNICAL SPECIFICATIONS

Multiple resolutions

4K/ 30fps (up to 4096 x 2160 pixels)

1080p/30 or 80 fps {up to 1920 x 1080 pixels)
720p/30, 60, or 90 fps (up to 1280 x 720 pixels)
Camera mega pixel: 13

Focus type: Autofocus

Lens type: Glass

Built-in mic: Stereo

Mic range: Up to 4 ft (1.22 m)

Diagonal field of view (dFolV): $0°/78°/65%
Digital zoom: 5x

USB connectivity: USB-A plug-and-play,
suppeorts USB-C with third party edapter (not

included)

Detachable universal mounting clip fits laptops,
LCD or monitors

Rightlight 3 with HDR for clear image in various
lighting environments ranging from low light to
direct sunlight.

Image controls with/optional Camera Settings
application for control of pen, tilt, and zoom

Infrared sensor technelogy for Windows (50K
available for application integration)

Attachable privacy shutter
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PACKAGE CONTENTS

Webcam with detachable universal mounting
clip (on webcam)

Attachable privacy shutter

Travel bag

7.2 ft (2.2 m) USB-Ato USB-C cable (USB 2.0 or
3.0)

User docurnentation

WARRANTY INFORMATION

3-year limited hardware warranty

PART NUMBER

?60-001105
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import numpy as np

import cv2

import time

import os

import csv

import glob

import pyfirmata

import serial

import statistics

fps = 90

cap = cv2.VideoCapture(0)
cap.set(cv2.CAP_PROP_FRAME_WIDTH, 640)
cap.set(cv2.CAP_PROP_FRAME_ HEIGHT,480)
cap.set(cv2.CAP_PROP_FPS, fps)
cap.set(cv2.CAP_PROP_POS_MSEC, 0)
cap.set(cv2.CAP_PROP_FRAME_COUNT, -1)
cap.set(cv2.CAP_PROP_BRIGHTNESS,100)
cap.set(cv2.CAP_PROP_CONTRAST,100)
cap.set(cv2.CAP_PROP_SATURATION,128)
cap.set(cv2.CAP_PROP_HUE,-1)
cap.set(cv2.CAP_PROP_GAIN,0)
cap.set(cv2.CAP_PROP._CONVERT RGB,1)
cap.set(28, 5)

board = pyfirmata.Arduino('COM11")
print("Communication Successfully started")
conveyor = board.digital[9]
conveyor.mode = pyfirmata.PWM
def speedCon(speeds):

rom = speeds/0.013526

pwm = (rpm/800)/5
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conveyor.write(pwm)
pl =1
p0 =]
pOr =[]
lk_params = dict(winSize = (15, 15),
maxLevel = 2,
criteria = (cv2.TERM_CRITERIA EPS |
cv2.TERM_CRITERIA_ COUNT, 10, 0.03))

feature_params = dict(maxCorners = 10,
qualityLevel = 0.8,
minDistance = 10,

blockSize = 10)

trajectory len =10
detect interval = 2
trajectories = []

frame_idx = 0

trajectoryX =0
AVGtrajectoriesX =0
tf=0

fulltf=0

alltf =[]

speed=0

timeinterval = 2

Vreff = 1

Vact = 0

data filter =0
speedCon(1)
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vin ='1'

Kp = 0.01

Ki = 0.85

Kd =0

T=0.67

total_error=0

last_error = 0

control_signal = Vreff

delt time =0

error = 0

epsilon = 0.05

speed old =0

speed_curr =0

data filter_old =0

a=056

b=04

print("Kp : ",Kp)

print("Ki : " Ki)

print("Kd : ",Kd)

measurel = time.perf_counter()
measure2 = time.perf counter()
fps = 15

i=0

print('set FPS : ', fps)
objectsNames = [0]
directoryimg = r'C:\Users\CONTROL\pic\RealSense\Optical Flow\log data\GetData
PI/* jpg’

directory = r'C:\Users\CONTROL\pic\RealSense\Optical Flow\log data\GetData PI'
os.chdir(directory)
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slri = ['Synchrotron Light Research Institute’, '111 University Avenue Muang District
Nakhon Ratchasima 30000 THAILAND', Tel.: 66 44 217 040 Fax: 66 44 217 047 Email:
siampl@slri.or.th']

nnon

colum = ['"No."+ ""+"X"+ ""+"conner"+ ","+"time"+ ","+"Control"+ ","+"SpeedOutput"+
","+"Speedinput"+ ","+"Error"]
version = ['Original Version()']
projecName =[PID'+"\n"+ "Kp : "+str(Kp)+"\n"+"Ki : "+str(Ki)+"\n"+"epsilon :
"+str(epsilon)+"\n"+"Weight Filter : "+str(a)+"/"+str(np.around(b, 4))]
header = projecName + version + slri + colum
with open ('17LoadPl.csV', 'W') as file:
for line_1 in header :
file.write(line_1)
file.write(\n")
num=0
start = time.perf_counter()
while 1:
start_time = time.perf_counter()
num = num+1
n=0
while n<10:
n=n+1
ret, frame = cap.read()
if ret==1:
while 1:
if measure2 - measurel >= 1/fps:
measurel = measure2
measure2 = time.perf_counter()
break
else:

measure2 = time.perf counter()



ts = time.perf_counter()
file_name = str(n)+str(ts) + "jpg"
cv2.imwrite(file_name, frame)

AVGtrajectoriesX=[]

numtrajctoriesX=[]

for filename in glob.glob(directoryimg):

frame = cv2.imread(filename)

frame = frame[120:200, 180:460]

frame_gray = cv2.cvtColor(frame, cv2.COLOR BGR2GRAY)

img = frame.copy()

if len(trajectories) > 0:
img0, img1 = prev_gray, frame_gray
p0 = np.float32([trajectory[-1] for trajectory in trajectories]).reshape(-1, 1, 2)
pl, st, err = cv2.calcOpticalFlowPyrLK(img0, imgl, p0, None,
**k_params)
pOr, st, err = cv2.calcOpticalFlowPyrLK(img1, img0, p1, None,
**k_params)
d = abs(p0-pOr).reshape(-1, 2).max(-1)
good =d< 1
new_trajectories = []
trajectoriesX=[]
for trajectory, (x, y), good flag in zip(trajectories, pl.reshape(-1, 2), good):
j=0
if not good flag:
continue
trajectory.append((x, y))
if len(trajectory) > trajectory len:
j=j+1
del trajectory[0]
End = trajectory[-1]
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Start = trajectory[0]

trajectoryX = Start[0] - End[0]

if trajectoryX>1:
trajectoriesX.append(trajectoryX)

new _trajectories.append(trajectory)

cv2.circle(img, (int(x), int(y)), 2, (0, 0, 255), -1)

trajectories = new_trajectories

AVGtrajectoriesX.append(np.mean(trajectoriesX))

numtrajctoriesX.append(len(trajectoriesX))

cv2.polylines(img, [np.int32(trajectory) for trajectory in trajectories], False, (0, 255,
0)
if frame_idx % detect _interval == O:
mask = np.zeros_like(frame_gray)
mask[:] = 250
for x, y in [np.int32(trajectory[-1]) for trajectory in trajectories]:
cv2.circle(mask, (x, y), 5, 0, -1)
p = cv2.goodFeaturesToTrack(frame gray, mask = mask, **feature_params)
if p is not None:
for x, y in np.float32(p).reshape(-1, 2):
trajectories.append([(x, y)I)
frame idx += 1

prev_gray = frame_gray

del AVGtrajectoriesX[0], AVGtrajectoriesX[-1], numtrajctoriesX[0],
numtrajctoriesX[-1]

AVGtrajectoriesX = np.where(np.isnan(AVGtrajectoriesX), 0, AVGtrajectoriesX)

print('X : ', statistics.median(AVGtrajectoriesX))

print(Nmember : ', np.mean(numtrajctoriesX))



speed = (1.23*0.095*statistics.median(AVGtrajectoriesX)/(trajectory len/fps))
speed = (0.9447*speed)-0.0136
data_filter = a*data_filter+b*speed
up = Vreff + 0.05*Vreff
low = Vreff - 0.05*Vreff
if data_filter > low and data filter < up:
data filter new = Vreff
elif data_filter < low:
data filter new = data filter
elif data_filter > up:
data filter new = data filter
curr_time = time.perf _counter()
error = Vreff - data_filter
if abs(error)>=epsilon:
if numM%71==0:
max_control = 3
min_control = 0.75
delt time = curr_time-start_time
if delt_time>=T:
total_error=total_error+error
if total_error>=max_control:
total_error = max_control
elif total_error<=min_control:
total_error = min_control
delt_error = error - last_error
control_signal = Kp*error+(Ki*T)*total_error
if control_signal>=max_control:
control_signal=max_control
elif control_signal<=min_control:
control_signal=min_control

last_error = error
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last_time = curr_time
Vact = control_signal
if abs(speed - speed old)<=0.05:
speed curr = speed old
elif abs(speed - speed old)>0.05:
speed curr = speed
speed old = speed
print(delt_time)
speedCon(Vact)
print(‘control_signal : ',Vact)

print('delt_time : ',delt_time)

cv2.putText(img, f'Speed :{data_filter_new :.2f} cm/s", (5, 15),
cv2.FONT _HERSHEY SIMPLEX, 0.5, (0, 255, 0), 1)

cv2.imshow('Optical Flow!, img)

print(Time ', np.around(curr_time-start, 4))

print('Vreff : ' Vreff)

print('Speed ', data_filter)

print('Speed_curr ', data_filter new )

print('error : "error)

print(‘total_error : ';total_error)

print(num)

with open ('17LoadPl.csv, 'a') as file:

data_textl = str(num) +"," +str(np.around(statistics.median(AVGtrajectoriesX), 0))

+","+str(int(np.mean(numtrajctoriesX))) +",

data_text2 = str(np.around(curr_time-start, 2))+"," +str(Vact)+"," +

non non

str(data_filter new)+"," +str(vin)+","+str(error)

data_text = data textl +data_text2



file.write(data_text)
file.write("\n")
files = glob.glob(directoryimg)
for f in files:

os.remove(f)

key = cv2.waitKey(1)

if key == ord('q):
Vreff = 0.0
vin = '0.00'

if key == ord('w):

Vreff = 0.8
vin = '0.8'

if key == ord('e):
Vreff = 1.0
vin = '1.0'

if key == ord(r"):
Vreff =1.2
vin ='1.2'

if key == ord('t):
Vreff = 1.4
vin = '1.4'

if key == ord('y"):
Vreff = 1.6
vin = '1.6'

if key == ord('u’):
Vreff = 1.8
vin = '1.8'

if key == ord(1"):

Vreff = 2.0
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vin = '2.0'

if key == 27:
break
speedCon(0)
file.close()

cv2.destroyAllWindows()
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Abstract

Currently, the food manufacturing industry is wideszread, including the food irradiation industry, where
hurran presence should be avoided in the working area to prevent radiation exposure. Due to the need to
control the conveyor belt speed while irradiating the food, research has been conducted to accurately
rmeasure the belt speed. The research utilizes the theory of light flow to calculate the real-time movernent
speed of the conveyor belt by continuously capturing images from a stereo camera during the belt's
operation to observe changes in okject positions. This information is used to calculate the displacement
distance caused by the olject's movement. By comparing the displacernent distance with time, the kelt
speed at that moment can ke determined. The experimental results of this research showed an average

root mean square error (RMSE) of ¢.104 millirmeters per second.

Keywords: Measuring speed of corveyor belt, Machine vision, Stereo carmeras analysis
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