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Stability Analysis of a Stereo-Camera for Close-range Photogrammetry
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Abstract

To determine 3D(three-dimensional) positions using a stereo-camera in close-range photogrammetry, camera
calibration to determine not only the interior orientation parameters of each camera but also the relative
orientation parameters between the cameras must be preceded. As time passes after performing camera
calibration, in the case of non-metric cameras, the interior and relative orientation parameters may change due
to internal instability or external factors. In this study, to evaluate the stability of the stereo-camera, not only
the stability of two single cameras and a stereo-camera were analyzed, but also the three-dimensional position
accuracy was evaluated using checkpoints. As a result of evaluating the stability of two single cameras through
three camera calibration experiments over four months, the root mean square error was +0.00lmm, and the root
mean square error of the stereo-camera was £0.012mm ~ +0.025mm, respectively. In addition, as the results
of distance accuracy using the checkpoint were +1mm, the interior and relative orientation parameters of the
stereo-camera were considered stable over that period.

Keywords : Camera Calibration, Interior Orientation Parameters, Relative Orientation Parameters, Stability
Analysis, Close-range Photogrammetry
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Fig. 2. Single camera stability analysis (ROT)
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where, A denotes reference coordinate systems, B denotes
model coordinate systems, f. denotes a focal length, B
denotes projected grid points from model to reference
coordinate systems, Rél denotes 3D rotation matrix from

model to reference coordinate systems.
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where, A~ denotes normalized reference coordinate
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(z,7%y) denote the average of the coordinates of the image
plane, JTC denotes the average of focal length, ¢ denotes the
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Ba. o1 4] A ol Hav s 3341 2
HYBS o) g 2L 4o Uehpd Eq )
2 @3\11 o8 Bl W AT Fol A4zt 5] 9
(B,)7 (R;")" A, 7t Z|e}7} Elofo} shi= 212 o 4= glck

min _k i 4 , a
RI; rE"t €= R; rZI(Arz,7Rl£ B,)"(A,-R;"B,)
©)
min * n
= rp 174, 378, —2{) TR 4, )

o] L}E}@ ook R AE B, AW a3k Haste] 3
o TS F TS olgele] ST AYe
4+ it} (Mazaheri and Habib, 2015).

k
mé}axz (q Bnq ), + A, 0
i=1 (4)

A co
RB””BH — anlq

125



Journal of the Korean Society of Surveying, Geodesy, Photogrammetry and Cartography, Vol. 39, No. 3, 123-132, 2021

where, 4 denotes a unit quaternion, ¢ denotes the conjugate
of a unit quaternion, A,l denotes the unit quaternion of
normalized reference coordinates, Bn denotes the unit

quaternion of normalized model coordinates.
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where, BT; denotes projected grid points from model to
reference coordinate systems, A denotes spatial offsets

between reference grid points and projected model grid points.
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Fig. 3. Multi camera stability analysis

where, i‘n, z)n, én denote the coordinate axes of the epipolar
geometry, (), denotes the perspective center of a reference
camera, O, denotes the perspective center of a model camera,

P, denotes a x-parallax, Py denotes a y-parallax.
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where, R denotes 3D rotation matrix from reference
. . C
camera to epipolar coordinate systems, R ' denotes 3D
rotation matrix from model camera to epipolar coordinate

systems.
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where, [X ¥ Z]? denote a ground control point,
(X, Yy Z,]T denote the camera position, X denotes a scale
factor, ¢ denotes an epoch time, [z, y,]” denote a principal

point, A denotes lens distortions.
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where, pr denotes an x-parallax and py denotes a
y-parallax in epipolar image, [ref x, ref_y,]” denote the

coordinates converted from reference camera coordinate to
the epipolar image plane, [model_z, model_y,]” denote
the coordinates converted from model camera coordinate
to the epipolar image plane. [dpx dpy] denote the parallax

difference between two epochs.
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Fig. 5. Stereo-camera

Table 1. Specifications of a stereo-camera

Shutter| Focal | Sensor
ISO|Iris| speed |length| Size
(sec) | (mm) | (mm)

Width | Height

Camera (pixel) | (pixel)

Caml 223
7Cam2 6,000 | 4,000 |400|F5.6| 1/50 35 <149

ZH|E| 2 7o) 2| Heo) i el 7k x A= 27]7}
170x900me] 33491 7] 5 =5 AL §-31ck: Fig. 6] L}l 2
I} o] AP E E= i iRl o 2 o] oA 3lor lem YA
EFN 57Y, 2em QA EF 4705 ZESHL ItH(Kim and Kwon,
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2013; Kim and Hong, 2018; Lee, 2019).
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£ W2 s lmm o] Uehgton], A4S el wojajol
& (boresight)] T2 TR 11207} 1280t} 4] Uehiel.

Fig. 6. Checkerboard for a stereo-camera calibration

3.3. 2HEHL 7iH2te]| 2Ed &

71 ZiEtet F4 et ko] WAE T +8E & Table 4= T+ 7H|2tel S| 2 7hi|ete] Qg w4 2
HAZIALE ol gl 2@ e rhulet HelBalo|4e a5t 32 Lehdl Zlojek ROT BA7 |4 o gt 7julet o
o, & AToM s 25 7K Cam) & 71882 $454 449 w4 Aut HHAlF T AHE +0.00lmme]H, o] A
Ao WA S ) F AR 7o) AS ARSI Larieral,  THIE WBkSIE +038 WAl LRt Fhet Ze)e

Table 2. Interior orientation parameters from three sessions
(unit: mm)
stdev 10P Distortion parameters

Date Cam ~ +stdev +stdev

(o) Ly Yp f{ kl k?
Caml -0.102 -0.308 33.890 2.77E-12 1.76E-19
Sep 000 +1.33E-03 +2.13E-03 +3.02E-03 +3.29E-13 +2.16E-20
2020 S| T -0.173 -0.152 34.644 321E-12 1.52E-19
+1.45E-03 +1.96E-03 +3.71E-03 +1.36E-13 +747E-21
Caml -0.092 -0.314 33.865 2.88E-12 1.70E-19
Nov 0002 +2.23E-03 +3.25E-03 +3.49E-03 +4.33E-14 +3.55E-21
2020 o -0.185 -0.154 34.635 3.28E-12 1.52E-19
+2.32E-03 +3.35E-03 +3.64E-03 +4.43E-14 +3.63E-21
Caml -0.092 -0.304 33.874 2.83E-12 1.66E-19
Dec L0002 +2.22E-03 +3.22E-03 +3.04E-03 +4.63E-14 +3.92E-21
2020 | -0.184 -0.154 34.617 3.26E-12 1.45E-19
+2.36E-03 +3.53E-03 +3.06E-03 +4.71E-14 +4.04E-21
Table 3. Relative orientation parameters from three sessions
Date by by by Ob“’ Ob,¢ obk
(m=mm) (m+mm) (mz=mm) ( ) ( 9 ( 9
Sep 2020 0.665 -0.002 -0.099 0.351 14.045 -0.190
p +1.18E-04 +5.22E-05 +2.30E-04 +8.43E-04 +9.36E-04 +5.29E-04
Nov 2020 0.665 -0.003 -0.098 0.354 14.088 -0.192
+3.19E-01 +4.51E-02 +2.31E-01 +2.04E+01 +1.52E+01 +5.61E+00
Dec 2020 0.666 -0.002 -0.099 0.350 14.076 -0.196
+3.08E-01 +3.45E-02 +1.84E-01 +2.28E+01 +1.63E+01 +6.04E+00
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Table 4. Accuracy comparisons of stability analysis

(unit: mm)
Comparison | Comparison || Comparison ||
Date Sep Nov Sep Dec Nov Dec
2020 2020 2020 2020 2020 2020
Camera Caml Cam2 Caml Cam?2 Caml Cam2
Single camera dx RMSE 0.002 0.002 0.002 0.002 0.000 0.000
stability dy RMSE 0.001 0.000 0.001 0.001 0.002 0.000
analysis RMSE 0.002 0.002 0.001 0.002 0.001 0.000
Multi camera dx RMSE +0.018 +0.008 +0.012
stability dy RMSE +0.012 +0.005 +0.008
analysis RMSE +0.025 +0.012 +0.017
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Fig. 7. Checkpoints for evaluating the accuracy of 3D

coordinates
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Table 5. 3D coordinates of checkpoints using a stereo-camera

(unit: m)
Point ID A01 A04 BO1 B04 Co01 Co04 Do1 D04
X -1.839 -1.844 -0.963 -0.96 1.023 1.031 1.376 1.375
sf:ttiﬁ:l Y 0.816 0.248 0.824 0.265 0.783 0.339 0.801 0.361
A 3702 3.697 3.922 3.921 4.419 4.421 4.272 4.27
X -0.383 -0.385 0.521 0.527 -0.025 -0.015 0.352 0.353
zsbezpo Y 0.469 -0.098 0.484 -0.076 0.431 -0.015 0.452 0.01
Z -2.574 -2.564 -2.596 -2.585 -2.617 -2.615 -2.55 -2.538
X -0.512 -0.515 0.386 0.391 -0.116 -0.108 0.232 0.23
%‘;‘6 Y 0.476 -0.092 0.487 -0.073 0.433 -0.011 0.454 0.014
A -2.514 -2.504 -2.631 -2.621 -2.45 -2.443 -2.29 -2.278
X -0.474 -0.476 0.431 0.436 -0.138 -0.13 0.243 0.243
2‘?];% Y 0.481 -0.088 0.494 -0.067 0.445 -0.001 0.464 0.023
Z -2.385 -2.374 -2.432 2422 -2.305 -2.301 -2.258 -2.248
Table 6. Accuracy comparisons using distances between checkpoints (unit: m)
Session
ID TS TS-A TS-B TS-C
Sep 2020 Nov 2020 Dec 2020
A01-A04 0.568 0.567 0.569 0.569 0.001 -0.001 -0.001
A01-B01 0.903 0.905 0.906 0.906 -0.002 -0.003 -0.003
A01-B04 1.060 1.061 1.063 1.063 -0.001 -0.003 -0.002
C01-C04 0.444 0.445 0.445 0.446 -0.001 -0.001 -0.001
C01-DO1 0.383 0.384 0.384 0.384 -0.001 -0.001 -0.002
Mean 0.001 0.002 0.002
RMSE 0.001 0.002 0.002
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