NAL TR-1301

ISSN  0389-4010
ubC 681

W ZE ¥ Hi B B WE R P W N

TECHNICAL REPORT OF NATIONAL AEROSPACE LABORATORY

TR-1301

Local AEEIZE 2E X HERE

A B & X

1996%F 7H

Wi P Wi P W BE R

NATIONAL AEROSPACE LABORATORY

This document is provided by JAXA.



L F Z AT e 1
1.1 T%ﬁi ................................................................................... 2
0 BIERRIL T L T Ll v oo 2
D1 BB e 2
22 IEPREH ... e e e e e e e e e e e e e 3
23 FEENIEBED SREE L By Al v oo 4
24 WEOEREL [EIBEESEE oo 5
25 BREEFEOEROE - o 5
3, %5% ...................................................................................... 6
S1 EERBEIE ot 6
(1) B oo v e e e e 6

(2) H{:’@q, V&t Hh AT, ADZHEIE - - 6

(3) ‘fﬁ%ﬁﬁf’ﬁ&%‘fﬁ*& .................................................................... 7

32 MLBE YD 275 oot 7
(1) 7 A RRFEE L 2O T £ I 8 e e e e 7

(2) %E@%Fﬁﬂﬁ@{t&%ﬁﬂ%%{t@%ﬁ-ﬁ .................................................. 8

(3) BARE/JREODIA] B ODFFEE v oo v ev o m ot e e 8

(4) F T T A AT O = DFFREOTED T -+ mvomvmrm e '8

33 %gﬁ%% ............................................................................... 8
(1) EEOBERR -+ vr e 8

(2 T 4 T — RN oo 9

(3) BABEAE & 7 4 b 8 — O E 3 oo eee e 9

(8) T FF v AT E BEIRARI - v 12

(5) Local JE D ACE & - oo 13

[6) GIODAI T2 <+« - - v r v e e 14

(7) T F U= b T i e 14

4. %—g .......................................................................... R 15
41 BRERRE T TTY KD oo ov e 15
(1) LOC::I]@EE'}% ......................................................................... 15

(2) F UL e R - T s 15

(3) FEERRE B DD I - o v o v v o 16

42 BIERRET IV DY) ZADBLE « - v o 17
43 BB E D G BEA v <. 18
44 BIERRE TV ZADIEH - 19
o » BRI A I 20
%Q%Iﬁﬁ ..................................................................................... 21

This document is provided by JAXA.



Local ABCEEIC X 2B X I EFGE™

A % & X

Accuracy and density of optical flows
by gradient-based methods with local optimisation

Hiromi GOMI

ABSTRACT

The gradient-based method was evaluated as to its accuracy and space resolution in motion detection. The
velocity was determined as the maximum of the optical flow components in the direction of the brightness gra-
dient from the video image sequences in a miniature world. The standard deviations of measured velocity were
0.4 picture elements(p. e.) ataspeed of 1.8 p.e., and 0.8 p. e. at a speed of 7.2 p. e. with four channels of space

frequency. The method required about a thousand picture-element data to detect one velocity.

Keywords: motion detection, velocity measurement, gradient-based method, optical flow.
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Fig. 1. Top hat filters.
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Table 1. Parameters of a gradient method.
(Unit: p. e. < abbreviation of picture element )

Filter symbolic name £3 £7 | £14 127

hor.x ver. 3x3 7x7 15x13 | 29x25
Filter
size p.e.nmumbers 9 37 151 573
Support 0x, Oy 1 2 4 8
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Fig. 2. Input image data of the miniature.
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Table 2. Image displacement against i 0 in x-direction.
(Unit: p. e.)

Image number il i2| 13| i4| i5|i6] i7

True value 0.2 1045/ 09|18 361|7.20.0

Meas. at nose { 0.1 | 0.3 | 0.7 | 1.7 { 3.4 | 7.1 |-0.1

Meas. at tail | 0.3 | 0.6 | 0.9 | 1.84| 3.64| 7.14{-0.0a

2 71 a—DO%E

BROKE - BEEBROBEFROPEENAE 7+ V¥
—EENT AT LTI RSl AT Fig. 3. 1I0R
To 74N —OERXRBEOHM CHELIITIZT—%
27 o TWwh,

(3) BMEAE L7 LA —DKZ&

MMEAE # KELTHIE/ A XOEBLL LY, &
BEHOBVEIE 2RI LBI L2, Bh&kE A4
DEIZHEAT B, CCD MEREDIES D & BB (37K
HEHEWLZLICL ) F=50Hn (AFOT7 4 LY —
WEINAEER OFAHFRIHELFLT/IEC %S (n
DIEMp=—05 OT, F#ELKEEDAEIZZ DTS
borEEZ, EREIT R -7, FHEES 2 WHE{ET —
7 (n=1) I LTIEAE=10ADU & L, Th#xiiL
LT, p=—07, —05, —03Zxf%5 AE (Table 3.) 1Z%f
LTMEBEETEOREDE XK E 5 0% #H~7,

® Ragw —*—T3 ~—2—Ff7 —8—Ff14——F27

Brightness

ADU

Brightness

500 518 520 530 548
X location p, e,

Fig. 3. Brightness variations versus filter sizes at the
miniature nose and tail.

Table 3. Threshold AE. (unit: ADU)

Power | £ 3 £7 | £14 1§27

-0.7 2.15 | 0.80 | 0.30 | 0.12

-0.5 | 3.33 1.64 | 0.81 0.42

-0.3 5.17 | 3.38 | 1.34 1.49
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Displacement picture element

0 1 2 3 4 5 6
-120
~114 Number of
-108 components| Mean S.D,
-102
-96 11 1 311,96 | 0. 66
-90 51 11 81. 32} 0. 95
-84 8922279662312 1 1 108 | 0. 88| 0. 61
-18 2aaazaaaab3321 1 1 138 { 1. 09 | 0. 43
. 12 Jaabaa98a3123212 12 11 102 | 1. 45 | 0. 48
& -66 13625434346633234 1 A 717 1. 94 |1 0. 53
v 60 1492233313 1 1285321 1 55} 2, 38| 0. 68
©  -H4 1131 229993511 32141 58 | 2. 69 ] 0. 44
-48 1,311114855513111 52 ' 12 52 1 3.02;0.56
-42 12112 468312 6 12222 43 (13.31]0,.51
s -3 13 51326632412 L_l41 45 |1 3. 38 | 0. 50
o =30 355 2 23332 1-1 12 33 3.36 0. 52
- =24 2422211223 23 123 1 33 13.77 [0.60
- -18 11222243 32242212 2'31 41 1 4. 11| 0, 62
o -12 13 124311 2 212232 2 1 33 | 4. 30 ] 0. 65
o -6 !ll 1223 12 24 1 1 21 | 4. 03 (0. 6
- 0 ] 21 2336131 1—1— 24 | 3. 88| 0. 49
- b 1121 12 41 11 11 17 | 4. 12 | 0. 66
/a 12 111 4333 835 11 1 30 |3.76 1| 0. 45
18 562674112aa 2 2 1 66 | 3. 81 | 0. 40
24 342535811 11263211 57 | 3. 68 | 0. 54
30 1121 1211 -1l —1—2-1 18 | 3. 54| 0. 77
36 145442212222 1 2l 2 36 (2. 82 | 0. 58
42 2627265232322 1 66 | 2. 52 | 0. 3835
48 112adfc462133 2 1 21 183 12,401 0. 27
54 11446abba965241 1,1 2 1 128 2. 10 ] 0. 35
60 [————1128aacbad7521 2 141 1. 70 | 0. 24
66 24abecbaddfll 1 168 | 1. 33 | 0. 27
72 18becbaad2ld 2111 1 171 1. 00} 0. 28
78 acdaadl1212 3 1 1 2 128 |0, 75 | 0. 43
84 1151 810.62]0.10
90
96 Total 2091
102
108
114
120
Fig. 4. Histogramme of optical flow components in the direction of the brightness reduced between i0f14 and i5f14.
(Note:a=10~19, b=20~ 29, ¢=30~ 39,)
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V7O =ARKILLEVOLPEEBHTHL, HHWIE, B
BEOLLTRINTRVY, BIEF—212/4XH3
LBOTIELDWi AT T o7 u—pRKELEEZ L
%, Table 4. DEWFNZIXiI0&i7T EDETHRIBE
ETOHMDFTF 4 AN 70 -0, FHE (m), =
#RE (0) PRLTH A, Tabled. T, i Xha 7

MuE) A 77 4 AL 70— DUEELDE RIS 55 cosine K
HBTETLZLDETHE, BEAMLISEDF
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Table 4. Means and standard deviations and numbers of optical flows.

Input image ( reference image : i 0 )
Filter | Treshold
AE ADU il i?2 i3 id ib i6 i7
10 X X X X X X
0
No
(10) 1.8/1.2 X X 0.4/0.2
10% 7
2.156 1.9/0.5 X X 0.4/0.3
817 2813
f3 3.33 1.9/0.4 X X 0.4/0.3
64 474
5.17 0.3/0.1] 0.5/0.24 0.9/0.2] 1.9/0.2 X X 0.2/0.0
43 6
0. 2.0/0.6 1 4.2/0.8 X 0.5/0. 4
200 100 4042
f7 1. 1.9/0.4] 4.2/0.8 X 0.4/0.2
138 50 24
3. 1.9/0.2 | 4.2/0.2 X
71 20 0
0.30 3.9/1.5 X 0.7/0.7
‘ 195 58517
fl4 0.81 0.7/0.0 | 1.3/0.4| 2.2/0.4] 4.0/0.6} 7.8/1.17
0 5 11 215 125 41 0
1.34 2.1/0.1 | 4.0/0.4| 8.1/0.5
60 16 0
0.12 3.4/1.3| 6.0/2.8| 0.8/0.8
581 384 8905
f27 0.42 . . 4.0/0.5] 17.2/0.8
0 0 0 115 256 235 0
1.49 7.6/0.3
0 0 0 0 0 55 0
Note: display position mean / s.d. unit: p.e. for mean and s.d..
number 0 : number is zero.

X : no peak is detectable.
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Displacement

Direction deg,

Fig. 5. Angular distribution of optical flow components in the
direction of the brightness with different filter sizes.
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Fig. 6. Angular distribution of optical flow components in the
direction of the brightness with optimal filter sizes.
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Fig. 7. Local angular distributions of optical flow components.
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Fig. 8. Optical flows by gradient-based method with local
optimisation.
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Table 5. Number of picture elements where velocities are reduced between i0f7 and 1417 image data.

Local block number
Dir.
Lol L02| LO3| LO4; LOS| LOG6; LO7{ LO8| LO9| Lio| Lt1| Li2{ Li3| Li4! L15|total
-90 2 651 13 3 2 1 26
-84 13, 20| 58|12 6 11 2 4 126
-18 6 10] 15} 15|11 2 3 6 7 75
-72 9 1 4 4 6 1 4 4 5{ 15 1 2 56
-66 1 12 1 1 6 2 8 2 4111 1 49
. -60 1 11 3 2 3 3 7 5 5] 18 1 59
w =54 1 114 4 2 3 3 3 6 1({ 19 57
o -48 1 3 4 1 3 1 1 5 1 1 5 4 1 31
o -42 1 2 5 3 1 6 3 4 1 4 4 2 36
~36 1 4 2 6 1 4 4 3 1 26
-30 1 2 5 3 1 2 1 1 1 1 1 1 1 21
e -2 1 4 1 3 2 1 2 1 3 6 2 26
o -18 2 3 1 1 2 1 2 1 2 4 2 21
- -12 1 2 2 1 1 1 4 5 4 2 2 3 28
- -6 1 1 2 5 2 2 2 2 3 9 2 2 33
o 0 1 1 3 3 1 3 1 1 2 2 1 2 21
o 6 2 2 4 7 1 1 3 2 2 2 26
— 12 3 2 1 6 1 2 1 2 3 4 1 4 30
— 18 21 36 2 2 1 2 2 1 4 1 7 60
a 24 1 2 9 1 2 1 1 3 3 23
30 3 1 2 3 5 1 4 1 3 2 6 7 2 40
36 1 3 8 1 1 1 6 6 1 6 6 4 44
42 3114 1 4 4 4 2 3 1 3 1118 2 7 67
48 27176 2 7 3 5 2 1 1 4 4| 30 3 71 174
54 1 5 8 3 5 1 1 4 5 5(13 4 4 59
60 1 41 11| 12 3 6 4 2 1 7111 62
66 1 51 25 6 1| 16 1 8 2 6| 15 7 93
72 9 7 1 7 6 317 22 7 79
78 7 5 5 4 6 10| 18 2 57
84 2 1 8 5 2 18
90 1 1
96 1 1
L. total 30| 112 67; 112| 166| 108 126f 114 43 68 76 65 238] 123 7T} 1525
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Table 6. Accuracy of optical flows by gradient-based methods
with local optimisation. (Unit: p.e.)

Mean S.D.

Perrone(1990) 2.54 | 0.37

Chiba & 0zawa(1991) | 3.6 0.47

Present study(1996) | 2.1 0.3
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