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Distance measurements by accommodation and vergence of video cameras

Hiromi GOMI

ABSTRACT

A stereo imitating human vision consists of two 1/3 inch CCD video cameras with 50 mm focal
length lenses, focussing/vergence controllers, AD converter and MC68040. The algorithms are a
contrast method and a template matching. The stabilities of measurements are 6 + §.5m by

accommodation and 6 + 0.05m by vergence with camera separation of 0.125m.

Key words : computer vision, distance measurement, accommodation, vergence, video camera,

image processing.
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Table 1. Distance thresholds by accommodation in
human vision.

Resolution 9 um 4 ym
. f“_) (Diffraction by
Distance one-sell size iris of 3 mm dia.)
0.3 m 0.004 m 0.007 m
1m 0.04 m 0.08 m
3 m 0.3 m 0.8 m
6 m 1m 4 m
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Table 2. Distance thresholds by binocular parallax in
human vision.

Resolution 2 yum - 4 ,un.]

. (Cone-sell size) . .(lefractlon by
Distance iris of 3 mm dia.)
0.3 m 0.0003 m 0.0007 m
1m 0.004 m 0.007 m
3 m 0.03 m 0.07 m
6 m 0.1m } 0.2 m

3. ATREOEEZANER

Mo, AESARBREEZIIAT 2581, AESRI
Ty Ao TRETL, AESTHEREOUR
Froswe, ERICL VHEERT 5, K, HREHECI A
WM T T X Alioe T EoEET S, LE2
SORBT Y RaFERT T Xk, Ha
FHED L ARAREIBNC S AEEBERIE R AT O Z LA IR A
AN PHIT 2,

3.1 AN

BifE, BUERHED TV 2 ATHEOEBANIL,
b DS (ZEEIRRIRIE) b FIRRE O RRIE DR 6 B HRLC
HIFshTLE, BEBEANBOCTA S X F11/34 ~
FCCD¥MHEHL TV 5, £DEFEF A XI2H6.35umX
7. 4umT, e POEBEPLFORMIROKE 1~ 3

FEBE Pk SAOE LSO 34550mmE Lic, BERLL
Ly ZOEAI28MmME DT Y 2O, BHTHRRIC
L AMGERFEIR 2, umE Lk b EBHK, ZOVTA A
25 DZER S EEICCDD B RRE (K 7 pm) 12 & - TH
13, UFAHIRATD= 2 0 L BEEIIEERERELR0
TVA, 7KFERGEER0TVATH 12, CCDOERTFU
H LASRE D B UK PRUREY BV, filt »EE v~
DAL D B9,
KHHKITBETOERTRETAIATIOEF > ¥
v X—%1/100M12 L THETDOHEZIDBL 6D 3DR
ey ool nud o e, EREDOH S S
LUFA A AT DREDRID G Y K (L XD
Ot FNo.=1.8) C LUl o o100 T, #
EHREER PORELRIFEECT A LKLY
12, FOE, F8EA. URLIERIESEHEER VY
ZOFRL L BEEoRECIL, EOBEO 2 RS
HET 20T, ANIREOHEHRER L L + OB (0
BE 2 um) DERTHIL/82 7 b, FERESTRERED I L L 72
(Table 3.).

Table 3. Distance thersholds in artificial vision.

Distance Focussing Vergence
0.3 m 0.0004 m 0.0002 m
1m 0.005 m 0.002 m
3m 0.05 m 0.02 m
6 m 0.2 m 0.08 m

10 m 0.5 m ‘ 0.2 m

100 m 70 m i 24 m

Note 1 : Focal lenght of lens = 50 mm.
Note 2 : CCD unit cell size = 7 ym.

Note 3 : Distance between cameras = 0.125 mm.
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Figure 1. In-focus and out-of-focus.
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Figure 2. Effect of filter size at 6 m (point data).
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Figure 3. Effect of filter size at 6 m (mean data).
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Figure 4. Effect of filter size at 1 m (mean data).
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Pulse-motor for
focussing

Video camera

Rotation(manual)

Elevation

Vergence

Figure 5. Active stereo camera system.

Table 4. Characteristics of direction control stages.

Position Lower Middle Upper
Direction Vergence Elevation Rotation
Maker Chuo Precision Industrial Co.(Tokyo)
| Type PS-6-120 PS-G-120 |TS-611
Displacement 0.005° 0.004° (Manual)

: Backlash 0.005° N.A. N.A.
iRange of motion 360° +20° +20°
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Table 6, Stabilities of distance measurements by
focussing. (Standard deviation, Unit : pulse
(distance m))

Distance 6m 3m 1m
2.4 3.0 2.2
Righ
1ght camera 0.2 m) (0.07 m) | (0.005 m)
4.0 2.4 3.1
Lef
eft camera (0.4 m) (0.05 m) | (0.007 m)

3.5
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g step =% PRS- 11z
s 3
52 ]
A 2.
=1
3.0 L1302
<
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=
&
2 pulse 4 pulse It
+ 140
2.5 + + } +
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Total pulse

Figure 6. Stabilities of lens location versus Astep of
pulse motor.
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Figure 7. Stabilities of distance measurements at
6 m.
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Figure 8. Stabilities of distance measurements at
3 m.
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Figure 9 Filters and template (point data),
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Figure 10 Distance measurements by focussing and
vergence (point data).
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Figure 11. Filters and templates (mean data).
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Figure 12. Distance measurements by focussing and
vergence (mean data),
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Table 7. Stabilities of evaluation function. {(standard
deviation/mean, unit : ADU)

Focussing Filter LorR Point data | Mean data
Left 0.19/20.1 0.13/26.3
Fine
Right 0.24/25.1 0.18/23.4
No
Left 0.21/58.5 0.10/16.3
Coarse
Right 0.18/60.9 0.10/17.5
Left 1.33/27.7 0.79/21.1
Yes Fine ‘
Right 2.85/30.6 1.49/22.6
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Table 8. Distance thresholds

by artificial

vision.
i Distance Focussing Vergence
100 m 0.34 m 0.14 m
200 m 1.4 m 0.56 m
500 m 9 m 3.5m
1000 m 35 m 14 m

15

Note 1 : Focal lenght of lens = 1 m.
Note 2 : CCD resolution = 7 gm.

Note 3 : Distance between cameras = 1 m.
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Figure Al. Focussing depth.
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Figure A2, Extension of auto-focussing range.
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Table Bl. Distance thresholds by binocular parallax
in human vision.

+0.0135
+0.0067°
Distance a . {Diffraction by
(Cone-sel! size) . .
iris of 3 mm dia.)
. —0.0003 m -0.0007 m
0-3m 83.8171 +0.0003 m +0.0007 m
. —0.004 m —0.007 m
1m 88.1385 +0.004 m +0.007 m
. —-0.03 m —0.07 m
3m 89.3793 +0.03 m +0.06 m
6 m 89 6897 —0.13 m —0.3m
+0.13 m +0.2 m
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Table B2, a of right camera.

Distance a, =90° a, =89
1m 82.8750" 83.8617°
2m 86.4237 87.4209°
3m 87.6141° 88.6130°
4m 88.2101° 89.2097°
5m 88.5679° 89.5678"
6m 88.8065 89.8064°
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