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A New Method for Measuring Contact Angle of Impacting Drop

Mostafa Zamani Mohiabadi

Abstract: In this paper, a new image processing technique has been proposed to measure the
contact angle of symmetric and asymmetric drops. In our proposed method, the contact angle is
calculated by analyzing the side view image of the drop without needing any liquid parameters. The
procedure of the technique is according to the secant technique coupled with a Gaussian weighted
function, as follows: at the beginning the exact location of the contact points is obtained by Harris
corner detector function, then a series of points are selected on the drop boundary near the contact
points. In the third step, a set of contact angles are estimated by passing secant lines through the
contact point and each of the boundary points. In the final step, a gaussian weighted average

function is applied to the calculated angles to estimate the main contact angle. The contact angle
measurement algorithm is verified by comparing its results with the obtained measurements of a
recent standard study. High accuracy, usability for all ranges of contact angles, applicability to both
symmetric and asymmetric drops and being fully automatic are other advantages of the presented
method.

Keywords: Measurement, Contact Angle, drop impact, Image Processing.

oz sk &S5 Doy 015 oo O (6l 5,8 ahax 3 5 Lles g dodo — )
P B LDy 3L 5 a2 ST 5 ) ks el 9 T Loy 5 ek 5l aie 5o oL sla e, [
SN e gl o ol 1 (0 B ) IS s VL oSy e Bulas b tasy ) bl ol
o sb e | i Ol o J S e (s -0l 0 355 15 5 ST Oledtige el o S alaes ©oUT s Sl s iU s ogs o 5


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.4.4.7
http://joc-isice.ir/article-1-416-fa.html

[ Downloaded from joc-isice.ir on 2025-11-04 ]

[ DOR: 20.1001.1.20088345.1396.11.4.4.7 ]

Tl bo b e a5 alons Cger e ) A

5 St Sl olad a5 (oS oSNl sl sl B3l
5ok JSE L G er o o S PIYIOLKs
Tl sskie 4 T bl 03,87 (5 yme 0 ka8 Slaseie olul
B b ol en g Gy s SIS ) w08 (glaj
YL oy By opl ol Cuge s ST eslanal Yus Sl
s OOl glao s (gl |l BB Js el OT (gl )
Slpohe ‘_;J:foj\..ul BE V: 3> gy opl Ji.l.s Cu s gdoes
LS I 85 sl o 55 15l &5 (slae b
5 DO Flasi o ol s pls Sl 5l ks I s
S sls ) sl B33 g e ey S V710K
23 50k 5 55 Gl e A o B L el sl 0T s
633050 03 T iy blssd o S ol ules Lo SO 5
(e 4 05 gn el pe o b Bl Ca gy BB 5 WK1 S
Sy gs bl olad BB (63,150 iz 53 opl b ST i s
03 e Ll gl 4 o o5 L g0 bt g
DVIOLKer 5 Jpm 4o cpl 53 Slides o 5l )
Jos sl oSale oSG oSS oS isls slgriy o) S
235 Lol b s 5 il G ) S 53 S 0
03 ok acalos asly e OT 55 5 358 o sl (63555
G35 53 6T 3,8 o 3 68 5 sl JoSy S e Olen
woarg b1y oSl o3l dhes 0ley JBlis 4 yskie 5
w315 6,8 o3l Jle Ol simy L5 S (ot allan 30 0 ki3
S o s ol o5 oSl 4 5L (1°) o S b
olil (S =0 b sl @l U5 L S S Sle
Sl ensad B3lon n e ey oSy dlie gl 3 ease
Sy el S Cl edd Some elad sl (6,80l
S35 L sie Sleslizal b ulad 4yl JMie AS o Jas ablE
b 6,8 ol ules LB slzel 55 edeT ey (5Ll
o iy 3 A8l o 08 51 IS a (sl L) BB s )
DS yb 4 S (sl ol oals T s 3o s
@5l O s cpled 4y Caly 5 G S 5 Ly
il Sl 35m sl w8 Dl past il
bl Lol BB oS 5 (sl 03 guome plad 1y sy ol
Ul o et (53l 02 S ¢ olad BlE ondse 4 4 5
O |y Ol 5 Olie slae s (sl sk e a0 e

Ly

Sy ol o me gla el 51 SO les (6 abased gl 5 sl OT
SLsi 5 oy g b Lo s 4l) ASL
P55 0o g 31 AL 5 Ol Y50 el oo
s 2 ) 1 (6l 5 sl o 50 b oy S L
w3l 333 6,8 o3l sy opl 1[5 a0l st oslizal Koo
sl 28 b )3 S iode sl iass 1y 65 & eles
SR s b [Vl el Casal gxie slas 5,87 5
4 polad 315 (5 S o510 (sla Bgy e il 3 o plowil sl
Sls,s dol Gl isy sh e sluaih Lol 658 53
2 i Glag s ol sle s o5 SR o) (A
S ales b S el mle Jolad (g9, S o5l bl
Al Gos sty S e bl ALY
5 Bl (Solus Sl ys ok 5y I (6ol e
G S o3l 1y o ks 3l (gdm 93 0dd edalin ST Ll wl)
rled a9l e (i8S Glag s Jole gla By 53 a8
O Jys o lad oS 5 SOl ol dols ulal
"ot o OT (s A5 e a5 L s ol o S0 (5
b oled g dlasd agly ol S Jos Ll s ST 55 LT
e 33 5 ool Sl 4= g 5550 [4-1Y] Dol phe Ll 5
4315 6 S o3Il (sl g n 43 S S (55 S By 5300
o s Jg.& By Ol Sde Job él; 03 Ll wled
~ s Ot gl (A 5 e 185 Dl s
b c2iS slay s dales gla Sy 5l ealatal cplply 54
Vo 55 b s &0 s Gl bn) 52 Sl San b
Gl By b Ol oo OT 51 5 A8 (0 lans 1y 5,55 5 i)
1 it S 03l Ul

5 Olo b 555 p1he 3 ule asl; OS5 J[VY])
T3S (6,8 o510 Cakisme 42558 5 b slamle sl
3 SHph 5 Olsn o BN (831 ol S ealizl | il
Sl 63,5 e &K 0T L,5T oy 0 a8 5,55 ) o
OT Lo 1y 355 1 43l o 3 43 8 a3 55 i, o o b
3 gad dnlove

S a5 ESESS S ke o8 sl Bss 03
a 5B oally sk oS njfu,a osliial ulad 4ol &S o1l
Looslie) JSKa a boeks a5l el asly S el

dn) > odd Cl’v‘ sl iagn walsl s sl e (O kb

“Watershed

‘Tensiometry

Journal of Control, Vol. 11, No. 4, Winter 2018

YFA Glies; oF ojlod V) tlor ¢ 287 Al


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.4.4.7
http://joc-isice.ir/article-1-416-fa.html

[ Downloaded from joc-isice.ir on 2025-11-04 ]

[ DOR: 20.1001.1.20088345.1396.11.4.4.7 ]

4 Tole Lo B ulad a5l aslone S i )

Wosys b -T-Y

S eslizal o)l e 03,51 el Jsene slaBas 3l (S
BUBLITERCY ‘_;Lar.:.l))iﬂ V- Y4 oais s )
T sS4 OS5 S Wl eds eslizal 4
Ysame bz 5 S cpl 5, o)l Y 5 50 wusn
3 4o 0T )3 5 S o adedal) p geai I 35 ) &
5@&&&@)0% Jﬂ.\.}' (\—')6,&\4}3‘}.&5 s"_‘A)B‘\J
DAV L sl e ba Sy ks 53 Dl (9 2k 3 e
J..’o))kp axflan u.:‘ BE .M\f@ﬁ.&é}w@jcﬂ 03ls
oslizal 5 b e o, SuS 5 Shee o o) asis
-@oﬁjfd}b)b&ti‘})qﬁQTJMJC»A‘AM
N(USM)jlugils &Sle 5110l 53 Ooda al (sl il
oais okl claad ¢SSS ol w45 els aslizal
s S5y Sale ol &S Cul 4,801 IS Ea, Nk e
)}l{)‘u\iﬁlﬁQJN)DA{JS@)}#‘)OT}G“GJ‘JJ‘}
do o 3 3 dalg sdl s o 3l juas Sus
'M’)J):ﬁgwuﬁg}é‘ﬁ}dbybﬂﬂw\m
m..»J?GaJ'._S@Juijbralusjz&:.:;;jwﬁ:&»dﬁhf&b
5585 b AL Gasal Gbls b Gle s oSS
sk dns gy Bl55s 3 dal B adkd s g Ol et
.::;@ el s 5o YL gla S rals Cel 0s S
s e Ol S e s 3l 5 8 Aol s ¥ S

¥ Edge detection method

¥ Sobel, Prewitt, Roberts, Laplacian of Gaussian
" Unsharp mask(USM)

ESLTRCTI

b jed 4 Sy ged poad -1-Y
S s &
g JS e 5 ol Tl 0 (S5 st el dlm o )
YOD 5 (ol) + 5l o6 puS s o YOF (s> s 5 s goad
il e (Aazw)
@l}.&g; W) Qj|53 S -Y-y
Sl 05 S5 U g toms Jolih o5 3,55 5 5l Y pans
b3 p gl CokS 53 9305 56 WIS e S0 b pl
N s rais 03, WL 5 CaaS Rl ke 4 1) AL
oo amgn [A]sgd o eslanal Slibg, Gud faw g,
S sr Gl Jolaze ST L bes S glby, S
S o Sl 0 8 Dl 3 e o5 3,8 on
SY S sl o onls OLaS Y K 53 dwy ol 1 e
N R - T | P GO [P SN P - U0 RPN S |
.M;@gwb(lfwwud;m;\@ﬁﬂ;

<l

sl Sl day gead (m)) Aol s seas (Gl Y S
o1 n 5

! Histogram equalization

Journal of Control, Vol. 11, No. 4, Winter 2018

AP Olie oF o)l 1) dlor o =S alone


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.4.4.7
http://joc-isice.ir/article-1-416-fa.html

[ Downloaded from joc-isice.ir on 2025-11-04 ]

[ DOR: 20.1001.1.20088345.1396.11.4.4.7 ]

Tl boskd el a5l anlons g bl 255 o

33 &S 38 o oslimal Vgl I wkT Gl G ol
Gyaes (Sluad gy e S GkT la sy 058 5
PL bl g pgedd B Gl (Ao 4 e 2l 3sd o
solew) Lza IS 93 4y i o5 (5 205 4y i r iy ST

.M;dauut),m.uéuwﬂrdis.;,‘:wx(@

all

b s (1) Lol s sai( a1 ¥ S

s;ojlxl -y

36 aw 53 eles 4l 05,57 Gy (5,5 051l 53 Jsl do e
e s a1 0357 Sy LS a il 5 wle GE
Conal oo w515 (6,8 o3Il S8 55 S el pladus
05,557 Gy (61 Sl 51 MalS gy &K shate s w5l
diadgn eSS Sl eslizal L oS s bl abis
(rlod abd syls 1y et ol 05,57 Sy CAB SLSL,
4>,-}$L..A)\:le-wjzl)c;\mﬁﬁfbﬁ@ldidajj
ollp Y8 mm s S OlFe Shs ol @
Sk e Shee ool N8 eslizal Col ¥ Koen
S (glo oty ) o3lizal b 5 3,557 o oy abi 53 1, S

Sy alibee Slgr 55 palie i o OT ol

' Otsu

" Harris Corner Detector
¥ Auto-correlation

all

() Aol pyseas ol ad 51 med (CalY) Y S

J 03555 5l dmy p geai

Sl podi 4 poai i Y

o m gas Sl oS Ikt i elaly Al e ol
JAS ) 5t oM 93 b dd g ol s 4y ol sl 555
g 5 o k8 S 5 Gleesle amyy opl e s
(132) 63 Coad & (5143550 (il o 1 bl (glgn 315,55
o g8 4 8 a5 ol oy g 3h (Gile 5 ek S o
gl 3 ekh S e wl el had ab S
Sl ol 93 58 0 48 8 aips o o 4 o gSns
ol Gln S gladin ST il o JKh sy e w6
St Ve b dolas Sl s ST Ysane 3080 g0 plonil a5

BE )}.&@ 4:3;}14;)) k}é‘ﬁ}@‘))@»&)‘@ kJ'f-J:":'f

Journal of Control, Vol. 11, No. 4, Winter 2018

AP Olie oF o)l 1) dlor o =S alone


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.4.4.7
http://joc-isice.ir/article-1-416-fa.html

[ Downloaded from joc-isice.ir on 2025-11-04 ]

[ DOR: 20.1001.1.20088345.1396.11.4.4.7 ]

o) Tole Lo B ulad a5l aslone S i )

0L b psdd Sy mpr Shes 1 oslial L 1, (28)
4{04}40:‘:Qui};ﬁy‘ztjd)zd;‘bw‘}’u.dﬁ:@

AL s 6,8 oIl B oS abiie

<l

Gl sa(amF) ol s (CIFF) 14 8 bl Joms ¥ K2

ool 4905 sl £

ol ol Lo T 5 el sl (6,8 03100 Wl ool o
Qb el 4 blE gy Sl eslial by sl SSls Sy
O\}L&{\Jli\):@‘agudau;’J}).w\ﬁﬁb‘)y@j)
gy (Solo bl e35d astls s gl 35155 53 Sy o ol
J»LJq}lj%,&wblﬂ&wb;;).MJAc&@my
s &5 jskailen il e okl e 555 BB 5 uled aba
bl tbli 2, 831 cos ol 0l & IS8 55 SCsles

35 0305 OLES (V) 4lslae
@ = arctan(Ay/Ax) V)
3508 5 3l alols olins Ol i AY 5 AX dslre ol 5o
68> Gl ol 45l Sl B ol Bl e s 4
e ssk 38 15 08 e (55, 4 e ab S ol
s At b 6Son 5 (At o9 bl K55 g5 1550 Sl
Iy B o5 os 4§ o3Il agly 3sd Obl ales dbais

Wby dal i o b8 wlad 4 9ly o & (sl

4 (s e 5 i3S o s gl Sl b S
A ey (B Y el bai)ad £ bk (55 4 51
AT o Gy abas oyl 53 e ﬁﬁu 13 axsls 1y O s
Wl 0 0315 et 7 sl 53 (Bl y S sy gm0 5 S
& (BY)S o4 ppas OB 5555 0ls i [ L g5 S
D&T 55 b 4l (V) 65100

SCy) = Ty By w, v)(I(w + x,v +y) —
I(u, v))2 )
35 g0 035 a5 oy sk e L I(UHX,VHY)

Iu+x,v+y) =Iuv)+Iy(uv)x+

L,(uw,v)y )

b Vs X S 3 ] g Dliia Ly 5 Ix VU Ly s
dL&\aHJJJACJu.LZA)‘@A{@ldfoaH W 4
D gh 883 maS (M dsles Lo 5 5.33;@
S(x' }’) = Zu va(u' U)(Ix(u, V)X -
2
L,(w,v)y) ")
_ X
SCey) = (x nA(}) ®)
.J}.ﬁ"ﬂ@ ;,aws.?(é)d;bu Q)MA Ny
12 ley]
2
LI, 2
g i N g p e LA s 5l
NSy 2 @l A8 (o Jor Do ol A )
4 A a5l S paloe b e Sl g gt
m o e 5 Sy 4 350 ool Sl &G S
:»J?
Mc = A(A) — a X trace?(A) ®)

A=Y, Y, wuv) [ ®)

C}A-?Lﬁ trace 9 (°5i.9 J.a_bu.a ufa J.;b) [)\.L:.ajj A ny
LA 5 bl Sl (s polie g ams) g8 ol
LY GELE.. “YL 4.1:4‘) BE) ‘g_s"’li) QL;J wl.w\}v NG| C..-U dde
r'“‘l){l" MCLGJT );Su\j}&@ 03l RS u}? Ol ge
2 8 Mae Ol ik 4 e FF Jge 5 4 a gl ST L

Sah o ad S dbi
S X s Vpls wles bB ¥ db gy o slas )3 Oz (S0 )
Slats Olge 4 0sd - M}thL@'T);J‘;M}:

u,uLa.’f bl J>v ¥ K—"L .Ju}.::‘_{a 03l r.a..>w“' &S uﬂw bl

' Harris

Journal of Control, Vol. 11, No. 4, Winter 2018

AP Olie oF o)l 1) dlor o =S alone


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.4.4.7
http://joc-isice.ir/article-1-416-fa.html

[ Downloaded from joc-isice.ir on 2025-11-04 ]

[ DOR: 20.1001.1.20088345.1396.11.4.4.7 ]

Tl bo b e a5 alons Cger e ) oy

ol Ll 38> SNl sl i ety Sbe B
b ol 238 on aslizal (55 b Ol ye (o S Wb 51 shate
oeia O S8 1S shailen Sl o 0313 OLES ()akasly o
2l e BlE 5 5055 651 Ll s el BlE wb ! ol

2,8 o s 505
Ve t:/\@l)g@w,aquiéﬁfajl.uth4{@,@\:

..3}.'31@ 63 g...J_JjJ (9) ddLoJ 4.1}‘) L;L@ )‘.,\.E.A

@ = {@1;@2;---;@1\]} (A)
—(i—0.5N)2
w(i) =e N @A)
_ N w0
= —ZIiV=1W(i) ()

Saide a5 o pbes T e o G5 Wepl Fasl3 @ V6 Ly, 5o
sl Jol e sles & IS8 53 .tisil o Llys IS slis NV

.@‘omob‘bouaﬁ&iﬁ}.&‘s‘,)ﬂaﬁ

eSipad i1 onai g SAb il
Ny pyd _>e<w.r~&.._> 0)ly o9

o SyusB pydi & )
|
]
&/ ppad i i
T I iy ||l nas
({5050 , . E
SPb pye i
J
\J

S8 ojluil | & jl ool

= i dgly ki
b 4yl «f

GS Nl g 0,8 Gy e (655 p ok Jlasl 3 jls ol e # K2

s sl

gs".‘;“")l'::" -0

i 3 odaT Sy gl ok 4yl oy S i izel g
ok dslio [V Y]allie 55 ol plovil Sl o3l b (golgiiny
Ly ooled asly VoLSas 5 I BT (-V)la IS s .l
b oS 55T Sy Jalas - 53 (6 oo ¥ o8 oS ol
ol o il i esls OLE sl e S 53 6,0 Lt
Sl ray 3l edel oy w1 gokias Ol o 3 Lot p glas
doles Sl s o)k oS ST sl e Y ]4Re s i
“r i 5 E035 g b 08 Db 93 > Ll s s ey

dema#w;:)éq‘ﬂj}: A.Mil:u‘.ﬂt.\..&b

'Lee, Derome et al

1125 90 675
135 45

157.5 225

S o310 bl 03 gdome 5 bl 0551800 bl y oS 4515 ol 0 S
Llss

S 553 S Y a3l a1 g3 a4 53 e sl
-0l LB L cod 4l r‘wﬁ‘ Sy ol s dy=2)
JSE) NOV/D 5 FD ANY/B A VIO FO YY/B 4l Y (S
G S o3l B LOT ule sblss 5 Cuils dalgs 1) a3 (O
b 4 S5 e pgs b B K Dol 4y el
b il 3k 51T ol S a3l 85 sl el
Ol a5 4§ Laiys wles 4k I 55 Ao 4kl 5 £33
w3l Sl RS R (godkins DL ol aunlous 415 551

0 JKa)sls e
Dl s Ty ool dloe 4515 ok 42 s s 4 5 L
D& 51 S Hlite pl 4 Cad 0183 50 (655 p ps> 4k
sed 8 55 elas b (S35 55 5 w8 rhae (5
S asls A8 sk Gy 53, bl S 2 sl e
SU1s3 65 e Sln (55 @b e 2580 8,8 iy
Sy Olse wods g 58 s Jlsl ekl C
G codd bl b el 103 8 B s 5 S8 1) sy
e Ol gins 235 oo 48 8 iy 08 syl 5l s 53 V0 sluked
3 S BY 50 4 sl S FIV 651l 4 68 plis ) ST
anlan 50 I, Llas S ) 3 o8 mlaw (595 03 S ol JSS
s Aol K5 ) osled oSy S 5 i IS
0 UKo woam g bosyls 1y dbi op 5o Y oled S

Lol Lyls (g mis 8o r.,L:— MQ‘LLZJJJJ)};}JJ:QQ;

Journal of Control, Vol. 11, No. 4, Winter 2018

YFA Glies; oF ojlod V) tlor ¢ 287 Al


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.4.4.7
http://joc-isice.ir/article-1-416-fa.html

[ Downloaded from joc-isice.ir on 2025-11-04 ]

[ DOR: 20.1001.1.20088345.1396.11.4.4.7 ]

or Tole Lo B ulad a5l aslone S i )

1166 = shel ¢ ot lzel Cgar Aib o0 (s3lgtiy Sy 035057 g
u\{@eMW&up)}@b)%WJbeMM}}

- W.LE.AVA\{(\)J}.\Q-)J aslsl s o

01 a3

D] il ol b el a8 35 5 2 2 5 A S

105.9 105.5

L

0 41,96
4.2

)

[

0
1022 1097

412 43

|

100.8 99.9

D] Jed el b 56108 5, 55 1 o VIS

122.2 1216

VY] el el b ST o8 25 2 4 JS

128.3° 1286

Journal of Control, Vol. 11, No. 4, Winter 2018 VAP Ol s oF olad V) dl o 287 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.4.4.7
http://joc-isice.ir/article-1-416-fa.html

[ Downloaded from joc-isice.ir on 2025-11-04 ]

[ DOR: 20.1001.1.20088345.1396.11.4.4.7 ]

Tl boskd el a5l anlons g bl 255 of

DIYIOLKer 5 (J BT s b galgiing By o plovt S o3l amlin (Vs

(a3 ) gl o B 55 55 51 4y 515 Al

Ao s Kk poe S p S Jsh S
S0 33 O YA AN-23) YA VA AICTSLL N BT L
+/OAY FA/Y \aVAl fY/X fY/v AAVAYd £Y/Y J::vl‘chnﬂl.:d}su' o ks
+/FY VVO/A \¢/8 \YV/® \YY/Y \YA/? VYA/Y J:.mlcla.mb_ﬁﬁ.lfujlaj
el 44/4 Ver/A Ve 0/0 ARIA AEAVANY ARA7AS J::...lcb,ulig_l‘aj]aj
DYl 2o

5090 i & s5h e b cle S w0 Sis &b 1 s
Gl sl azils bl ad 4 S (6 %S 09 gl sy
)Jb)?y@u\.:oJATCMJ{@Hc&.\%u;))w)g:&|
bl os 8 alis w3 ol 53 (1] e e slallis
@ﬁdﬁ_)l;ﬁ&)&;&-\jeeﬁ&}s&:él)bomT@A{
r.:;_)}gl O3 M_,A)k»lf ‘(9 Q—L‘ 61.4\ o po biladls
mo3lLl Gl oUls omomen o kb orled Ll Q;; [EWRSH
oren il o5 5 $Sa S al; 65 8 38 6,5
Sl rsy onl 1 eslinal OIS Jlaw Slsbs 4y

58T @215 5L sl sl b axio glas )

&y

[1] R. Forch, H. Schénherr, A. Tobias, A. Jenkins,
Surface Design: Applications In Bioscience And
Nanotechnology, John Wiley & Sons, 2009.

[2] J.T. Cieslinski, K. Krygier, Sessile Droplet Contact
Angle Of Water—Al203, Water—Tio2 And Water—

Cu Nanofluids, Experimental Thermal and Fluid
Science, Vol. 59, pp.258-263, 2014.

[3] F.M. Mancio Reis, P. Lavieille, M. Miscevic,
Toward Enhancement Of Water Vapour
Condensation Using Wettability Gradient Surface,
Experimental Thermal and Fluid Science, Vol. 67,
pp.70-74, 2015.

[4] Z.-J. Wang, D.-J. Kwon, K.L. Devries, J.M. Park,
Frost Formation And Anti-Icing Performance Of
A Hydrophobic Coating On  Aluminum,
Experimental Thermal and Fluid Science, Vol.60,
pp.132-137, 2015.

[5] J.H. Moon, D.Y. Kim, S.H. Lee, Spreading And
Receding Characteristics Of A Non-Newtonian
Droplet Impinging On A Heated Surface,

oletty s o
5 ol 4l sasis (Q) IS Wle slas I pan 5o
S 16 4 0ls ol CdS ol BIE 355 Joue rimmes
b S 02 e il BB 5 ek S 4 o
Ssd LB g ol bl coslgia g,y Sl eslizd
B sdpr sdalie & ales 5 Sl sl ols asls
s 3 ekl Sy il & S Il pl s el
s 2l D sl 85 5 OUS S 035 G55 [17] e
u:j)jla.uT@.\{x;Ls.nqftswl;sgrﬂ.ml{@
Sl s Ssls (S 11 e By s ol

s 3 5 b 5, Il 5 s e 4 ey

G5 b -1

Sl okd ) ik e 31 ) G Wlie ) )
o3lial b oly Ol 8 5 O)lae pslual Sl el 45l 5l
25T (o S w0l et B 8 s
4 5L el sl 2y S cp sl BSla g Cack bl
gl & by palie s el s b 1 GO 4 S
ol )l (s s 8o 4 5L meen 5 300
JB las )87 oles 53 (Sl st lST gy K Olgim s
o 0357 Gy o5 s (oo LS colaT sy 0l .l
Dk 5 (Ses ol g & g 5510 ey ol
5 @Y Sl S85 Ghls cCal el g gLy, Sul

Al oo elad ala 03,57 Sy
Lol yon bl iy bl r candllan 5 oceT ks 515 51k
Al o 0 B 0 (555 53 aba i w0 Jlesel (S5 &b
by o8 pe fouily o kd 51550 5 sy bla 8 bl

Journal of Control, Vol. 11, No. 4, Winter 2018

YFA Glies; oF ojlod V) tlor ¢ 287 Al



https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.4.4.7
http://joc-isice.ir/article-1-416-fa.html

[ Downloaded from joc-isice.ir on 2025-11-04 ]

[ DOR: 20.1001.1.20088345.1396.11.4.4.7 ]

oo Tole Lo B ulad a5l aslone S i )

[13] L. Li, W. Kang, D. Ye, A Contact Angle
Measurement Method For The Droplets In Ewod-
Based Chips, In: Proceeding 2nd leee, Conference
Nano/Micro Engineering Molecular  System,
Bangkok, Thailand, 16th—19th January, 2007.

[14] M. Bortolotti, M. Brugnara, C.D. Volpe, S.
Siboni, Numerical Models For The Evaluation Of
The Contact Angle From Axisymmetric Drop
Profiles: A Statistic Comparison, Journal of
colloid and interface science, Vol.336, pp.285—
297, 2000.

[15] Skinner, F. K., Y. Rotenberg, And A. W.
Neumann. "Contact Angle Measurements From
The Contact Diameter Of Sessile Drops By Means
Of A Modified Axisymmetric Drop Shape
Analysis." Journal Of Colloid And Interface
Science, Vol.130.1, pp.25-34, 1989.

[16] S.F. Chini, A. Amirfazli, A Method For
Measuring Contact Angle Of Asymmetric And
Symmetric Drops, Colloids and Surfaces A:
Physicochemical and Engineering  Aspects,
Vol.388, pp.29-37, 2011.

[17] D. Biolé, V. Bertola, A Goniometric Mask To
Measure Contact Angles From Digital Images Of
Liquid Drops, Colloids Surf. Colloids and
Surfaces A: Physicochemical and Engineering
Aspects, Vol.467, pp.149-156, 2015.

[18] M. Piccardi, Background Subtraction Techniques:
A Review, Systems, man and cybernetics, IEEE
international conference on. Man Cybern, 2004.

[19] C. Harris And M. Stephens, A Combined Corner
And Edge Detector, Alvey vision conference,

pp.147-151, 1988.

Experimental Thermal and Fluid Science, Vol.57,
pp.94-101, 2014.

[6] F. Salaun, E. Devaux, S. Bourbigot, P. Rumeau,
Application Of Contact Angle Measurement To
The Manufacture Of Textiles Containing
Microcapsules, Textile research journal, Vol.79,
pp.1202-1212, 2009.

[7] D. Biole,M. Wang, And V. Bertola, Assessment Of
Direct Image Processing Methods To Measure
The Apparent Contact Angle Of Liquid Drops,
Experimental Thermal and Fluid Science, Vol.76,
pp.296 - 305, 2016.

[8] C. Della Volpe, D. Maniglio, M. Morra, S. Siboni,
The Determination Of A ‘Stable-Equilibrium’
Contact Angle On Heterogeneous And Rough
Surfaces, Colloids  and Surfaces  A:
Physicochemical and Engineering  Aspects,
Vol.206, pp.47-67, 2002.

[9] A.B.D. Cassie, Contact Angles, Discussions of the
Faraday Society, Vol.3, pp.11-16, 1948.

[10] S. Baxter, Wetting And Contact-Angle Hysteresis,
Nature, Vol.165, pp.198, 1950.

[11] K.H. Kang, How Electrostatic fields Change
Contact Angle In Electro-Wetting, Langmuir,
Vol.18, pp.10318-10322, 2002.

[12] J. B. Lee, N. Laan, , K. G. de Bruin, G. Skantzaris,
N. Shahidzadeh, D. Derome, J. Carmeliet, and D.
Bonn, "Universal rescaling of drop impact on
smooth and rough surfaces." Journal of Fluid
Mechanics, Vol.786, pp.R4, 2015.

Journal of Control, Vol. 11, No. 4, Winter 2018

AP Olie oF o)l 1) dlor o =S alone


http://www.bmva.org/bmvc/1988/avc-88-023.pdf
http://www.bmva.org/bmvc/1988/avc-88-023.pdf
https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.4.4.7
http://joc-isice.ir/article-1-416-fa.html
http://www.tcpdf.org

