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Evaluation of the Three-Dimensional Measurement Accuracy of
FISCHOM Stereo Camera System
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Abstract: FISCHOM (Fish school monitoring system) is an effective and inexpensive tool for
guantitative survey of artificial fish reefs, consisted of an echo sounder, a catadioptric stereo cam-
era system, and a programmable timer to control the sensors. In this paper, we have evaluated
the three-dimensional measurement accuracy of the catadioptric stereo camera system in
FISCHOM. The camera system was calibrated by the direct linear transformation (DLT) method.
The DLT method does not need any camera constants, but the stereo camera needs to photo-
graph several control points (which the three-dimensional positions are already known) in
advance for calibration. To obtain the images of control points, FISCHOM was fixed at the edge
of an experimental tank, and optical targets were hung down on below an electric carriage on the
tank and their images were recorded by FISCHOM. The carriage was moved to keep the targets
in the visual field at ranges of 200cm to 500cm from FISCHOM. Errors in three directions seen
from the camera were measured and the three-dimensional measurement accuracy was evaluated
by a root mean square (RMS) error of the measured positions of optical targets. Average RMS
error was about 3cm within 500cm from FISCHOM. Known lengths between two neighboring tar-
gets arranged perpendicular to the optical axis of the stereo camera were also measured and the
errors were evaluated. The average error was about 2.5% within 500cm from FISCHOM. Results

are acceptable to gain the quantitative information of structure of reef fish assemblages.

Key words: artificial fish reef, stereo camera, three-dimensional measurement
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Fig 1 Arrangements of a camera and mirrors of cata-
dioptric stereo camera system in FISCHOM.
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Table 1 Specification of FISCHOM
0 0O 0O O stereo camera system

Camera Nikon D1x
Resolution (H x V dots) 3008x 1960
Baseline length (cm) 30
Convergence angle (deg.) 0
Horizontal FOV* (deg.) 17
Vertical FOV* (deg.) 21

* field of view

FISCHOM

Fig 2 Experimental set-up of calibration and evaluation
of measurement accuracy of FISCHOM stereo
camera system.
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Fig. 3 Horizontal arrangements plan of optical targets
(open circles). Light gray areas mean visual fields
of right and left channels of stereo camera, and
dark gray area means stereo visual field. Optical
targets were arranged to cover stereo visual field
with regular interval of 10cm at Z=200, 300, 400,
and 500cm (in part 30cm at Z=500cm).
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(B} Distortion carrected images

i{A) Raw images
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Fig. 4 Photographed images of optical targets. Targets recorded at the same Z position were collaged into an image. (A)

raw images, (B) distortion corrected images. Targets marked by red open circles were used as control points of

calibration.
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Table 20 Measurement errors in each calibration condition

Measurement errors (cm)

Distance - - - - - -
. N X0O direction YO direction Z[ direction RMS error

(Z position)
average + SD average = SD average + SD average = SD

(A) Raw image
200 40 00687 + 0.165 1058 = 0.313 00476 + 2447 2531 + 1187
300 73 0237 + 0252 00569 + 0325 1886 + 3565 3633 + 1.868
400 120 1254 + 0377 02153 + 0.601 2633 + 6.210 6.602 + 2.895
500 152 00736 + 0.697 1386 = 1.059 00059 + 9614 8277 + 5248
Overall 0017 + 0373 (00.070 + 0575 0996 + 5459 5261 + 2800

(B) Distortion corrected image

200 40 00699 + 0.146 1111 = 0.278 0169 + 1242 1709 *= 0.664
300 73 0177 + 0.193 00471 = 0277 0123 + 1654 1424 + 1.033
400 120 1182 + 0322 01979 = 0365 00186 + 2370 3219 + 0.899
500 152 00963 = 0577 1459 + 1.806 00987 + 4923 4854 + 2858
Overall [J0.076 + 0.310 0.030 + 0.682 10220 = 2547 2802 + 1364

Table 3 Measurement errors of interval between two neighboring optical targets

Measurement errors (%)

Distance - -
(Z position) Horizontal Vertical
N average + SD N average * SD
(A) Raw image
200 30 0.891 *= 1.098 36 0284 * 1229
300 60 1739 + 2043 66 1609 + 1708
400 105 0.981 + 2340 112 2707 £ 2379
500* 133 3990 + 5.860 144 4477 + 5943
Overall 1900 + 2835 2269 + 2815
(B) Distortion corrected image
200 30 1032 + 1.249 36 1392 + 2242
300 60 1204 + 1933 66 1468 + 2902
400 105 0.606 *= 2.796 112 2398 + 3467
500* 133 3913 + 6.381 144 5242 + 8019
Overall 1689 + 3.090 2625 + 4158

* Part of horizontal intervals are 30cm
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