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Model and compensation method of image point drift caused

by self-heating of industrial camera

Chai Jiahe, Dong Mingli’; Sun Peng, Yan Bixi

(Key Laboratory of the Ministry of Education for Optoelectronic Measurement Technology and Instrument,

Beijing Information Science & Technology University, Beijing 100192, China)

Abstract: In order to reduce the influence of temperature on the image point coordinates of industrial cameras in
visual measurement, the image point drift caused by the self-heating of the camera was studied, and a
compensation method for the thermal image point drift of industrial cameras was proposed. The finite element
simulation analysis of the industrial camera model through Ansys Workbench shows that the self-heating of the
industrial camera will cause the imaging optical path change and sensor expansion change, quantitatively the
influence of the optical path change and sensor expansion on the image point coordinates was analyzed, and the
image point drift compensation model was established. A large number of experiments have shown that the image
point drift error compensated by the model is reduced from 0.4-0.6 pixel to 0.1-0.2 pixel, which is equivalent to
the image point drift suppression effect achieved by hardware thermal control. However, compared with the
thermal control device, the method of using the model for compensation has obvious advantages of simple
structure and low cost. The temperature compensation model proposed in this research provides a theoretical basis
for reducing the image point drift error caused by the self-heating of the camera in the visual measurement.

Key words: vision measurement; image point drift compensation model; finite element; industrial

camera self-heating

Wks B EA:2020-12-15;  &7T HH#A:2021-03-21

EETB: BR ARPIAIS (51475046); Jba i BRI RITE 430 H (KZ201711232029); b5 (5 BRHE KA PR UE P & B K P-4
FIH (2020KYNH223)

EZ BN S, 5, Wb, NS SRS )5 TR A5

SURGBINIEE) B/ A, Lo, #02, AR S0, 322 S008I0 s AU 228 BT T (9

20200494-1



ISk A2

% 64 www.irla.cn % 50 A
0 51 & 1, SEARPURE AR = SR T, $VE TR 5 R AL S 50

AL DUHEORT 2 | AR 3 . A S AL L B ARk
AREH, )i AN S AR L VR4 . g
TAEAEARN AR LAEIER AR B B AR DL e i 2 7
25, MG bR 7 1 MR P L2 52 1 o 400 o 7
KEEE o B Tk w4 1R 25 2 A, JREE o 25 % AR
FR G0 I 50 R T U ) s — 7 T3 B8 NG 2  RH A
PRSP IR A AL, 5 R EFE AU SR, 5 —T
TR 9 B (4 v 2 25 5 RS AR AL P ARG 1 i FA 0
T ER R KA A, AT B ne D B R g i 221
e R o ) e R 4 1 DN 5 2 AT LLIA 3 0.02 pixel,
P IR AR Ak | A 108 22 3 = AN AT AN, TR A
TS R B AR A X AR R G 1 5 e AR T R AR
BABREERS (1 )5 1

U/ N AR RIS B B4 0 O TR R R R &
GE il AR E o B B ST AR A PR AR A T
RGEFEIE, F 2 SR 25 FTROG Y K HLR IR
5 2R GEAAIALEEAT R P A , DRI/ il B8 X £ 4
52 o 1A A N B 58 W] DO 23 AE AL Y 1
BT, SR H R | it KU 45 sl s O X
MPAERZE | RARERE T, EHEAD
W5 37 S AR IR 2 £L MLV BE AT, i o IR
AL H R S V% 4 O O AR TR DG 2 R G
Mo [HRRAE RGN W AP TELS M A% E R HE | i

AR AL T, WS ABUR AR PR IERS B
A, JE B IR TRMEE, B — RIS 2 | AT
P . 20 tH2g 90 4RAR, ARHIL IR B2 AZ Ak X 15145 A
PR 5 7 AT, Robson 48 A & ILALF
FHPLAETFAL 3 h J5 R 5 B0 ER AL 5 & A e K &Y
4 pixel (RS . R RAR S AL AREERS (1 K, Handel™
Fi H4 P AL A P BIL R A1 ) A A 2R fe e LS
W, AR H2 SRR ALY -8, DA ARBL Y [ =
PO LS RFFAAZ . 5 IR B9 28 1k 23 5 ZOm AL
JIT A A AR K, PRI AHG B %) A P 0 P S P 52 31
BRI o T ek — s BR P, Yu 8 AU gy T EHR
AR EERS S AP BUE A OC R, Tl R HHR T
T AL S TR AR O R AR . W5 K IEAH
BLIFAILIE B 1 e e pl ™ AF A, B A% 388 B AH L 7

7 AR AR Ak T S e 0 SR R K AR Bk A A L
F ALY . Smith A1 Cope! 45 A0 AL 78 VKA Hh B AR
JHL PR 3 R SR AF 9 3R B X AR ML S B0 i, A5 R
A4k 1 °C, Bk AR 1 um (94518 . Podbreznik
1 Potocnik!™™ LU LA FHHL R A ST 0T 5, 57 il AR
X FEIE | 32 SR AR SR 5 I ALY, A5 L B B
9y 5 S ARATL 2 ) B85 % 8, VL 32 5% e 5 7 i/ IS 1)
4518 . M. Daakir % A" & BUHHLAAS JE X AHHL P 5
SRR R0 B2, IR 5 R e 2
AR FE R A . LipingYu #l Gilles Lubineau!™
BT R AL B ST AR SRR, (5 BT B ARL B AN =
Y AR A | A R AR I e 5, A5 AR BIL TR AR 1k
X ST RECTF G AR B AR 1520 . Pan 50 72 £H4L
AT | I 5 TR A A X S AR ) 5, 2 B A
HIRZELH 30~50 pe/°Co TEMPLABARTRIIE L, £
SR S 5 1 75 AW TR 5 TR R AR i ik 72 1 1) 6
F o Ma % AU AR LAE O BT A0, R
AHAIL I 1) T o 3l B T 24 10 °C, AL Sk 5 1%
SRR T8 7 A AN TR 07 A% &, A5 AR ATLZE 13 B 5 ]
MBI OC R . Zhou S RGEHLBFFT T HRSAHHL T
VE B 1 A% P R R0 B R, ST T AR ATL BT Al s ]
TPV 57 05 B A B0 . Pan 25 AU 3 o0 BIF Y 1L 2 A8
A ST ARt B SE , B HRE AR AL TG B PP S
PRHEAT I SE I 5 1 0k . HRTBEGE TAE B fE
FEATLAL $A A B 55 AR ATL IS S 550 b i A Ak iy %
Fo RKTBREEBRIREDEERIING, JERE
Gy BT ERS 7 AR A SR B i L AR A IR RN O
I 55 TS AR AL DG R I 5 HAR R

SCHOGARAIL A G| AR AR PRI RS T R
W5, B — R X Tl A BLIABUR SRS R AN Ty
o H A, FIUA BRITE AR X AL AT #0153 #T
A5 HARBIL B 25 | R GO 78 T R A 2 I ik 2 1
PR SER B TR . R, S AR AL R 5|
ARG 6 78 1 55 BAR i A2 A 1) s T X450 o A A 1) 52
e, 2 N7 R AR AU RS AMEE AL, SR, i SR 4
SIS SRR AR f i, o S R A 2
BB AT LSRG, I T 305 A A M AR A
A R

20200494-2



s Gk A2

% 64

www.irla.cn

1 TURNBERSIEGREBRESN

Tl AL R SE AR PLFE 1A | 4R il B Al (R BLAS
FTHRR ) SCHCRIBE Sk A0 . B8 B F B Al T B SR AR IR
TR AR, HAHLIE AT, e AR A 0 PR R AR AL
A0 A B 22 B 4% 3 S BOM LR PR B T v BT
7 AVT GT5120 Tk AL Al Nikon 35 mm &€ £ 5 3k
4R AR 3R G AR RIS B A T HILZ S A T il
2, MR EE AR AL P IR AL SR AR A . R AR AL
5him, R L RS THE 19 . EHRTHE 16 C 5
FhaE . EERZMT, B HYLSUSE TR AR R
FEM TR, AHPLNTE R AR AR Y, XRS5
TR S AL P B PR 5 A1 5 R B A B AR = R
a5 R, F8AE N R AL SR
SolidWorks & 37 AHAL = AE LAY (4n 5] 2 FroR ), AR 4 AH
B A A TP T2 5 o i B 2 A, o2 FH AT PR OT 20 A 4
ARIATIZIREE S ™ LA Ty 2R 01,

46
44

42
40 .
—=— Main board temperature

38 + 4 Sensor temperature
36

34
32
30
28
26

Temperature/ °C

0 5 10 15 20
Time/h
B 1 VR BUSARES AR B A2 Al
Fig.l Temperature change of the imaging device and the main board

after turning on

Pl 2 AVT GT5120 ABHL =4kt
Fig.2 3D model of AVT GT5120 camera

1.1 T ENBESRABEITE

CH L AVT GT5120 AAFFEXT4, B3R Tl AHAIL
BB AR PRSI S AME T . Bk, AN
BRI B T EACE, B AL = e g i /N Y
JURTRRAE 2B, anfEl | B M AR 22 L. R, K
BT 9515 O0, PRUE AR AL AL & R e G A . SR
Jii , B LR S A AnsysWorkbench, 2 JH Al % 225 1
PR 7 15 X5 AR ML = A A5 7R 47 A% 0] 43, W IE] 3(a) BT
N, SRR I RLEE (MPRFES RN SR 1 FR) .

@

¥

o

0 50
25 75

(a) FABLIOAS S 2>

(a) Camera grid division

100 mm

() CMOS

Motherboard

(b) L BAer o7

(b) Temperature load position

3 ARHLA RO

Fig.3 Camera finite element model

e, AAHMBIL P I B R R A BT 15008 B 4R Sy A
AT, W A A T B B VS N A A N AR
AN 3(0) IR . BE S HT SVTTR] 22 h, B[R]
300 s, FHHLAN R TH 5 25 S £ £85e — 06 (W/mm?-°C),
XAHBLIEA TGRS T, 15 AR ML 1A IR 1 3 5 I
Yo BRSPS T3 ARSI F1 5007, 35 A
HILIGE T Ay ] 5 29 3, 5 353 7 1 [] g ] 2,
LIRS N I E )

20200494-3



i E ok A2

% 64 www.irla.cn % 50 %
x 1 ENZEGRBEYE
Tab.1 Material properties of camera components
. Young’s  Density  Specific heat =~ Thermal conductivity Thermal expansion _ . .

Name Material modulus /GPa /kg'm~ capacity/J-kg'-°C W-m'-°C coefficient/c ! L oisson ratio
Body Aluminum alloy 71 2770 875 237 2.3x10°° 0.33
Lens tube, top plate Copper alloy 110 8300 385 401 1.8x10°° 0.34
CMOS Monocrystalline Silicon 190 2330 702 124 5.0x1077 0.064
Lens housing ABS 2 880 1470 0.22 9.0x10°° 0.394
Lens Glass 88 2500 750 1.4 5.8x1077 0.215
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different temperature variation

Temperature Lens CMOS horizontal CMOS vertical
increasement/°C translation/um deformation/um  deformation/um

0 0.00 0.00 0.00
1 4.28 2.61 2.31
2 9.61 5.25 5.28
3 14.44 7.52 8.02
4 19.76 9.75 10.04
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Fig.9 In the self-heating state, the coordinate value of each quadrant point after compensation is compared with the experimental measurement value
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Tab.3 Pixel drift compensation model error

First quadrant error/pixel ~ Second quadrant error/pixel ~ Third quadrant error/pixel ~ Fourth quadrant error/pixel

Minimum Max Minimum Max Minimum Max Minimum Max
Horizontal coordinate value 0.00 0.09 0.00 0.12 0.00 0.12 0.00 0.13
Vertical coordinate value 0.00 0.10 0.00 0.20 0.00 0.15 0.00 0.16
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design drawing
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Fig.10 Camera thermal control system
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Tab.4 Comparison of thermal control device method and image point drift compensation method

First quadrant Second quadrant Third quadrant Fourth quadrant
error/pixel error/pixel error/pixel error/pixel
Minimum Max Minimum Max Minimum Max Minimum Max
Thermal control device method 0.00 0.20 0.01 0.17 0.02 0.13 0.01 0.15
Image point drift compensation method 0.00 0.10 0.00 0.20 0.01 0.15 0.00 0.16
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