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Fig.1 The temperature induced “virtual deformation” by camera self-heating: (a) the temperature variation
of the camera components, (b) the evolution of the “virtual deformation” with camera temperature variation

(a, is the deformation in x directon. ., is the deformation in y directon. 7, is the shear deformation)
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Fig. 2 The variation of the imaging parameters induced by the thermal deformation of camera components

(fix position on the camera): (a) the schematic diagram of physical model, (b) the optical pathway diagram
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Fig. 3 The variation of the imaging parameters induced by the thermal deformation of camera components

(fix position on the lens): (a) the schematic diagram of physical model, (b) the optical pathway diagram
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Fig. 4 The experiment to verify the model (fix position on the lens): (a) the schematic
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diagram of experimental setup, (b) the photo of experimental setup, (c) the variation of

image “virtual deformation” with camera temperature
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Fig.5 The experiment to verify the relationship between the image deformation rate and the object distance:

(a) the schematic diagram of experimental setup, (b) the photo of experimental setup
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Fig. 6 The variation of image “virtual deformation” and camera temperature with time under different

object distance: (a) 0.4m, (b) 1.9m, (c)2.8m, (d) 4.2m, (e) 8m, ({) 10m

(a) (b) © final displacement field
2Ur - - — - - 3.000 0 —T - —T T
— RN i { |
18} e Rkl § 2500 [
2 + =Ha = = 100
v ) 2 2000 2 =1 =
‘!-‘ 'g'_ & 200 ........;,_.......... ....... |
; = 1500 — — i % 1 )
- E 00 § 0 BT AT
o b 5
= 0500 S an0f - L1 s, G e
* i
0.000 - 500 ot i i |
9 17 25 3 41 49 57T 65 TI s 89 oF 0 100 200 30‘0' 4“)0 500 560' 700
WE(m) distance r (m)

X-coordinate [pixel]

&7 SR AR AR TE ZE 0% L« () N [R) W EF B (KRR T8 22 15 S BR MR AR TB % L 1T 48
CE RS AL B  RMTHE R A E5 50 o (b) SCHREERY- L (o) RS B USR58 43 A -1
Fig.7 The comparison between the theoretical and experimental image deformation rate: (a) the comparison curve,
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On the Influence of Imaging Light Path Layout on
Thermo-Induced Measurement Error of Digital Camera

MA Qin-wei, GU Hao, MA Shao-peng

(Department of Mechanics. School of Aerospace Engineering. Beijing Institute of Technology, Beijing 100081, China)

Abstract: In this paper, the influence of two important factors in digital camera imaging system, i. e.
object distance and fixed form of imaging system., on measurement error due to image distortion
induced by spontaneous heating is investigated. Through analysis, the reciprocal relationship between
thermo-induced image virtual deformation and object distance was obtained and verified
experimentally. When the fixed position is at the lens, the image virtual deformation expression was
derived, and its validation was also varified by experiment. Experimental results show that no matter
what the imaging system fixed position is on the camera or on the lens, the spontaneous heating will
make the image a virtual expansion distortion., and its size is related to the thermal expansion
parameter of lens mount interface and image distance. Above results may provide the theoretical
evidence for reducing digital camera thermo-induce measurement error through imaging light path
layout in photomechanics application.

Keywords: photomechanics; digital camera; spontaneous heating; virtual image distortion



