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Abstract

This study proposes a novel microfluidic system based on a computer
controlled digital image processing (DIP) technique and optical tweezers for
automatic cell/microparticle recognition, counting and sorting in a continuous
flow environment. In the proposed system, the cells/microparticles are focused
electrokinetically into a narrow sample stream and are then driven through the
region of interest (ROI), where they are recognized and traced in real time using
a proprietary DIP system. Synchronized control signals generated by the DIP
system are then used to actuate a focused IR laser beam to displace the target
cells from the main sample stream into a neighboring sheath flow, which carries
them to a downstream collection channel where they are automatically counted.
The proposed approach makes possible the continuous sorting and counting of
cell samples without the need for any moving parts or embedded transducers.
The experimental results show that the proposed system is capable of sorting 5
um or 10 pm PS bead from a mixture of 5 pm and 10 um samples in the flow
speed 300 pm/sec. The proposed system provides a simple, low-cost,

high-performance solution for cell manipulation in microfluidic devices.

Keywords. microfluidics, microparticle, digital image processing,

electrokinetic focus, optical tweezers
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&
%

21 ¥4
AR AT

A FREOFRR FNE L e G NS R NI
FRFEE* 22N 08 - A MR R D FRRE I
SRP ATV A A ERE AT 2585 (APL) K 3BPa 48 o B iR &
FOpF R AT PRSI R 1R ARE 4y

d 3t ERBGREES > % FEd CCD B 1 3P0l ifms - £ ¥k

+ ;% IEEE 1394 m@%] P Ra BT AL R T ou f“&@ﬁﬁ@ﬁi
X SRR R RU SN A

M-sEA R E R A T 0 F - BEE (pixe)H B s R BT A0

0255 2 Bt & 4 » 7 T % 8 bit ER 2 Bl e T B AT 11— B

MxN 3 & £ 7 0 o3V (2-1) #777 »

00 O .. (0O,N=1)
(1,0) @) .. (LN=I)
f(xy)= (2-1)
(M=10) (M-Ll) .. (M-1,N-1)
j‘ﬁﬂﬁ i miv%;élﬁ-ﬁ E B 3z e ;1*"10 T~ BB A ’H(l“’ L Z % %

Fe) s "ER AT s Ficde o R RIS c RSB E R N B AR K
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[

G ek A R A AR KRR S A8

—

AR ET I E T SR TR R 2 T pEE o

212 BHEE ARG B2 02 R

FAPPGFFR S ZT AL ERPOFHE PRSP AE 0 2 F

R FERVR D S AR Fra MR R RE YT Z AR o

ERERPGOVE R W AR M B $2 (Normalized Grayscale
Correlation :NGC) » #-¥8 4® & B if & (pixel):i& {7 £ Byt 8 » A 49
SRR 2 Bk B 11 2 B2 4R A (Template) ¥ 2_ 4p 10 f2. B o

PO A D AT BN F A R BT B
T LS B R o R BT 54 B et Ak

H 27 B A5k ~ (Template) ¥ 4p 02 #2. B

i

2 HAP A2 BEEHE 7 iR

-5 [26] -
G BT M SR E At B Y 8 450 35 4 £ A7 i B
R SRR BRH TR RNTRREFEE > 4T D AR

g2
=3

L EE LR

AN

TREE SOl SYT) I R
Fuche AA L > T CPU il R B e R B 7 S RILATiE R
HFT A PR A AR B Ik o B A R = A A B R

xR B R R o
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2.1.3 ¥ # i 4p b 7 ge /2 (Normalized Cross Correlation » NCC)

ARG E TS AT EP B AT FE AT T R A
MG - 4BAL N KGR 7 RAGE 2 HOE 1 $H[27-29] ¢ 4o 2.1 #rA o B
BB s f oy BABFRIt(y) o f ey ZBEFTRE & 5 S
AT (XY) (V) TE o Fgt o gk At Fendp B TR o 3N (1345 squared

Euclidean distance FEZEE P> 2)¥ £ 7 5

d; (u,v) =X [f(x y)-t(x-u,y-v)] (2-2)

#-d?

bl
gl
e
gl!
Ee)

df (WV) = F2(x Y)-2D f (X YX-U Y-V)+ Y (XU y-V) (2-3)
Xy XYy 3%

Foepiot s e L PRy A U(X-U Y-V ks AT

e Fp kst 2D F (CYUX-Uy - V) s d L s oA 1
X’y

HEg o pdi (UV) RENTE > ST HEE AR GS

Foh T 0L AR ot 2 AR 00 R AR M e C(U, V) e

C(U,V) = Z f (Xa y)t(x_ u, y_V) (2-4)
X,y
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FCBLIB AR T T A G EAtZ AP NAEEE -

W P RAT U RAR A EA R 23 R H OB R TR A
Pt 2 RASH L R R 2 5 50A s e T 7 0 R o iR A
Btk £ % 1 (Normalizing)= 2 H =& & » 2 4 — Sg A= 2 MBS G
&,%?W%jgmﬂ#%ul%%%&Zé%ﬁﬁ#&%%ﬂﬁﬁi%
lz\xﬁ’*l%\ﬂr?ﬁl - R F)m BRI Brpid 2 2 HREEM Rl 0 (2-5)

J T L

> ooy = 1, ftx—u, y—v) -]

= (25
2y - fu,v] 5, [tox—u,y—v)—f]

r(u,v) =

Bt S Bpe T58 o f 2 R o R A B w2 Ti5E o
;T L F A1 4p M Bi(normalized cross-correlation coefficient)» H ¥ 45

Aol Stz FER 4 1R -
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(0,0)

(u.v)

t(x.y)

™S

Image Pattern

f(xy)

B 2.1 # A& ¥ ff(Image Pattern)* "L & W 2 T 5 7 LB -

Pk S e BHIER AL R L R A A S 2 F R N
gt G ANMFR R Tt A BEEFL S o
2.2 k42 A A RE

#1969 £ > Ashkin § L #F R * FHEBRREESRET UFHHL? B

&5 um 2 e sk o3t & 1970 & 5 A ip 4p w 1F 5% (Counter

Propagating Laser Beams ) #v "/ F & - 1% HipF 2 o Fb R+ - BT
SR 40 E T 5 0.59 F| 2.68 um % S IE[30] - 1986 & » Ashkin %

BEH AT HREG R FRN LR AL BT ES v A F P
A o XTI THBERITE G L E5 4 R T R AR

B BLage gt Wi el B g k& 4 1 j(Single-Beam Gradient-Force Optical
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Trap)st 4L 5 T %44, (Optical Tweezers)[31] o 1 * b F ¢k 44 eni®®* 4
T LHEE T A ) Gt um 0 ok iE g AR [32] -

d 307 SR v BRI ok 0 e nm ~ um shE B (AdFE A
PRI D RAPE 0 F ket 2 (8 o \ETARE Y 2 PR
P

BEEME G RO BE BRI R e o - e T 24
Ao A 10 H12 3 2 S s FptR e o KRR o BRRE S
FRAE T EER A2 FERY AAFLS F A IR o bldeT 1)
* 3 sk ey ok B PIE S F-o F(Motor Protein) i@ & 4 > 2 FEiE e~ jig
AR /Y A REAPFEL R F 5T Ry FARE
ErPA1E s PRt R LD et A E oA E F
PR S e 2 MR R R RS > T AT S N2 R B
Ble 3 e [33]

BN R RF 2 F AN TR E TR S E A kiR
AARIZDBA]c FH— AT I 1A TRFARE T AL BT RE - #i
um & J S R o ) ] 2.2 T 0 B S § bR R D 0 i - B
NAE (#EE) FPEFEZ S EE Y £F {iT o d 3o F Hide

¥R BT G P RFE MR IR € F NPk I A G T8

-

RF S TR e LR BIkT B E L §e o xR E
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ok I g THFRER e BRI XD - TEHES A AT

SHE B D 0 hol 23 TR o M PE RS 1 ARIET 4 - k3 Rl

bR a A4 hkd o - kI FRHE AR a A2 chk
doptowmld A As BAE s - BAE e kB & 4 (Gradient
force)» ¥ — B A EF Jq,\;}ﬂ w3k {738 > w et 4 (Scattering force) o A 1T

oA iy & R Tk A4 A3t § Bk 4 (Optical Tweezers or Laser
Trap)® £ rre o 3R R F 274 F 0 AR T Rhagh i - sl 4 &
X o W RAEGE f Rk B33 o G4 RS o A R ATA A 2 HR A

WEAF KT Ra il o e P I M v 4 o

\/

Vi 2 /

Specimen plane

objective

Laser

Bl22 @8R ERET LE -
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F gradient

tgt

Laser light

Bl 2.3 k4qic* 4 RIET B -

PR H 24 2 £ FHA > A e Rl FATEIFLELT

Sk gy (00 A 4 [35]40T g

212 .
= _nP Rsin 26 T [sm(26: 20, )+ Rsin 26| (2-6)
v T e 1+ R* +2Rco0s26.
2
F, = nP 1+ Reos 26 — T [cos(Zél 20.)+ Rcos 26| (2-7)
C 1+ R" +2Rcos26.

2o R, S dHe Rl > HERBRAGTF M 5 PR
¥ (Foragien) © Fo 86 Adastfend > 2k L Figens & T 17 0 fL 5 Hest

! (FScaItering) °
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PT’R

Bl 2.4 6bk g~ 5135 P IR AE2 & £ S KT T 2 BIB5] -

AEMAAEE R - FEIH RG] - FHE T ZSFERE

—\

fs > ’lli.g? E’T%&gé@g I]j = - 7}% iﬁﬂi;; Fﬂ ° I:Gradient e {#] e 3’2 }iﬁ&

0

-

Fre Fl - B RRETHD T 0 Foagey T Ipre R F L2 £F S
Ao F A RIS BB BP0 R A I SRR R R 4
Bk 3 aosl Pl R EREY o s sEm i _:_“g;ﬂ,ﬁégt’#ﬁe#“mp 1o
LRI I A S R R VR = R S L el aE SR e 5 ¥ o
PP G R E A o Fl S EHN R e FROH IR R E 2

R
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2.3 Mcd iR Bk
P e sE R R S R Y1 K b2 BeUn Rk SRR 2 oAl

B JV
%"E——F °CET

\“‘\“J

T R Ak SR FIH eE i 7 < ¢ 'F T #oum
SEPUMZF AN FERVARIREI - G
FURRE T Rt A ARl o B RRERMFZ R ow oon ki 2l BRI
17 5 o % A EDL (Electric Double Layer)sisc &>t fic © B R i3 o

Hn i R A o B Gl AP Z R BET BB LA o D

A~

POFMA G FEIF TTER R EL LR EATFANERE
BRMF2Z e BABRp AT AFEL I E @A
* o BT L5248 4 (Body force) #-€ BRI LML T H
s i (Electrokinetic effect ) [36] - Mala [37]4= Yang[38]% A I 12 gt s iy X i
ARt d 3 P o

r RGeS N keI E R T A PRl A e kR
W R R 2 R FlA AT TS E KRR LR SR

4 [39]c AR P BB 2 N e AR 8 o At B

-]

» Jv o I % (interfacial phenomena ) »T/& e 5430 48 @ﬁ%]rﬁ ]

DYTES RIVRE VN R EN R
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231 RBERRE

¥ & A& (silica) Ml kigie e i f24gpF » 2§ i =5 0 Si-OH §

b&

WA R TR AL TR (SIO) X RETIERP AT

> % %k (Stern

ETINS

Y RO TEEG AT THEA A RT A G A A -
layer) = g i BEg F T A d ek & R EET o ¥ - Pl 5 3t 4AcA (Diffuse
layer ) 2z 3¢ BEfGE ¥ ¥ # & chdfacd+ o @ B A (electrical double layer »
EDL) + % 5 2> &% % & (solid-liquid interface ) 2. ¥ - H Zeta 7 = %'[36]
B g BENT e 2 B chpH B B o3k pH BAXE & 7 RIBE R

TRAR KL o

FRMOAEE P - RS BN E A2 - AR R4 IR %o
g ol eh R % % on (Electro-osmotic Flow » EOF)»x fis o H # & ek fi &

dEREFP Mo NERRIAE o

?_. jo 33 ,}:l r‘ﬁ/,, i Veof iﬁ JeF [40] :

Vi = UeEy (2-8)

El o4& LA SN N c 3, P -7 Yoo [P 22, -
U T DT B E AT F > d EgR G54 PR HB R - d 343
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AT AL E o BT BT PREVR ST B KE
( Electrokinetic Focusing ) 14 % *»3igsl b 2 Jg % @ 4p ¢ B i£[41-43] -

Wall

—Seecssesssssencssee

[ ]
External Electric Field >
: E—
y e e®.% ¢ o $

O..................;

=X

eeoccoeO000C000000€60
Wall

B 2.5 RF i indE B AW %%@[39]°
AP G A 4B R T R TR SRS A1 A Rlfon s e o
R R E - w2 TR P TR kB R E TR o

BEUSZmR PR we TR a- T AEBHF DR TUIEE

BBl T o TR P TSR BN - BT A RlRH

?%ﬂ#ﬁ&ﬁ@ﬁiﬁ—m%i%&’m%ﬁ?%ﬁﬁ%ﬂ@ﬁﬁﬂﬁ

P

Wik @ AL FEA RS B2 il R TR R S kI

L E ST ER
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AT R - ATANFE AN A AT RFEITLREIERED
Bk 4 8 peUR Rl K Suendd i R R 2 dmie S TR R T A BT
FERehr o T A A S0P B TR 0 A ke k2 AR
Eb SEF: S ICIELS SO SR -8 T R ol T i R

WS TR RE I F SRR L T % H(PC-Based) T 2 R

s

=

T
"
N

Boo BF ARSI M T RARFARIRE P 0 £ TG IRAR

TSRS e A o B A LR B A R

RS
&
¥
=
T
o
3

BpERELTERGIRRRE R F e kL 2 58
PC-Based & "4 # %JHP\—:"H} : TEL T g’k,j-,loéﬂln\i\ﬁr%glﬁ oo 3 4 oh J’-‘*g’kf‘]’
SREVAFEN RAGL GRS SEEE 1 EREE ]

R AR TR N 2 A, BT AR S B i

. 2 ;i 2_ e A éf,f %/‘!'L,—,ﬂ /:.L’E_Q%Y/\’,ﬂ: ~ _@ g‘y»_LgIB?ﬁ e ﬁo \ rg; E’TJD&’] e

MRS Sl S £ 7 L KR s
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F

; ROI (Region of Interest)
®

A counter
e
e & 9

L ] —
bB counter @ ..

- )

- -3
= e e i
; Laser Spot Position -

B 3.1 drindlimie o F G2 R E C R A Al TR
T% %2 LEPHRFEET LR -

CCD Camera

Shutter Controller
aser Cooler

Laser Power Supply

B13.2 kdy s g WA -
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BRI SRR L P (TR M T A AXRLE 320 P Lk
Bk Sud & A% K E R A ACELELRIZ BP0 B hd - F MERE TR
= (SZX9 > Olympus > Japan ) » 4| * — 3 & 2 if P~ /i » + (IEEE 1394)
v % Basler CCD ™ 3 48 8 fieg 3 ¢ 2 Foifeo T ZIREF S 4300 > 7 5
R A * A e ¢ % T SH(L8OSPIWI - Thorlabs - USA) » B * #1174
Sl Wo P wpE i 808 nmo fird - FETHEHAIFETRERZ ITHE
(ITC502 » Thorlabs » USA) iF » & F]F b2 He (7T jida s 7 i 2.5 Ao A
EFAIE TR HEERSTIAE 1S5 A FIpr dtia- SAERBITE Tt
Moo T B - B3 100X 0 NLALE 1.25 2. # 4% (0il immersed > Olympus °
Japan)®_E s > ﬁa?l dUiTd o 1 ERER F 2 L - 2 MR 4R (SZX9 0 Olympus »
Japan) > %16 % i# #ci= CCD % % i % IEEE 1394 /i & #-iic g if @ & B
GAicBw TN TURFREFRYITE 2 2 PR RIE o

Foki* - 3BT IRERBMP-3500,Major Science,Taiwan) & & & 7
BETTRE TR TR R B - BHHEBPRF UL > 4525
mmx70 mmx1.0 mm > if & - KK F R T ST KF Kok T
PS (polystyrene)=r1% 4 + 3% (Duke Scientific » USA) > & <t & %] §_5 £ 10 um
¥ RS ook AR Y BRI R U - 3B CCD
(A311fc > Basler » Germany)#P~{s @ w T % » B IS kA ik g i B2

fo AL 0 B e S rd] Sk (v d P 4241 E (SCI0 > Thorlabs » USA)
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/A~ T_-F* (SHOS5 > Thorlabs » USA)z. B B » ;ﬁ PRt N S
FUHREREER D B A A T s e T e B3k
o R B33 6E 2 p B AR R P
1. ARF &%
2. PC-Based & %sdr#4] a5tz p AR F2Z A4 5
3. T bRy B B kAL

4° ;{%Iﬁ‘-%g BE Ll- Av\ Lk\F\

AR 5| 4e ‘1;}'5%‘}“;;;]3';

y 4 CCD CAMERA

I IR-cut filter
2 Computer

\——J Microscope

— Y
Micro-fludic Chi e

Laser Diode Shutter

808
3 ) Mirror

B33 Al A g E T LR -
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Cell/Microparticle

PC Base Control Laser Tweezers and
| Microfluidic Device Platform System Optical Control System
E | .“; Sample \\'. | | CCDeapture imape

v Input | |

Vision System

]

‘ Image transler and Object Recognition ‘

+

Switch Cells/Particles to collected reservir
and
Sorting/Counting

g & Counting (Ilruq:u Process

Bl 3.4 »p e afkir Z_dmPe A HE R AL A 3 kA2 Ap T B ARBEER (T B o

S1ARE x sl R #

3.1.1 % ,;“. A R "‘#-

wp

AL S MRS 73 R~ BERK R ~ CCD camera ~ R (i P~ 1

B EEIEEE 1394 /& o o & R g P-{s » R JF&d CCD @i %

BoRERNER G EESIEEE 1394 G > TR T kiaud g o @ 7

E R
A
)
o
g
fl.‘.t
*“3‘3

AR o A B R Y 2353 T Mok s PC-Based 7 %

Fodl h sz gossPie > 2 2% IBEE 1394 shid G o Fla & A i

1ok bauE ¥ % #. CCD i# * 14 & Basler = & #7 2 31505 A31lfc shiffe i

PR e B E R R E Y 2 W e R R R 5 656 x 492
pixel » frame rate %= 75 frame/sec °
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312 AF A AR GoEs g e 2

A N T - AR V=N E I S -

-~

NS

s kA VR B OR
BR2ZA#H P RBp K AROFTET R REFERIRR A R
B o PR AN AT 5 2 5 v 4/pF EURESYS = @ #7 1 3K ch eVision & 2 i 4
#& it Microsoft 2> & #1 11 %< &1 Visual Basic 6.0 14 2 Visual Studio C++ 2003
R TR BRI A SR A0 BB 0 R R EFEMEE L b

% i CCD #7152 8 1394 F o @I 4 T 5= PRIP1 6 (7

Bazehist ThE > THETHEF 2 Visual Basic 6.0 B fa? sz

W

TS O € R RE SC Y R SRR ST

i

Visual Basic 6.0
display sub-program and
vision recognition algorithm

Program

Start ﬁ
memlink.dll
Visual C++
CCD image capture
sub-program

Share Memory(lmage Buffer)
ImageCaptureFlag
CaptureFinishFlag

Pl ——

N

B 3.5 f1* & i 5 3038 2 DLL(dynamic link library)sh= 3832z R B £
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d ** Basler CCD #2428 2 C3F 2 “t% 8 » &% 27 Visual Basic 6.0
FFERAEN AR EREE 0 TR R CEZ R FER - BEAED
KFB-Rife e T 4% # i B 538 2 DLL(dynamic link library)en= 583t 3
BB F - &% Th o I * pt 2% 2B ki Visual C++¥¥ Visual Basic
6.0 SHF L N o STHEB TS 2 TR 0 B R 21T &
8 % ¥%(Handshake)z_ ##p > 3% » £ 5 Visual Basic 6.0 #5342 7% & $rB~pt 32
B TR TR o § FRER R A ¥ #08 * #5(Handshake) s 3¢

2 AP ARV T - SRR R o H R o7 R BlACE] 3.5 por e

Multiple Particles Vision Identification and
Laser Tweezers Sorting System

Sequence Control Flow Chart

FIPCiZ3
RS232;:311
P

ST | % A
e

B 3.6 *AFT 7 B e A sEt ik k s gl AR o
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B R 2 5 B B e E 2 S B AR B 0 4o 3.6 YT o g
RKEHFTRFEFEFEL AN ERIFRHEFRIRIL - 54755 8
TP AR B T ivd § Bk 4y A Btk + T3 3F B counter R EcE o
F z_ > R iE A counter 3t #cE o

AR ATR Y SRR B B R AR AT REAIT(REHRTE F
)~ MER AT s AR A ORI R SR R R R AR ARV R
PRFE NP E 2 RFF AR A R REFER P A s
AR 2 T AR A TR S 2 WRRE Y o SRS R TR B F
AL B AR B AP R R A A A R
FEFM e It iz * T PC-Based T iy dl & sudv i aag o 247

FIFS IR L e T MR BT B B RS

NS

Fde R g PR TR S ARG - B R o e 2R
oL o Sk LR 3150 G HE FERER Y kS 5 HER
A R RSN R TR FT R LT RRAB B2 AR

TR ENE RN L FRER > XA RR T AR

I
_\_\_
3
4y
¥
paci
i
s
B
o
-l
T
%
i
%}l‘»
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Fedpdeid® AR M P d - &3 %4 s g2 wHEm iy
Foo ' Madpdl kBRI d RS232 PR fpdl e s 2@ A e o
Bt BRI ERN MY SERTF]F > PR A 055 2 FF

(F A58 10 o (e s BB Pl P 95 2% S0 J= | B B9 (400 ms) 3 1 (iE & F] 5 ) o

A

OB T MNER T 2 Boa it Tagd gt R issy 2
DR AR RPN o T 2 nE i R g R R TS g ] o by
BOF]S E A 0.5 B > | B 2 i de pE R 4% S 400 msx0.5=200 ms -

AR OATRR 0 2 B e e PR LK Sk AT S F TRk e 2

AT T FRF N RIS ZAREY S AR T Y
2 L (a)tk 3V b 7 (Pattern Match)” 12 2 (b) fi§ % 47 72 “EasyObject” ° }* = f&
BBV UM ROT FREY 0 I PSR S 2 F RSB
FOMGRES BRIV RFLOTED RS RN L

(a). “f% ;% vt ¥ (Pattern Match)” @ 4 @ * p 32 w0 o @ % R e
ARG R A R P R R N R 0 T4 1 Y (learn pattern) © 2
QTSI SN PN S SPLE S S € T i)

AR ¢ R R A R €S L T L R PR
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SR EEAT 20 BRI b 3R B 4 #i(Score)” 7 ) vt ((Scale)”
T oo Wb ¥4 #e(Score)” T R A Ap i AR 5 7K o] b B (Scale)” T A -
BEA| 2 e BTBES o] o NI g 3K TR ¥ 4 #i(Score)” & S ) v
(Scale)” % $-#c > “4k 5\ v* ¥4 (Pattern Match)”#-7 447 A5k 2 7 ¢ % /] 2
fwie FTELE T R B PR o 4o B 3.7 ror o B HREE ALY 10 um G SR

Ao oA g e N AR 10 um R A GE T P R ERERRES o

(b)
Bl 3.7 4% ;% ¥ (Pattern Match)” T % B](a) #ri& (740F v ¥2_ B2 4k & (b)

;ﬁ'%,ﬁ, erJev«e,\lLL ?‘J’i‘f’%é}i"% °

\\

Hatioie LA OFEl e U R o 2 - BE F 1] Jwe FELS ] 02
fmre FBLA AR o AR B - T 088 38 (7 Pattern Match > 2 kot
oo BEL HA|% LE4FPHREEEY » T2 F TR IrEEf]r 3
V2 BB R Ao e GFMAEZ W S TELE R I HEY I

2 AR R 2o b R e TR X ) 0 B R E R A Z PR A
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R AR A RE 2 BIRTIE ] o b - EE 2 WE L TR AR R AR
ZoFER S (VA gL B e 2t e B AT O 2 B RR S 47 AT

LFRREEE RAD T LR i L gl o

(b) “fi % 4~ i+ /2 (EasyObject)” © f§ % 4= 1272 %7 &40 * e o
Bchet iy > B AT EED R P AR R T RO RN K o Ft ey
A2 e TR SRR T v BA A DT R B2 B AR

ks § O FE e im e g“rg‘;b’%;;a %% w W AE %l Al S

4

SERFTABVTARATBLAEYE c e ARE T 0 TR EET S

o

4 )g;j:_g & v WTT XL e r%ﬁg‘g, o] o ;J\,g:r Lbﬁ S PES
RRTHGEEP e TR <R PTREFZFFEU AR SR
Bk p B FERA S 2 R iR AR 0B A KA A 0 Fa
WA TR T M TE K SRR Y 2 AT S o 4o 3.8(b) om0 A4% 10 um £ 5 um
2R B4R R BHEE kA STRE N2 10 um FERE ribz ik 5 42
pixles » 5 um #ryFa 12 FELH ATk L 13 & 18 pixles © 10 um £ 5 um
STk G G PR A B IR 11 35~45 pixels F frEc A sE2 BT R

G gl o P RT R bR SR G N 10 um B {7 PR BLIE B
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B 3.8 “f§ % 4 12 (EasyObject)” (e #> Bl (a)4* $i8 & 22 (7 P L H 2
F 4 ug LBI(b) F R s HRE S % o

3l4 mre FREAH E 2 R 2P E 2

—

fmre WREAL L ET S AR (8 o BT Bk g PR ) K sLiE i
MELEE o B 2 RS 53 Hi05¢ (Continuous or Pulse Mode) 3 1% % p& Y

£®r Likfpme T2 S RdE2 @ ke bd > 182 T
FE S EAT MR IRG  E TG ok dnte TEEA ST o ) dme T ELA

BB 2 EHOTA LA FE R £ > T B e it 2 i
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Fro 2 ot prenE NG sk a2 B 0 B a I R Bt anim i o
BT B OTRE AR AT R T BRI WA R MR gk
FOUFERA B SR ARH AR 0 P e FERATIE 2 E G A S

P ARt Als s S CEBRTABTVRY B 4EE o

ETIS
B

F1F Sk g T R i e RS I RE Gl R PSR Y 2 o sk
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Appendix A

Image Capture Sub-Program
(Programmed by using Microsoft® Visual C**)

//2006:by Bio-Electro-Mechanical System Lab.
//Department of Mechanical and Electro-Mechanical Engineering,
//National Sun Yat-sen University,

//70 Lien-hai Rd. Kaohsiung 804, Taiwan

\file Modified from ©Basler Bcam MiniGrabSample.cpp
\brief grab a single image using Bcam-API calls

*/

#include "stdafx.h"

#include "define.h"

#include "mem def hmi.h"

#include "resource.h"

#include <bvcdib.h>

#include <bcam.h>

#include "BvcColorConverter.h"

extern SHM *shm;

using namespace std;

using namespace Bcam;

int main(int argc, char* argv[])
{
create_share_memory();
open_share memory();
int i=0;
if (CBcam::DeviceNames().size() == 0)
{
cerr << "No camera present!" << endl;
system ("pause");

return 1;
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/] Get the devicename of the first camera

CString DeviceName = *(CBcam: :DeviceNames().begin());

/] Create the driver object and open the driver
(CBcam Bcam;

Bcam.Open(DeviceName);

Bcam. Shut ter.Raw=400;

Bcam.Brightness.Raw=255;

Bcam.Gain .Raw=500;

/1l
//Continuous Grab:DCAM Formate 7

/] Parameter set for the fastest monochrome format (valid assumption anly for Basler cameras)
const DCSVideoFormat VideoFormat = DCS_Format7;
const DCSVideoMode VideoMode = DCS_ModeO;
DCSColorCode ColorCode = DCSColor_Mono8;
CString ModelName = Bcam.Info.ModelName();
if(ModelName.Find("c") >= 0)

Bcam.SetVideoMode(VideoFormat, VideoMode);

Bcam.FormatSeven[VideoMode].ColorCoding = ColorCode;

/1 Set Area Of Interest to maximum

CSize ImageSize = Bcam.FormatSeven[VideoMode].MaxSize();

ImageSize.cx = ImageSize.cx & ~3; // Beware : Windows Bitmaps have to have a DNORD alligned width :-(
CPoint AoiPosition(0,0);

CSize AoiSize(ImageSize);

Bcam.FormatSeven[VideoMode].Position = AoiPosition;

Bcam.FormatSeven[VideoMode].Size = AoiSize;

/] Set full speed
unsigned long BytePerPacketMax = Bcam.FormatSeven[VideoMode].BytePerPacket .Max();

Bcam.FormatSeven[VideoMode ] .BytePerPacket = BytePerPacketMax;
/] Create image buffer

const unsigned short BytePerPixel = 1;

const unsigned short DataDepth = 8&;
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/] Allocatee Resources and Grab the image
Bcam.AllocateResources(1,A0iSize.cx*AoiSize.cy*BytePerPixel);
Bcam.ContinuousShot = true;
Bcam.GrabImageAsync(shm->pBuffer, AoiSize.cx*AoiSize.cy*BytePerPixel, (void*)shm->pBuffer, false);
unsigned long ErrorCode;
FunctionCode_t FunctionCode;

void *pContext=0;//&(shm->pBuffer);

shm->RAM [1]=0;
shm->RAM [2]=0; //exit flag
shm->RAM [3]=0; //live triger flag

shm->RAM [4]=0; //image capture flag

while (1){
if (shm->RAM [2]) break;
if (shm->RAM [3]==0){Sleep(20);continue;}
if (shm->RAM [4]=0){
Bcam.WaitForCompletion(&FunctionCode, &ErrorCode, &pContext, 3000);
if (ErrorCode) break;
//throw BcamException( ErrorCode );
if (FunctionCode == AsyncGrabImage)
Bcam.GrabImageAsync(pContext, AoiSize.cx*AoiSize.cy*BytePerPixel, pContext,
false);
Sleep(10);
shm->RAM [4]=1;
Sleep(20);

}
// Turn continuous shot off
Bcam.ContinuousShot = false;

Becam.Cancel();

/1

close_share_memory();
ExitProcess(0);

return 0;
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Appendix B

Image Display Sub-Program

and

I mage Recognition Sub-Program
(Programmed by using Microsoft® Visual Basic 6.0)

*2006:by Bio-Electro-Mechanical System Lab.

‘Department of Mechanical and Electro-Mechanical Engineering,

National Sun Yat-sen University,

70 Lien-hai Rd. Kaohsiung 804, Taiwan

Option Explicit

Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim

MyBuffer As Long
geCurrentHandle As enumHandleNames
run_status As Boolean
eFileFormat As enumFileFormats
frame no As Integer

particleA counter As Integer
particleB counter As Integer
optical sensorA As Boolean
optical sensorB As Boolean
image_threshold As Integer
counter_threshold As Integer

time_start As Currency

TimeIntervalBetweenTwoPosition As Currency

previous_position As Integer
IsNewParticle As Boolean
particle start position As Integer
first particle velocity As Double
SpeedFactor As Single

total_orgx As Single

total_orgy As Single

sngCenterX As Single, sngCenterY As Single, sngAngle As Single

sngScaleX As Single, sngScaleY As Single, sngScore As Single

save_file flag As Boolean
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Dim gray_value As Integer

Dim gray_value _maxA As Integer

Dim gray_value _maxB As Integer

Dim gray_value _minA As Integer

Dim gray_value minB As Integer

Dim intIndex As Integer

Dim laser_spot_positionX As Integer

Dim laser_spot_positionY As Integer

Dim LaserTriggerStartTime As Currency

Dim LaserTriggerOnLastingTime As Currency
Dim LaserTriggerOFFTimeDelayFlag As Boolean
Dim ParticleVelocityWhenLaserTrigger As Integer
Dim scale factor As Single

Dim code Xpos As Integer

Dim code_Ypos As Integer

Dim TheMostFrontXposition As Integer

Dim Size Maximum As Single

Dim LiveCaptureFlag As Boolean

Dim InspectFromVideoFileFlag As Boolean

Dim ResetScaleFromFileFlag As Boolean

Dim ResetScaleFromLiveCaptureFlag As Boolean
Dim ImageScaleRate As Single 'scale rate between live capture image and video file image
Const imagepixel W = 656

Const imagepixel_H = 492

B.1 Program Initial

Private Sub Form Load()

Dim strMsg As String

Dim InglmagePointer As Long
Dim 1 As Long

Dim PIXPOINT As Long

shm_location = 0

shm_location = LinkMemoryBlock() + 307200 * 0

ImageScaleRate = 1

laser_spot_positionX = 460
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laser_spot_positionY = 240
'Draw counter line position
counter_line_A X1 = 502
counter_line_A_Yl = 125
counter_line_A_X2 = 502
counter_line_A_Y2 = 165
counter_line_B X1 = 502
counter_line_B Yl = 175
counter_line_B X2 = 502
counter_line_B_Y2 = 205
ResetScaleFromFileFlag = False
ResetScaleFromLiveCaptureFlag = True

LiveCapturelnitialSetup

EBW8Imagel.Refresh
EBW8Image2.Refresh
" Set the ROI 1 parent image
EBW8ROI1 .ParentImage = EBW8Imagel.object
EBW8ROI2.ParentImage = EBW8Image2.object

" Set ROI draw color(line)
EBWSROI1.DrawColor = RGB(0, 0, 255)

" Set ROI fill style/color (handles)
RGB(255, 255, 255)
eFSSolid

EBW8ROI1.FillColor
EBW8ROI1.FillStyle

EBW8ROI2.DrawColor

RGB(0, 0, 255)

" Set ROI fill style/color (handles)
RGB(255, 255, 255)
eFSSolid

EBWSROI2.FillColor

EBWSROI2.FillStyle

'Set the ROI 1 coordinates
EBWSROI1.ROIOrgX = EBW8Imagel.ImageWidth / 4
EBWSROI1.ROIOrgY = EBW8Imagel.ImageHeight / 4
EBWSROI1.ROIWidth = EBW8Imagel.ImageWidth / 4
EBWSROI1.ROIHeight = EBW8Imagel.ImageHeight /
EBW8ROI1 .DrawFrame eFrameOn, True
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EBW8Imagel.TextTransparent = True
EBW8Imagel.TextColor = RGB(255, 0, 255)

EBW8Image3.TextTransparent = True
EBW8Image3.TextColor = RGB(100, 255, 100)

'Set the ROI 2 coordinates
EBWSROI2.ROIOrgX = EBW8Imagel.ImageWidth / 4
EBWSROI2.ROIOrgY = EBW8Imagel.ImageHeight / 4
EBWSROI2.ROIWidth = EBW8Imagel.ImageWidth / 4
EBWSROI2.ROIHeight = EBW8Imagel.ImageHeight / 4
EBW8ROI2.DrawFrame eFrameOn, True

ECodedImagel .WhiteClass = 1
ECodedImagel .BlackClass = 0
ECodedImagel.Threshold = 83

ECodedImagel .DrawColor

RGB(255, 0, 0)

ElmageSequencel.State = eStateActive
ElmageSequencel .NumRate = 10

ElmageSequencel .DenomRate = 1

" The sequence will hold 512x512 EBW8 images
ElmageSequencel.ImageWidth = imagepixel W
ElmageSequencel . ImageHeight = imagepixel_H
ElmageSequencel . ImageType = ¢BW8

save_file flag = False

'Sliderl.value = Read_RAM_Parameter(5)

run_status = False
" Set angle unit to degrees

EasyMainl.AngleUnit = eDegrees

strMsg = "To build an AVI image sequence:" + vbCrLf

strMsg = strMsg + vbTab + "Open images from folder Images\\EasyAVI." + vbCrLf
strMsg = strMsg + vbTab + "Select a destination file (*.avi)." + vbCrLf

strMsg = strMsg + vbTab + "Select a codec." + vbCrLf

strMsg = strMsg + vbTab + "The sequence is built automatically." + vbCrLf + vbCrLf

strMsg = strMsg + "To retrieve a sequence from an AVI file:" + vbCrLf
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strMsg = strMsg + vbTab + "Open an AVI file (*.avi)." + vbCrLf
strMsg = strMsg + vbTab + "The sequence is played automatically." + vbCrLf + vbCrLf
strMsg = strMsg + "Required licenses: None"

'"MsgBox strMsg, vbInformation

LiveCaptureFlag = False

error_code = 0

LDD10_ComPort = 1

check_COMM_Port

check_LDD10_error

isLaserSoftTrigger = False
LaserTriggerOFFTimeDelayFlag = False
LaserDiodeONTimer = 3 'unit: 0.1 sec; laser output timer base 300 ms.
IsWhiteParticle = True
InspectFromVideoFileFlag = False
MaxMatches = 5

MinScore = 0.9

MinScale = 90

MaxScale = 110

Particle_Size_Max = 50

I}
[\

Particle_Size_Min

SpeedFactor = 1

image_threshold = 100

UpDownl.value = image_threshold

Text2.Text = image_threshold

DisplaySpeedFlag = True

DisplayAreaFlag = False

DisplayPatternMatchFlag = False

Timer draw mark.Enabled = True

Open App.Path & "\CounterPeak_Record.txt" For Output As #1
End Sub

Private Sub Timer draw mark Timer()
EBW8ROI1 .DrawFrame eFrameOn, True
EBW8ROI2.DrawFrame eFrameOn, True
EBW8Imagel.DrawCircle laser_spot_positionX, laser_spot_positionY, 8§
EBW8Imagel.DrawLine counter_line_A_XI, counter_line_A_Y1, counter_line_A_X2, counter_line_A_ Y2

EBW8Image3.DrawLine counter_line_A_XI, counter_line_A_Y1, counter_line_A_X2, counter_line_A_ Y2
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EBW8Imagel.DrawLine counter_line_B X1, counter_line_B_Y1, counter_line_B_X2, counter_line_B Y2
EBW8Image3.DrawLine counter_line_B X1, counter_line_B_Y1, counter_line_B_X2, counter_line_B Y2
Timer draw mark.Enabled = False

End Sub

Private Sub Commandl_Click()
'MsgBox ElmageSequencel.ImageType
Dim 1 As Integer
Dim j As Integer
Dim k As Integer
Dim max_index As Integer
Dim NumPositions_old As Integer
Dim moving_distance As Single

Dim total_orgx As Single

Dim sngCenterX(10) As Single, sngCenterY(10) As Single, sngAngle(10) As Single

Dim sngCenterX_old(10) As Single, sngCenterY_old(10) As Single, sngAngle_old(10) As Single, DX(10)
As Single

Dim sngScaleX(10) As Single, sngScaleY(10) As Single, sngScore(10) As Single

run_status = True
moving_distance = 20
"total_orgx = EC24ROI1.TotalOrgX

" Transform x and y from twips to pixels

"total_orgx = ScaleX(total_orgx, vbIwips, vbPixels)
ElmageSequencel .Position = 0
EMatchl.MaxPositions = 5
EMatchl.MinScore = 0.93
EMatchl.MinScale = 90# / 100
EMatchl.MaxScale = 110# / 100
For 1 = 1 To ElmageSequencel.Count
" Retrieve the image
max_index = 0
'ElmageSequencel .GetImage EC24Imagel.object
'ElmageSequencel .GetImage EC24ROI1.Object

" Process it if needed
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EMatchl.Match EC24ROI1.object

'On Error Resume Next

'Retreive informations about the first match
If EMatchl.NumPositions > O Then

For j = 0 To EMatchl .NumPositions - 1

EMatchl.GetPosition j, sngCenterX(j), sngCenterY(j), sngAngle(j), sngScaleX(j),
sngScaleY(j), sngScore(])

"speed caculate
If i > 1 Then
For k = 0 To NumPositions_old - 1
DX(j) = sngCenterX(j) - sngCenterX_old(k)

If ((DX(j) <= moving_distance) And (DX(j) > 0)) Then Exit For
Next k

End If

NumPositions_old = EMatchl.NumPositions
sngCenterX_old(j) = sngCenterX(j)
Label3(j).Caption = sngCenterX(j) + total_orgx
'Label4(j).Caption = DX(j)
Label3(j).Refresh
'Label4(j).Refresh
If j > 0 Then
If sngCenterX(j) > sngCenterX(max_index) Then max_index = j
End If
Next j

For k = NumPositions_old To 9
Label3(k).Caption = 0
'Label4(k).Caption = 0

Next k

Label2.Caption = sngCenterX(max_index) + total_orgx

Label2.Refresh

" Draw it

'EC24Imagel .Refresh
EMatchl.DrawStyle = eDot
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EMatchl.DrawColor = RGB(255, 0, 255)

'"EMatchl.DrawPositions EC24Imagel.object

End If
" Sleep (50)
Next i
EC24ROI1 .DrawFrame eFrameOn, True
End Sub

Private Sub Commandl10_Click()

check LDDI0_error

If ((error_code > 0) Or (buf = "")) Then
'Exit Sub
isLDD10DriverExist = False

End If

Form_Laser_Control.Show 1

End Sub

Private Sub Commandl1_Click()

"If Form_Laser_Control.CWButtonl.Value = True Then Call Form_Laser_Control.Command4_Click
'Form_Laser_Control .MSComml .PortOpen = False

End

End Sub

Private Sub Command9_Click()

Dim intIndex As Integer

ECodedImagel .WhiteClass = 0
ECodedImagel.BlackClass = 1
'ECodedImagel.Threshold = 200

ECodedImagel.DrawColor = RGB(255, 0, 0)

ECodedImagel .BuildObjects EBW8Imagel.object

ECodedImagel.AnalyseObjects eObjArea

ECodedImagel.SelectObjectsUsinglongFeature eObjArea, 0, 100, eObjRemoveLesserOrEqual
'"ECodedImagel .BuildObjects EBW8Image3.object

" Compute the Area feature

'"ECodedImagel .AnalyseObjects eObjGravityCenterX
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'"ECodedImagel.SortObjectsUsingFeature eObjGravityCenterX, eObjSortAscending

'"ECodedImagel .GoToFirstObject
'Labell4.Caption = ECodedImagel .NumberOfObjects
Labell4.Caption = ECodedImagel.NumberOfSelectedObjects

" Loop around the objects list
For intIndex = 0 To ECodedImagel.NumberOfObjects - 1
' Labell3.Caption = ECodedImagel.GetObjectLongFeature(eObjGravityCenterX)
" Go to Get next object of the objects list
On Error Resume Next
ECodedImagel.GoToNextObject
Next intIndex
" Compute the average and variance of the area feature of all currently selected objects
'Dim sngAreaAverage As Single, SngAreaVariance As Single

'ECodedImagel .FeatureVariance eObjArea, sngAreaAverage, SngAreaVariance

ECodedImagel .DrawObjects EBW8Image3.object, eObjSelectedTrue

End Sub

Private Sub EC24Imagel_Refreshed()
'"EMatchl.DrawPositions EC24Imagel.Object
' EC24ROI1 .DrawFrame eFrameOn, True
End Sub

Private Sub OpenAVI_Click()
" Set filters
CommonDialogl.Filter = "AVI Files (*.avi)l*.avi"
" Reset the name

CommonDialogl.FileName =

" Display the Open dialog box

CommonDialogl.ShowOpen

" Set file name to load

If CommonDialogl.FileName = "" Then
Exit Sub

End If
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'ElmageSequencel .CodecFource = (D,I,B, )
ElmageSequencel .NumRate = 15
ElmageSequencel .DenomRate = 1
'ElmageSequencel .KeyFrameRate = 5

ElmageSequencel.StartLoading CommonDialogl.FileName

If Not InspectFromVideoFileFlag Then
ResetScaleFromFileFlag = True
ResetScaleFromLiveCaptureFlag = False

End If

InspectFromVideoFileFlag = True
FileCapturelnitialSetup
" eVision images are top-bottom while Windows images are bottom-up

ElmageSequencel .FlipImage = True

" Adjust image size to the sequence size

EC24Imagel.SetSize ElmageSequencel.ImageWidth, ElmageSequencel.ImageHeight

EC24Imagel.ZoomX = 1
EC24Imagel.ZoomY = 1
" Redraw Image

'"EBW8Imagel.Refresh

" Scroll through the sequence
Dim 1 As Long

Dim j As Integer

"For j =1To 5
ElmageSequencel .Position = 0
Dim szCodecFourCC As String

Textl.Text = ElmageSequencel.CodecFourccString

" Close the AVI file previously opened
'ElmageSequencel .CloseFile
ElmageSequencel .GetImage EC24Imagel.object

EasyMainl.Convert EC24Imagel.object, EBW8Imagel.object
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EC24Imagel .Refresh
EBW8Imagel.Refresh
frame_no = 0

ElmageSequencel .Position = frame_no

End Sub

Private Sub Openlmages_Click()
Dim current As Integer

Dim 1 As Integer

Dim ilndex As Integer

Dim iStart As Integer

Dim FileNames$()

Dim sFname As String

Dim iEndPath As Integer

" Set the common dialog to open multiple images
With CommonDialogl
MaxFileSize = 2048 ' Set as appropriate
.FileName = ""
Filter = "Image Files (*.tif, *.bmp, *.jpg)|*.tif; *.bmp; *.jpgl|TIFF Files (*.tif)1*.tif|BITMAP
Files (*.bmp)!*.bmplJPEG Files (*.jpg)!*.jpglAll Files (*.*)[*. *[]"
.Flags = cdIOFNAllowMultiselect + cdlOFNExplorer
.ShowOpen
sFname = .FileName & vbNullChar

End With

" determine if multiple files were selected
"'null delimiter is not inserted if only 1 file is selected
iEndPath = 1
If countDelimiters(sFname, vbNullChar) = 1 Then
" Set iStart to the index of the first letter of the first filename
Do Until (iEndPath = 0)
iStart = iEndPath + 1
iEndPath = InStr(iEndPath + 1, sFname, "\")

Loop

ReDim Preserve FileNames(0)
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" determine if root directory was selected - preserve the "\"
If countDelimiters(sFname, "\") = 1 Then
FileNames(0) = Mid(sFname, 1, iStart - 1)
Else
FileNames(0) = Mid(sFname, 1, iStart - 2)
End If

Else
" Set FileNames(0) to the common path
iStart = InStr(1, sFname, vbNullChar) + 1
ReDim Preserve FileNames(0)
FileNames(0) = Left(sFname, iStart - 2)
End If

" Set FileNames[1..NbSelecedFiles] to the filenames
ilndex =1
For 1 = iStart To Len(sFname)
If Mid(sFname, 1, 1) = vbNullChar Then
ReDim Preserve FileNames(ilndex)
FileNames(ilIndex) = Mid(sFname, iStart, 1 - iStart)
iStart =1 + 1
iIndex = ilndex + 1
End If

Next 1

" Open the destination AVI file and select a codec
CommonDialog2.FileName = ""
CommonDialog2.Filter = "AVI Files (*.avi)l*.avi"

CommonDialog2.ShowOpen

ElmageSequencel.StartSaving CommonDialog2.FileName, Me.hWnd

" Load the selected images and add them to the sequence

' eVision images are top-bottom while Windows images are bottom-up
ElmageSequencel .FlipImage = True

" Retrieve FourCC code

Dim szCodecFourCC As String

Textl.Text = ElmageSequencel.CodecFourccString
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‘Close the AVI file

ElmageSequencel.CloseFile

End Sub

Function countDelimiters(ByVal sFiles As String, ByVal vSearchChar As Variant) As Integer
" Count the number of occurrences of vSearchChar in sFiles
Dim iCtr As Integer

Dim iResult As Integer

For iCtr = 1 To Len(sFiles)
If Mid(sFiles, iCtr, 1) = vSearchChar Then iResult = iResult + 1

Next iCtr

countDelimiters = iResult

End Function

Private Sub EBW8Imagel MouseMove(button As Integer, shift As Integer, x As Single, y As Single)
" Test 1f an image was created
If EBW8&8Imagel.Void Then
Exit Sub
End If

If EBW8Image3.Void Then
Exit Sub
End If

"If run_status = True Then Exit Sub

" Transform x and y from twips to pixels
x = ScaleX(x, vbTwips, vbPixels)

y = ScaleY(y, vbTwips, vbPixels)

" Drag the ROI borders (mouse down) or set the cursor (mouse up)
Label5.Caption = x / scale_factor
Label6.Caption = y / scale_factor
'Label7.Caption = geCurrentHandle

'Label8.Caption = eHandleNone
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'On Error Resume Next
If (button = vbLeftButton) Then
' Mouse button down, drag the ROI border
If (geCurrentHandle <> eHandleNone) Then
EBW8ROI1.Drag geCurrentHandle, x, y
EBW8ROI2.Drag geCurrentHandle, x, y
" Redraw Image
EBW8Imagel.Refresh
EBW8Image2.Refresh
EBW8Image3.Refresh
End If
End If

" Change the cursor shape

On Error Resume Next

Select Case EBWSROI1.HitTest(x, y)
Case eHandleNorth: MousePointer = vbSizeNS
Case eHandleSouth: MousePointer = vbSizeNS
Case eHandleWest: MousePointer = vbSizeWE
Case eHandleEast: MousePointer = vbSizeWE
Case eHandleNorthEast: MousePointer = vbSizeNESW
Case eHandleSouthWest: MousePointer = vbSizeNESW
Case eHandleNorthWest: MousePointer = vbSizeNWSE
Case eHandleSouthEast: MousePointer = vbSizeNWSE
Case eHandlelnside: MousePointer = vbSizeAll
Case eHandleNone: MousePointer = vbArrow

End Select

Select Case EBWSROI2.HitTest(x, y)
Case eHandleNorth: MousePointer = vbSizeNS
Case eHandleSouth: MousePointer = vbSizeNS
Case eHandleWest: MousePointer = vbSizeWE
Case eHandleEast: MousePointer = vbSizeWE
Case eHandleNorthEast: MousePointer = vbSizeNESW

Case eHandleSouthWest: MousePointer = vbSizeNESW
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Case eHandleNorthWest: MousePointer = vbSizeNWSE
Case eHandleSouthEast: MousePointer = vbSizeNWSE
Case eHandlelnside: MousePointer = vbSizeAll
Case eHandleNone: MousePointer = vbArrow

End Select

EBW8ROI1.DrawFrame eFrameOn, True
EBW8ROI2.DrawFrame eFrameOn, True
End Sub

Private Sub EBW8Imagel MouseDown(button As Integer, shift As Integer, x As Single, y As Single)
" Switch from the up to the down button position
" Test 1f an image was created
"run_status = False
If EBW8&8Imagel.Void Then
Exit Sub
End If

If EBW8Image3.Void Then
Exit Sub
End If

Transform x and y from twips to pixels

ScaleX(x, vbTwips, vbPixels)

>
I}

ScaleY(y, vbTwips, vbPixels)

<
I}

" Get current handle under mouse cursor
geCurrentHandle = EBW8ROI1.HitTest(x, y)
End Sub

Private Sub EBW8Imagel MouseUp(button As Integer, shift As Integer, x As Single, y As Single)
"run_status = True

End Sub

B.2 Image Display and Main Recognition Function

Private Sub Timer_ live capture _Timer()
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If InspectFromVideoFileFlag Then

ElmageSequencel .GetImage EC24Imagel.object
EasyMainl.Convert EC24Imagel.object, EBW8Imagel.object
'"EC24ROI1 .DrawFrame eFrameOn, True
If frame_no = ElmageSequencel.Count Then
Timer_live capture.Enabled = False
'ElmageSequencel .CloseFile
"InspectFromVideoFileFlag = False
LiveCaptureFlag = False
Command16.BackColor = &HFF8080
End If

frame no = frame no + 1

" Close the AVI file previously opened

EC24Imagel .Refresh
End If

On Error Resume Next
total_orgx = EBWSROI1.TotalOrgX
total_orgy = EBWSROI1.TotalOrgY

" Transform x and y from twips to pixels
"total_orgx = ScaleX(total_orgx, vbIwips, vbPixels)

"total_orgy = ScaleY(total_orgy, vbIwips, vbPixels)

"Call Write RAM Parameter(l, 1)
If (Read RAM Parameter(4)) Then
On Error Resume Next

If Not InspectFromVideoFileFlag Then Call Write_RAM Parameter(4, 0)

'Pattern Match function

If DisplayPatternMatchFlag Then EMatchl.Match EBW8ROI1.object
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If EMatchl.NumPositions > O Then
EMatchl.GetPosition O, sngCenterX, sngCenterY, sngAngle, sngScaleX, sngScaleY, sngScore
Label2.Caption = sngCenterX + total_orgx
'Label21.Caption = sngCenterY + total_orgy
Label2.Refresh
'Label21.Refresh

End If

EasyMainl.ThresholdBW8 EBW8Imagel.object, EBW8Image2.object, image_threshold, 0, 255
EasyMainl.ThresholdBW8 EBW&Imagel.object, EBW8Image3.object, image threshold, 0, 255

If Optionl(0).value = True Then EasyMainl.Laplacian4 EBW8Image2.object, EBW8Image2.object
If Optionl(1l).value = True Then EasyMainl.Gradient EBW8Image2.object, EBW8Image2.object
If Optionl(2).value = True Then EasyMainl.Sobel EBW8Image2.object, EBW8Image2.object

If Optionl(3).value = True Then EasyMainl.Roberts EBW8Image2.object, EBW8Image2.object

If Optionl(4).value = True Then EasyMainl.Highpass2 EBW8Image2.object, EBW8Image2.object
EasyMainl.DilateDisk EBW8Image2.object, EBW8Image2.object, 1

ECodedImagel.Threshold = image_threshold '100
'"ECodedImagel .BuildObjects EBW8Image3.object
ECodedImagel .BuildObjects EBWSROI2.object
ECodedImagel.AnalyseObjects eObjArea

ECodedImagel .FeatureMaximum eObjArea, Size_Maximum

'"ECodedImagel.AnalyseObjects eObjCentroidX

ECodedImagel.AnalyseObjects eObjGravityCenterX

ECodedImagel.AnalyseObjects eObjGravityCenterY

'"ECodedImagel .GoToFirstObject

'"ECodedImagel .GoToObjectByIndex 0

'For intIndex = 0 To ECodedImagel.NumberOfObjects - 1
'Label13.Caption = ECodedImagel.GetObjectLongFeature(eObjArea)
'Label13.Caption = ECodedImagel.GetObjectSingleFeature(eObjGravityCenterX)
'Labell3.Refresh
'"ECodedImagel .GoToNextObject

'Next intIndex

ECodedImagel.SelectObjectsUsinglongFeature eObjArea, Particle_Size_Min, Particle_Size_Max,
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eObjRemoveOutOfRange
'"ECodedImagel.SelectObjectsUsinglongFeature eObjArea, 100, 1100, eObjRemoveOutOfRange
'"ECodedImagel.SelectObjectsUsinglongFeature eObjArea, 1000, 2000, eObjRemoveOutOfRange
'"ECodedImagel .DrawObjects EBW8Image2.object, eObjSelectedTrue

'"ECodedImagel .BuildObjects EBW8Image3.object
'Label14.Caption = ECodedImagel.NumberOfObjects
Labell4.Caption = ECodedImagel.NumberOfSelectedObjects

'Label24.Caption = Size_Maximum

"if there exist suitable size of particles
"Compute the Area feature
If ECodedImagel .NumberOfSelectedObjects > O Then
ECodedImagel.SortObjectsUsingFeature eObjGravityCenterX, eObjSortDescending
ECodedImagel .GoToFirstObject

" Loop around the objects list
'For intIndex = 0 To ECodedImagel.NumberOfObjects - 1
TheMostFrontXposition = Int(ECodedImagel.GetObjectSingleFeature(eObjGravityCenterX))

TimeIntervalBetweenTwoPosition = (timeGetTime - time_start) * 10

Labell13.Caption = TheMostFrontXposition
Labell6.Caption = TheMostFrontXposition - previous_position
Labell5.Caption = TimelntervalBetweenTwoPosition

Labell5.Refresh

"calculate speed of first particle

If (TheMostFrontXposition - previous_position) < O Then
"If IsNewParticle = True Then
particle start position = TheMostFrontXposition
time_start = timeGetTime
"IsNewParticle = False

End If

If ((TimeIntervalBetweenTwoPosition > 0) And (Val(Labell6.Caption) >= 0)) Then
first _particle velocity = Int((TheMostFrontXposition - particle_start position) /
TimelntervalBetweenTwoPosition)

If first_particle_velocity < 1000 Then
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Labell7.Caption = first_particle_velocity
Else
first _particle velocity = 0

End If

previous_position = TheMostFrontXposition

If first_particle_velocity Then SpeedFactor = 300 / first_particle_velocity

If SpeedFactor < 0.5 Then SpeedFactor = 0.5

If SpeedFactor > 5 Then SpeedFactor = 5

"put LDD-10 ON control here

If (((laser_spot_positionX - TheMostFrontXposition - total_orgx) >= (30 / ImageScaleRate))

And _
((laser_spot_positionX - TheMostFrontXposition - total_orgx) <= (50 / ImageScaleRate)) And
(Not (isLaserSoftTrigger))) Then
LaserTriggerStartTime = timeGetTime 'start laser trigger ON time counting.
ParticleVelocityWhenLaserTrigger = first particle velocity
isLaserSoftTrigger = True
'"Trigger ON
If (1sLDD10DriverExist And isLaserSoftTrigger) Then
'"LDD10_DIODE_ON
MSComml .Output = "ens" & vbCr
Else
End If
End If
End If

'put LDD-10 OFF control here
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'start trigger time counting
If isLaserSoftTrigger Then
LaserTriggerOnLastingTime = (timeGetTime - LaserTriggerStartTime) * 100 'unit: 0.1 sec
If ((LaserTriggerOnLastingTime >= (LaserDiodeONTimer - 2) * SpeedFactor) And (Not
LaserTriggerOFFTimeDelayFlag)) Then 'How many sec for Laser Trigger On.
'Trigger OFF
'LDD10_DIODE_OFF
MSComml.Output = "ens" & vbCr
LaserTriggerOFFTimeDelayFlag = True 'switch ON laser off time delay flag

End If

If (LaserTriggerOnLastingTime >= (LaserDiodeONTimer * SpeedFactor)) Then 'Trigger ON
time plus 0.2 sec: timming for switch off the soft trigger flag.
isLaserSoftTrigger = False
LaserTriggerOFFTimeDelayFlag = False "switch OFF laser off time delay flag

End If

End If

'Label21.Caption = isLaserSoftTrigger

If isLaserSoftTrigger Then
Shapel.FillColor = vbRed
Else

Shapel.FillColor = &H808080

End If

Label22.Caption = LaserTriggerOnLastingTime

EasyMainl.ImageToLineSegment EBW8Image2.object, EBW8Vectorl.object, counter_line_A_XI,
counter_line A Y1, counter_line A X2, counter_ line A Y2
'EasyMainl.ImageToLineSegment EBW8&Imagel.object, EBW8Vectorl.object, counter line A X1,

counter_line A Y1, counter_line A X2, counter_ line A Y2

image_threshold = Val(Text2.Text)

counter_threshold = Val(Text3.Text)

If IsWhiteParticle Then 'white particle
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WhiteParticleCounterCalculation
Else 'black particle
BlackParticleCounterCalculation

End If

Label10.Caption = particleA_counter

Label4.Caption = particleB_counter

EBW8Vectorl.Refresh
EBW8Vector2.Refresh
" Redraw Image

EBW8Imagel.Refresh
EBW8Image2.Refresh
EBW8Image3.Refresh

'scale_factor = EBW8Image?2.ZoomX

'EasyMainl.ImageToLineSegment EBWSROI1.Object, EBW8Vectorl.Object, 0, 41, 0, 41

EasyMainl.Histogram EBW8ROI1.object, EBWHistogramVectorl.object

EBWHistogramVectorl.Refresh

If (save_file flag) Then ElmageSequencel.AddImage (EBW8Imagel.object)

End If

End Sub

B.3 White Particle Software Counter Sub-Function

Private Function WhiteParticleCounterCalculation()

Dim 1 As Integer

gray_value_maxA = 0
gray_value_maxB = 0
"gray_value_minA = 255
'gray_value_minB = 255
For 1 =0 To 13
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EBW&Vectorl.GetAt Linl Average - 7 + 1, gray_value

If gray value > gray_value_maxA Then gray value maxA = gray_value

Next 1

EasyMainl.ImageToLineSegment EBW&Image2.object, EBW8Vector2.object, counter line B X1,

counter_line B Y1, counter_line B X2, counter_line B Y2

'BasyMainl.ImageToLineSegment EBW8Imagel.object, EBW8Vector2.object, counter_line_B X1,

counter_line B Y1, counter_line B X2, counter_line B Y2

For 1 =0 To 13
EBW&Vector2.GetAt Lin2 Average - 7 + 1, gray_value

If gray value > gray value _maxB Then gray value maxB = gray_value

Next 1

Label9.Caption = "MaxA: " & gray_value_maxA

Label19.Caption = "MaxB: " & gray_value_maxB

'Print #1, " !
'"Print #1, "gray_value maxA="; gray value_maxA
'"Print #1, "gray_value maxB="; gray value_maxB

'Print #1, "Time="; Now 'timeGetTime

If (optical sensorA = True) And (gray_value maxA <= counter_threshold) Then particleA counter

particleA_counter + 1

If (optical sensorB = True) And (gray_value maxB <= counter_threshold) Then particleB counter

particleB counter + 1

If gray value maxA > counter_threshold Then
optical sensorA = True

Else
optical sensorA = False

End If

If gray value maxB > counter_threshold Then
optical _sensorB = True

Else
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optical sensorB = False
End If

End Function

B.4 Black Particle Software Counter Sub-Function

Private Function BlackParticleCounterCalculation()

Dim 1 As Integer

"gray_value_maxA = 0
'gray_value_maxB = 0
gray_value_minA = 255

gray_value_minB = 255

'Label20.Caption = Linl_Average
For 1 =0 To 13
EBW&Vectorl.GetAt Linl Average - 7 + 1, gray_value

If gray value < gray_value _minA Then gray value minA = gray_value

Next 1

EasyMainl.ImageToLineSegment EBW&Image2.object, EBW8Vector2.object, counter line B X1,
counter_line B Y1, counter_line B X2, counter_ line B Y2
'BasyMainl.ImageToLineSegment EBW8Imagel.object, EBW8Vector2.object, counter_line_B X1,

counter_line B Y1, counter_line B X2, counter_ line B Y2

For 1 =0 To 13
EBW&Vector2.GetAt Lin2 Average - 7 + 1, gray_value

If gray value < gray_value _minB Then gray value minB = gray_value

Next 1

Label9.Caption = "MinA: " & gray_value_minA

Label19.Caption = "MinA: " & gray_value_minB

'Print #1, " !

'"Print #1, "gray_value maxA="; gray value_maxA
'"Print #1, "gray_value maxB="; gray value_maxB

'Print #1, "Time="; timeGetTime
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If (optical sensorA = True) And (gray_value minA >= counter_threshold) Then particleA counter

particleA_counter + 1

If (optical sensorB = True) And (gray_value minB >= counter_threshold) Then particleB counter

particleB counter + 1

If gray value minA < counter_threshold Then
optical sensorA = True

Else
optical sensorA = False

End If

If gray value minB < counter_threshold Then
optical sensorB = True

Else
optical sensorB = False

End If

End Function

B.5 Laser-Output Shutter Control Sub-Function

Private Function LDD10_DIODE_ON()
Dim CLStr As String

"check if Laser Diod ON
'CheckIfLaserDiodON

"If Not isLaserDiodON Then 'ON

' MSComml .Output = "S" & vbCr
! Sleep (70)

' CLStr = MSComml . Input

"End If

"control pulse ON instead of laser diode ON for temporary

CheckIfLaserDiodON

If Not isLaserDiodON Then 'ON
MSComml .Output = "F" & vbCr
'Sleep (70)

CLStr = MSComml . Input
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End If

'Shapel.FillColor = RGB(255, 0, 0)

End Function

B.6 Laser-Closed Shutter Control Sub-Function

Private Function LDDI0 _DIODE OFF()

Dim CLStr As String

"If (1sLDD1ODriverExist) Then
"check if Laser Diod ON

' CheckIfLaserDiodON

' If isLaserDiodON Then 'OFF

' MSComml .Output = "S" & vbCr
! Sleep (70)

' CLStr = MSComml . Input

' End If

"End If

"control pulse OFF instead of laser diode OFF for temporary
If (isLDD10DriverExist) Then
CheckIfLaserDiodON

If isLaserDiodON Then 'OFF
MSComml .Output = "F" & vbCr
'Sleep (70)
CLStr = MSComml . Input
End If
End If

'Shapel.FillColor = &H808080

End Function

B.7 RS 232 CommPort Available Check Sub-Function

Public Function check COMM_Port()
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"check LDD-10 exist and comm port available

On Error Resume Next

MSComml .PortOpen = False

MSComm1 .CommPort = LDD10_ComPort
MSComml .PortOpen = True

If Err.Number < 0 Then

"If Form_Main.MSComml.PortOpen = True Then
MsgBox "Comm Port not available!", vbExclamation + vbOKOnly, "SYSTEM MESSAGE"
'Command10.Enabled = False
isLDD10DriverExist = False

End If

End Function

B.8 Miscellaneous

Private Function CheckIfLaserDiodON()
Dim StrPos As Long

'"MSComm1 .Output = "s" & vbCr

'Sleep (50)

"buf = Trim(Form_Main.MSComml.Input)
'StrPos = InStr(1, buf, "s")
"isLaserDiodON = Mid(buf, StrPos + 1, 1)

'use pulse for temporary

MSComml .Output = "f" & vbCr

Sleep (50)

buf = Trim(Form_Main.MSComml . Input)
StrPos = InStr(1, buf, "f")
isLaserDiodON = Mid(buf, StrPos + 1, 1)

End Function

Private Sub EBW8Imagel Refreshed()

Dim area As Long
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'Will be called each time the image is redrawn

" If an error occurs continue execution
" See the On Error statement for more information about error handling

On Error Resume Next

" Test 1f an image was created
If EBW8Imagel.Void Then

Exit Sub
End If

" Draw the selected (ECodedImage) objects, using the blue pen
EBW8Imagel.DrawCircle laser_spot_positionX, laser_spot_positionY, 8 / ImageScaleRate
EBW8Imagel.DrawLine counter_line_A_X1, counter_line_A_Y1, counter_line_A_X2, counter_line_A_ Y2
EBW8Imagel.DrawLine counter_line_B X1, counter_line_B_Y1, counter_line_B_X2, counter_line_B Y2
'"EBW8Imagel.DrawText (sngCenterX + total_orgx - (12 / ImageScaleRate)), (sngCenterY + total_orgy - (40

/ ImageScaleRate)), sngCenterX + total_orgx 'DX(max_index)

'Pattern Match function

If DisplayPatternMatchFlag Then EMatchl.DrawPositions EBW8Imagel.object

ECodedImagel .GoToFirstObject

If DisplaySpeedFlag Then
EBW8Imagel.DrawText 5, 20, "Position and Speed Mode"
For intIndex = 0 To ECodedImagel.NumberOfSelectedObjects - 1
code_Xpos = ECodedImagel.GetObjectSingleFeature(eObjGravityCenterX)
code_Ypos = ECodedImagel.GetObjectSingleFeature(eObjGravityCenterY)
If intIndex = 0 Then
'"EBW8Imagel.DrawText (code_Xpos + total_orgx - (12 / ImageScaleRate)), (code_Ypos +
total_orgy + (20 / ImageScaleRate)), "P=" & code_Xpos + total_orgx & " ;V=" & Int(first_particle_velocity)
'DX(max_index)
'"EBW8Imagel.DrawText (code_Xpos + total_orgx - (12 / ImageScaleRate) - 45), (code_Ypos +
total_orgy + (20 / ImageScaleRate) - 5+ 15), code_Xpos + total_orgx & "(" & Int(first_particle_velocity)

& ")" 'DX(max_index)
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EBW8Imagel.DrawText (code_Xpos + total_orgx - (12 / ImageScaleRate)), (code_Ypos + total_orgy
+ (20 / ImageScaleRate) - 5), code_Xpos + total_orgx & "(" & Int(first_particle_velocity) & ")"

'DX(max_index)

Else
'"EBW8Imagel.DrawText (code_Xpos + total_orgx - (12 / ImageScaleRate)), (code_Ypos +
total_orgy + (20 / ImageScaleRate)), "P=" & code_Xpos + total_orgx 'DX(max_index)
'"EBW8Imagel.DrawText (code_Xpos + total_orgx - (12 / ImageScaleRate) - 45), (code_Ypos +
total_orgy + (20 / ImageScaleRate) - 5 + 15), code_Xpos + total_orgx 'DX(max_index)
EBW8Imagel.DrawText (code_Xpos + total_orgx - (12 / ImageScaleRate)), (code_Ypos + total_orgy

+ (20 / ImageScaleRate) - 5), code_Xpos + total_orgx  'DX(max_index)

End If
ECodedImagel.GoToNextObject
Next intIndex

End If

If DisplayAreaFlag Then
ECodedImagel .DrawObjects EBW8Imagel.object, eObjSelectedTrue
EBW&8Imagel.DrawText 5, 5, "Area Mode"
For intIndex = 0 To ECodedImagel.NumberOfSelectedObjects - 1
code_Xpos = ECodedImagel.GetObjectSingleFeature(eObjGravityCenterX)
code_Ypos = ECodedImagel.GetObjectSingleFeature(eObjGravityCenterY)
area = ECodedImagel.GetObjectLongFeature(eObjArea)
"If intIndex = 0 Then
! EBW8Imagel.DrawText (code_Xpos + total_orgx - (12 / ImageScaleRate)), (code_Ypos +
total_orgy + (20 / ImageScaleRate)), "A=" & ECodedImagel.GetObjectIntegerFeature(eObjArea) & " ;V=" &
Int(first _particle_velocity) 'DX(max_index)
'Else
'"EBW8Imagel.DrawText (code_Xpos + total_orgx - (12 / ImageScaleRate)), (code_Ypos +
total_orgy + (20 / ImageScaleRate)), "A=" & area 'DX(max_index)
EBW8Imagel.DrawText (code_Xpos + total_orgx - (12 / ImageScaleRate)), (code_Ypos + total_orgy
+ (20 / ImageScaleRate) - 5), area 'DX(max_index)
"End If
ECodedImagel.GoToNextObject
Next intIndex

End If
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" Draw ROI1 Rectangle with handles
"EBW8ROI1 .DrawFrame eFrameOn, True
End Sub

Private Sub EBW8Image2 Refreshed()

'Will be called each time the image is redrawn

" If an error occurs continue execution
" See the On Error statement for more information about error handling

On Error Resume Next

" Test 1f an image was created
If EBW8Image3.Void Then

Exit Sub
End If

EBW8Image2.DrawCircle laser_spot_positionX, laser_spot_positionY, 8 / ImageScaleRate
EBW8Image2.DrawLine counter_line_A_XI1, counter_line_A_Y1, counter_line_A_X2, counter_line_A_Y2
EBW8Image2.DrawLine counter_line_B X1, counter_line_B_Y1, counter_line_B_X2, counter_line_B Y2
EBW8ROI2.DrawFrame eFrameOn, True

End Sub

Private Sub EBW8Image3_Refreshed()

'Will be called each time the image is redrawn

" If an error occurs continue execution
" See the On Error statement for more information about error handling

On Error Resume Next

" Test 1f an image was created
If EBW8Image3.Void Then

Exit Sub
End If

ECodedImagel.DrawObjects EBW8Image3.object, eObjSelectedTrue
ECodedImagel .GoToFirstObject
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For intIndex = 0 To ECodedImagel.NumberOfSelectedObjects - 1
code_Xpos = ECodedImagel.GetObjectSingleFeature(eObjGravityCenterX)
code_Ypos = ECodedImagel.GetObjectSingleFeature(eObjGravityCenterY)
If intIndex = 0 Then
EBW8Image3.DrawText (code_Xpos + total_orgx - (12 / ImageScaleRate)), (code_Ypos + total_orgy
+ (20 / ImageScaleRate)), "P=" & code_Xpos + total_orgx & " ;V=" & Int(first_particle_velocity)
'DX(max_index)
Else
EBW8Image3.DrawText (code_Xpos + total_orgx - (12 / ImageScaleRate)), (code_Ypos + total_orgy
+ (20 / ImageScaleRate)), "P=" & code_Xpos + total_orgx 'DX(max_index)
End If
ECodedImagel.GoToNextObject
Next intIndex

End Sub

Private Sub UpDownl_Change()
Text2.Text = UpDownl.value
End Sub

Private Sub UpDown2_Change()
Text3.Text = UpDown2.value
End Sub

Public Function check_LDD10_error()

Dim StrPos As Long

"check_COMM_Port

On Error Resume Next

MSComml .Output = "E" & vbCr

Sleep (50)

buf = Trim(MSComml. Input)

StrPos = InStr(1, buf, "E")

error_code = Val(Mid(buf, StrPos + 1, 1))

If (buf = "") Then
MsgBox "LDD10 didn't response! Please check all cables are connected!"
1sLDD10DriverExist = False

'Unload Form_Laser_Control
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Elself (error_code > 0) Then
MsgBox "LDD10 error! All functions will be closed! error code= " & error_code
'Unload Form_Laser_Control
isLDD10DriverExist = False
Elself (error_code = 0) Then
'MsgBox "LDD10 is ready! All functions are available!"
1sLDD10DriverExist = True
End If

End Function

Private Sub Commandl2_Click()

" Set filters

CommonDialogl.Filter = "AVI Files (*.avi)l*.avi"

" Reset the name

CommonDialogl.FileName =

" Display the Open dialog box

CommonDialogl.ShowOpen

" Set file name to load

If CommonDialogl.FileName = "" Then
Exit Sub
End If

ElmageSequencel.StartLoading CommonDialogl.FileName
" eVision images are top-bottom while Windows images are bottom-up

ElmageSequencel .FlipImage = True

" Adjust image size to the sequence size

EBW&Imagel.SetSize ElmageSequencel.ImageWidth, ElmageSequencel.ImageHeight

" Scroll through the sequence
Dim 1 As Long

Dim j As Integer

For j =1 To 2
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ElmageSequencel .Position = 0
For i = 1 To ElmageSequencel.Count

" Retrieve the image

ElmageSequencel .GetImage EBW8Imagel.object

EBW8Imagel.Refresh
Next 1

Next j

" Retrieve FourCC code
Dim szCodecFourCC As String

Textl.Text = ElmageSequencel.CodecFourccString

" Close the AVI file previously opened
ElmageSequencel .CloseFile

End Sub

Private Sub Commandl3_Click()

save_file flag = False
" Close the AVI file

ElmageSequencel .CloseFile

If InspectFromVideoFileFlag Then
ResetScaleFromFileFlag = False
ResetScaleFromLiveCaptureFlag = True

End If

InspectFromVideoFileFlag = False

End Sub

Private Sub Commandl4_Click()
save_file flag = True
" The sequence will hold 512x512 EBW8 images
On Error Resume Next
ElmageSequencel.ImageWidth = imagepixel W
ElmageSequencel . ImageHeight = imagepixel_H

ElmageSequencel . ImageType = ¢BW8
" Open the destination AVI file and select a codec

CommonDialog2.FileName = ""

CommonDialog2.Filter = "AVI Files (*.avi)l*.avi"
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CommonDialog?2.ShowOpen

ElmageSequencel.StartSaving CommonDialog2.FileName, Me.hWnd
" Open the destination AVI file and select a codec with the dialog box

'ElmageSequencel . StartSaving "c:\AVI\Sequence.avi", Forml.hWnd

" Load the selected images and add them to the sequence
' eVision images are top-bottom while Windows images are bottom-up
ElmageSequencel .FlipImage = True

End Sub

Private Sub Commandl5_Click()

" Perform learning

'"EC24ROI1 .ParentImage = EC24Imagel.Object
EMatchl.MaxPositions = 15

EMatchl.MinScore = 0.8
EMatchl.MinScale = 100# / 100
EMatchl.MaxScale = 100# / 100
EMatchl.DrawStyle = eDot

EMatchl.DrawColor = RGB(255, 0, 255)

EMatchl.LearnPattern EBWSROI1.object

" Perform pattern matching
EMatchl.Match EBW8Imagel.object
'"EC24ROI1 .DrawFrame eFrameOn, True
" Redraw Image

EBW8Imagel.Refresh

EMatchl.DrawPositions EBW8Imagel.object
End Sub

Private Sub Commandl6_Click()
Call Write RAM Parameter(3, 0)
frame_no = 0

ElmageSequencel .Position = frame_no
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If LiveCaptureFlag Then 'switch OFF live capture
'LDD10_DIODE_OFF
LiveCaptureFlag = False

Timer_ live capture.Enabled = False

Command16.BackColor = &HFF8080

Else "switch ON live capture

Command16.BackColor = &HFF&
time_start = timeGetTime

LiveCaptureFlag = True

If Not InspectFromVideoFileFlag Then
LiveCapturelnitialSetup
Call Write RAM Parameter(3, 1)
End If

Timer_live capture.Enabled = True

On Error Resume Next
total_orgx = EBWSROI1.TotalOrgX
total_orgy = EBWSROI1.TotalOrgY

EasyMainl.Histogram EBWSROI1.object, EBWHistogramVectorl.object
RGB(0, 0, 255)

EBW8&Vectorl.DrawColor

EBW8Vectorl.DrawStyle = eSolid
EBW8Vectorl.SetYRange 0, 250
EBW8Vector2.SetYRange 0, 250

particleA_counter = 0
particleB_counter = 0
optical sensorA = False
optical sensorB = False
IsNewParticle = False

previous_position = 99

If IsWhiteParticle Then
ECodedImagel .WhiteClass

I}
—

ECodedImagel .BlackClass

I}
()
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Else

I}
o

ECodedImagel .WhiteClass
ECodedImagel .BlackClass

I}
—

End If

ECodedImagel.Threshold = image_threshold '83

ECodedImagel.DrawColor = RGB(255, 0, 0)

End If
End Sub

Private Sub Commandl7_Click()
Close #1
Call Write RAM Parameter(2, 1)
End

End Sub

Private Sub Command19_Click()
Form_Parameter_Setting.Show 1

End Sub

Private Sub Command4_Click()
particleA_counter = 0
particleB_counter = 0
Label4.Caption = 0
Label10.Caption = 0

End Sub

Private Sub Command5_Click()
'Set the ROI 1 coordinates

EBWSROI1.ROIOrgX = EBW8Imagel.ImageWidth / 4
EBWSROI1.ROIOrgY = EBW8Imagel.ImageHeight / 4
EBWSROI1.ROIWidth = EBW8Imagel.ImageWidth / 4
EBWSROI1.ROIHeight = EBW8Imagel.ImageHeight / 4
EBW8ROI1 .DrawFrame eFrameOn, True

End Sub

Private Sub Command6_Click()

115



laser_spot_positionX = Val(Text4.Text)
laser_spot_positionY = Val(Text5.Text)
EBW8Imagel.Refresh
EBW8Image3.Refresh

End Sub

Private Function LiveCapturelnitialSetup()
EBW8Imagel.SetSize imagepixel_W, imagepixel_H
EBW8Image2.SetSize imagepixel W, imagepixel_H
EBW8Image3.SetSize imagepixel W, imagepixel_H
scale factor = 1
EBW8Imagel.ZoomX = scale_factor
EBW8Imagel.ZoomY = scale_factor
EBW8Image?2.ZoomX = scale_factor
EBW8Image2.ZoomY = scale_factor
EBW8Image3.ZoomX = scale_factor
EBW8Image3.ZoomY = scale_factor
EBW8Imagel.DrawColor = RGB(255, 0, 0)
EBW8Image2.DrawColor = RGB(0, 255, 0)
EBW8Image3.DrawColor = RGB(0, 255, 0)

If ResetScaleFromLiveCaptureFlag Then ResetImageScale
MyBuffer = Read RAM Parameter(0)
EBW8Imagel.SetImagePointer (MyBuffer)

End Function

Private Function FileCapturelnitialSetup()
EBW8Imagel.ZoomX = 1.25
EBW8Imagel.ZoomY = 1.25
EBW8Image2.ZoomX = 1.25
EBW8Image2.ZoomY = 1.25
EBW8Image3.ZoomX = 1.25
EBW8Image3.ZoomY = 1.25
ImageScaleRate = imagepixel W / ElmageSequencel.ImageWidth
If ResetScaleFromFileFlag Then ResetImageScale

End Function

Private Function ResetImageScale()

If ResetScaleFromFileFlag Then
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laser_spot_positionX = laser_spot_positionX / ImageScaleRate
laser_spot_positionY = laser_spot_positionY / ImageScaleRate
EBW8Imagel.DrawCircle laser_spot_positionX, laser_spot_positionY, 8

'Draw counter line position

counter_line_A_X1 = counter_line_A_X1 / ImageScaleRate
counter_line_A_Yl = counter_line_A_Y1 / ImageScaleRate
counter_line_A_X2 = counter_line_A_X2 / ImageScaleRate
counter_line_A_Y2 = counter_line_A_Y2 / ImageScaleRate
counter_line_B X1 = counter_line_B X1 / ImageScaleRate
counter_line_B Yl = counter_line_B Y1 / ImageScaleRate
counter_line_B X2 = counter_line_B X2 / ImageScaleRate
counter_line_B Y2 = counter_line_B Y2 / ImageScaleRate

ResetScaleFromFileFlag = False

Elself ResetScaleFromLiveCaptureFlag Then
laser_spot_positionX = laser_spot_positionX * ImageScaleRate
laser_spot_positionY = laser_spot_positionY * ImageScaleRate

EBW8Imagel.DrawCircle laser_spot_positionX, laser_spot_positionY, 16

'Draw counter line position

counter_line_A_X1 = counter_line_A_X1 * ImageScaleRate
counter_line_A_Yl = counter_line_A_Y1 * ImageScaleRate
counter_line_A_X2 = counter_line_A_X2 * ImageScaleRate
counter_line_A_Y2 = counter_line_A_Y2 * ImageScaleRate
counter_line_B X1 = counter_line_B X1 * ImageScaleRate
counter_line_B Y1 = counter_line_B Y1 * ImageScaleRate
counter_line_B X2 = counter_line_B X2 * ImageScaleRate
counter_line_B Y2 = counter_line_B Y2 * ImageScaleRate

ResetScaleFromLiveCaptureFlag = False

End If
Text4.Text = laser_spot_positionX

Text5.Text = laser_spot_positionY

Linl_Average = (counter_line_A_Y2 - counter_line_A_Y1) / 2
Lin2_Average = (counter_line_B_Y2 - counter_line_B_Y1) / 2
'"MsgBox Linl Average

End Function
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