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Abstract

In advanced manufacturing and surface engineering, modifying the hydrophilicity
of solid surfaces is a crucial technique for enhancing surface functionalities, such as
adhesion strength and anti-fouling properties. The sessile drop method, which measures
the contact angle (CA) of a droplet, is the standard approach for evaluating surface
hydrophilicity. However, this method is limited to measuring the CA at one position at a
time, posing challenges for industrial applications that require automation, high
throughput, and large-area assessment. In this study, a novel surface hydrophilicity
imaging system was proposed for rapidly analyzing large-area samples. The system
integrates a line-scan camera with a broadband ultrasonic generator to spray
microdroplets while scanning the surface. Top-view images of the microdroplets are
captured and processed to determine their average size, which is then converted to CA
value using a calibration curve. The developed system enables measurements over areas
up to 300 mm % 300 mm with a pixel resolution of 2.52 mm. In the experiments, a silicon
wafer and polyimide tapes with surface treatments were imaged, demonstrating that an
area of 65.52 mm x 75.6 mm can be imaged within 2 minutes and 22 seconds. Distinct
hydrophilic and hydrophobic regions were clearly identified, and quantitative CA
measurements were successfully obtained, confirming the potential of the developed
system for industrial applications.

Keywords: contact angle measurement, line-scan camera, ultrasonic spray.
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Contact angle for different droplet sizes on various surfaces
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322 X#heE Y #h 5 E i B

AEF P AR Y X 2 Y S ESRTE LD &5 AZD-KD  (Oriental
Motor) [*itédr C]» R 4#]= 38 & Z dh 2 %l gy ~ 2058 £ 7 FF 0 F 58 %
TR TEEE 22 (T 0T o k¥ F L i iF Oriental Motor #7#% &7 MEXE(02
PR > BT EE LB N SRP R o 4o 3.5 77 o Bildr s 3K % No.0 =% F
FEEE > T g~ 150 mm 3 GE AR S R R E 6 T g 150

B

-~

KX

—\

mm % ¥ THE o FaF e SRE I o0 FAe Nod om0 B g

FETTE R AREE Y BT it R SR TR e £ 0 R T

o

30mm/s > A AT IR P AT YRR RRTERE > B AE -

© w1 |AZ EEIBA/ARE REETA : €25 - MEXEO2 - o x
#EH €8O FEV SRO IAM MO SBHH
B » & COM3: ORIENTAL MOTOR/Common Virtual COM... _ /& OFF - -
17 = g | ) (7 SRR ARTORA/MRASERE .. | b [ R
SEMORTIAINE | BFEME O step O mm O deg
D (5 EEIE x v [# enERRs x -
v ERTENEE 5% 2% g5 ey 1 = [ ew/menz | sres anex | @mezse || @s | sage | 68 (R=) | A
SR — No.0 ASCEAEN) 150.00 mm 30.00 mm/s 0.00000 m/s. 10.00000 m/s. 100.0 % 0.000s =2 i+ 0.00 mm « |
2w = No.1 RECRRER) -150.00 mm 30.00 mm/s 0.00000 m/s. 10.00000 my/s. 100.0% 0.000s =ua i+ 0.00 mm “«
No.2 0.00 m: 10.00 mm/s 10.00000 m/s. 10.00000 m/s. 100.0% 0.000s Ea2s (+1) 0.00 mm {
No3 0.00 mm 10.00 mmy/s 10.00000 m/s. 10.00000 m/s. 100.0% 0.000s =2a ) 0.00 mm «
No4 0.00 mm 10.00 mmys 10.00000 m/s...  10.00000 m/s. 100.0 % 0.000s L ) 0.00 mm £
No5 0.00 mm 10.00 mmy/s 10.00000 m/s. 10.00000 m/s. 100.0 % 0.000s s +1 0.00 mm «
No.6 0.00 mm 10.00 mm/s 10.00000 m/s. 10.00000 my/s. 100.0% 0.000s =8 i+ 0.00 mm «
No.7 0.00 mm 10.00 mmy/s 10.00000 m/s. 10.00000 m/s. 100.0% 0.000s Eus +1) 0.00 mm «
2 (o1) EWREE ¢ ;
) F

2, (p2) WO event Nog

0.00 mm 110.00 mm/s 10.00000 m/s...  10.00000 my/s. 100.0% 0.000s sas
@ (p3) ARREAMERT — e =

0.00 mm

“@men | w=E ==
No.0 BETUCIESUERES) 15000mm  30.00 mm/s

; - = o o 3
Ramote 40 T No.1 BEZTULIESUEEESE) -150.00 mm 30.00 mm/s
( EXT-IN - VIR-IN - USR- -OUTMaEd
= = AL GO £ 2235 3] 00 mem TOO0 mmvs - 1000000 m/s - T0.00000 m/s. TOO % o000 s =T ) T mm |
No.18 2 CEAEE) 0.00 mm 1000mm/s  10.00000 m/s.. 10.00000 m/s 100.0% 0,000 sae L) 0.00 mm «
vER No.19 ASCEAEE) 0.00mm 1000mm/s  10.00000 m/s.. 10.00000 m/s 1000% 0000 sue +1) 000 mm «
an No.20 ESCEAEE) 0.00mm 1000mmys  10.00000 m/s... 10.00000 m/s. 1000% 0,000 sua ) 0.00mm “
[l = 24
_':;_'a"”'ﬁ ¥ - 23R No.21 ASOEASE) 0.00 mm 10.00mm/s  10.00000 m/s.. 10.00000 m/s. 100.0% 0000 sua ) 000mm «
) EERFES
BT [ 0 #mAS * -
(m4) D-/O - R-YOEH
(mS) REYVOER FLem
[0 (m6) Alerm& ~
@ (m7) Information& 8 EE
* m8) RS-48SAEES 10.00000 m/sA2
BEEQ
X 000001 m/s~2
& (m10) VORI a5
IRFLE

] 3.5 MEXEOQ2 #: 88 55.6+ B %r i i 5 743K %o

bR REWTAG 5 R ECE A BT TS 1T 2 TR AT S BT

B 24V ing TR SR B CNA s cndg R4rie o 5L LA 3 Ap $t s e

myRIO-24V D Oﬁﬁ’%ﬂﬁﬂ%Vﬁ&&ﬂ%ﬁ%iW&’ﬁﬁ%@5@&%
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Pin No. EEaTE
Pin No. E5haTE
1 INO
5 B 13 INT
=Y 3 N 14 IN3
15 IN5
4 IN6 .
|
- IN-COM 16
[0-7]

F13.6 k> 5 B w4 F -

323 Z 5 2 5REF

AFTE R iE Spd B (C-DR42A, Misumi) [*45 D]iF 2 Z $hif - S
®oout Bk ERE ALY Bl ~ 0 0 AT E R PRt 8 PULSE (PRt )
2 DIR(* %) & Zmfrdlzngie ¢ > PULSE * 4|5 Eenfid i & ii%ﬁ;]
ro BRI B E T € BHEEE A DIR R kil s a2 oo
BE (blde SV) 270 35 (OFREEE ) KT (blde OV) BIA 7 F = (i
P4 ) & C-DR42A 5 it ﬁ%%m%%@@»@\éqMMEﬁlmiugw
B * 5 A R FER - ) SRE B T o Kﬁz B2t A B R RRD B TR
SRR SRR R S U R R LS L A B R A R e NP

5&5éﬁ%$%%%”m"ﬂ%ﬁﬁﬁ%@37WT°

ik / CW \ Misumi 58 %

i '\ CCW t1 <0.2us
#RKIE I | { I
I 1

2 > 0.5us
[cw Y

3> 10us
22 |
- 212 :I/_\_ —\

t1 ! t1

|| t3

B 3.7Z 5 £ Bd ﬁ‘"ﬁiﬁ»ﬁ%} » FEF ] o
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3.24 X%B /‘F‘r'

RhFE g erie % en X php 5 3F 5 (EZSM3D030AZAK, & = 5 i) ["#ék E] > 4ol
q

RETSERE S &S TR EE S S L SLE S

mm > R& 7425 300 mm > FwnF ek 3.1 A7T o

A LR 5 001

Bl 3.8 & # i} ~ EZSM3DO030AZAK F %8 B][*#45- E] ©

% 3.1 X #h7 #F 5 EZSM3D030AZAK 4% 4 o

B #HEE 0.01 mm
F R AR +0.02 mm
B fE(CkTRE) ~7.5kg
(i 300 mm

3.2.5 Y-ﬁ\‘!‘lf‘ l'ﬁ'r

AL S X PR R ELE L Y TR S e B B R T

Bk s 300mm: 224 3.1 7 “57) 2 - K o

3.2.6 Z $hj #5F
AT AT hZ $hp B ¢ & Misumi ¢ C-ZMBS650-L-A-2 3|50 » # “hjg,
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4o 3.9 “F 4 Flo s2h S0 Hie kB L 18 RS E5E > FR gL lmm
SURETRIIAE 0 T IR Z 7 e ol B T o 1R e & iR EAeie 0 B g )

FA®TE L Sum o B FAEE 43 mm o 4p B BN S BEST A 3.2 0

bR
*%%e o
B s
LY .

Bl 3.9 Z hif & C-ZMBS650-L-A-2 F % B[ "4 F] -

% 327 phif 5 C-ZMBS650-L-A-2 24t %

Bl BB 0.005 mm

FoR R AR +0.005 mm
oo 2 R 0.02 mm 1 p
B E(CkTRE) 5kg

7 2 43 mm

327 BFAREF
AFTEYFREAREFR BAL T EANFHRALNRABET X EF
AR RN R R E R PR A i 2 o ks iR R
LG 7 B P AR EE 240 mm &2 Y $hE F0F & (742 300 mm e EBRGE T

APE R S 640 mm > 4o 3.10 e Gl MR ERE Y § o
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O 0 0O OO OOOO OO O OO OO OO OJ®©OUOUOUO OGO OGO OTOOO0 0 0 O
[ 1 n
o ofo 00 o o © T © 0 0 o
| FEE e [ T
o olo o o o o : el 'ive Em | ©
[ ol | v w I ®@ O |3
o olo o o o o T& B2 T
© ——;1——2;—— a I ©  a}l———11
o olo o o o ol@ | (e] o o o o
o olo o o o o o olo o o o o o6 0o 0o 0o oo 0o 0 0 o o
] 300mm
o olo o o o o o oo 0o o o o 0O © 0o o oo o o o o o o
o olo o 0o o o oo o 0o o 0o oo o|o o 0o o o 0o 0o 0o 0 0 o
o o‘o o 0o 0o 0o o 0o 0o 0o 0 0 0|0 o|o O 0 0 0o 0 000 0 0 ©
o o‘o o 0o 0o oo 0o 0o 0o 0 0 oo o|o O 0o 0o o 0o 0 0 0 © o
o o}o o 0 0o 0o 0o 0o 00 0 0 o0 o|o O 0 0 000 0O O 0 0 ©
O
o o{o o o oo o o o o o o oo ola O 0 0o 0o 0o 0 0 O ©

o o
o oLo_o_o_o_o_o_o_300mm o o olo o o0 o 0240mmo oo o
o 0o o o 0o 0 0 O

o

© 0o 0o 0o 0o 0o 0O 0O O 0O 0O O 0O 0O 0 0 0o o o

Bl 3.10Y s &5 0f 5 & s f b & 7857 & R[4 G -

3.3 A % ,:‘4\ “-;‘ii

“‘%

BAFT Y o G AR PRI ROT FREERE R EEFRE A S
TRY

ETS

\v

BRAETF T B2 - o G A A ] avRIFRER & B RIfET BrRER > %
sk v A F R (YSP-101, YMO)[ 45 H]4 S8 e AL ST 5 0 4 by
¥ 3 HcE AT A 7% 1+ ¥ (Microspray ultrasonic atomizing nozzle, Sono-Tek) [ "4 I] ©
prep R 0 O FEAC L 3 5+ % (Broadband ultrasonic generator, Sono-Tek) [ 45
J] Bptevf il » RPN 2 BT A F i AMAE 2 PR e F Rk

A ML R o G AT R g 2 R o] 311 AT e

35
doi:10.6342/NTU202502366



EHTR  H#R CTFERSB

B 3.11 ()& 5§13 2 M B[ss H] ~ () 3423 8 o B9 MEa48 1]~ 0k
B AT R MBI (OB AT g5 B o

BRSO ERY R TRREF RS B S R 2 T
WEAGFARVEERSFIRELEDF 50 BAIFRF R SR
W E ER e PR AP S EDEEF RS L 10psi-F R R 65 mm-

4mlhr ci-Rg 022 30mm/s B FE R KE LN TR Smm e o

3.4 FiEE i

3.4.1 s
AFET B SAF s 4P #(PAYKGV-80KM, Huirong ideas) [fit45+ K] 15 5 1 &
PSP E > oW 312 77 0 R F R R RS HERRIE RFA A AT

PAAPIS E E 4096 E cnH 5| 24T R > T CMOS RBIE > VR EFE 80
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kHz chidFsgd 5 - o5 B g FE 21 5 35um > - B3 B 52 &5

B BT ERTEEY 14336 mm > ¥ AHE GF 35 um o FRITA -

Bl 3.12 54 47 49 1% PAAKGV-80KM F %8 B[ "4+ K] -

z

1995 2 % #7453 P4k ¥IZ(Nyquist sampling theorem) » ¥4k 32F T > 11 a B e
FU 2 fRTR 0 R ORFERD R R Rt el o A ki o) W R p R
THE Tume B2 AT LA 2 FiF o AT S 3T ] 0 Flt AR 2 AU
T AP E W ARt 4 o g PR R BRI e 5 8- h R 2 RIH
B R B G TEE S e sk R B0 TN ORI RS~ i
B B R B 00 1 P R T 2 PR g B B o

342 s dRER

AT TR AR H ALY % g u BLER (Telecentric lens ) 1 5 A ok B A2
Penp R A PG T RIB ISP ERRFR -2 - HLBREF IR R BFL
FOATRER R M SR SUT S TR G f R R FIRLR & R TR AT S e
A RBFgLEEE S P % (Geometric distortion ) e

e T TR fe & ORISR ¢ 2K AL &Y A5 WWHIO-

65CT (Huirong ideas) [ *i4% L] ik < 4Ef > o] 3.13 %77 » H 2 & L F R 440 ¢
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v

WA BFE- BT ITEERES 6Smm s BIFZE 09 um o iF *F LRI 4L 1l mm >

XN EY E E N

@] 3.13 & 4eeg WWHI10-65CT 5 %8 Bl[*4x L] -

P RO BB RTFR AR Y P { AR EAY LR IR
FREZE - RoFoadrdld 2B ARY Fildeehe 4 %35 i 52 B
B AR 2B FIY > AFTEY RO RE KL A LR R s

BT BB AEIREMATIARL T AR

3.4.3 kiR

FARAPGFI ST ORGSR ARSI A R R
#hEEk R (Coaxial point light source) » T4 3 & BB ki o #rdk % 2 kR 2 # ¥
3W 1% & R v ks e (HRPL2-2108-3W, Huirong ideas) [ /4% M] > 4 @] 3.14 #7% >
G B OPR BT F P4 A

3 -
T W °

B 3.14 6 ¢ k& ik HRPL2-2108-3W ¥ &8 B[ "4+ M] -
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R RBL R FRF AR EARMER LG B F SHE G
FRT R RP 0 F b FIF Sk e E S GRS B e n R
Wts F o BRI B ALl - S phBE KR ITA 4 chdE BP > ARG F LG o
P EF R TR RGO T I LM R R A FRRRAIER
WG AT P LB 8 R Y BV AT R % o gt b e KR
#i e (HRPSC4-2005-4-LSE-Z, Huirong ideas)[ "4 N] » 4o 3.15 =77 » 7 i&— # 4§
TR IR I FE R SR O Rt - RO T met g S R R

BALEH R -

Bl 3.15 & R+ HRPSC4-2005-4-LSE-Z 4 £ B[ "4+ N] =

FEa T o REEEIRF Ea s A Y iR B TR REE
A KFEP G L AEIRET KR RH e SRR EE R LK

‘L’}#E ek & % irﬂJmﬁui =3
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344 S 8K T

ARG PR d &Rk T (Hefei I-TEK) #7 B 3 2 IkapCViewer 3 445 47 #%
Pl R AP 2B TR REA K o B 3160 AR R LR
teo B MG  RY AV FERUPWOTHEREERT > U R RFR
WBRGERED o b ARG FE R E SRR IR R &
A fg A T o PO i AR R E R AR KT R F T Ry
BB E R ?}f#ﬁﬁh%fﬂ o fe pE oo v L R AL ob 3RfF % (Frame trigger ) ezt o 1€ 4p
PEARIEIFTIFAEFE ] EE R K FREERT DF O3 A

B TR A ] 4

4 IKapCViewer - & x
File(F) Camera(C) View(V) Tools(T) Help(H)
SR wssREGBaADs i REN s BME

x  Panther-4K(192.168.1.9759)

* [l [w] T a6l

"Feature Tree Common Feature

£ Frame Grabber = Camera

Feature Value
o

05015-924B
PA4KGV-21250169
ITEK-ITEK ITEK
LineScan
21250169

1500
1440
21600

Mono8
Corrected

Continuous

Exec
Output Message
Exec
Level Time Message

04

8571

Timed

70.000000

L2R
Feature Name: LineTriggerinputFrequency
Value: 0
Frame Rate:0.00 fps Line Rate:0.00 Ips | Refresh Rate:0.00 fps Frame Count:0 Resend Packet:0 Lost Packet:0 Marker(704,10800) Value(0)

@ 3.16 IkapCViewer 5% fa 40 #8321 54 F %2 i 5 o

3441 (FAFE R LPFFR F

74f (Linerate ) /- ZAp 8% #)4Ffs el E R SH B EREZ F TR

PR AT ARL MR - o Bldo o F AWM K E Sk (5000 7

3

) B $ s hSEE S 5 1000000 + 5000=200 #cfy o ik EE 200 fofih -

\\\

g
A

od FHATELFET oo B R R RAPI L FRBRERP G FSE > w2t
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Gt )4 o E O B g AREE 2  FEER 0 B g B AR

Bek s Bk pE R (Exposuretime) B % A Bk A 2 4k

«fﬂ\\
=
B é—
f
‘Eqn\\;
s
&
b
%
N
B

- Rk £ R o RABPFR k TURE RPN ¥
REGER S F 2 BRIV RS G @ T FHRAT ERE e b
FoEgE o HADEREER > M EHERE L § LR R 8 FarR
FEFFf B0 LA BB R RS AR iR T S R
BRI R TR R IFRBITRE AT R EER 2T - Ko
Fpt AT Y O MFR AW OEFER TS 85T Hz kR TR EH Y5
116.67 pus» ¢+ %dcfie & 30mm/s chT 5 Bk B 7 5 & K59 Btk % B iR i
T A RAEPFRRK TS TOus L EMFTEY  EFEEIFHBLD T2
EHET - FEHCWLBEGER PN G ORFIRTHRERE Y RAEDE S ST
RREH G AR 317 AT o SR R&RE VL ELETEEFRREY  wmE fareh

T SEE s T VR YT L T C S

- AcquisitionControl

Acquisition Mode Continuous v
Acquisition Start Exec

Acquisition Stop Exec

Acquisition Frame Rate(Hz) 0.4 -
Acquisition Line Rate(Hz) 8571 -
Exposure Mode Timed v
Exposure Time (in us) 70.000000 =
Scan Direction L2R v
Compression Transfer Ena...

Acquisition Line Count 0 v
Reset Acquisition Line Count Exec

B 3.17 FHpEREEFFDILEZH -
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K
SRR P e > il e E (Gain) 2iHE (Offset) 2K 24

=R}

4o 308 S o B EFr gl B o i AR LR S AR B T

—\

B isiE— &k

I

ABMme T LR CEF VAL RN RERTAFFMAFARE > * 1Y
i3 & 2F§ (Blacklevel)> 2 #Ap# i % s = 2 29 0% B “TH PR U 5

R FE oAk AR UER > MARTE §REER FRPGH 7 d

TR RE AR ER AR AR F RN 4

i
Gr
T
=
-_\-:sy\;
i
P
Ry
%
ExS
gt
(w
%

PV R R R e P A B R
6 B ORI Tk AR S 1254 2 8 & sl 3 £ (Analogue Gain)
FREfERARER BRI T LR ERE F RS 0.001-16.0 e 23 5 5 5

B B b pg o e i B R B W R ) E AR B B

/4 o
AnalogControl
Analogue Gain Gain_x1 v
Analogue Offset 0 .
DigitalControl
Digital Gain 1.000000 .
Digital Offset 0 .

GENEE SRS - S B IR

3443 Bl 578 KT

AP AR E R O S A Re S A LI RTAVEE 7 F
ki 44 o 78 (Image height) & B3RP iforre 7 ondfdy T8> W ¥ 24

BRI 0% R R S ARIL e § R M IR 165535 Rtk R

7\\%

RiET TR AR EFERRAOTHES AR LR E e 319

t"l—i—ﬂ- o
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- ImageFormatControl

OffsetX 1500 .
Width 1440 .
Height 21600 -
Binning Horizontal |- .
Pixel Format Mono8 v
Video Mode Corrected v

DESUREES T8 & T

3444 % 8% (Frame trigger )

PR REER T LA INE Pl BP0 Aot L ok e S
(Trigger mode ) o ftfi fif 3 HE38 T o AP 48 B3T3 (T DI 3 5L B i Podn LR K
TR F B RY A L B TR F RS K R A

IO Y K AT L AP e IR I A PR o | L FEsh Line3 A
et P MELe TrEd R o T BT IpdE o 42 % 0 & 10 Control A~ F ¢
#- Trigger Selector % %_% FrameStart » gt 78 2% TN & ff 2 3L * 30 fods L0 ) e
e B~ o B Trigger Mode K %% Ono r2c* b 28 #2358 5 @ Trigger Frames Count
Pl G & = fR 3 BB kB o K 5 1 3 o 45 F % Trigger Source E # &
Line3 » % 51 J* b fP 3 5L KR 5 “F 304 » &0 Line3 %riz o 4cB] 3.20 #71 5 ¥ &
g T ¥ e + # Jf ¥ Trigger Selector *» # 1 LineStart> ¥ #-H #} & 1 Trigger

Mode % & Off > B B 7§ 3 538 0 4B 3.21 #7571 o

- |0Control

Trigger Software Exec

Trigger Selector FrameStart v
Trigger Mode On v
Trigger Frames Count 1 >
Trigger Source Line3 v
Trigger Delay Source lineTriggerSignal v
Trigger Delay(in us) 0 =
Trigger Delay(in lines) 0 -

Bl 3.20 fo* WA 2 APB K B -

43
doi:10.6342/NTU202502366



- |0Control

Trigger Software Exec
Trigger Selector LineStart v
Trigger Mode Off v

B 3.21 B B A8 B3 o

£7 % > I0Control 4 F ¥ #- InputLine Selector % %_% Line3 > fiﬁ;di%]
AP T R R ho ] 322 S0 o o T U G R
# Input Line Format *® i£# SingleEnded fi;' ; @ % Input Line Polarity ¥ iE #
High> % 77 Ap 8 &-10 plagriant 2L 5L iv 5 ff 3 kg5 - %ﬂ‘*:‘ﬁ%} » AL R 2]
%7 F® 4 > ¥ >* Input Line Detection Level ¥ 3% % 3% Threshold for 2V st
Threshold for 5V » & W gt FiE 5] 2V & 5V SR % - S % B+ 38
i 0V RIpMFNEIE TAZA > 3 & Input Line Debouncing Period (3t 5Lig ik P
B)r - BZZRE S S0 My FHFHRBRBEEFTVEFRF LHEE o - REXK

TNARG PR RAPWEE R T S FH AR HITA -

Reset Rotary Encoder Reverse Counter Exec

Input Line Selector Line3 v
Input Line Detection Level Threshold_for_2V v
Input Line Format SingleEnded v
Input Line Polarity High v
Input Line Debouncing Period(in us) 100 v
Input Line Trigger Input Frequency 0 =

Bl 3224w » iz 2 AMEKE -
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35 A1

L

—r.
=1

) 1} t“?,@,\

F_&

=

A e kLY @ LabVIEW 2582 2 (B B

SABRREEHE CLHIEEHT  TETENA R ST R oW

: Saved Image | Detectl
: ) ‘ Open ]

o0
o

Movex | &
=T °
A
I r—— L I @yl _@ex
XY location
ik =R S S NSRS — TN | X location _initial Y location XEES  Grabtimes =
0 0 o o Delete Data
Merged Imag
Q) -2 100
merge&cut] Q) B 3
. L1500 R0
o 50 @
o -0 &
0 1000 &% .
+ o 'y
= -500 <y 0 @
o
» -0
o 0
<o
~
<

B 323 A 45 f41F0 4 % o

351 F B HREHEE TRTEES

W 3240 B BFHEAIE @Y FFAE > GREFRSOTA (25
mm)e i SLl-p B EFEREGHRETAR 5.04mm L AE ;té’:—@])\ %}gfu 5.04 >
PEORAFR TP GER T REEET X EERP Y c 22 AK
IS % F F ABLE MDetect ) #dz > hSk-p S 40F X500 ¢ @RIRA - &
Fook® Fvar b5 DevList (k& 714 ) Y EBHROSRIFRH A LA T
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2LiE T Open | %4 Ecipi ks -

TAPHS A B ETtS 0 BEE TStartGrab | 34 T ¥ Er @ Bt i 0 P2 T & b

Event Types #f i+ #-% 77 startgrab ;3 4, » £ T Ap48 2 & » B Bk b o B {é o

i

‘fl]‘li‘

g}:
FE4L2 {5 > LabVIEW 423% € 153 myRIO » s4p #8811 3.3V engr 43 5Lk i 3 B

Eubf T ke | dede s WE LR P B H 4 8B 3ER A 0 LabVIEW A2 3%
A

myRIO f 5 Y $hif & 2R @A & =BT S +Y $h> o H60 ER 2

GHFms - T Y B S L Y B e BB DY PR B IIE X ik & +X

%—%

wHE o TR H R S o EAFHH I T E T R SRR R o

Dev List

4}
-

b

20|\

~
=

[@OQ:\I-

+ o {ﬂ‘

| Panther-4K )

Saved Image Detect

i
Start Grab rb?
> -
e
| set initial location ‘
[El/=8s
Close * 3
e e
’ oo s ]
= = 9 9
’|1440x216000.02)(8-bitima9e147 ©0,0) }‘J 'a Q Y } ,l} X } ’H’?
XY location
Eve.nft)‘lp‘es. LU LD L] LI 3 initial X location initial Y location X#3&#®  Grab times
Grab Stop | X:19484mm | Y:25354mm || Tgup =351 s s

§l3.24 p ﬁvﬁﬁ&#q?ﬂﬁ’%ﬁﬁ?;}i%ﬁ SR
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’ S AR
\ BRIE R AL

~

FamtY
VAGE:S

Y
Lx 2/
P8 2
R4
g AL
2 /R
i “eta e
* Pl 0
o]
#
g F & m-Y
% 7 a1 45 %
Y
Lx
S5 3
448
# T
X B
—
Y
Lx o BHES

B 3.25 B i HFr e F BN 2 AR o
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B A f B i AR Ao ] 3.25 4T 0 & Bl o T
HFO: B AENBET L > BB 2T AW IRIHEEE 2
RRcs F Rl 2 A28 AR - RRFRTLNLETT R
KB Y i A BBET LAY S e B8 B G A ERE 4
W o°
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Figure 2. NI myRIO-1900 Hardware Block Diagram
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Figure 3. Primary/Secondary Signals on MXP Connectors A and B Table 1. Descriptions of Signals on MXP Connectors A and B

Signal Name Reference Direction Description

+5V DGND Output +5 V power output.

Al <0.3> AGND Input 0-5 V, referenced, single-ended analog

input channels. Refer to the Analog
Input Channels section for more
information.
B 9 o
g - ™= (2] = AO <0..1> AGND Output 0-5 V referenced, single-ended analog
E = = E E 9 output. Refer to the Analog Output
3 E E % %1% Channels section for more information.
= o= ol o AGND N/A N/A Reference for analog input and output.
= ~ o
2588688388888 0a=x2o3
fOO0OO0OOOOODOODODO<<< < % +33V DGND Output +3.3 V power output.

DIO <0..15> DGND Inputor | General-purpose digital lines with
33[31]29|27]25/23|21]19)17]15[13[11)9 |75 | 3| 1 Output | 33V output, 3.3 V/5 V-compatible
34|32(30(28|26|24| 22| 20|18 |16 |14 |12]|10| 8 |6 | 4| 2 input. Refer to the DIO Lines section for

more information.
= g 292900890 <9xXx0x08958 UART.RX DGND Input | UART receive input. UART lines are
ODEE968268880 L6606 << electrically identical to DIO lines.
g9oo0DbowWouWwoZogo<
g o =~ = 3 = UART.TX DGND Output | UART transmit output. UART lines are
n e = electrically identical to DIO lines.
5B O N Q
(ol e] =] (=] DGND N/A N/A Reference for digital signals, +5 V, and
oe 33V,

Table 2. Descriptions of Signals on MSP Connector C

Figure 4. Primary/Secondary Signals on MSP Connector C

Signal Name Reference | Direction Description
+15V/-15V AGND Output | +15 V/-15 V power output.
AIO+/AI0-; AGND Input +10 V, differential analog input
All+/AIL- channels. Refer to the Analog Input
Channels section for more information.

A0 <0.1> AGND Output | £10 V referenced, single-ended analog
output channels. Refer to the Analog
Output Channels section for more

< o o< o _ information.
8 SEG ol = AGND NA N/A Reference for analog input and output
E E E E E E and +15 V/-15 V power output.
~ =~ == = ~ +5V DGND Output +5 V power output.
> > g g I ) ~ e i Lo d
L5355 2 85688885 G > DIO <0.7> DGND | Inputor | General-purpose digital lines with
= < S < =l < = <@ 0@ o | o @ oEn Output 3.3V output, 3.3 V/5 V-compatible

input. Refer to the D/O Lines section for
‘more information.

5] (7] o] o Jioft reJraJralse]r]e]e]z0 Do | WA | NA | Refeene ordgil s nd 5V
power output.
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Figure 5. NI myRIO-1900 Analog Input Circuitry ~ Figure 6. NI myRIO-1900 Analog Output Circuitry
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Figure 7. DIO Lines <13..0> on MXP Connector A or B

You can use the following equations to convert raw data values to volts:

LSB Weight is the value in volts of the increment between data values,

V= Raw Data Value * LSB Weight

LSB Weight = Nominal Range -+ 2APC Resolution
where Raw Data Value is the value returned by the FPGA I/O Node,

Nominal Range is the absolute value in volts of the full, peak-to-peak nominal range

of the channel,

and ADC Resolution is the resolution of the ADC in bits. (ADC Resolution = 12)

. For Al and AO channels on the MXP connectors,

LSB Weight=5V +212=1.221 mV

. For Al and AO channels on the MSP connectors,

Maximum reading = 4095 * 1.221 mV =4.999 V

LSB Weight =20V +2'2=4.883 mV

Maximum Positive Reading = +2047 * 4.883 mV =9.995 V

Maximum Negative Reading = -2048 * 4.883 mV =-10.000 V

&9

+33V

40kQ

Bus Switch DIO<13..0>

Figure 8. DIO Lines <15..14> on MXP Connector A or B

+3.3V

2.1kQ

DIO<15..14>

Figure 9. DIO Lines <7..0> on MSP Connector C
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Figure 10. NI myRIO-1900 Dimensions, Front
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Figure 11. NI myRIO-1900 Dimensions, Back
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Figure 15. NI myRIO-1900 Dimensions, User End
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Specifications

The following specifications are typical for the 0 to 40 °C operating tempreature range unless

otherwise noted.

Processor

Processor type

Xilinx Z-7010

Processor speed ....667 MHz
Processor cores esned
Memory
Nonvolatile MEMOTY u:..iuisessssssissmsisnssssssiass 512MB
DDR3 memory 256 MB
DDR3 clock frequency ...
DDR3 data bus width......

For information about the lifespan of the nonvolatile memory and about best practices for using
nonvolatile memory, go to ni.com/info and enter the Info Code SSDBP.

FPGA

FPGA type

Xilinx Z-7010

Analog Input
Aggregate sample rate
Resolution
Overvoltage protection

MXP connectors
Configuration
Input impedance

Recommended source impedance
Nominal range

Absolute accuracy.........ccccoeuecunnene
BanaWiadth.....coosseucpeummsssssussossssensen

MSP connector
Configuration
Input impedance

Nominal range

Working voltage
(signal + common mode)..

Absolute accuracy.........c.ceeeveueennee
Bandwidth: ...

Four single-ended channels per connector

>500 kQ acquiring at 500 kS/s
1 MQ powered on and idle
4.7 kQ powered off

3 kQ or less

OVto+5V

Two differential channels

Up to 100 nA leakage powered on;
4.7 kQ powered off

+200 mV
20 kHz minimum, >50 kHz typical
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Analog Output

Aggregate maximum update rates

All AO channels on MXP connectors....... 345 kS/s
All AO channels on MSP connector
and audio output channels.............ccccccuee. 345 kS/s
ResolutON s anan i m s s 12 bits
Overload protection ::ccaucssussnmsssasns 16V
Startup voltd@e . 0V after FPGA initialization
MXP connectors
Contigifation. o s e Two single-ended channels per connector
13471, 1. PO .0Vto+5V
Absolute accuracy.........coceeeeeeeierunieiniennes 50 mV
Current dnive oo 3mA
SIEWItate. .o mmen o o e 0.3 V/us
MSP connector
ConfIguration .. ... i bsisiimnsiaiines Two single-ended channels
RaNGe ..o =10V
Absolute 8CCUTACY :..cusuusussssissssasssnsssisssssssss +200 mV
Cumrentidnven e e, sy 2mA
Slew rate
Digital I/0
Number of lincs
XY CODMOERODE wciiiiisinissnssviiasoiaseimaiiniin 2 ports of 16 DIO lines (one port per connector);
onc UART.RX and onc UART.TX linc per
connector
MSP CONDOCION. ccosoosscsesssesssesesssessssssasssassses 1 port of 8 DIO lines
DIOCHION COMEON ...nunisossinssonsssionisesimsisisssissssonss Each DIO lin¢ individually programmable as
input or output
LUOGE0 BV Loc ccoussisssassnsossssssores niossmsmmmisinsiiiisonss 5 V compatible LVTTL input; 3.3 VLVTTL
output
92
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Input logic levels
Inopiit low VORIEE, Wit «o.cciimmsainia 0V min; 0.8 V max
Input high voltage, Vi ..oovirnmnsnmnninns 2.0 V min; 5.25 V max
Output logic levels
Output high voltage, Vo

L R — 2.4 V min; 3.465 V max

Output low voltage, Vi,

o T L T S — 0V min; 0.4 V max
MR POISe WAGRE ....scrcsomsvensnsssormmenasssossosnns 20 ns

Maximum frequencics for secondary digital functions

- S — 4 MHz
O 100 kHz
Quadrature encoder INPUt ......coveverunnnnes 100 kHz
R S 400 kHz
UART lines
Maximum baud rate.......covmninnnnnininii 230,400 bps
DARR DI .cccioicsnnnss sessuinisassnsasnossaransassasncasass 5,6,7.8
S0P DEER oo iucinsisanmanns sessamuanansandnassasmasessnss 1,2
PRIMY . cocsriiison sonssssnsssisminsnsaaianssrasuss iosassssons Odd, Even, Mark, Space
FlOW OODMNON..ccomiiissisemsiialiiimisimeiin XON/XOFF

Power Output

+5 V power output
R MR oot sl 475V1t0525V
Maximum current on each connector ....... 100 mA

+3.3 V power output
0 LR T 30Vto3.6V
Maximum current on each connector-....... 150 mA

+15 power output

OUtput VOltBZE. ....cccsncisiaisssnsssssnssanissssasnsas +15Vto+16V

Maximum CUTTEnt «cuui. siaiiaosics ks 32 mA (16 mA during startup)
-15 V power output

Output vVoltage.......ccvvueurrerirenicciciiieinaee -15Vto-16 V

MAaXimMUM CUFTCRE &..covisiianmiiitiasmsiiisiine 32 mA (16 mA during startup)

Maximum combined power from +15 V
and ~1'5 'V \powerontput .. ansinmnamminis 500 mW

Power Requirements

NI myRIO-1900 requires a power supply connected to the power connector.

Power supply voltage range.........ccccceucvunnenee. 6to 16 VDC
Maximum power consumption ............c.coeeveeene. 14 W
Typical idle power consumption...........cccceueuene 26 W
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4% B myRIO-24VDIO 3§ % 4% .42

| Connect to MAP-A |
‘ FUNC PIN# FUNC
| 5V 1 2 AOO
AIO 3 4 AO1
All 5 6 | AGND
Pin 34 A2 7 8 DGND
A3 9 10 RX

Dio0 | 11 12| DGND
DIOL | 13 14 X

DIO2 | 15 16| DGND
DIO3 | 17 18 | DIOll| oo |

O IFpiosa [ 19 20 | DGND
DIOS | 21 22 | Dio12| oo |
DIO6 | 23 24 | DGND
DIO7 | 25 26 | Dio13]| oo |
J1E3)13483E » B [ERE(E! DIo8 | 27 28| DGND
oo [ Dioe [ 29 30 | DGND
DIO10 | 31 32 | DIO14
33V | 33 33 |piois| °°

myRIO HXP-B a . myRIO MXP-A

¢

®

/108 N¥Z O1uhw
A3 *WoD *2dn 'Nnn

Caution:
Read the user manual
Before any connection

i!g Iy 008

—|zzags

@t ‘T._._ F

Sinking Digital Output

Transistor

Channel Out | Out | Out | Out | Out | Out | Out | Out
1 2 3 4 5 6 7 8

myRIO DIO ( DIO | DIO | DIO | DIO | DIO | DIO | DIO
DIO 8 9 10 11 12 13 14 15

Direction 8ch 24VDO (Sinking)
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myRIO MXP-B . myRIO MXP-A

Sinking DO

- ow @0 oo «r ow o™
o Aoy Aigd b Y o Caution:
M 2ol

M} *WOD *2dn *Nnn

Before any connection

13 0087108 N¥Z OIYHW

1 5 N i 4 Read the user manual
A.-.]i_ll--v.gs K L ,

H; . - S S am e o Lon
A o AA* 3 4 .n‘]{"b |
- T

PWR.In | | PWR.In
GND 24VDC
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HOME
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14
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3 | EEREES CN3 BIEEES -
4 | miEmme CN2 @) | EESE - ((TESHENRERIS -)
BEBU SRR EEE -
6 BRI BB EIRF (CN1) MB1 ~ MB2 MB1: &rFE - (&)
MB2: RIS + (B
BETER -
i ESEL PN (CN1) + = +:+DC24 V/+DC48 V EIRE A
—: &8 GND
8 | (REEIIET (CNT) @ SR AWGTS ~ 16 (0.75 ~ 1.25 mm? ) S0 -
. BECREAN RIS MEXEO2 (TS -
12 | USBIBAEHEE < ( USB2.0 mini-BiEE2 )
13 | A SEEES CNa IS -
14 RS-485 iEall EE 2R CN6 ~ CN7 381 RS-485 BANEBAELR -
ERETHREN GRS -
1 POWER/ALARM LED POWER/ALARM o 24 Alarm ( {REINBE ) LS AN ¢ 175) 30
(#214L) o BEEMBNS  ABNSEEERHEY -(ARIRRES
B GEEAEERLES)
« /818 RS-485 WG Y B ER BN - SIBHEMNSE -
DAT/C- 1% DAT/C-
2 | C-DATIC-ERRLED (#/41) | CDATIC-ERR | op ns 45 i1 2 BB RE R ATEE -
5 HOME PRESETER HOME PRESET | T EMZEEE - RERBINUE ([REh)-
S# L RS-485 W IEEIREF -
«No.1: FIFSEFSEMRTERIN (1D ) RIS -
H I  OFF
LEx e NO.2: EQE RS-485 ;EEHE"]%E e
INBER
o | RERAERAR swi W RREAIAER : OFF
RS-485 [ 5 AR 58 A EL - ON
e N0.3 * N0.4: 58 RS-485 #ElHVARIHEE (120Q )~
HERBHETE:No.3 ~ No.4 855 OFF
S RS-485 BAEHIEE -
ERTNAERRERAR ( SW1 ) &0 No.1 B4R - 387 RS-485 BAAY
10 | e D SRR -
HEBRE ARG 0
RS-485 [t 3@ AR 5 & A S 1
51350 RS-485 IR -
N | EREER e BAUD RUE RS-485 BAABARE -

HERRE AREMINEER: 7
RS-485 [ @& ARE S AR : 4
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EnRn

REmE

RERF

L]

L L

BRI
R AR ILWE
BT RERE Y

B

FRATEE 1000P/REXE R
FIERHRITE BB
TRBA BE
TRGA BEAFER
BRBA BHR
HRRERM
RERER

[EE&ER EE

B

0.02N-m
2.7x107 kg-m?
0.36°/fi%
0.01N-m
DC24 V

+5 %

05A

MEXE02

0.08 kg

0.15 kg
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e D Z i BF i ERR

it WMEETR (A) ZREE (V) ¥
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W s W EEORES
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BASA DCEE®EA

sREE aSTEP AZE3

AREEE 24 AZM46AK

BARY FE54 mmxEE50 mm

Be 12 mm

e 300 mm

BEHE =3

EEREAA LUES

BEBAR RS

REEAINE £0.02 mm

B BHE (HER) 0.01 mm

RBPTE 0.03 mm

ARER AT ~75kg

ARER =R

#h ~43N

HEN 100 N

®REH 70N

BRFRE Mp: 42 N-m. My:42N-m. Mr: 10.5N-m
ERFRE Mp: 26.4 N-m. My:26.4N-m. Mr:52.0 N-m
BERE 600 mm/s

REESB AR 23kg
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s H & F JTF Re
YSP-101 (Standard type)

Infuse only and no capability to withdraw.

|-

| Specifications
Syringe type Standard type High performance type High performance & high pressure type Double syringe type
Infusion YES YES YES YES
Withdrawal No YES YES YES
Programmable pump No YES YES YES
PC Contorol No YES YES YES
Minimum flow rate 0.012 pl/min 0.023 pL/min
Maximum flow rate 31.5 mL/min 42.57 mL/min 153.3 mU/min 76.32 mL/min

The pumps may not be used at max. or min. flow rate under certain conditions.
*1 Obtained using a 1mL gastight syringe.

*2 Obtained using a 50mL gastight syringe.

*3 Obtained using a 25mL gastight syringe.
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The

delivers the high frequency electrical

Broadband Ultrasonic Generator

energy required to operate all Sono-Tek
ultrasonic atomizing nozzles.

This

power generator, \IL‘,\lL‘HC\l .md manufac-

versatile, rugged state-of-the-art
tured by Sono-Tek, incorporates features
that simplify process control and enhance

l’ht operation ot our I\\\::lk' systems.

Operates over a frequency range of
20 - 120 kHz (frequency is user selec-

table for any nozzle within this range)

Uses advanced phase-locked-loop
control technology to automatically
lock onto a nozzle's specific operating
frequency

Provides both audible and visual alarms
in the event of system malfunction

G- I & o N

Contains an output for connection to a
remote alarm
Can be triggered on/off by an external

control signal

Contains an LCD power meter and
power level control for setup and mon-
itoring of nozzle operation

Contains an input for remote power
level control

Is available in two versions:

a 100-240 VAC free-standing unit, and
a 24 VDC modular system intended for

use in nmlnplu I]\Y::[U configurations
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Models Available

Free-standing: 100 - 240 VAC
P/N 06-05108

Modular: 24 VDC

P/N 06-05112

Input Power Requirements

Free-standing:

90 - 260 VAC, 50/60 Hz, 75 VA max
Modular:

23 - 25 VDC+5% regulation, 60 VA max

Output Power

15 W max. continuous
20 W max. intermittent

Frequency Range
20 -120 kHz

External Trigger Input

5 - 240 V(AC or DC) or switch closure
P/N 06-01078

External Power Control Input

0-10VDC, 20 kW impedance
P/N 06-01083

Alarm Output

24 VDC or 120 VAC max. relay contacts
P/N 06-01084

Operating Temperature Range

0-40°C(32-105°F)

Dimensions

Free-standing:
812" Wx9"Dx21/4"H
(216 x 229 x 57 mm)

Modular: 5 1/4” Wx 712" Dx 2" H
(133 x 190 x 51 mm)

Weight
Free-standing: 4.3 Ibs. (2.0 kg.)

Modular: 1.2 Ibs. (0.6 kg.)
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Optical Specifications Field of View (mm x mm)
Magnification (x) 1.0 1/2"(6.4x4.8) 6.4x4.8
Working Distance (mm) 65+1 1/1.8"(7.13x5.37) 7.13x5.37
Max Sensor Size (dmm) 11.0(2/3") 2/3"(8.8x6.6) 8.8x6.6
Aperture (F/#) 11.1 Mechanical Specifications
Telecentricity typical (max) (deg) <01 Mount C
Distortion typical (max) (%) <0.1 Length (mm) 79.9
MTF30(Ip/mm) 70 Coaxial Light Yes
NA 0.045 Iris No
Resolution (um) 7.5
Depth of Field (mm) 0.9
WD=65 799 17.526
40.0 4.0
180 80
I
H ' \—- B - - - ; - e—
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[*44% O] Python code - ] §*> &]#* ¢

import re
from PIL import Image

import os

def split_image equally(image path, output folder, rows, cols):
"-H SRR R 353 *7 2] & rowsx cols | BT RE "

os.makedirs(output_folder, exist ok=True)

img = Image.open(image path)
img_width, img_height = img.size

tile_ width = img_width // cols
tile_height = img_height // rows

for row in range(rows):
for col in range(cols):
left = col * tile_width
top = row * tile_height
right = left + tile_width
bottom = top + tile_height

tile = img.crop((left, top, right, bottom))

base name = os.path.splitext(os.path.basename(image path))[0]
tile path = os.path.join(output_folder,

f'{base name} {row} {col}.jpeg")
tile.save(tile path)

print(f"{image path} *» &= = > &5 > {output folder}")
def'batch process images(input_folder, output folder, rows, cols):

"R R R JE R AP & BF tjpeg 7 LARP OB

os.makedirs(output_folder, exist ok=True)

pattern = re.compile(r"\d+\.(jpeg|ipg)$")

for filename in os.listdir(input_folder):

115
doi:10.6342/NTU202502366



if pattern.match(filename):
image path = os.path.join(input_folder, filename)
image output folder = os.path.join(output folder,
os.path.splitext(filename)[0]) # &= + FiL &
os.makedirs(image output folder, exist ok=True)

split_image equally(image path, image output folder, rows, cols)

input_folder = r"C:\Users\USER\Desktop\sammy\measure data\data"
output_folder = os.path.join(input_folder, "cut")
rows = 15

cols=1

batch process images(input_folder, output folder, rows, cols)
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[*44% P] Python code - B % & & #* it

import os
import cv2
import numpy as np
import re
def merge by row col(source folder, output folder, output suffix="merged.jpeg"):
if not os.path.exists(output_folder):
os.makedirs(output folder)
pattern = re.compile(r"(\d+) _(\d+)_(\d+)\.jpeg")
images dict = {}
for file in os.listdir(source folder):
match = pattern.match(file)
if match:
img_id, row, col = map(int, match.groups())
if img_id not in images_dict:
images_dict[img id] =[]
images_dict[img_id].append((row, col, file))
for img_id, pieces in images_dict.items():
max_row = max(row for row, col, _in pieces)
max_col = max(col for row, col, in pieces)
image grid = [[None for _in range(max_col + 1)] for _in range(max_row +
D]
for row, col, filename in pieces:
path = os.path.join(source folder, filename)

img = cv2.imread(path)
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if img is not None:
image grid[row][col] = img
else:
print(f"Warning: Unable to read {filename}")
if any(img is None for row_imgs in image grid for img in row_imgs):
print(f"'Skipping image {img_id}: missing blocks.")
continue
row_images = []
for row_imgs in image grid:
min_height = min(img.shape[0] for img in row_imgs)
resized = [cv2.resize(img, (int(img.shape[1] * min_height /
img.shape[0]), min_height)) for img in row_imgs]
row_images.append(np.hstack(resized))
min_width = min(img.shape[1] for img in row_images)
resized rows = [cv2.resize(img, (min_width, int(img.shape[0] * min_width /
img.shape[1]))) for img in row_images]
merged image = np.vstack(resized rows)
output filename = "' {img_id} {output suffix}"
output_path = os.path.join(output_folder, output filename)
cv2.imwrite(output path, merged image)
print(f"Merged image saved: {output path}")
if name ==" main "
source folder = r"C:\Users\USER\Desktop\sammy\measure data\data\cut"
output_folder = os.path.join(source folder, "merge")

merge by row_col(source folder, output folder)
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[*}4% Q] Python code — % iF L3595 2 3-8 & TCP i A # iy
import cv2
import os
import numpy as np
import socket
import json
cut_folder = r"C:\Users\USER\Desktop\sammy\measure data\data\cut"
result folder = r"C:\Users\USER\Desktop\sammy\measure data\data\result"
if not os.path.exists(result_folder):
os.makedirs(result folder)
data dict= {}
for subdir in os.listdir(cut_folder):
subdir_path = os.path.join(cut_folder, subdir)
if os.path.isdir(subdir path):
result_subdir = os.path.join(result_folder, subdir)
if not os.path.exists(result_subdir):
os.makedirs(result _subdir)
for filename in os.listdir(subdir path):
if filename.endswith(".jpeg"):
file path = os.path.join(subdir path, filename)
img = cv2.imread(file_path)
original = img.copy()
gray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
_, thresh_droplets = cv2.threshold(gray, 60, 170,

cv2.THRESH_BINARY INV)
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contours_droplets, = cv2.findContours(thresh _droplets,
cv2.RETR _EXTERNAL, cv2.CHAIN APPROX SIMPLE)
droplet count=0
droplet_sizes =[]
droplet mask = np.zeros_like(gray)
border margin =5
height, width = img.shape[:2]
for contour in contours_droplets:
area = cv2.contourArea(contour)
if 50 < area < 5000:
i1s_at_border = any(px <= border margin or px >= width -
border margin or py <= border margin or py >= height - border margin
for px, py in contour][:, 0])
if not is_at_border:
perimeter = cv2.arcLength(contour, True)
if perimeter == 0:
continue
circularity =4 * np.pi * area / (perimeter ** 2)
if circularity > 0.7:
cv2.drawContours(original, [contour], -1, (0,
255,0), 2)
cv2.drawContours(droplet mask, [contour], -1,
255, thickness=cv2.FILLED)
droplet_count +=1

droplet sizes.append(area)
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kernel dilate = np.ones((3, 3), np.uint8)

dilated droplet mask = cv2.dilate(droplet mask, kernel dilate,
iterations=2)

filtered = cv2.fastNIMeansDenoising(gray, h=5,
templateWindowSize=7, searchWindowSize=31) #(5,7,31)

DARK FILM THRESHOLD = (0, 90)

LIGHT FILM_THRESHOLD = (90, 185)

VERY LIGHT FILM THRESHOLD = (185, 195)

dark film mask = cv2.inRange(filtered,
DARK FILM THRESHOLD[0], DARK FILM THRESHOLDI1])

dark film mask = cv2.bitwise and(dark film mask,
cv2.bitwise not(dilated droplet mask))

kernel close = np.ones((3, 3), np.uint8)

kernel open = np.ones((3, 3), np.uint8)

morph_closed = cv2.morphologyEx(dark film mask,
cv2.MORPH_CLOSE, kernel close, iterations=1)

dark film mask = cv2.morphologyEx(morph_closed,
cv2.MORPH_OPEN, kernel open, iterations=1)

contours_dark film, = cv2.findContours(dark film mask,
cv2.RETR _EXTERNAL, cv2.CHAIN APPROX SIMPLE)

dark film count=0

dark film areas =[]

dark film mask final =np.zeros like(gray)

for contour in contours_dark film:

area = cv2.contourArea(contour)

if 10 < area < 5000:
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temp mask = np.zeros_like(gray)
cv2.drawContours(temp mask, [contour], -1, 255,
thickness=cv2.FILLED)
droplet_overlap = cv2.bitwise and(temp mask,
droplet mask)
if np.sum(droplet overlap) == 0:
dark film count +=1
dark film areas.append(area)
cv2.drawContours(dark film mask final, [contour],
-1, 255, thickness=cv2.FILLED)
light film mask = cv2.inRange(filtered,
LIGHT FILM THRESHOLDI[0], LIGHT FILM THRESHOLD[1])
light film mask = cv2.bitwise and(light film mask,
cv2.bitwise not(dilated droplet mask))
kernel close light = np.ones((3, 3), np.uint8)
kernel open_light = np.ones((3, 3), np.uint8)
light morph closed = cv2.morphologyEx(light film mask,
cv2.MORPH_CLOSE, kernel close light, iterations=1)
light film mask = cv2.morphologyEx(light morph closed,
cv2.MORPH_OPEN, kernel open_light, iterations=1)
contours_light film, = cv2.findContours(light film mask,
cv2.RETR _EXTERNAL, cv2.CHAIN APPROX SIMPLE)
light film count=0
light film_ areas =[]

light film mask final = np.zeros like(gray)
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for contour in contours_light film:
area = cv2.contourArea(contour)
if 10 < area < 5000:
temp_mask = np.zeros_like(gray)
cv2.drawContours(temp mask, [contour], -1, 255,
thickness=cv2.FILLED)
droplet overlap = cv2.bitwise and(temp mask,
droplet_mask)
dark film_overlap = cv2.bitwise and(temp mask,
dark film mask final)
if np.sum(droplet_overlap) ==
light film count +=1
light film_areas.append(area)
cv2.drawContours(light film mask final, [contour],
-1, 255, thickness=cv2.FILLED)
very light film mask = cv2.inRange(filtered,
VERY LIGHT FILM_THRESHOLD[0], VERY LIGHT FILM THRESHOLDJ[1])
very light film mask = cv2.bitwise and(very light film mask,
cv2.bitwise not(dilated droplet mask))
kernel close very light =np.ones((3, 3), np.uint8)
kernel open very light =np.ones((3, 3), np.uint8)
very light morph closed =
cv2.morphologyEx(very light film mask, cv2.MORPH_ CLOSE,
kernel close very light, iterations=1)
very light film mask =

cv2.morphologyEx(very light morph_closed, cv2.MORPH_OPEN,
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kernel open very light, iterations=1)
contours_very light film, =
cv2.findContours(very light film mask, cv2.RETR EXTERNAL,

cv2.CHAIN_APPROX_SIMPLE)

very light film count =10
very light film_ areas =[]

very light film mask final = np.zeros_like(gray)

for contour in contours_very light film:
area = cv2.contourArea(contour)
if 10 <area < 5000:
temp _mask = np.zeros_like(gray)
cv2.drawContours(temp mask, [contour], -1, 255,
thickness=cv2.FILLED)
droplet_overlap = cv2.bitwise and(temp mask,
droplet mask)
dark film overlap = cv2.bitwise and(temp mask,
dark film mask final)
light film overlap = cv2.bitwise and(temp mask,
light film mask final)
if np.sum(droplet overlap) ==
very light film count += 1
very light film areas.append(area)
cv2.drawContours(very light film mask final,

[contour], -1, 255, thickness=cv2.FILLED)
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combined film mask = cv2.bitwise or(dark film mask final,
light film mask final)

combined film mask = cv2.bitwise or(combined film mask,
very light film mask final)

contours_combined film, =
cv2.findContours(combined film mask, cv2.RETR EXTERNAL,
cv2.CHAIN APPROX SIMPLE)

merged film count = len(contours combined film)

merged film_areas = [cv2.contourArea(contour) for contour in
contours_combined film]

total film area = sum(merged film_areas)

for contour in contours_combined film:

cv2.drawContours(original, [contour], -1, (0, 255, 0), 2)

total count = droplet count + merged film count

total area = sum(droplet_sizes) + total film area

average size = total area / total count if total count > 0 else 0

average size um?2 = average size * 12.25

text = f"Total count: {total count}\nAvg size:
{average size um?2:.2f} um”2"

font = cv2.FONT HERSHEY SIMPLEX

font scale = 0.8

font thickness = 2

(twl, th1), = cv2.getTextSize(f"Total count: {total count}", font,
font scale, font thickness)

(tw2, th2), = cv2.getTextSize(f"Avg size: {average size um2:.2f}
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um”2", font, font scale, font thickness)
padding = 10
rect x2 = max(twl, tw2) + padding * 2
rect_y2 =thl + th2 + padding * 3
cv2.rectangle(original, (5, 5), (rect x2, rect_y2), (255, 255, 255), -
1)
cv2.putText(original, f"Total count: {total count}", (15, 15 + thl),
font, font_scale, (0, 0, 0), font_thickness)
cv2.putText(original, f"Avg size: {average size um?2:.2f} um”2",
(15, 15 + th1 + th2 + padding), font, font _scale, (0, 0, 0), font_thickness)
name_parts = filename.split(" ")
if len(name_parts) >= 3:
row = int(name_parts[0])
col = int(name parts[1])
data_dict[(row, col)] = average size um?2
result path = os.path.join(result_subdir, filename)
cv2.imwrite(result path, original)
max_row = max(k[0] for k in data_dict.keys())
max_col = max(k[1] for k in data_dict.keys())
heatmap = np.zeros((max_row + 1, max_col + 1))
for (row, col), size in data_dict.items():
heatmap[row, col] = size
HOST ="127.0.0.1'
PORT = 5005
with socket.socket(socket. AF INET, socket.SOCK STREAM) as s:

s.connect((HOST, PORT))
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data to_send = json.dumps(heatmap.tolist(), ensure ascii=False)
s.sendall(data_to send.encode('utf-8'))

s.shutdown(socket. SHUT WR)
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Lamp Indicator

Drawer
Drawer
Handle
Emergency
Stop Button
; Set/Display
Timer (Timer)
Indicator Timer
Adjustment
On-Off
Switch
Start/
Resume Timer Power-On
Stop Indicator
Mode
Specifications
Quter Dimensions
Length Width Height Exhaust Port Media Inlet Port (2x)

13.70” [350 mm]

8.60" [220 mm]

10.80” [275 mm]

? 2.0"[50.8 mm]

@ 0.375"[9.5 mm]

Tray Dimensions

Width

Length

Height (Adjustment Range)

6.50" [165 mm]

6.50" [165 mm]

0.25"” ~ 3.50” [6 mm ~ 89 mm]

Grid Lamp

Type

Average Intensity

Distance Measured Away From Lamp

Low Pressure Mercury (Hg) Vapor

28 ~ 32 mW/cm?2 @ 253.7 nm

12" ~ 20" [3 ~ 5 mm]

Electrical Characteristics

Output Power
Voltage Current
6000 Vpeak-peak 30 mA
Available Input Power Requirements
Model Voltage Frequency Current
342 120 Vac 60 Hz 20A
342-220 220 Vac 50 Hz 3.0A
342-220-60 220 Vac 60 Hz 2.0A
342-100 100 Vac 50/60 Hz 2.0A
342 W/ELAPSE TIMER 120 Vac, 220 Vac 60 Hz, 50Hz 3.0A
128
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DMK 21AU04 Specification

GENERAL BEHAVIOR
Sensitivity 0.03 Ix
Dynamicrange 8 bit

Video formats @ frame rate
(maximum)

INTERFACE (OPTICAL)

640x480 (0.3 MP) Y800 @ 60 fps

IR cut filter x®

Sensor type ccb

Sensor specification Sony ICX098BL
Shutter global

Format /ainch

Pixel size H:5.6 pm, V:5.6 pm
Lens mount C/CS

INTERFACE (ELECTRICAL)

Interface USB 2.0 (forwards compatible)
Supply voltage 45VDC to 55 VDC
Current consumption approx 500 mA @ 5 VDC
Auto iris control x

Trigger x

1/0s ®

INTERFACE (MECHANICAL)

Dimensions H: 506 mm, W: 50.6 mm, L: 56 mm
Mass 2659

ADJUSTMENTS

Shutter 100005 10 30 s

Gain 0 dB to 36 dB

ENVIRONMENTAL

Temperature (operating) -5°Cto 45°C

Temperature (storage) -20°Cto 60 °C
Humidity (operating) 20 % to 80 % (non-condensing)
Humidity (storage) 20 % to 95 % (non-condensing)

Subjecttochange
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computar

TEC-M55

556mm F2.8
for 2/3 type Cameras, Telecentric
C-Mount
Model No. TEC-M55 Effective Front $33.0mm
Focal Length 55mm Lens Aperture Rear 13.3mm
Max. Aperture Ratio 1:2.8 Back Focal Length 29.8mm
Max. Image Format 8.8mm x 6.6mm(211mm) Flange Back Length 17.526mm
Operation Range | Iris F2.8 - F32C Mount C-Mount
Focus 0.14m - Inf. Filter Size M43 P=0.75mm
Control Iris Manual Dimensions @53mm x 92.9mm
Focus Manual Weight 320¢g
Object Dimension at M.O.D. 17mm x 13mm
Angle of View D 2/3 type 14.5° 1/2 type 8.3° 1/3 type 6.2°
H 9.2° 6.7° 5.0°
\ 6.9° 5.0° 3.7°
Operating Temperature —20°C - +50°C
M.O.D. : Minimum Object Distance
Dimensions
1-32 UNF
f=55mm
7 Worit Angle of View (H)
} orking 2/3 type camera | 1/2 type camera
% g g 5,000mm 700mm 550mm
- 3,000 400 320
1,000 150 120
500 70 53
4 300 40 32
65.5() 200 27 20
140 17 12
92.9(3‘ 0.5m) 17526(”\' AlR)
Optional Accessory
1) 2X adapter 2) 0.75X adapter
o I}
]
Q g
29.8 4 13 1.6
[
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GILMONT insTRUMENTS S
DNISIoN o8 28W092 Commercial Avenue = Barrington, Il U.S.A. 60010-2392

Barnant Company 800-962-7142 » Fax 847-381-7053 = www barnant.com » email: barnant@barnant.com

DIRECTIONS

ASSEMBLY-—~This instrument is assemgled as shown in the
diagram for the 0.2 mL capacity syringe. The assembly is the
same for the buret, except that the glass part has the buret tip
in place of tha Luer joint. The assembly for the corresponding
2.0 mL capacity instruments is the same except that a different
size glass part, O-ring, PTFE washer, and PTFE plunger are
used. The Luer joint of the glass part is for quick and simple
attachment of the hypodermic needle.

MICROMETER
SYRINGES & BURETS

0.5% Accuracy
« Combines High Precision with Economy of Cost
« All Corrosion Resistant Plastic Parts

« Precision Bore Glass PYFE Plunger and VITON®
fluoroelastomer O-ring

FILLING—Ths instrument is filled like a conventional syringe
except that the plunger is operated by the micrometer screw
rather than the push-pull motion of the ordinary syringe. With
the plunger all the way into the giass part, the tip of the needle
of the syringe or tip of the buret is immersed below the liquid
surface. The micrometer screw is retracted fo suck liguid into
the glass part. Trapped air is eliminated by pfacing the instru-
ment in a vertica! position with the tip up, tapping gently and
screwing the plunger back in until ail air is expelled. The tip is
returned to the liquid and the screw is retracied all the way
back until past the zero.’

These syringes and burets represent the ultimate in
simplicity of design and ease of operation. Just con-
sider the following features:

« Liquid comes in contact with only glass, VITON and
PTFE.

+ VITON O-ring gives a vacuum tight seal.

All other plastic parts of polypropylene—instrument
may be autoclaved.

Available in two sizes, 0.2 mL* in .0002 mL div. and
2.0 mL in .002 mL div.

Fills and delivers liquid with micrometer control.

GS-1100  GS-1200

DISPENSING—The screw is tumed until the reading is exact-
ly zero and excess liquid Is carefully wiped from the lip. The
micrometer is now advanced until the desired amount of liquid
is dispensed. For the 0.2 mL capacity, each division on the
sleeve corresponds to 0.0002 mL and each division on the bar-
rel to 0.01 mL or one complete ratation of the sleeve. For the
2.0 mL capacity, each sleeve division is 0.002 mL and each
barrel division is +1 mL. Accuracy is £0.5% of the reading of 1
division, whichever is the greater.

Simple to clean and assemble.

*A slit (plastic) ring is furnished with this size.

CLEANING—The simple construction makes it easy to disas-
semble for cleaning. All parts may be cleaned in the usual
manner with a mild detergent and sterilized (de not exceed
250° F) if necessary since they are all heat resistant. Afler
cleaning and drying, the parts are assembled as shown and

Syringes

Capacity Smallest Coemplete Glass Only

in Division Cat. No. Cat. No. the instrument is ready fer use again.

mL mL

0.2 .0002 GS-1100 GS-1101

20 002 G§-1200 GS-1201 SCHEMATIC OF 0.2 mL SYRINGE

Burets

Capacity Smallest Complete Glass Only
in Division Cat. No. Cat. No.
mL mL

02 .0002 GS-1100-A GS-1101-A
! 002 GS-1200-A GS-1201-A

!

GS-1100-A GS-1200-A

SPARE PARTS LIST

Description Size Cat. No. PTFE
R

Plunger Screw Assembly 0.2 GS-1102 PLUNGE
PTFE Washer 0.2 GS-1104
O-ring, VITON 0.2 GS-1105
O-1ing, VITON pkg/6 GS-1105/6 PTFE
O-ring, E.P.R. 0.2 GS-1105-E WASHER
O-ring, PTFE 0.2 GS-1105-T
Q-ring, PTFE pko/6 GS-1105-T1/8 AN,
Slit Ring 0.2 GG-1115 BRECISION
Micrometer Assembly Compl. 0.2 GS-1110 GLASS PART —|
Micrometer Assembly Compl. 2.0 GS-1210
Micrometer Nut 0.20r2.0 GS-1121
Micrometer Barrel o 0.2or2.0 GS-1122
Micrometer Sleeve 02o0r2.0 GS-1123
Micrometer Lock Nut 02or2.0 GS-1124
Plunger Screw Assembly 2.0 GS5-1202 SYRINGE: 5 1/2inx1in D
PTFE Washer 20 GS-1204 DIMENSIONS BURET: 10inx1in D
0O-ring, VITON 20 GS-1205
O-ring, VITON pkg/s GS-1205/6 -
0O-ring, E.P.R. 20 . BS-1205-E CAUTION: Do not clean graduations with organic
O-ring, PTFE 20 GS-1205-T T solvents. Use detergent.
O-ring, PTFE pka/6 GS-1205-T/6

VITON - Reg TM DuPant low Elastomers LL.C. 5
Tradamarks baaring the  symbol in this publication ara registerad in the U.S. and in other counliss. . GB: 104229
This product is coversd by ons or more of the faliowing U.S. and corresponding forsign patents: 3,252,177 Edition 04
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