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2 Contrast-to-noise
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3 Controlling riveting and quality
6 Fringe projection
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I Arc-level

2 Pixel-level
3 Reprojection error
4 Polyvinyl chloride (PVC)
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2 Collinearity equation
3 Mean Reprojection Error per Image
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3 Gaussian
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3 Non maximum suppression

ol

25bal (09 st 4 az g b oleriag ol SLo o
Ly B> cgr (bilon iy [YA s YOl )~
5 A jehieds (Gl nolal 59, » nes SRelS
plosl Lac 56 5 puglas 5 coaSL slaad &l 5ol
sybied S B g pslal ;5 Sgrge slaad 09l o
SPS 5 e gl 5 Gl el a4 (B
2 S9ge laad Lhi> g o all Cqx Gudou
el 0o eoliiw! Y Il s 5l oI

e & by e Slarlrgel o 4 ()l pglas 5o
Js an cslopls slaes b sl ouds C‘)M‘ sload
P man S Al 5 009 JolS awaia Lo pls
SPE S s sam Gl ssbied calple 1sd o
S eS )b 3.8s gam 90 Slatke lgiea oy
Gl 5o sy 5 pgas LA e bLS T 6518
o=y el oo solaul Bla bas i )6l
omled g glmiul b cpl o Lol 55 e Ll
slea il *5)9])—.’ Sz e SPLS sle )l
L o ey e 1 5 2ln (gt oyl ellS
sl oals S Bro pan ol ez el bl
Stz 050 slaad (55le IS5T jslaieas (pizeen
3Bt ol jo Ble hos o, e Sl an (Bae
! 00 solazul ‘LTS 4_».] ua.».?;..«) p.u)9_<ﬂ
5 25 (s g sla el sl 5 1>
b e bys ol Jos 5l i Gl sel
gy Sldim i an aslol jo 09 e colaiu]
RG] P 4..\7‘&)) 60[.@‘.....“.)

39290 sad B> g pgi pals )Y

g & Bai slolgen (e plS S bl ks
oolﬁ.a_m‘ l_: ).‘.LJ Q"‘ MLSA )JjL»A.’ ‘_g‘).s )49.3 uw_mlf
Sillged cozge pglme polie (o s oS 5

I Bilateral Filter
2 Canny


http://dx.doi.org/10.61186/jgit.10.4.39
https://dor.isc.ac/dor/20.1001.1.20089635.1401.10.4.3.3
https://jgit.kntu.ac.ir/article-1-864-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-16 ]

[ DOR: 20.1001.1.20089635.1401.10.4.3.3 ]

[ DOI: 10.61186/git.10.4.39]

LaJsko j 25290 slagsly ggamme b (s g o0
Al pgad bLE plos (58,5 115 5o 5l G
3 ot pluwlid (an slayel )b b Kbl (e
g g0 00l cillas gl

Eaglin st gl 3 iz ol ol S50
Ao pgmal adby Cewd Gl L alugnl bl ply 0
L ol Jail 4y s ol o3t 5 o
oals &l pi oSl e LS paed & el pan T e
P b begie g serg Oy 3 (phm (asiS sl
3l ailawlin sl cinslin 5 ol aie ) gy b yglas
9 Sl slalodgasme o oy Kbl 4
S enlplas S o sl 1y ool (5lwo mmd
ol 4 L 5 e Sl e sloo S
ol sblye Lais 6l 6 ke slop )55l g5o5e
o ly Glwbre (Fomzmy a5 Jlojo Sla oo
A Y $5 50 FFaslazil anwys wils, o Jilo
[sa g

oSy S35l kol 5o soleiiey s,
h pais Sqr lrebl b (B9 9 00,5 ooliul
el a5 alS ol a3 bl
S3lwo S Lad 4y Lo Sl Sl eslanal 590 i ;55!
w05 plate sladix 5l S0 (Sl sl I8
Sy Tl olos 5 b daslons 31 a5 el oy
Somlez g5 =l b 9S00 52T ol o)
Ol 50 Gemzred OIS pgal fag A Cod (655
Lo ol Gado b onds ooliiasl im0l 51 s,
LS L el opdle s gl (0258 o
Hﬁ@J@bMolMQﬁ@moolo
Db e O3 e 4n253 el i sl
rolual )0 abpdy Oyg0 slawypasasgl
o Ble bog jleslatwl b as 00 5 o ol calize

(ol Hemme olesl Gla Sy (o9 S9z g0 O jg0

2 Contour
3 Tangents

or

S0 Slelbl (59ld | wdigo — pole oy s

1o | yliwo) @ plg2 o lod @ o> Juw

Py som 90 wlaize glyziwl g jlp -F-Y
e SPE

Ot Sl (o) p o am g L Gdon (0l 5o
= SOl ez (pwiid (gl IS plonl S
sl 00 0liiaal (gl 1o ¢y gmnsl 1S I 31 S e
Ogal S sl el )Ly 051 jgLatedss pizeen
gl 5 (il a5l (Sl ez pwie
Lol (G955 50 (el 9 4555 (ol glocS b
Lad o lacc8 )b 3-380 gon g0 Slaw lgea
azg Las cul ol el pl clde sl oo ngas
ol Gl SSas &ya 8 g wade Sl el
Slogls GaeS )b ()l nglas )0 ()l v
3 Bz Gl 5o Gl 19 o Sud pd SISO &
gliial 5 il s YAl Gla Jas (5,
55 phan SLS L Sl S e sam 90 Slatte
Ll 00 ool

S 50 (5058 pbal 5l SO pan Letl gl S
JIBE ¥ P2 o PN B E RSP O RCO I B L 9
3 e gl Al o cad aSlin b by, (n e
GOlS potie ol Bl Jras oSl gl
By i a7l il jo ol ul Bl Lo
T Syl Lad g (gamgs pga Lad (o (OIS
G o adai Slaize ol iy ol conl (gom
gl 9 a8 g ol slejee Job (cam
Bl e sl jsme S ol j9ome
slodolw an pgai Lad o ahads ;o Jlo Lo ;o
CslS dle Lad o gos mm ' ,slil pols
byl ool jlxe Bla Lad jo s 050 0
o joms bl o Sl b ok 4y b e
Lad ) adais Sl eyl )b cnl lawg ool iy a5
sl Olsmean BLE ol ol plhs 955 g0 (ass Sl
o gl )0 S92ge (ohm slayill 4 osins

I Accumulator


http://dx.doi.org/10.61186/jgit.10.4.39
https://dor.isc.ac/dor/20.1001.1.20089635.1401.10.4.3.3
https://jgit.kntu.ac.ir/article-1-864-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-16 ]

[ DOR: 20.1001.1.20089635.1401.10.4.3.3 ]

[ DOI: 10.61186/git.10.4.39]

we i 9-SI1 ey a0 68 gy gy Sy 651yl

UlyS0s g o ivg juw

ol o0 @8l

(o)
dn ol g (£35S yemo (i lod (@ olgdd (sdy (ol sl ol i lod (A1 pd (i Lod A Sl

L oeiomed Sg0d dumloes (F) B (V) Ly, 5l oolazwl
Stz ff (£ s9e ) sod haBS (o5 polae 4 4z g
g oosle S ad L I B uie 4 ol s,
2 x5y el 4255 b cnlpl 098 oo 0alar
oS S S & o8s30 o §) oo

0, L ;ux (Vb
t, +u,
Oy = 2 (Y)‘\b%‘)
(ux _tx )2 +(U -t )2
T -
u, —t
0 =tan* (=) (Fake,
u —

O9lS () ISl jo oads &l aw 38,5 Ll s L
= $3S o LopmBye gV g W bLE lgicay an
o dze b ol ood ools Lii O aladi lgicas
a4 ‘) (Ox, Oy, a, 0) 0‘9_3‘540 ‘(UX, Uy) 9 (tx, ty) )JQLM

3903 el 1 258

I¥al sges gl meial 1) (@Bl 5 JolS i ol o0
i S i ioled 5l gldiges (A) S o

(AN

0 alaii (GJFA) Ui jo ou ooy las gam o
1,0 abais Slatsee (Ox, Oy) 5 s 655 o Copxbye
Job e Olgedn cd g B g o ams o i
sy dagly g oo i i (23 g (el sl jge
el ond lsie 0 sb jyme b oad 4zl Lo
Be 0 040y) ol , 51 woly s s o (ol
iy a3 S8 1) (e ml Ol gm 0233,5 (a0
Ol (a5 650 Gl (G-A) S8 50 5900
Ui pme S0kt i rs 510 o ool o
itlige oin £ 5 Sl

glAl s G3le o2, By, Ol jsbateay aslal o
Loyl 51 Ble o oxsSI 5l oolil b d
5 el oals oslaiul (-A) S j0 ouls &Il can
A b Sl ceiiadvuglns bl ol
5T ty) and bLE (izmen aidbioo (pan (Lol
sy sl g ol LA plgieds (pam U (U, Uy)
L yeie 5l oozl b ol il s o iy a3 Lol
Ly —au (OX, Oy, @, 0) polis les oo gt

» X

RO o0 oLZJ|)‘5aé,g‘5}5).o w.@,.oo Mgﬁéboja’UVngLﬁoi)é450‘9.7}.\:‘5..&*3:1JS.J':

ov


http://dx.doi.org/10.61186/jgit.10.4.39
https://dor.isc.ac/dor/20.1001.1.20089635.1401.10.4.3.3
https://jgit.kntu.ac.ir/article-1-864-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-16 ]

[ DOR: 20.1001.1.20089635.1401.10.4.3.3 ]

[ DOI: 10.61186/git.10.4.39]

L aimogo sy 008 im0 451, 4 (sla Sy
Y ol e Gy sl oS ad o uSey slass
polie 5l o sam o gl S pleol gy ol
ool pa Lams aculns g1y f 5 6 sudanlne
soas s, slad sl oSy slows 1V loss o
RelativeVotemin =~ x5l =&, o ana
b, &8, 8 1y oLy as sl Circumference
bbbl —ay S - < RelativeVotemin <)
RelativeVotemin = a5 ¢ jglate ol sl 098 0
45 ams pansid | (phn Wl o (Fige 50 i)
B9 law san S9l5 bl ples

ki (sl S o3l 5 Joa ~F-¥

(S Az g glo sl )l dnlxe Cqz Eaiid Gl o
= Sl iz pwae Slalrsel 5 ()15
bogond gl (s oo byd S¥olae 5 S e
3 eolaiwl bl ouls solaiwl (VF) 9 (V) Yoles
Yy e ¥ Lab o bLS )| e ap by &¥oles
o el S Sl el )l g )85 1) o
igisn 95

Sl € loapiin oy 4 (05 5 OF) Llg) 5o
Yo 9Xp 5 ppo—ai Slabw Ya g Xa « S9ilS al_old
S e Slaie Sl XY 2. o Lol alas olatse
My sl Lodd olaise Sl X,Y,Z ( —wos
e il Toled il slaglal
¥y SYoles 5l ool b pwos gl sl el b
(VF) 5 (10) oy, 5l eoliiul Ly (5,1, 55 & ypods s
4 (V8) 5 (V0) bl yo [V ]ass 5 e aulxe
Sre—a SloaBex’, y glspiio 55
ol o P sl zlasel ol o K osdmoas
3l el Aol 1 g (qwae Cu3S 50 5l 29,5 glarse!
Sl g pgal amio 59, g2 9y Al g0l

2 Elements of rotation matrix
3 Brown
4 Perspective point

or

S0 Slelbl (59ld | wdigo — pole oy s

1o | yliwo) @ plg2 o lod @ o> Juw

B S s52e Jsb pe gl 4 g b aslol o
i = (G5 olgds alads G K alads aS 00,5
=2 (Pl SV g W bl Q&L?eﬂ)'l ) FYY
I, slobas asbd sla Job ggame oplplo tarib

:.55.9..30)9—‘).1(&)C\.Lu.‘)la.o‘jssal)lk,vjw
YOk, —w )+ (, —w, ) &+

(@)akas,

\/(ky v, )2 +(k, v, ) &=2a
L5 (5) oy, & ysmoas () akayl,y 6bo ekt pizean
(g g0 i p25 (1)

W, =0, —COS|0|W (#)aka,
w, =0, —sin|9|\/oc2f,82 (V)ala,
Vv, =0, —COS|0|W (Malay,
v, =0, +sin|0|\/oz2f,82 (Vala,

=T (59, oledo adass SO A a gl b plplo
Q)L ©) Ly, 5l ool L1 B lade g5 oo o oian
Sle OV L () by, &g 454 dges dwlne

Py s
252 _ %2
; =,f% (1 +)ala],
o=y
5 :\/(ky -0,)* +(k, —0,)’ O V)b,

y =sinjd|(k, —o,)+cosP|(k, —o,) (\Y)ak,
casid 1898l pwlsl Coz iyl (VY) B (V) Laly,
FUN g O GERLIN-T S ) K21 R CEL SNV U -0
5 e ol e Jlazo el Ll yseas
‘) ‘;»a)s k;»a.u (O)<, Oy, a, 0) ).:Ql_G.A u‘g_au,_A s(f)
G390 ad sl LSy plad 5l aalal 1o 0505 dwlns
—n o B 2 97 Jsb i 4 0l T, sl

Al dales oolaiwl Lo,
e sl K e 2515 | 5o 425
o Ll ‘0)5 oolazwl 6_.:)5 Py ‘:‘JLA.*.>| 6L‘°4‘°“*’
sla ailey 4 el ool 4l )l rorar Loy

I local maxima of the accumulato


http://dx.doi.org/10.61186/jgit.10.4.39
https://dor.isc.ac/dor/20.1001.1.20089635.1401.10.4.3.3
https://jgit.kntu.ac.ir/article-1-864-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-16 ]

[ DOR: 20.1001.1.20089635.1401.10.4.3.3 ]

[ DOI: 10.61186/git.10.4.39]

we i 9-SI1 ey a0 68 gy gy Sy 651yl

UlyS0s g o ivg juw

ya:yp_c

. =X, —c rll(x A _XO)+r21(YA _YO)+r31(ZA _Zo) (“N)‘dm'b
rlB(XA _XO)+r23(YA _YO)+r33(ZA _Zo)
rlZ(XA_XO)+r22(YA_YO)+r32(ZA_ZO) (\\c)‘d‘u‘
D)
rlS(XA _XO)+r23(YA _YO)+r33(ZA _Zo)
X =X @A+kr2+krt +k,r®+p,(r2 +2x%)+2p,xy) (V0)alal,
Yy =y @k r2+kr* +k,r®+p,(r2 +2y?)+2p,xy) (\#)ak

O‘i‘ S| Q}t"‘"‘)‘.‘ﬂjw GLQ)IA‘)L:: )’l oolarwl b =)
L, e 56 6 e Slatie L Lodites e
4 Lg)L....;cLM.Q) Jj.la N aS cowl 6)1Aia |f) ‘J.,..;L;‘so

Lovlaw, o Jslos
= o=l o (b wlasin —)-F
oXiTti =8 Olastin (V) Jouz ;0 .0,.5

Sl 00 43|)‘ (53)‘)}

$O Wiy o 5o (2L 5, -F
St 3l Gy bl ssbiiear Gdod cal o
S et ()l edizmin (gt (gl S
25— 53 oz SIS las (2 Sike (23 e
5 03lal polie (o9 anste 5 4eS Al Guizmon
sl el 51 Sy lme Bl =l (Sl
ablie adolae 39, Lo soliian g, (ygeml el
Olsmsan ()l osizmiw adyl polie 5 (bogye
il Uas 1.0k lre sl 00l ool &>
o U o Siles 00is (LS pig s 2 5 Suime
Lac )b (Al s pgad Slatseo ( (pgal axio
Lad jo o8 )b (oaly Slatsee g (gl S 61 (s,

&)y svimiuw (S8 wlasin ) Jgoo

2ol & 5ol
sl YO Syls alols
A XY pgal ol
FogSae VY S ol
E il dzys o TY e 5 il

gl pd S I cS i g oyl —V-Y-F
lagslaie; ;o g Sladllas gy p 4 azgi b
S5 g iz g oy Bpo oBws 5l (gaml S
et g Ol S BB mes jslaiedr Syl
5 &gt ol 5 S amio o ity Lo S L i

[AYA)

SOl i 595! (53 Lwesly Y- F
Gl Ghsy ilmenlay jelaiean (isn cal o
b gl S N Sl 5 (b Sl e
Or=zred 5 gl S 51610 e g 5 Al
Sy (an Let S )b SelS S e gl s B3l
Dol B o ph 4 A Wigd oo (o)


http://dx.doi.org/10.61186/jgit.10.4.39
https://dor.isc.ac/dor/20.1001.1.20089635.1401.10.4.3.3
https://jgit.kntu.ac.ir/article-1-864-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-16 ]

[ DOR: 20.1001.1.20089635.1401.10.4.3.3 ]

[ DOI: 10.61186/git.10.4.39]

oliiwl 3590 yguml S U151 Sles (Vo) IS 50
ol 00l 00ls ioled Gudss (o

S0 Slelbl (59ld | wdigo — pole oy s

1o | yliwo) @ plg2 o lod @ o> Juw

a5 o S 51 gains ) o eS b Lanseis
JLsd e 6'})—3‘ o9 Lg‘o)_g.‘o Lgl_m&_?}_‘; dl)lo

sl 00 solazw]

iy 00wl 3590 yguml S oS0 Y IS

Caanbyn 4y o (a3 —F+ 5 B0 ) i liee
5ol s oodle ilons 33 ygmasl S oS (6,513
S plal 5 oS ol s Yl vy 4 gy Ol
ol oSl o Ll ol )0 g b e
Simdly pas jg-laieay Jyene S b (5195 5003
423 e | ()l ezt (gaml I8 sla el
el 00l 1S5 (6510 gl g 03lS Glyed seoe Jo>
8,0 Sl 35 po gl 9 3l -F-T-F
EEPC - SPRT Y

Slalrgel g by GLSe SSE DS aarg L
oSl 5l oals 31 gl jo Il sleosionin gwas
WS35 o0 ppal (phn O jgods o pls (gl S
LS E GPlS S e gl 5 (Bl See cnlnle
5 Glm G 3 3825 ol 5o 08 (—an e
ooy ool Bla o 5 osliasl by s 2l el
]

plosl (5,1 nslad )0 9 S92y 285 i o b
29 )0 S92ge g alS S IS i
@ azg b by ol 5o ke 65902 61l (Sl
i a1 5l skl b b 2l sl S|
zlAel s Gl p sS4y (8 ,me g Canny 4
el Bla o ool Lol (o 5l (S oA
S )3 39290 slaad Lai> g g S jslaiedy 1)
el o0 oolizal JI bl 2l )

G 9o Slaizeo C‘)M‘ 9 u*’)‘)-' )1 o= ‘ol?u‘).w

[AY4

amio Sy (Vo) S 0 0sd @) gl el oS
sin ol e S ool b S i
L oo,alo YYXVY olaces g o, laie &Oygodr (605,158
Jolgd wlaxd 551,38 K0Sy JUS 50 yie e 1Y 5ad
3185 it il o e YT Lao pls 58T 00
s et Sz NS CS L Glsiea o plo
N o aliBie pgloas o Lac 5,6 cndse
lo s 8azg .l ouls 4288 (a5 oy gul IS
sloml coles o 9 gl S obmyl o ge Jg5
sl Ol S oS amio 0 2909 5 oL
SS9 B0 Gl cage ol nl (nlpl 1005 o
L85 SIS S g 5285 sam 30 Sl ¢l
= ogdhe 00,5 co pgal (GAmgs Lad yo slopls slo
szl g slomls slacs b psle Kal cas o0l
Ol s ay (Sl pgbai 10 YU 2529
D)l (b Hgkol) JWd et aie SG Lawgs

a1 31 (65510 33 39 g g ASU &l -Y-Y-¥
gl S

oS )l oogass plod yidgs jelaiedy Guiod ol jo
5_i” )‘ )le_@ 3! v_@‘.‘> (_g)‘\)).v).'s_oa.u Olia—u.a)‘ 1
4_15|) dw )| )JﬁL.a.: ! 0l (_?‘)Ja uﬁ...w‘).‘.«.lls

! Coded target


http://dx.doi.org/10.61186/jgit.10.4.39
https://dor.isc.ac/dor/20.1001.1.20089635.1401.10.4.3.3
https://jgit.kntu.ac.ir/article-1-864-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-16 ]

[ DOR: 20.1001.1.20089635.1401.10.4.3.3 ]

[ DOI: 10.61186/git.10.4.39]

we i 9-SI1 ey a0 68 gy gy Sy 651yl

UlyS0s g o ivg juw

awn]

Ll g JIabl als Jlesl (@l-VY) JSs o
ad pasas jell Jlael (o-V) doad Laa> 5 55
Ol (hpre 9 LocS b ad glinl Cuz S
S5 59 5 (e glAal s (il oSl 4 609
7S5 e gon 90 Slatse zlysewl g (o3l (o))
ol o 00ls ialed 43 can e S b Sels

Slaize Cy 5 Cx slo ol b oy 9 X (slo g5 slinl,
S asrs glrsel Pro Py sloyully g (owis sled
)9 S ey (5l ez (pwde Zo3S ye

bl oo Babod ol o eolaiul
O3l el sl el 5T s () Jgoz o
gy ookl L G e e Il ediznin pwiie
oads allyl dog Se ablis alolrs yig, 5 (golgain
30 e o8 L solpiing ghg, dige polie oo
sl sl a oo ools il i (V) Jgoo
O99= 4».&65 MLM » og)LC AW d)jj)g uw‘ﬂls
5 09 At OB 5 b Bl (51 Sle p0lie
Olymedny ()l ez adsl polie 5 K0S L
polie ay Cand 3G ojll polie g jlre Bl ol
S o oo adly)] yguwl IS sla ol )b ads]

()

ov

=2,y Jome sl eolaiul b s )b S4lS 35 0 (.80
355l Saye b (il ez guss Slalrgsl
e SE Gl S e glFal s Sl s bt
g Blo Lo 5l eolizul L 5K 5 68 s sl
)_..C ‘r‘)‘)? S ) ‘rwm O ge— ‘1....”5 r:l_‘>u‘
ou—ds oald u...uLM Sla J.u..\_..u )‘ oola il L gS.u).Ho

()
(o Il pild Jloe! (G117 )l > oudaion owiid ¢y gamsl S Catr 60liniony by ol o o lis st lod 1Y JSC
Bl Jyous 5 ooliiwl b b )b Sgils 35 50 5 ot g1yl () edd (anics o3l Jlos!

o g e -Y-F

G 90 Slaizes gl gl 5l (5> saioiw
SYolre oly Laools oyl ey Lad jo la] il
ool IS L el g o0 ot o by s
803e 03103l .30 5 0 3510 > i wdie
ez sla el 5l Sy e Sl (S0l
O 03— 3)51]—:’ (s ul_>L>9.C‘ 9 ‘5_J.>‘o
adolae (g 5 (s3leiniion g, 5l esliiwl b (55l
] 00 45‘) (Y) Ja..\} B ij)m é.IoLM

)L.M dl)JD‘ wiil_..‘o 9 o)L\J‘ ).'\)LQA c(Y) Ja..\} e
S 5 VY sl Gl S sl el 5 S0
aJolxs 9 ‘_géLQ‘a_Mu.» u.us) )l ool l_t 5_ﬂ| )‘ W)
(Y) Jﬁ“\—‘> o ] 00 A_u“)‘ g_s—l"ﬁf’“ (':bl_ﬂdo
» P Aol Sl i 4 Fy g Fx byl


http://dx.doi.org/10.61186/jgit.10.4.39
https://dor.isc.ac/dor/20.1001.1.20089635.1401.10.4.3.3
https://jgit.kntu.ac.ir/article-1-864-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-16 ]

[ DOR: 20.1001.1.20089635.1401.10.4.3.3 ]

[ DOI: 10.61186/git.10.4.39]

495 (o S )L S e glFl 5 25l e
i gail S sl el (neBS j9lareasy
Comd ) 6535 mls Suyte né (5l o

el o0l 481)| g 5o abolin aslre s, 4

S0 Slelbl (59ld | wdigo — pole oy s

1o | yliwo) @ plg2 o lod @ o> Juw

sboebl HE=8S s Sl o)l o
S fw el (Sl ediin wais Geawl IS
G55 1) Uy ol a4 b et 0 b
Sle fos w58l 65,54 b Guios (goleiiny

&y s wae Olaloacl g (A5 A ed byl )b Y Jous

ebs e alolis Alsles g, @Oy P
Slazo Gl yl o3Il o Iyl S1Y adgl polie ol
(JonSrt) (JonSay) (JonSy) (JonSat) (o sles) 7
U VOYAXY A AP Ya+APY YO F x
avYe \OFOYY 1 Ff V1Y) e Fy
VEONY YAAFY YV YF VY e Co
\YO, YA YEEN - YY,AA 14,40 LRI Cy
Y —eYA VF Y oo Ki
7YY AR AR AR soyee K2
BA¥D ¥9,0 51,¥A YA e Ks
Y Yoe- ¥ oot BYae--¥ P / P
fAve-- ¥ e YYfe-.v of / P2

Slaes s ylid (88l jeme (V) 5 (VY) U2 jo
Some CublSS e jlae Sl ($390e j97m0 § pglal
sloabsy) $l— J—S v 2 pg—ad ;2 )0
o=l o anil co by e ablio dolas 5 golging
Gy P35 Sl $390e j7e polie o5l Liul,
Ot by e ablis dlolee (g, 9 40O b o o
ool (ol s e Gialed |y JuSey < F b yao
Sl L e wgdlae o, Shes 5l St bl
A S o3liing by, nslal ded (gl daoee

Dbl oe g ablie aoles g,

OA

o2 gl p IS B oLl jshateds aslsl (o
Sazme Sl ez (2 Slos jlne 5l ()l ez
() 5 (V) US55 el st osbisial jygi 12 o
0 sazme Sl s Sk b)) Jlene
oo gblic dslee g ooleiiny b9, Sln poa
Ll 00l 00ls ioled

Uz Sl b)) Hlre (b5l s (V) IS0 50
oSl ) Sl gl 50 sz SIS
Goae Jlade L ol <L YYY 5 paas VYl
el 00 0591 Sy ¢ Y

Sl oz (1S5l Jlae b3l s (V) JSo 50
by e ablie dolae B9y Sln ngal yo )0 Saxe
5 il IS o S 5l o 3] g VY el
555 Sy <) go0e e bl 8,6 YYY


http://dx.doi.org/10.61186/jgit.10.4.39
https://dor.isc.ac/dor/20.1001.1.20089635.1401.10.4.3.3
https://jgit.kntu.ac.ir/article-1-864-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-16 ]

[ DOR: 20.1001.1.20089635.1401.10.4.3.3 ]

[ DOI: 10.61186/git.10.4.39 ]

<o g Sl oy o iao 6Ly Sgagy g ) S ol
UlySes g cuho g yw

5 U Sl

AT S L SRR A N R AR A R A

gl

SOl 9y ygea yB 30 duzme ST s (Sl (551 she NY Y

- xof

./\"

o

S SYRENNE S IO DV

.
-

L350 ablio dlolro b9y pauad o 50 Suzme LUl lad (1l (b)) Hlmo IY JSCi

13 (S5 )5 YY) s rge clacaS,b Ll Slolis
3591y 2B Sl g 95 ez ge (ygemsl S (555
= (Sl eaizi (pwiin gl I la el
polae awglie bl o puzmen sl 0uls S e
g 53 sazme Sl S (S0l (251 Sl
Sl by Gl Sy = ¥Y 5 00V e 4
S @l by e ablic dolee is) o (goleing
P 35 e dazme CilS L 1Sl Sguge
L Ol el 55 amioo 4y 35S sy slacS b
(emiaa B i (gl IS Gl 2l )Ll slal
Slaize o JuSy < VA oo 4 golpion b,
9 Ol S o5 (55, Lo 5,1 (ly (6 pg—as

Db o Sej Lad (o A u’_é‘j Slaite

619

5 @olidan gy S8 o)l Helhieds Gud opl yo
9 o= St ngGS)’“’ ablic dobas Jgono o5,
u_".)‘)’ ERE S SEDWIRIWA Y. u}_:_..,l)_._JlS >
e Bl i Sile (o)l Hlere 99 5 S eyt
Ll Sl 5 Gl redlS sloo il 51 S50

el 00l solawl Jayaﬁ' JEPTRREN R
g o3lasl polie (39 alge 9 aeS dlie (ulul 5
sl el 5 Sy e Gl il S
Oh9) 5 @My b9y 09 350, (gl IS
2 polie annlie (rizmen 5 by P ablie aloles
ol vz adsl ol b 358 slals) 5 S
L ooleintin (h9y 45 99500 Ol a7 e Olyieay


http://dx.doi.org/10.61186/jgit.10.4.39
https://dor.isc.ac/dor/20.1001.1.20089635.1401.10.4.3.3
https://jgit.kntu.ac.ir/article-1-864-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-16 ]

[ DOR: 20.1001.1.20089635.1401.10.4.3.3 ]

[ DOI: 10.61186/git.10.4.39]

rgn Sal 4 U 13 il o 4 sla Sy
Sra mls 09h o0 LIS Sl Lad> 5 35l
slodsgly o Bla has jleolaiul b oan (o5l
VIS 55 amlsalS 550 5 (5l et il
sl 00 48|

sla el )b 09T cds o)l jelaieds Gaiods cpl yo
Sl 99 51 (5l ediomin waie (gl IS
sle el 5l S e Sl ol e )
o 53 i s Lt oSilan 5 (el S
sl s Bl ol )0 il 00 o0l sl g
b9y slere Sl (2 Sle 5 o3lasil ol ie anslie
it 5 o s ablie dsles g, b (soleiiay
adgl polie b 398 slaghs) 51 So 2 polie anslie
Gy Shsy (@ o Olomedn (Sl e
Loy 95510 85 35t 5 Sal¥l crge oo
KEIl Jao 5,y odizmins cwiid gl o JS
g g0 MCY-£Y -5

15 0dme el s uSilie ubol s bl ol 4o
Sazme CBS Cgzr Gaiod g3l ) sl o
SN o 4 S ey S5 S
el el s el 31 oolii ol L (]S
Slaie oy Uns 0o Silae 0l 0550, owiia
5 Ol I o5 (59, Lo 56 (88l (6 gl
A jlade dan ]y ey Lad o o8 U sBly Olatee
blio adsles by, Ay e JaSay + VA o ie
Lol oaiizn gy og e

odiztiw L oad A3 polal jleolaul b puoren
Slogls gl el 58 5 LSy Sy 2t Syl
Ollore oo 4 4z gi b goleiian bs; bt
o S |y i pley Bla o o o8 i
9 O3l pytaiean (obg e ablie adolae (b,
3381 5 et (ST 75 po Sloaiie gl Fe
= Sl oz (g gl I sl el
S oo Al 5a S e

%o

S0 Slelbl (59ld | wdigo — pole oy s

1o | yliwo) @ plg2 o lod @ o> Juw

S 325 4xais =

5 o= St e 0,Ss, S B (0l o
i (el ol sl jolaieds 435 pan lo
(PRI I W PR OOV J PP LY CE SO
J.Jﬁ.' O 0T (gD u}....ulj.u.lls M‘ Le 4.‘>94
TV E ST I PR TSN PP-X CEP VIR KPIPIPR § [ )
Cladn 65920 (B3l Gy a0 S ey
LVl s, T 5 Y] augls ldlas bt 4 axg b
2 ged ooy Ze alolde aolas Jy—are )
‘Sa’l_ia S8 O yud) ‘S‘»’)IP odiziow (slacgdgaze
bis g A3l 4 3890 (9 g8 3929 «omb Tod9 9
slass el s L plplo s Lace 510 2Slas
it gal IS sl ol o el Bs S 1
ooyl g Sz Bedzd cpl 0 I oS wales oy uals
ETRCPCHE Ot JFUNGE J ot W
el oails solawl

gl g G5l 5o Ble haws o )5Sl Lol o e
2 O1 oo Nl i GHLS 5 e Slatie
] ).:SL@ )‘ 03— C‘)?uw.:‘ 9 Mg,ul.: blas ):‘)J
SPLS S e gl Al s Al Se s lew
5 90,5 o oolai vl san 85 bl )l 5l cau
i (gt e bolas Szl sl 4 5L
ooben bglas 4 o ybol 3 auloe 5l Gl uxen
5 ohiln ezae Slo b @ )ssll ad sle sy
aS golpiin gy plein sloa o> 5l o (S
Sig nsbal ;5w ssl Gag Celiy) (il crge

I Robustness


http://dx.doi.org/10.61186/jgit.10.4.39
https://dor.isc.ac/dor/20.1001.1.20089635.1401.10.4.3.3
https://jgit.kntu.ac.ir/article-1-864-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-16 ]

[ DOR: 20.1001.1.20089635.1401.10.4.3.3 ]

[ DOI: 10.61186/git.10.4.39 ]

<o g Sl oy o iao 6Ly Sgagy g ) S ol
UlySes g cuho g yw

i ad o

esoevEe LR

etsoee® ee

o 60000 - b

es o+

seovvee ",”‘.‘.'
! e
o ne
°w
»
Ehw

—

666 s =

=

228

e

o

& P
‘_i‘t S30000sg
Saag LTS .@Q &

LS 2 RN

(319 1529008 iz (sl o5 5> o s iy 951 31 o0l b U st (G393 35 0 il b3yt ke OF JS

5 Iz slayall )bl (Fly (o)
03512 (goki gal S (Sla eyl 5l piznen
G A Joe B (69, 1 soleiiay Py, oD
] - Y ] B P R PR TS PR W W ¥
Foo slacasgame ad) Cqz Ll opl )3 00,5
9 S50 S8 0508 alex Sl ()l sbosimis
Seslaul ¢ cwate (gl IS (695 by z—29
ol jsliedy Syl pglal zadg Sen Loy,
aloz 5l gt gl S sla el )y (ress B0
Wil s Gl s T Sl

[7/] Rakha. T, Liberty. A, Gorodetsky. A,
Kakillioglu. B, and Velipasalar. S, “Heat
Mapping  Drones:  An  Autonomous
Computer-Vision-Based Procedure for
Building Envelope Inspection  Using
Unmanned  Aerial  Systems  (UAS)”.
Technology|Architecture + Design, 2(1):
pp. 30-44, 2018.

[2] Edelman, G.J. and M.C. Aalders,
“Photogrammetry using visible, infrared,
hyperspectral and thermal imaging of
crime scenes”. Forensic Science
International, 292: pp. 181-189, 2018.

[31 Adamopoulos, E. and F. Rinaudo,
“Enhancing  Image-Based  Multiscale
Heritage Recording with Near-Infrared
Data”. ISPRS International Journal of
Geo-Information, 9(4), 2020.

[4] Conte, P, V.A. Girelli, and E. Mandanici,
“Structure from Motion for aerial thermal

leiminy 5y @l byl 4 ez b cal »odle

55 o KEIl MCY-5F -5 o odizmies 1 45 (Y- 1Y)
U’“"j) el OO)J oola 6‘0)_:‘0 us.a_m‘).....]ls

oozt e Slolrgel 5 L3 duzgs glayiol

Ol e bl Sy Y Ol 0 1>
I¥v]ces oot some cilSs s

Sy50 yd iy la oy jetatean Ly (ol 5o

&y
imagery at city scale: Pre-processing,
camera calibration, accuracy assessment”.
ISPRS Journal of Photogrammetry and
Remote Sensing, /46: pp. 320-333, 2018.

[5] Wierzbicki. D, Fryskowska. A, Kedzierski.
M, Wojtkowska. M, and Delis, “Method of
radiometric quality assessment of NIR
images acquired with a custom sensor
mounted on an unmanned aerial vehicle”.
Journal of Applied Remote Sensing, 72(1):
pp. 015008. 2018.

[6] Fraser. C.S, and Brown. D.C,
“INDUSTRIAL PHOTOGRAMMETRY:
NEW DEVELOPMENTS AND RECENT
APPLICATIONS”. The Photogrammetric
Record, 12(68): pp. 197-217, 1986.

[7] Clarke. T.A, and J.G. Fryer, “The
Development of Camera Calibration
Methods and Models”. The


http://dx.doi.org/10.61186/jgit.10.4.39
https://dor.isc.ac/dor/20.1001.1.20089635.1401.10.4.3.3
https://jgit.kntu.ac.ir/article-1-864-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-16 ]

[ DOR: 20.1001.1.20089635.1401.10.4.3.3 ]

[ DOI: 10.61186/git.10.4.39]

Photogrammetric Record, 16(91): pp. 51-
66, 1998.

[8] Sun. Q, Wang. X, Xu. J, Wang. L, Zhang. H,
Yu. J, and Zhang. X, “Camera self-
calibration with lens distortion”. Optik,
127(10): pp. 4506-4513, 2016.

[9] Fraser. C.S, “Automatic camera calibration
in  close range  photogrammetry”.
Photogrammetric Engineering & Remote
Sensing, 79(4): pp. 381-388, 2013.

[10] Wang. J, Shi. F, Zhang. J, and Liu. Y, “A
new calibration model of camera lens
distortion”. Pattern recognition, 41(2): pp.
607-615, 2008.

[11] Sun. X, and J. Duan, “Design of multi-
parameter target used in calibration of
high precision CCD camera”. Optik,
127(2): pp. 548-552, 2016.

[12] Wolf. P.R, Elements of photogrammetry;
with air photointerpretation and remote
sensing. 7983.

[73] Li, X, Photogrammetric investigation into
low-resolution digital camera systems.
1999.

[/4] Kannala. J, J. Heikkila, and S.S. Brandt,
“Geometric camera calibration”. Wiley
Encyclopedia of Computer Science and
Engineering, 13(6): pp. 1-20, 2008.

[15] Laglela. S, Gonzélez-Jorge. H, Armesto. J,
and Arias. P, “Calibration and verification
of thermographic cameras for geometric
measurements”.  Infrared  Physics &
Technology, 54(2): pp. 92-99, 2011.

[16] Budzier. H, and G. Gerlach, “Calibration
of uncooled thermal infrared cameras”. J.
Sens. Sens. Syst, 4(1): pp. 187-197, 2015.

[17] Lane. B, and E. Whitenton, “Calibration
and Measurement Procedures for a High
Magnification Thermal Camera”. 2016.

7P

S0 Olelbl (5,98 uwdago — ole oy puis

1Fo 1 yliumoj @ p,lg2 o jloks @ pa> Jlw

[18] Lin, D, Maas. H-G, Westfeld. P, Budzier.
H, and Gerlach. G, “An advanced
radiometric  calibration approach for
uncooled  thermal  cameras”. The
Photogrammetric Record, 33(161): pp. 30-
48, 2018.

[19] Ribeiro-Gomes. K, Hernandez-Lépez. D,
Ortega. J. F, Ballesteros. R, Poblete. T, &
Moreno. M. A, “Uncooled Thermal
Camera Calibration and Optimization of
the Photogrammetry Process for UAV
Applications in  Agriculture”. Sensors,
17(10), 2017.

[20] Kelly. J, Kljun. N, Olsson, P-O, Mihai. L,
Liljeblad. B, Weslien. P, and Eklundh. L,
“Challenges and best practices for deriving
temperature data from an uncalibrated
UAV thermal infrared camera”. Remote
Sensing, 11(5): pp. 567, 2019.

[21] Moffitt. F.H, and E.M. Mikhail,
Photogrammetry, New York: Harper [and]
Row, 7980.

[22] Kannala. J, J. Heikkila, and S.S. Brandt,
“Geometric Camera Calibration”. Wiley
Encyclopedia of Computer Science and
Engineering, pp. 7-11, 2008.

[23] Nex. F, and F. Remondino, “UAV for 3D
mapping applications: a review”. Applied
geomatics, 6(1): pp. 1-15, 2014.

[24] Rangel. J, S. Soldan, and A. Kroll, “3D
thermal imaging: Fusion of thermography
and depth cameras”. In International
Conference on Quantitative InfraRed
Thermography. 2014.

[25] Usamentiaga. R, Garcia. D. F, lbarra-
Castanedo. C, & Maldague. X, “Highly
accurate geometric calibration for infrared
cameras using inexpensive calibration
targets”. Measurement, 772 pp. 105-116,
2017.


http://dx.doi.org/10.61186/jgit.10.4.39
https://dor.isc.ac/dor/20.1001.1.20089635.1401.10.4.3.3
https://jgit.kntu.ac.ir/article-1-864-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-16 ]

[ DOR: 20.1001.1.20089635.1401.10.4.3.3 ]

[ DOI: 10.61186/git.10.4.39]

v i 9-SI1 ey 0 68 gy gy Sy 651yl

UlyS0s g o ivg juw

[26] Rzeszotarski. D, and B. Wiecek,
“Calibration for 3D reconstruction of
thermal images”. In Proceedings of 9th
International Conference on Quantitative
InfraRed Thermography (QIRT). 2008.
Citeseer.

[27] He. X, Zhang. H, Hur. N, Kim. J, Wu. Q,
and Kim. T, “Estimation of Internal and
External Parameters  for Camera
Calibration Using 1D Pattern”. In 2006
IEEE International Conference on Video
and Signal Based Surveillance. 2006.

[28] Vidas. S, Lakemond. R, Denman. S,
Fookes. C, Sridharan. S, and Wark. T, “A
Mask-Based Approach for the Geometric
Calibration of Thermal-Infrared
Cameras”. IEEE  Transactions  on
Instrumentation and Measurement, 61(6):
p. 1625-1635, 2012.

[29] Luhmann. T, Robson. S, Kyle. S, and
Harley. I, Close range photogrammetry.
Whittles, Caithness, 2006.

[30] Schramm. S, Rangel. J, Salazar. D. A,
Schmoll. R, and Kroll. A, “Target analysis
for the multispectral geometric calibration
of cameras in visual and infrared spectral
range”. IEEE Sensors Journal, 21(2): pp.
2159-2168, 2020.

[31] Harris. C.G, and M. Stephens, “A
combined corner and edge detector”. in
Alvey vision conference. Citeseer, 1988.

[32] Yujing. Q, T. Yanchao, and L. Junshi,
“Improved  Harris  sub-pixel  corner
detection algorithm for chessboard image” .
in Proceedings of 2013 2nd International
Conference on Measurement, Information
and Control. 2013.

[33] Datta. A, J. Kim, and T. Kanade,
“Accurate  camera  calibration  using
iterative refinement of control points”. in
2009 IEEE 12th International Conference

s

on Computer Vision Workshops, ICCV
Workshops. 2009.

[34] Javidi, N, F. Samadzagegan, and F.
Dadras Javan, “Assessing the Ability of
Calibration  Methods in  Geometric
Correction of Airborne Thermal Cameras”,
in National Geomatics Conference, 2017.
(Persian)

[35] Ouellet. J-N, and P. Hébert, “Precise
ellipse estimation without contour point
extraction”. Machine Vision and
Applications, 21(1): pp. 59-67, 2009.

[36] Rosin. P.L, “A note on the least squares

fitting of ellipses”. Pattern Recognition
Letters, 14(10): pp. 799-808, 1993.

[37] Zollner. H, and R. Sablatnig, “Comparison
of methods for geometric camera
calibration using planar calibration
targets”, 2004.

[38] Arofteh, F. Samadzagegan, and F. Dadras
Javan. “Provide an efficient method for
geometric calibration of thermal cameras”.
in  National Geomatics Conference,
Available from:
https://www.sid.ir/fa/seminar/ViewPaper.as
px?1D=89937, 2017. (Persian)

[39] Chia. A. Y. S, Leung. M. K. H, Eng. H, and
Rahardja. S, “Ellipse Detection with
Hough Transform in One Dimensional
Parametric  Space”. in 2007 |EEE
International  Conference on  Image
Processing, 2007.

[40] Saponaro. P, Sorensen. S, Rhein. S, and
Kambhamettu. C, “Improving calibration
of thermal stereo cameras using heated
calibration  board”. in 2015 |EEE
International  Conference on  Image
Processing (ICIP), 2015.

[41] Mohd. M. N, Kashima. M, Sato. K, and
Watanabe. M,  “Effective  geometric
calibration and facial feature extraction


https://www.sid.ir/fa/seminar/ViewPaper.aspx?ID=89937
https://www.sid.ir/fa/seminar/ViewPaper.aspx?ID=89937
http://dx.doi.org/10.61186/jgit.10.4.39
https://dor.isc.ac/dor/20.1001.1.20089635.1401.10.4.3.3
https://jgit.kntu.ac.ir/article-1-864-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-16 ]

[ DOR: 20.1001.1.20089635.1401.10.4.3.3 ]

[ DOI: 10.61186/git.10.4.39]

using multi sensors”. International Journal
of Engineering Science and Innovative
Technology (IJESIT), 1(2): pp. 170-178,
2012,

[42] Javadnejad. F, Gillins. D. T, Parrish. C. E,
and Slocum. R. K, “4 photogrammetric
approach to fusing natural colour and
thermal infrared UAS imagery in 3D point
cloud generation”. International Journal of
Remote Sensing, 41(1): pp. 211-237, 2020.

[43] Shivakumar. S. S, Rodrigues. N, Zhou. A,
Miller. I. D, Kumar. V, and Taylor. C. J,
Pst900: “Rgb-thermal calibration, dataset
and segmentation network”. in 2020 |EEE
International Conference on Robotics and
Automation (ICRA), 2020.

[44] Song. L. M, Wang. M. P, Lu. L, and Jing
Huan. H, “High precision camera
calibration in vision measurement. Optics
& Laser Technology”, 39(7): pp. 1413-
1420, 2007.

[45] Yang. R, Yang. W, Chen. Y, and Wu. X,
“Geometric Calibration of IR Camera
Using Trinocular Vision”. Journal of
Lightwave Technology, 29(24): pp. 3797-
3803,2011.

[46] Ellmauthaler. A, Silva. E. A. B. d, Pagliari.
C. L, Gois. J. N, and Neves. S. R, “4 novel
iterative calibration approach for thermal
infrared  cameras”. in 2013 |EEE
International  Conference on Image
Processing. 2013.

[47] Laglela. S, Gonzalez-Jorge. H, Armesto. J,
and Herrdez. J, “High performance grid
for the metric calibration of thermographic
cameras”. Measurement Science and

Technology, 23(1): pp. 015402, 2011.

[48] Luhmann. T, J. Piechel, and T. Roelfs,
“Geometric calibration of thermographic
cameras, in Thermal Infrared Remote
Sensing”, Springer, pp. 27-42, 2013.

7

S0 Olelbl (5,98 uwdago — ole oy puis

1Fo 1 yliumoj @ p,lg2 o jloks @ pa> Jlw

[49] Helgesen. H. H, Leira. F. S, Bryne. T. H,
Albrektsen. S. M, and Johansen. T. A,
“Real-time georeferencing of thermal
images using small fixed-wing UAVs in
maritime environments”. ISPRS Journal of
Photogrammetry and Remote Sensing, 154:
pp. 84-97,2019.

[50] Bradski. G, and A. Kaehler, Learning
OpenCV: Computer vision with the
OpenCV library: " O'Reilly Media, Inc.",
2008.

[51] Xicai. L, W. Qingin, and W. Yuanging,
“Binocular vision calibration method for a
long-wavelength infrared camera and a
visible spectrum camera with different
resolutions”. Optics Express, 29(3): pp.
3855-3872, 2021.

[52] Zhang. Z, “A flexible new technique for
camera calibration ”. IEEE Transactions on
Pattern Analysis and Machine Intelligence,
22(11): pp. 1330-1334, 2000.

[53] Gonzalez-Pérez. S, Perea Strom. D,
Arteaga-Marrero. N, Luque. C, Sidrach-
Cardona. I, Villa. E, and Ruiz-Alzola, J,
“Assessment of registration methods for
thermal infrared and visible images for
diabetic foot monitoring”. Sensors, 21(7):
pp. 2264, 2021.

[54] Kang. L, and D. Liu, “Diameter Detection
of Silicon Single Crystal Based on Brain
Storm  Optimization Algorithm Hough
Transform”. In 2019 Chinese Control
Conference (CCC). 2019.

[55] Xia. R, Zhao. J, Zhang. T, Su. R, Chen. Y,
and Fu. S, “Detection method of
manufacturing defects on aircraft surface
based on fringe projection”. Optik, 208:
pp. 164332, 2020.

[56] Huang. Y.P, T.H. Wang, and H. Basanta,
“Using Fuzzy Mask R-CNN Model to
Automatically Identify Tomato Ripeness”.
IEEE Access, &8: pp. 207672-207682, 2020.


http://dx.doi.org/10.61186/jgit.10.4.39
https://dor.isc.ac/dor/20.1001.1.20089635.1401.10.4.3.3
https://jgit.kntu.ac.ir/article-1-864-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-16 ]

[ DOR: 20.1001.1.20089635.1401.10.4.3.3 ]

[ DOI: 10.61186/git.10.4.39]

v i 9-SI1 ey 0 68 gy gy Sy 651yl

UlyS0s g o ivg juw

[57] Poulin-Girard. A-S, S. Thibault, and D.
Laurendeau,  “Influence of camera
calibration conditions on the accuracy of
3D reconstruction”. Optics Express, 24(3):
p. 2678-2686, 2016.

[58] Tomasi. C, and R. Manduchi, “Bilateral
filtering for gray and color images”. In
Sixth  International ~ Conference  on
Computer Vision (IEEE Cat.
N0.98CH36271). 1998.

[59] Paris. S, Kornprobst. P, Tumblin. J, and
Durand. F, Bilateral filtering: Theory and
applications. Now Publishers Inc, 2009.

[60] Canny. J, “A computational approach to
edge detection”. IEEE Transactions on
pattern analysis and machine intelligence,
(6): pp. 679-698, 1986.

[61] Gonzalez. R, R. Woods, and S. Eddins,
Digital Image Processing Using Matlab,
Ist Indian Reprint, Pearson Education,
2004.

[62] Solomon. C, and T. Breckon,
Fundamentals of Digital Image Processing:
A practical approach with examples in
Matlab: John Wiley & Sons, 2011.

[63] Davies, E.R, Machine vision: theory,
algorithms, practicalities: Elsevier, 2004.

[64] Tsuji and Matsumoto, “Detection of
Ellipses by a Modified  Hough
Transformation”. IEEE Transactions on
Computers, C-27(8): pp. 777-781, 1978.

[65] Guil. N, and E.L. Zapata, “Lower order
circle and ellipse Hough transform”.
Pattern Recognition, 30(10): pp. 1729-
1744, 1997.

[66] Xu. L, E. Oja, and P. Kultanen, “A new
curve detection method: Randomized
Hough transform  (RHT)”.  Pattern

70

Recognition Letters, 71(5): pp. 331-338,
1990.

[67] Chen. T-C, and K-L. Chung, “An Efficient
Randomized Algorithm for Detecting
Circles”. Computer Vision and Image
Understanding, 83(2): pp. 172-191, 2001.

[68] Chun-Ta. H, and C. Ling-Hwei, “A high-
speed algorithm for elliptical object
detection”. IEEE Transactions on Image
Processing, 5(3): pp. 547-550, 1996.

[69] Ho. C-T, and L-H. Chen, “A fast
ellipse/circle detector using geometric
symmetry ”. Pattern Recognition, 28(1): pp.
117-124, 1995.

[70]W,W.a.E.[CitedAccessedonJanuary2007];A
vailablefrom:http://mathworld.wolfram.co
m/Ellipse.html.

[71] Brown. D.C, “Close-range camera
calibration”, Photogrammetric
Engineering. Engineering and Remote
Sensing, 37(8): pp. 855-866, 1971.


http://mathworld.wolfram.com/Ellipse.html
http://mathworld.wolfram.com/Ellipse.html
http://dx.doi.org/10.61186/jgit.10.4.39
https://dor.isc.ac/dor/20.1001.1.20089635.1401.10.4.3.3
https://jgit.kntu.ac.ir/article-1-864-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-11-16 ]

[ DOR: 20.1001.1.20089635.1401.10.4.3.3 ]

[ DOI: 10.61186/git.10.4.39]

Journal of Geospatial Information Technology

Vol.10, No.4, Winter 2023

K. N. TOOSI UNIVERSITY OF TECHNOLOGY
FACULTY OF GEODESY AND GEOMATICS ENGINEERING Research Paper

Improved Geometric Calibration Method for Thermal Sensors
Using the Hough Transform Algorithm

Soroush Motayeb /, Farhad Samadzadegan™, Masood Varshosaz *

1- MSc at Dept. of Photogrammetry, School of Surveying and Geospatial Engineering, University College of Engineering, University of Tehran,
Tehran, Iran.

2- Professor at Dept. of Photogrammetry, School of Surveying and Geospatial Engineering, University College of Engineering, University of Tehran,
Tehran, Iran.

3- Associate Professor at photogrammetry and remote sensing 4department, K.N.Toosi University of technology.

Abstract

Non-metric thermal sensors have been out of calibration in the laboratory for an extended period of time and require
calibration to adjust for the interior orientation parameters and lens distortions. To generate photogrammetric
products with the desired degree of geometric precision, it is important to identify the geometric calibration
parameters of the non-metric sensor in order to minimize the relative orientation error and resolve the bundle
adjustment. The purpose of this research is to present a novel method for geometric calibration of non-metric thermal
Sensors as a necessary preprocessing step before producing photogrammetric products with the desired geometric
precision. To geometrically calibrate the non-metric thermal sensor, the proposed method employs a calibration
pattern in the form of a rectangular plate composed of hollow circular targets with symmetrical placement geometry.
Hollow circles induce temperature differences, improving the contrast and sharpness of the thermal calibration
pattern. Due to the thermal sensors' low spatial resolution and low contrast, circular targets appear as an ellipse in
the image. For this reason, in this study, the Hough Transform method is utilized to fit and extract the exact two-
dimensional coordinates of the focal center of elliptical targets in the image space. The reason for this is that the
Hough Transform employs the parameters of the ellipse to fit it and does not require the entire extraction of its
circumferential lines. In the method utilized in this study, the Collinearity Equation is used to compute the geometric
calibration elements of the thermal sensor. Various experiments were undertaken to evaluate the proposed approach.
The results of these tests, which were performed based on the criterion of Mean Reprojection Error per Image,
evaluated the accuracy of the geometric calibration as 0.03 pixels. Additionally, when the proposed method for re-
projecting the target’s focal point to the calibration pattern is used in conjunction with the estimated calibration
parameters, the mean error between the actual image coordinates and the actual ground coordinates of the targets is

reduced to 0.28 pixels when compared to the method of the equation of conic sections.
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