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Abstract

This thesis proposes a human being understands the objects in the
environment by integrating information obtained by the senses of sight,
hearing and touch. In this integration, active manipulation of objects
plays an important role. I propose a method for finding the correspon-
dence of audio-visual events by manipulating an object. The method
uses the general grouping rules in Gestalt psychology, i.e. “simultaneity”
and “similarity” among motion command, sound onsets and motion of
the object in images. In experiments, I used a microphone, a camera
and a robot which has a hand manipulator. The robot grasps an ob-
ject like a bell and shakes it or grasps an object like a stick and beat
a drum in a periodic, or non-periodic motion. Then the object emits
periodical /non-periodical events. To create more realistic scenario, I put
other event source (a metronome) in the environment. As a result, I
had a success rate of 73.8 percent in finding the correspondence between
audio-visual events (afferent signal) which are relating to robot motion
(efferent signal)

I propose a new method for determining the correspondence between
audio and visual events based on the selective attention which is observed
in a living organism. For auditory attention, our system recognizes a tar-
get sound in noisy environments using an auditory filter that focuses on a
specific period corresponding to visual events. It was confirmed that the
success rate of correspondence between audio and visual events increased
from 78.6% without the auditory filter, to 95.2% with the auditory filter.
This certifies the importance of visual information for auditory attention.
I also realized a visual attention of localizing a sound source and adjust-
ing the line of sight and the iris of a camera when the system perceived
a sound, but could not obtain visual information. The success rate of

experiments based on visual attention is 93.3%. These results show the



effectiveness of the proposed method.

In the real world, there are a lot of objects and it is impossible to make
a system memorize all knowledge concerning the real world. Therefore,
the system should autonomously learn knowledge relating to the environ-
ment. I propose the system that autonomously acquires concepts which
are derived by statistical relation between audio-visual events. Firstly,
the system determines correspondence between audio-visual events after
extracting patterns from the external world and accumulates them as
cases. Secondly, it applies a canonical correlation analysis to the cases
and categorizes them by using K-means method. Finally, it identifies un-
known image or sound and associates the corresponding sound or image.
As the result of experiments, the identification success rate of concepts
is more than 83.2%. And the association success rate of concepts is
more than 81.5%. Consequently, the effectiveness of this method was

confirmed.
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Table 2.1 Gestalt laws

Spatial or temporal proximity of elements may induce

1 Law of proximity the mind to perceive a collective or totality
9 Law of similarity When more than one kind of element is present,

those which are similar tend to form groups

Other things being equal, lines which enclose a surface
3 Law of closure

tend to be seen as a unit

Parts of a figure which have a good contour,

or common destiny, tend to form units

Symmetrical images are perceived collectively,

even in spite of distance

Elements are grouped when they move simultaneously
and in a similar manner

4 Law of continuity

5 Law of symmetry

6 | Law of common fate

0210020000000000L0RO0OO0000ODSO000000000O
00000000000000000000000003.3.1(,)000000000
00000000000000000000000000000000000000
0000000000 [1202000000 {(n)0 r(n)00000000 eey 000
ooooo

No
cen(d) = > I(n)r(n — d) (2.1)

n=N1
000000000000000000 102400000000 (Ny = —511,Np =
512)0cey(d) 0000000000000000O0Ocey(d)00000000000
d0000000000000 ITD(inter-aural time difference) 00000000 2
00000000000000 DODr000000000000 Dy000000

O21:2000000000000O0O0DOAO
Fig. 2.1 Sound localization by two microphones.
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Fig. 3.1 System of integrating afferent and efferent signals
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Fig. 3.2 Integration of afferent and efferent signals
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Fig. 3.4 Detection of motion direction change by visual process
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Table 3.1 Maximum cross-correlation coefficient among motor, audio,
and visual series (Motion direction change at the right side)

Audio grou
Motor 1 (Met.) g2 (grum)
Visual | 1 (Drum) | 0.743 0.279 0.785
group | 2 (Met) | 0.290 | 0.640 0.235
Motor 0.419 0.889

032 00-000000000000000000000O0
Table 3.2 Correspondence among motor, audio and visual series
(Motion direction change at the right side)

Audio group
1 (Met.) | 2 (Drum)
Visual | 1 (Drum) 0.131 0.785
group | 2 (Met.) 0.118 0.092
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Table 3.3 Maximum cross-correlation coefficient among motor, audio,
and visual series (Motion direction change at both sides)

Audio grou
Motor 1 (Met.) g2 (]grum)
Visual | 1 (Drum) | 0.648 | 0.337 0.549
group | 2 (Met.) | 0.391 0.895 0.351
Motor 0.385 0.637
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Table 3.4 Correspondence among motor, audio and visual series
(Motion direction change at the both sides)

Audio group
1 (Met.) | 2 (Drum)
Visual group 1 (Drum) 0.204 0.549
2 (Met.) | 0.327 0.212
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Table 3.5 Result of correspondence among motor, audio and visual series
in case where detection methods of motion direction change are different

Correlation Correspondence

(M, A) | (M,V) | (A, V) | Judgment
Both sides 0.637 0.648 0.549 false
Right side | 0.889 0.743 | 0.785 true
Left side 0.349 0.773 0.415 false
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Table 3.6 Correspondence between Audio-Visual events
relating to objects, periodicity and another event

. .. Correlation Correlation
Objects Periodicity 0%, &) | O, V) | (&, V) | SR
Drum p- 0.825 0.602 0.659 7/10

np. 0.842 0.751 0.839 8/10

Drum p- 0.805 0.588 0.617 6/10
+ Met. np. 0.800 0.669 0.713 9/10
Bell p- 0.793 0.879 0.785 9/10
np. 0.823 0.822 0.774 7/10

Bell p- 0.712 0.800 0.784 8/10
+ Met. np. 0.839 0.820 0.823 5/10

Periodical motion 0.781 0.735 0.722 75.0%
Non-periodical motion 0.824 0.755 0.781 72.5%

Total 0.802 0.745 0.751 | 73.8%
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Table 3.7 Correspondence between Audio-Visual relating to motion interval

Motion Correlation Correspondence
Objects | Interval Ave [s] | (M,A) | (M,V) | (AV) | SR
0.518 0.847 0.657 0.715 6/8
Drum/ 0.586 0.802 0.704 0.768 7/8
Drum 0.653 0.829 0.666 0.704 8/8
+ Met. 0.788 0.845 0.665 0.773 4/8
0.923 0.767 0.584 0.610 5/8
0.923 0.764 0.817 0.735 5/8
Bell/ 1.058 0.775 0.867 0.720 5/8
Bell 1.193 0.761 0.814 0.830 7/8
+ Met. 1.328 0.756 0.822 0.788 6/8
1.463 0.871 0.853 0.843 6/8
Drum/Drum+Met. 0.818 | 0.659 | 0.715 | 75.0%
Bell/Bell+Met. 0.786 | 0.833 | 0.789 | 72.5%
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000 (GD : gaze direction) D000 00000000

gooobooooooboobooobobobooooooobobobobobooooog
gofdooobooooboooooobbooooooooooooo oo
O00000000000000 nbits]d2"00000000 (wxh)OOOOOOO
(thy =2"3)00000000000000 (thy = (w/4) x (A/3)) 00000000
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Fig. 4.2 Adjustment of gaze direction

00000200000 20000200000 (d.=w/2)0000000000
gboobouoooboooboobooobooboooooobuoooboobobooboo
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gbobobooobooboobboobooobboooooobuoobo4.200
0000000 o000000 fO0DO00OO0ODOOOOOO A(d.,f)ODDOODOOO
0000000000000 00000D B(x.(é), )OO0 ADQODOOODOOOODO
0000000000 é6.(H)000oooooo

0.(i) = tan*1($(xc(i> —d.)) (4.2)

0000 000000000A. Bahilld [68)]0000000000000000
00000000000 15[deg] 00000000000000000000000
00000000000000000000000000000000000000
000 —15015[deg) 000 00000000000000000000 e/f000
00000000000000000000000000000000000000
—15015[deg] 0000 1[deg) 00000000000000000000000 20
0z()00000 6,()00000e/f00020000000000
00000000000 6,()00000000004-100000000000
00000 6,()000000

Ou(i) =) 0c(k) (4.3)
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000000000000000000 2()000000000000000000
0000000000000000:000000000 6,()00000 2[deg] 00
00000000000000 (43)00000000006,(G)00000004+1
0000000000000006,(G)00000 15[deg 000000000000
00000000000 6,()0000006,() 0000000

(b) 0OOOODOOOO0O0O0O

041(2)0000000000000O0O0O0O0O00OOODOOO0OOOOUODODOOO
uboobooobooobooboboobooooboboboooboboobooboon
000000o00oo0oo0oUooOo [e9D0ooo0Dooo0ooooooooo
O00000000000000000OoUo0oUoOoooooooo [70)0

K
H == p(k)log, p(k) (4.4)
k=1

O0000p(k) 0000 k0000000 O0O0000000000000000 KOO
000000000 HOOOO logeKOOODOOOOOOOOOO0000 10000
00000000000000000000000000000000000000
000000000000 00000000000000000000000000
000000000o0oooo
000000000000000000000002"000n [bits)0000000
(wxh)DODOOODODOOOOO0OO00D0 ((w/4) x (R/3))0000000000000
0000000 HOOOOOOJ00000000000000000000000
0000003.3.2(a) 00 (3.2)0000070000000000 ent (control) O
000000000
o Io<o2n!
ent = 0o : I = 2n! (4.5)
-1 : I > 2!
ent=10000000000000 3[dB]00000000000O0O0ent=000
00000000000 Oent=-10000000000000 3[dB]0000O0
00000000000 1000000000ent0000000000000
00 10 1027 <4y
0000000000000000000206000000000000000 10
00000000000
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00 20 H(i) > n(l — thy)

00 80 |1O76=) < th,

00 40 | TOZEED] < thy

00 s]003000000 |[H—»/00000 (1001020000300-100 [I—27
00000 (1001020000300-10000200000

0060003000000 entD (1,-1,1)0000(-1,1,-1)

00000000000000000000000000000000000000

00000000000000000000000000 HOOOOOOOOO0O0O

00000000000000000000000000400000000000

0 I()00000000 HG)OOOODOOOOOO0O00O000 thy =0200000

0000 thy =02000000000000

(cy 0DO0ODOOOOOOOO

0000000000000000000000000000 300000000
0000000000000 [(5900000000000000000000000
000000000000 (thy, = (w/6) x (h/4))000000000000000
000000000 thyD000O0000000000000000 (Dgp = 1.5 X thy)
00000000 (Defp =1.1xthy) 000000000000 Doy 0000 Doy,
00000000000000000000

3000000000000000000000000000000000000
00000000000000000000000000000000000000
000000000000000000000000000000000000000

(d) DO0ODOODOUOOoOOOOO0O0

gboboboooboooboobooobobooboooboobbobooobooono
D000000O0n bits02"000000 2* ' +2" 3000000000000
uboobooobooooboooboobooobbobooobooooooboboo
ubooboooboooboobuooboobboboobooboobobobooboon
O0000000000000000000000000 (LT : linear transformation)
ugog

gboboboooboooboooboboobooboooboooboobooobooboon
O00002"0000000000000 Ig(;,/))00000000000 fminlD fma
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000000000000 Ix(s,j) 000000000

IB(iaj) - fmzn

fmax - fmm

14(3,5) = 2" x (4.6)
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noo 710

0D00000000000000000000 16kH0000000000000
0000000 62,5 [Hz]O0O 30[HZ 0000000000000000000000
00000000000000000000000000000000000 A(¢)0
V())00000000000000000 1000000000000000000
0000000000 (3=04)00000000000000000000000O0
00000000 1/300000000000000A4,(#)O0V() 0000

O0000000000* 0000 000’ 0000000000000000
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gooboooobooboobooboobboobooboboon

. Cov(Ay(1),Vi(i+5))
COTT(Ak’ Vl) - 722224 \/Var(Ak)Var(\A/l) (47)

0000:0000000000000000s000000000-4<s<4 (00
000000 +0.1330)000000000000000000000000000
00000000050000000000000000000000000000
00003000000000000000(1)000000000000(2)000
00000005000(3)00000000000000000000000000
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00,0000000000000000000,000000000000000
000000,0000000000000000000000000000000
000000,00,00,00000000000000000000000000
00000000000000000000,000000000 050000000
000000000000000000000000000000000.70000
0,0000000000000000
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4.4.2 0000
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4.5.1 00000

goobgoooboobooboobooobooboobooboobbooboo
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HHE

(b) lrregular

(@) Circle
043 000000

Fig. 4.3 Shape of object region

0 4.1: O000Q0O0oOoooooooooo
Table 4.1 True and values in sound localization of drum

True value [deg] | -60 -45 -30 -20 -10
Mean [deg] -51.5 | -38.5 | -25.6 | -16.8 -5.7
SD [deg] 2.22 2.53 0.00 0.00 2.01
CORR 0.874 | 0.950 | 0.930 | 0.860 | 0.886

0 10 20 30 45 60

0.5 12.5 25.6 35.2 47.7 59.9
1.37 0.00 0.00 0.00 2.74 0.00
0.939 | 0.952 | 0.928 | 0.952 | 0.907 | 0.928

[deglD0O0OOOO SD[deg0 0000000000000 OOOOOOODODOOOO
0000000 CORR(correlation) 0000000000000 O0O0OOOODOOOO
20000000 4.62[deg)D 00000 0ODO 10[deg| D0 DODDOOOOODOOODODOOO
ugboogoogooog
goobooboobobbobobooooobooboobobbobouoobooo
goboooooboobobooobuoobuoobooboooboobbooobooo
goobogoooobooobooboobbooboobbooobuoobbooboobo
000000000000 0000000000000000 0O[deglDOOODOODO
goooobouoobooboobuoobbooboobbooboobbobbobbo
goboooboboboobobooboobobooooooooboobobobooboo
gboobdot4400000b000b0o0obooboobbobboobboon
O0000()000000000000000000000000000O000o0Oo
0000 (M)00()000000000000000000000000OD0O0O0O0
gobobobobobbobooobobobobobbooboobobooDs.3.2
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042 0000000000000000O00O0O0O0O
Table 4.2 Correspondence between audio-visual when noise is added

Non window function | Window function
Object | Noise SNR [dB]
 [0]=5] —10 | o [0 ]=5]=10
W 2 2 2 2 2 2
Bell % 2 5T 2 2 2T 2
W 1 0 1 1 2 2
Drum - —=; 2 o0 1 2 3T 2
W 2 2 2 2 2 2
Met Y 2 5T 2 2 T 2
White noise 6/6 77.8% (14/18) 6/6 94.4% (17/18)
Voice 72.2% (13/18) 94.4% (17/18)
Total | 78.6% (33/42) | 95.2% (40/42)

00000000000 0000000000000000(d)00()0000
000000000 D0SNR(signal to noise ratio) 0 —5[dB]|0 0000000000
O000O()0D0()000000O0O0O00O0ODOOO0O0OD 8UOOOOOoUooD
001 kHz)|0OOOOOOOOOOOOOOOOOOOOO0OOOO0ooooooo
000000000 P,0P,0000((f)00001 kHz)DOOODODOOOOODOO
goooooboooboobosbooobbooobobooobooboboooobooboo
0000000000000 0000 (goobooooooooooooooo
googoboboogooobbobotboodooooouoobobooobobboooonoo
ugoooboboooooboobooood.

gooooobooooooobobooooooboboooooobobooboboboog
oooobooooooob 42000000000 000000O00O0O0DOOO
0000000000 (W)ooooo (V)OOOOSNR=ccOOQOOOOOOOOO
O0O00O00O0OSNR=00-50-10[dB]0 000000000000 OOOOODO 20
godde6e0D000000D0O0O0O0ODODOO0O0O 2000000000000000
oooooooooooooooobooobooooooboooooobooogo
00000000 78.6%000000000000000O0OO0ODODOOOOOOOOO
000 952%0000000000000000000
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(c) Target sound
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(e) Power in frequency band of 0-1 [kHz], onset
threshold P, and offset threshold P,y

—o Onset

A0 ——

0 2 4 6 8 10
(f) Detected sound onsets in frequency band of
0-1 [kHz] by window function (Right side)

——- Audiol]

A 0 R R O

0 2 4 6 8 10
Time[s]
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-

Onset

(g) Grouped sound onsets of target sound

044 0000000000O0O0O0OCOO
Fig. 4.4 Onset detection using visual information
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(a) Mean of x coordinate in dark area
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(b) Adjustment of gaze control angle 6. (7)

Angle [deg]

s
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o
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I= -10+ B

g s i O O DO - OO O O - OO O O O O
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Time[g]

(c¢) Change of real gaze angle 6,(7)

045 0000000
Fig. 4.5 Adjustment of gaze direction
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Fig. 4.6 Adjustment of intensity
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(e) 3.33 [s] (f) 3.33 [5]

O47:0000000DO0OOODOO
Fig. 4.7 Adjustment of gaze direction and intensity
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Table 4.3 Adjustment angle in line of sight, mean intensity and entropy

Time [s] | 0.67 | 1.33 [ 2.00 | 2.67 | 3.33

0. (i) -129 | -0.9 | -0.9 | -0.9 | -0.9
I 122 22 25 30 37
H 5.36 3.76 | 4.41 | 5.05 | 5.45
50 50
w w
2 2
S 100 & 100
Q Q
E E
% 150 g 150 v
> > T
200 200 ﬂ
| i : : ; j ; | ‘ ‘ ‘ ‘
50 100 150 200 250 300 50 100 150 200 250 300
x-coordinate [pixels] x-coordinate [pixels]
(a) Input image (b) Image after LT
§400 —Histogrﬂ, ?400 ‘ ‘ ——Histogram after LT | |
o [=
oy g
§ 200 é 200
8 )
r O : — - - r 0 - -
50 100 150 200 250 50 100 150 200 250

Gray scale

(c) Histogram of the input image

y-coordinate [pixels]

50 100
x-coordinate [pixels]

150

200

Gray scae

(d) Histogram after LT

(e) Motion area of the object

048 0000000
Fig. 4.8 Extracted object
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Fig. 4.9 Motion direction change of area (1)
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Fig. 4.10 Correspondence of one movement and two sounds
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Table 4.4 Correspondence between audio-visual events relating to objects

Object Sound localization Correspondence
DP [deg] | RMS | SD | CORR | (A)V) | SR
—45 16.3 | 32.5 | 0.919 - 0/2
-30 16.7 | 21.9 | 0.812 0.888 2/2
Bell 0 13.7 | 21.8 | 0.862 0.868 2/2
30 11.3 | 39.9 | 0.858 0.850 2/2
45 9.9 22.5 | 0.843 0.903 2/2
Subtotal | 13.8 | 27.7 | 0.859 0.850 8/10
—45 5.3 1.1 0.925 0.653 2/2
-30 2.9 2.3 0.882 0.548 2/2
Drum 0 8.0 2.2 0.880 0.700 2/2
30 10.5 14 0.903 0.722 2/2
45 7.0 1.0 0.891 0.672 2/2
Subtotal 7.2 1.6 0.896 0.668 10/10
—45 7.5 10.2 | 0.800 0.678 2/2
-30 8.8 1.7 0.884 0.687 2/2
Met 0 5.5 0.9 0.877 0.665 2/2
’ 30 1.1 0.0 0.881 0.693 2/2
45 0.0 0.0 0.934 0.782 2/2
Subtotal 5.7 2.6 0.875 0.701 10/10
Total | 9.6 [10.6 | 0877 [ 0.742 | 93.3% (28/30)

ooooooo 11

04400000000000000000O0O0DOO0OOO0OOOOOODODOOO
9 = {—45,-30,0,30,45} [deg] 0000 D0O0D00000000000O0O0O0O0
oo ooooo sbbbbb 2000000ogoooD 100
O0000000000OD0D IP(@nitial position)0 0000000000 OOOOOO
000 2000000 RMS(root mean square) 00000, 0000000000
goo0ooooobobOobooooboobobOonD sboooooooOobOooo
godbOoooo0ooo0obOobOOoDOo0ob0oOobOobDoobOooonD CORR O
00000000000 0000o0o0OoooOn Correspondenced 00 00OOOO
0 (AV)DDOODOO0OOD0OO SR(success rate) 0000

044000000000000 RMSOOOODODO,000,0000000¢0O
uoood,0goboooobooooboogoooooboboobnboonbooon
O0000000000000000000O0000000O00 96[deglDOOOOO
udoboobobboooooooboobobooboooooboobobodoouoooon
goooooooooobgoo ogrrooobooobobooobooobooo
00000000000D0O0O0000O 3000000 2000000000 93.3%
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Table 5.1 Correlation between audio and visual events time series
and the number of extracted patterns

. . Data set 1 Data set 2
Object Correlation Audio | Visual | Audio | Visual
Bell 0.946 71 70 70 67
Drum 0.924 91 61 90 65
Metronome 0.776 146 99 138 76
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b0 KO1owooooooooooooobooo
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Table 5.2 Nearness ranks of distance between class centers in category known-case

and
center cases in category unknown-case

Object | Audio-Visual | Audio | Visual
Bell 1.67 3.20 6.22
Drum 4.00 1.00 5.40
Metronome 1.00 1.30 2.00
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Fig. 5.6 Central cases of audio-visual events
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0 53: 00000
Table 5.3 Success rate of identification

Audio-Visual Audio Visual
CN| SR CN| SR CN| SR

OFC 3.0 | 99.1% | 3.0 | 97.4% | 3.0 | 94.9%
OFK 2.0 | 36.1% | 2.0 | 16.7% | 3.0 | 33.4%
CCAC 3.0 | 96.9% | 3.0 | 96.2% | 3.0 | 93.5%

Test Classifier

Closed —=EAN"13.0 | 36.4% | 3.0 | 36.4% | 3.0 | 92.9%
CCAK | 2.8 | 86.4% | 2.9 | 89.8% | 2.8 | 83.7%
CCAKAV | 2.8 | 794% | 2.8 | 86.5% | 2.5 | 65.8%
OFC 3.0 | 94.4% | 3.0 | 89.4% | 3.0 | 93.8%
OFK 2.0 | 34.9% | 2.0 | 158% | 3.0 | 38.1%
CCAC | 3.0 | 95.2% | 3.0 | 92.2% | 3.0 | 91.9%
Open

CCAN 3.0 | 87.0% | 3.0 | 82.7% | 3.0 | 92.1%
CCAK 2.8 | 87.2% | 2.9 | 86.0% | 2.8 | 83.2%
CCAKAV | 2.8 | 84.2% | 2.8 | 89.2% | 2.5 | 67.3%

O 54: 00000
Table 5.4 Success rate of association

Test | Classifier | Visual to Audio | Audio to Visual

Closed CCACAS 93.6% 96.5%
CCAKAS 86.9% 85.6%
Open CCACAS 92.0% 91.9%
CCAKAS 85.8% 81.5%

00O Audio to Visual O 85.6% 0 0 0 Open 0 00O Audio to Visual O 81.5% 000
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Table B.1 Detail of nearness ranks.
Trial | Object | Audio-Visual Audio Visual

Bell 1 2 8
1 Drum 1 1 3
Met. 1 1 5
Bell 1 2 5
2 Drum 1 1 1
Met. 1 1 1
Bell 3 4 6
3 Drum 1 1 4
Met. 1 1 3
Bell 2 3 6
4 Drum 1 1 3
Met. 1 1 1
Bell 2 1 6
5 Drum 1 1 4
Met. 1 4 4
Bell 2 1 9
6 Drum 6 1 1
Met. 1 1 1
Bell - 16 -
7 Drum 26 - 32
Met. - 1 -
Bell 2 1 4
8 Drum 1 1 2
Met. 1 1 1
Bell 1 1 5
9 Drum 1 1 3
Met. 1 1 1
Bell 1 1 7
10 Drum 1 1 1
Met. 1 1 1
Bell 1.67 3.20 6.22
Ave Drum 4.00 1.00 5.40
Met. 1.00 1.30 2.00
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Table B.2 Detail of success rate of identification (Closed test)

(a)OFK (b)OFC
Trial | Audio-Visual Audio Visual Trial | Audio-Visual Audio Visual
1 99.5% 98.4%  96.2% 1 33.3% 33.3%  20.2%
2 100.0% 97.3%  95.6% 2 33.3% 0.0% 40.4%
3 98.9% 97.3%  94.0% 3 60.7% 0.0% 72.1%
4 98.9% 97.3%  95.1% 4 33.3% 33.3%  20.8%
5 98.9% 97.3%  95.6% 5 33.3% 0.0% 19.7%
6 98.9% 97.3%  95.1% 6 33.3% 33.3% 21.3%
7 99.5% 97.8%  92.9% 7 33.3% 0.0% 26.8%
8 98.9% 97.3%  94.5% 8 33.3% 33.3% 72.1%
9 98.9% 97.3%  94.5% 9 33.3% 0.0% 20.8%
10 98.9% 97.3%  95.6% 10 33.3% 33.3%  20.2%
Ave 99.1% 97.4%  94.9% Ave 36.1% 16.7%  33.4%
(¢)CCAC (d)CCAN
Trial | Audio-Visual Audio Visual Trial | Audio-Visual Audio Visual
1 96.7% 95.1%  92.4% 1 95.1% 95.1%  92.4%
2 97.8% 95.1%  94.5% 2 97.8% 96.2% 94.0%
3 95.6% 95.6%  94.0% 3 94.0% 94.5%  92.4%
4 98.4% 96.2%  92.9% 4 96.7% 96.2%  92.9%
5 96.2% 96.7%  93.4% 5 95.6% 96.7%  92.9%
6 98.4% 97.3%  93.4% 6 96.7% 97.3%  92.9%
7 97.3% 97.3%  92.4% 7 0.0% 0.0% 91.3%
8 96.7% 96.2%  95.1% 8 97.3% 96.2% 95.1%
9 95.6% 96.7%  92.9% 9 93.4% 96.2% 91.3%
10 96.7% 95.6%  94.0% 10 97.8% 96.2%  94.0%
Ave 96.9% 96.2%  93.5% Ave 86.4% 86.4%  92.9%
(e)CCAK (f)CCAAV
Trial | Audio-Visual Audio Visual Trial | Audio-Visual Audio Visual
1 95.1% 95.1%  92.4% 1 86.3% 95.1%  93.4%
2 97.3% 96.2%  94.0% 2 91.8% 96.7%  94.5%
3 94.0% 94.5%  92.4% 3 85.2% 97.3%  33.3%
4 96.7% 96.2%  92.9% 4 88.0% 95.6%  93.4%
5 95.6% 96.7%  92.4% 5 87.4% 95.1%  92.9%
6 96.7% 97.3%  92.9% 6 88.5% 96.7%  92.4%
7 0.0% 33.3% 0.0% 7 0.0% 0.0% 0.0%
8 97.3% 96.2%  95.1% 8 90.7% 96.7%  30.6%
9 93.4% 96.2%  91.3% 9 89.1% 96.2% 33.3%
10 97.8% 96.2%  94.0% 10 86.9% 95.6% 94.0%
Ave 86.4% 89.8%  83.7% Ave 79.4% 86.5% 65.8%
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Table B.3 Detail of success rate of identification (Open test)

(a)OFK (b)OFC
Trial | Audio-Visual Audio Visual Trial | Audio-Visual Audio Visual
1 94.0% 89.1%  94.0% 1 32.8% 31.7%  18.6%
2 94.0% 88.0%  94.0% 2 31.1% 0.0% 44.3%
3 92.4% 87.4%  93.4% 3 55.7% 0.0% 77.6%
4 95.6% 89.6%  94.5% 4 32.8% 31.7%  18.6%
5 94.5% 90.2%  93.4% 5 31.7% 0.0% 18.0%
6 92.9% 90.7%  92.9% 6 32.8% 31.7% 19.7%
7 94.0% 89.6%  91.8% 7 32.8% 0.0% 72.7%
8 95.1% 89.6%  94.5% 8 32.8% 31.1%  76.0%
9 95.1% 89.1% 94.0% 9 32.8% 0.0% 18.0%
10 96.7% 90.7%  95.1% 10 33.3% 31.7%  18.0%
Ave 94.4% 89.4%  93.8% Ave 34.9% 15.8%  38.1%
(¢)CCAC (d)CCAN
Trial | Audio-Visual Audio Visual Trial | Audio-Visual Audio Visual
1 94.5% 91.3% 92.4% 1 94.5% 91.3% 92.4%
2 97.8% 93.4%  93.4% 2 97.3% 93.4%  93.4%
3 95.1% 91.8% 94.5% 3 95.6% 90.2%  95.1%
4 94.5% 91.3% 91.3% 4 95.6% 90.2%  90.2%
5 94.5% 92.9% 91.3% 5 97.8% 92.9%  90.2%
6 95.1% 91.8% 91.8% 6 97.8% 91.8% 92.4%
7 93.4% 91.8% 88.5% 7 0.0% 0.0% 89.1%
8 98.4% 94.5%  93.4% 8 97.8% 94.5%  92.9%
9 94.0% 91.8% 91.3% 9 96.7% 91.3%  92.9%
10 95.1% 91.8% 91.3% 10 97.3% 91.3% 92.4%
Ave 95.2% 92.2% 91.9% Ave 87.0% 82.7%  92.1%
(e)CCAK (f)CCAAV
Trial | Audio-Visual Audio Visual Trial | Audio-Visual Audio  Visual
1 94.5% 91.3% 91.8% 1 91.3% 100.0%  93.4%
2 98.9% 93.4% 93.4% 2 96.7% 98.9% 97.3%
3 95.6% 90.2%  95.1% 3 92.9% 98.9% 33.3%
4 95.6% 90.2%  90.2% 4 92.9% 98.9% 95.6%
5 97.8% 92.9% 91.3% 5 92.9% 98.9% 97.3%
6 97.8% 91.8% 92.4% 6 95.6% 98.9% 95.1%
7 0.0% 33.3% 0.0% 7 0.0% 0.0% 0.0%
8 97.8% 94.5%  92.9% 8 95.1% 98.9% 32.8%
9 96.7% 91.3%  92.9% 9 94.5% 99.5% 32.8%
10 97.3% 91.3% 92.4% 10 90.2% 98.9% 95.1%
Ave 87.2% 86.0%  83.2% Ave 84.2% 89.2% 67.3%

99



100 U0B 0OO0OO0OO0OOOOOODOODOODO

054000000000 ClesedO0DODDDDDDOOOOOO B4OOOODODODO
Open000000O0O0DODOOODDO B.50OO0O

O B4 0O0O0O0O0OOOCOOOOOClesedOO0O0O
Table B.4 Detail of success rate of association (Closed test)

(a)CCACAS (b)CCAKAS
Trial | Audio-Visual Audio Visual Trial | Audio-Visual Audio Visual
1 96.7% 92.4%  96.2% 1 95.1% 91.8% 94.0%
2 97.8% 94.5%  94.5% 2 97.3% 91.8%  94.0%
3 95.6% 94.0%  96.2% 3 94.0% 92.9% 94.5%
4 98.4% 94.0% 97.3% 4 96.7% 93.4%  95.6%
5 96.2% 94.0% 97.3% 5 95.6% 93.4%  95.1%
6 98.4% 92.9% 97.3% 6 96.7% 93.4%  96.7%
7 97.3% 92.4%  96.7% 7 0.0% 33.3%  0.0%
8 96.7% 94.5%  96.2% 8 97.3% 93.4%  95.6%
9 95.6% 92.9% 97.3% 9 93.4% 92.4%  95.6%
10 96.7% 94.0%  96.2% 10 97.8% 93.4%  95.1%
Ave 96.9% 93.6%  96.5% Ave 86.4% 86.9%  85.6%
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Table B.5 Detail of success rate of association (Open test)

(a)CCACAS (b)CCAKAS
Trial | Audio-Visual Audio  Visual Trial | Audio-Visual Audio Visual
1 94.5% 91.8% 91.8% 1 94.5% 91.3% 89.6%
2 97.8% 94.0%  93.4% 2 98.9% 91.3%  92.9%
3 95.1% 94.5%  91.8% 3 95.6% 95.1%  90.2%
4 94.5% 91.3% 89.6% 4 95.6% 91.8% 88.0%
5 94.5% 90.2%  92.9% 5 97.8% 89.6% 91.8%
6 95.1% 91.8%  92.4% 6 97.8% 91.8% 91.3%
7 93.4% 89.6% 90.7% 7 0.0% 3.1%  0.0%
8 98.4% 93.4%  94.0% 8 97.8% 92.4%  92.9%
9 94.0% 91.8%  92.4% 9 96.7% 92.9%  90.7%
10 95.1% 91.8% 89.6% 10 97.3% 90.7%  88.0%
Ave 95.2% 92.0%  91.9% Ave 87.2% 85.8%  81.5%
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