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A study for object’s shape estimation method using optical flow in image

sequence of a camera mounted on a car going straight ahead
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Abstract

from optical flow estimated by the dynamic scene which is taken by the camera mounted on a car that goes straight.

We examine the method that restore the movement of the camera and the shape of the environment

The reliability function that evaluates the quality of optical flow is needed because the accuracy of presumption of
the camera movement and shape of environment is according to the accuracy of optical flow. In this text, it proposes
the reliability function that considers time brightness inclination information to the reliability function of the optical
flow obtained according to the past, spatial brightness inclination. When experimenting to thin out the presumed
optical flow by using the reliability function, it was shown that the performance of the reliability function went up
by considering time brightness inclination information. Afterwards, it is experimented that the camera movement
is presumed from optical flow in a synthetic image to which the camera movement was known beforehand. Then, it
is confirmed that thinning out by the reliability function improves the presumption accuracy.

Key words shape restoration, camera motion estimation, optical flow, car-mounted camera

O00oU00oooo0o0o0oUUooooUoooUUooooo
goboooooooobooooooooooobooboooDboo

1. D Oo0oao

obooooboooboboooboooodobobboobobobooon
gboooooooboooboooooooboooboboDbOono
obooobooboooboooooboooooOooboboOooDooo
goboooooobooooboooooooobooooboobooooDoo
oboooboboooboooooooboOooboboOooDoo

oboooooboobooobooooboooooooobooouooDooo
goboooooooobooooboooooooobooboooDboo
goboooobooboooboooooboooooooboboouoDboo
goboooooooobooooboooooooobooboooDboo
gobooooobooboooboooooooooooboboouoDboo

— 1 —



goooooooooboobooobboooboboooobooooDooo
gboooooobooooooo

2. JgbOoooobooooadb

2.1 0000000000000
0000000 I(x,¢)0000000000000000
00 v(x,t) 000000000000000000000 (3]0

Av=b (1)

Arg Azy Azt
A= b=—
Ayz  Qyy Ayt

O000ap(p,q € {z,y,t}) 000000000 [,OOOOO
000000000

apy(x) = ) wi(w)I, (u+x) I (u+x) (2)
ucQ

0000wu)OOul 00000 [u/000000000O0
0000000000000 000000000D000w(u)
ooo0o0oo0oOoooo0o0ooooooooooQOoOoon
gooooooooooo

2.2 J0000O0O0O0O0O0O0O0OOOOO0O0COO0

oo0ooooo00o0ooooooO00ooooooooooo [5)
gbooooooooooooooooooooobooboooon
gobooooooooooooooooooooooooon
gdboboooooooooooooooooOoboboboboooo
gdoboooooooooooooooooooooobooon
ogoooooooooooooooo L(=o0,..L)000
goooooooo

I(x) =) L(x) (3)

goooi(ooooooooOooo0ob0ooooo0o00rooon
gboooooooooooo

gooooobo pOboboooooboooboobooboobo0ooo
ooooUooooool=L0000 ()Wooooooooot
00000000000 wi(x)000000000l=1-10
gbooooooooobooooboooobobooboooooDooo
goooooobooooooooboooDo

Ioa(x,t,vigr) = L(x 4 viga(x),t + 1) — Ii(x, t) (4)

gbooooboooobobooobobooooboooboooooDooo
gooooooooobooboooboboooobooboooobooooDoo
goooooooOoooooo0ooooooooOil=0000
goooooooooobooobboooobobooobooooDooo
gooooo

VZZV[ (5)

2.3 0000000000000

0()0000 ADDDOOOODODDDODOOO00000
000000000000000000000000000
0[200000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000 000000000000000
000 s(x)000000

s(x) = Y w)I(x+v(x),t +1) = I(x,t)]’ (6)

ueQ
0D0O00s(x)0000000000000000000000
00 x0000000000000000000 00000
000000 ADODODO A 00 (6)000 s00000
00000

r(x) = A2(x)/s(x) (7

3. ubobouooboooboboooooan

0000000o0o0ooooooU x»0000ooo A/s
goooooooooooboooooooooooooboog 2.2
goooooobooobooooooon

3.1 0000

gboobOi1b0200000000000000000000
00000000 x00D00D00000D0000 ¢(x)000
oo

P(x) = [[ve(x) = ve(x)]] (8)

000000000000 0000 r(x)DDODDOOO0OODOO
000 r(x) 0000000 rp, DODOOODOOOOOO S
gooogo

r(x) > 1 (9)

0od0r00000000000 SO00000000000
gbood

Average of ¢ = NLS Z o(x) (10)

x€S
Density = % (11)

00000 SOoo0o00o NsODODODOOOOODOO NOOOO
o0oooox0s0000000000000 100000

=31 (12)

3.2 0000

0340000000 1020000000000000
0000 00000ODDOO0OO0ODensityOO0D0O0OOOOOO
0¢0000000D0OO0ODOODOOOOOOODODODODOO re O
o0O0O0OoOoooooOo(Uooooo sooooooo

— 2 —



0 1 Yosemite
Fig.1 Yosemite

17777
VAV v
Y
s

PR

B

NN
NN NN
NN N
N NN
NOANNN

S s NN N NN

P N

0 2 Diverging Tree
Fig.2 Diverging Tree

S o
[
G G s

Average of @ [pixel]
=3
= o
w 5]

e

o
=3
b3

o

0 20 40 60 80 100
Density [%]

0 3 “Yosemite” OO 0OOO

Fig.3 The result in “Yosemite”.

Average of @ [pixel]

0 20 40 60 80 100
Density [%]

0 4 “Diverging Tree” 000000
Fig.4 The result in “Diverging Tree”.

00000ODensity 0 100(%] 0000000000000
gbooooooooboooobooooooooboooooDooo
goooooooooboobooobboooobbooobooooDooo
gooooooouoooboooooooboobocooooboooobobo

Density 0000000 ¢o000000000O00O00O0O
gboboboooooooooobboouooobooobooouooDooo
0000O0o0oO0oDO0ooDOr=X0r=X/s000000
O0r=X/s00000 ¢oUO0O0O0ODOOOOOOOOODOO
000o00o0o0ooooogr=X/s00000000
gooooooo

4. ODoobOooooobooobooobooan
goo

000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00000 MOODOOOOOOOOOOOOOOOOO0O0
0000000000000000000000000

4.1 000000000O0000000000O0O0O0OO0O0

00000000000000000000000000
0000000000000 0000000000000
00000000000 T = [ts, t,t.]’000000000
00000 p; =1/Z,00000000000000000
x; = [z;,y]T 000000000000000 v; = [, v:]”
ooooooooo

u; = z;pit. — fpits

vi = yipit: — fpity (13)
ooof0000o0oO0oU0oUOOoUO(B)Uooooooo
O0ooO0ooOoooooo ui(pi,f)DDDDDDDDDDDD
0000000 ;0000000 JOOOOOOOooOoOoOD
poobobooooo p, 0obobood TOo00000

J=) € (14)

N
i—1

e = (& —uw) V7 (@ - w) (15)

0000000000000 F00000000000000
IT|l=100000000 JO00D00000000 V'O
00x,000000000000000# 00000000
0000000000 V,'00000 (1)000000000
00000000 ADODOODOOOO

4.2 000000000000
0(7)000000000000000000000000
0000000000000D00000 (14000000 ¢
00 (15 000000000000

61‘2 =I'(x;) [(ﬁz — Ui)TViil(ﬁi - uz)] (16)

P(x:) = {;

4.3 MOOOOO
MOOOOOOoOooooooooooooboooboooOooooo

(r(xi) > ren)

otherwise

— 3 —



N
Ju =) w(e" ) (17)
i=1

ooo®ooo0o000000000000000 w=1
00D0D00000000000D00 wOOODOOOOOOO
Biweight 10000000000

wie) = { 1= (/e (el <) "

0 otherwise
00000 (18)0000000000¢=500900000
0000000 ¢c=7000000000s000000 *7Y
000000000000

s = median{|e£k_1)|} (19)

5. DO00oOoooooobobooboboobon
oooboooo

000000000000000000000000000
0000000000000000000000000000
00000000000000000

51 0000

0000000000000 0000000000000
(T'=100,0,17)0000000000000000000 50
0800000000 10000000000000000

05 0000ooao
Fig.5 Test sequence.

0000000000000000000000000
e 0O0DOODOOO!=0,1,2,300000000000
0000000000000 !=0003000000000
0000000000000000000000000000O0
e 0 (90000000 r,=0,4000000
000000000O0000O0 T=10,0,1]70000 (14) 0
0000000000000

5.2 0000
010000000000000000000000 400
0000000000000000000 00000000
00000 7.000000000 7,00000000000
oooo

¢ = arccos T T (20)

01 00boobooo
Table 1 Camera motion estimation error.
Av. of ¢ [degree]
Tth 0 4
[=0)239|124
[=1/|10.1|114
=2 |18.2|17.3
[l=3126.9|41.0
Multi | 16.9 | 9.78

gooooooooo (1=0,..,3)0000r, =0,4000
l=10000000000000000000000DCOO
goobocoooboooooboooooo r-r0O00bOO0O0OO0DOOO
gooodr, =000000000000000000D0O
[=0000000000000000O00O0O00O0 (ree =0)0
l=10000000000000000000000DO00O
(re =4)0000000000000000000ODOOO
gboooooooooooobobooooobooobooouooDooo
gooooooooooooon

6. DO0OOooOO0OOOO0bOOoOO0bOobODbOD
oon

goooooooooboooooooooobobooooboo
ooooUooooouUoUo noooooo MUODOoo
gooe0O MOOOODDOOOOOOODOOOOOODD
gbooooboboooboooobooooooboouooDooo
gobooooooooooobbooooobooobooooDooo
goboooboooooobooooooooboobocooooobooooDo
goooooooooooobbooobooobooooDoo
gooooooooboooobobooooobooobooouooDooo
gobooooooooooobooboooooooobooboooooono
goboboobooooooooboboooooboboobooouooDooo
gooooooooooboo

7. 0O O O

gobooooobooobooooooooooboobooooboo
gooooobobooooooboooboobobooobobooooo
gboboooboooooooboooooobobooooDooo
goooooboooooooobobooooooboobooooDboo
gooobooooboooooboooobooooobooboon
gboobooboooooooobobooooobooobooouooDooo
goooooooooooobboooobooobooooDooo
gboobooboooooooobobooooobooobooouooDooo
gooooobooMOooOoOoooobooooooboDo
gooooooooooobooOooMOOOOOOOOOOODOO
gogoooboooooobooboooooobooboboon
goobooooooboooobboouooobooobooouooDooo
goooooooooo

g g

[1] O0OO0DO0DO0DO0O0000D0000000000000000
ooo0ooo0oooooooooooO0 D-110 Vol J76-D-110

— 4 —



- AN

06 ODOODO0OO0OO0OOOOOOOOOOOOOOOOOOOOOOO

ooooooooooooocOooooooooooOoOoooon
oooooooooooooooooo

Fig.6 An example of object shape and camera motion estima-

tion for image sequence mounted on a car. These images
are real image, optical flow, reliability of optical flow and

distance on sequentially.
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