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Automatic Extraction Techniques of Topic-relevant Visual Shots
Using Realtime Brainwave Responses: ERP N400
and P600 Hypotheses Test

Yong Ho Kimf, Hyun Hee Kim""

ABSTRACT

To obtain good summarization algorithms, we need first understand how people summarize videos.
"Semantic gap’ refers to the gap between semantics implied in video summarization algorithms and what
people actually infer from watching videos. We hypothesized that ERP responses to real time videos
will show either N400 effects to topic—irrelevant shots in the 300~500ms time-range after stimulus on-set
or P600 effects to topic—relevant shots in the 500~700ms time range. We recruited 32 participants in
the EEG experiment, asking them to focus on the topic of short videos and to memorize relevant shots
to the topic of the video. After analysing real time videos based on the participants’ rating information,
we obtained the following t-test result, showing N400 effects on PF1, F7, F3, C3, Cz, T7, and FT7 positions
on the left and central hemisphere, and P600 effects on PF1, C3, Cz, and FCz on the left and central
hemisphere and C4, FC4, P8, and TP8 on the right. A further 3-way MANOVA test with repeated
measures of topic-relevance, hemisphere, and electrode positions showed significant interaction effects,
implying that the left hemisphere at central, frontal, and pre—frontal positions were sensitive in detecting
topic-relevant shots while watching real time videos.

Key words: Video Summarization, Topic-Relevance, EEG, ERP, N400 Effect, P600 Effect, Visual
Abstraction.
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Table 1, Storyboard of an animation video, {Little Picasso), means and sds of topic—relevance for each frame

qualities of the picture.

(N = 32)
. . topic-relevance
frame no. subtitle visuals sound (mean, sd, N=28)
Ejflisei%ia‘ihe most Picasso, the most influential
1 contemporary artists in the 1.893 (.63)
contemporary world
artists in the world. ’
A strong backing But without the strong
of his father, he backing of his father, he would _
2 was able to exert a have been difficult to 2750 (44)
genius talent. demonstrate the genius talent.
Picasso as a painter caused a
3 major change in the 20th 1.357 (.56)
century painting
4 When he was young,... 1.786 (.63)
To the young Picasso, math -
g was nothing but a huddle race. 1250 (44)
6 Friends were only playing a 1571 (69)
fool on such a Picasso.
7 Qne c.lay, he copfess his father 2,036 (.69)
his bitterness in heart.
No matter how intensively he
N squeezes head and . 1071 (26)
concentrates, everything
betrays him.
Father believed his son.
9 Picasso made a brilliant 2.821 (.39)
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Butterfly Plots, MGFT
(a)
Frame-test
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Max SNR=29.2) | ™.
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ms o
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Baseline / Bad Blocks
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Tenpiate Matching
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Noise Estmaton
sethod: Auto v

(b) e

Video Watching ———
(noise=0.254,

Max SNR=6.61)

Frequency Doman :
Options 1 —
Colors

a2
400 1000

Fig. 1. Upper, butterfly plot for 30 channels and lower, MGFT (Grand Mean, N=28) of the 30 channels(x, time in
milli—seconds; y, amplitudes in uV). Two vertical dotted lines represent on—set time for visual shots and
latency of 400ms: (a) represents plots for frame—test sessions(1,512 epochs) and (b) for video watching

sessions(504 epochs).
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Table 2, t—test results from N400 hypothesis
Position Channel Irrelevant Relevant t P
FP1 =7.22(7.06) -2.21(7.01) 7.767 .010%
Pre—frontal
FP2 -6.23(5.86) -3.95(6.62) 1.806 190
F7 -7.70(8.70) -2.93(7.07) 5.259 .030=
F3 -6.35(6.59) -3.24(4.85) 5.629 .025%
Frontal FZ -5.51(4.58) -3.59(5.15) 2.254 145
F4 -6.18(5.93) -4.35(6.10) 1.365 253
F8 -4.71(5.63) -5.91(8.36) 0.439 513
C3 -5.39(5.37) -2.54(3.46) 5.505 027+
CzZ -5.10(3.97) -2.58(4.23) 6.256 .019=
C4 -5.15(3.44) -2.97(4.68) 4.221 .050
Central
FC3 -5.65(5.62) -3.18(4.24) 3.903 .058
FCZ -5.76(5.17) -3.53(4.65) 2.950 .097
FC4 -5.63(3.98) -3.89(5.41) 1.962 173
p7 -2.28(4.13) -1.01(2.04) 2.821 105
P3 -2.68(4.77) -1.35(3.28) 1.595 217
Pz -2.93(4.81) -1.49(4.17) 1.971 172
. P4 -2.12(3.81) -1.01(4.49) 1.143 294
Posterior
P8 -1.47(2.98) -1.87(3.13) 0.354 .B57
CP3 -4.17(5.32) -2.19(3.67) 2.824 104
CPz -4.22(4.59) -2.07(4.46) 3.605 .068
CP4 -3.63(4.30) -2.05(4.15) 2.224 147
TP7 -3.34(4.03) -1.83(2.63) 3.221 .084
TP8 -2.72(3.20) -2.48(3.91) 0.097 758
FT7 -6.49(6.76) -3.43(4.35) 4.399 .045x
Temporal
FT8 -4.46(4.32) -5.83(6.66) 1.086 .307
T7 -5.80(5.76) -2.67(3.77) 6.817 .015%
T8 -4.55(4.40) -4.69(4.48) 0.018 .894
01 -2.78(3.80) -1.72(2.71) 1.665 208
Occipital Oz -3.33(3.53) -2.34(2.97) 1.659 .209
02 -2.64(3.37) -2.0(3.11) 0.975 332

#x p<.01; * p<.05.

F3t Y4 (C3, t=4.670, p=0.039; Cz, t=
9.818, p=0.004; C4, t=10.549, p=0.003) ¥ = 2 F
T AF-FYAFCY, t=7.370, p=0.011; FCz, t=6.541,
p=0.016)0ll4 FA#A £E 3t ¥ apgk-go] F

A £E g HAAgRTg FAHCZ fof

o
N

13 ztol & UehH =4 Jelgth & A
2 22 SAG(PY, t=4.483, p=0.043; TPS, t=5.326,
p=0.028)d AT FAFHA £E] that =30
FAFH £Eo tigh HoE B BAHOE &
ojmgt ztolE el EA YT

A\

423 A77HE1-2, 1-3, 1-4, 2-2, 2-3, 2-49] AS4

B uEESA ch s RAEA

GHE ARA FABY B FATH £ T
@ Haise AFYNEL - AEF 2A9E T
A N400 P600S] FEI= AFPT AATFY LS
MEste] FYGANE FAHOR oJulgE Aol
£ HQITHE Ag AABYE ol F BAL ol
38 AT 0 FYYH FAGNA F2 o)F Ex
£ BHG WY, o U AT AT W AFYO
2 O B3 $ATME A BEE AT A
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Table 3. t—test results for P600 effect hypothesis

Position Channel Irrelevant Relevant t P
FP1 2.83(5.03) 7.68(9.47) 6.930 0.013x*
Pre—frontal
FpP2 3.26(5.77) 6.56(7.53) 4.096 0.052
F7 2.22(7.08) 5.54(7.86) 3.312 0.079
F3 4.01(3.96) 5.95(5.47) 2.160 0.153
Frontal Fz 4.10(3.65) 6.46(4.87) 4.132 0.052
F4 4.06(4.99) 6.27(5.05) 3.254 0.082
F8 4.15(6.65) 4.91(7.49) 0.156 0.695
C3 3.88(3.19) 5.83(4.24) 4.670 0.039=
Cz 3.66(3.58) 6.46(4.17) 9.818 0.0043
C4 4.08(3.55) 6.65(3.82) 10.549 0.003::
Central
FC3 3.86(3.35) 5.86(4.51) 4.056 0.054
FCz 3.68(4.01) 6.33(4.59) 6.541 0.016=
FC4 3.66(4.22) 6.16(3.86) 7.370 0.011x*
p7 3.76(3.64) 3.53(2.58) 0.095 0.760
P3 4.80(3.07) 5.22(2.93) 0.252 0.619
Pz 5.00(3.48) 5.57(3.94) 0.370 0.548
Posterior P4 4.63(3.13) 6.21(3.84) 3.033 0.092
P8 3.95(2.79) 5.03(2.19) 4.483 0.043x*
CP3 4.36(2.80) 5.82(3.88) 3.007 0.094
CPz 4.48(3.67) 6.27(4.66) 3.541 0.070
CP4 4.48(3.41) 6.40(3.67) 4.151 0.051
TP7 3.42(3.67) 4.18(2.84) 0.832 0.369
TP8 3.75(3.53) 5.28(2.20) 5.326 0.028x*
FT7 2.97(5.69) 4.82(6.26) 1.628 0.212
Temporal
FT8 3.97(6.08) 5.11(5.02) 0.604 0.443
T7 3.35(4.94) 4.91(4.72) 2.182 0.151
T8 4.40(4.40) 6.05(3.59) 2.319 0.139
01 4.08(3.60) 4.26(3.28) .048 828
Occipital Oz 3.73(3.66) 4.08(2.89) .166 .687
02 3.97(3.06) 4.91(2.84) 1.846 185

% p<.05; ## p<.0l.

9o A FAY, TIE, AFE € WAF
A 72+ N 2% 8 AT oA HFAE
N4OO(A 7 1-2~ A7 1-4)e] H A, 1
I PE00(ATF7HE2-2~AF7Hd2-4) ] HgE &
52 g9 534 MANOVA HE A% x|

FABEA o FEIN400, F(1,27)=4.501, p=0.043;
P600, F(1,27)=7.080, p=0.013)& A AHBE -H=
o Aol YgHoz2 FHHAT

A7 1-29F #A-E3tY FAAEE Zolek A
2] ol mE Aol9 2-way FEAES
N400ol g &2 5] 9 TH(F(1,27)=5.058, p=0.033). AT
7Hd 1-2& Aoy, A7 2-2& 714E 3
o FARBEAL Y AE ASAA 4] 2-way FEE}
§& F% =% EZRIPTHNG00, F(3,25)=3.686, p=
0.025; P600, F(3,25)=3.908, p=0.020). AF7}+4 2-3
3} 3-3& A AT P00ETE FABAA, FHE-
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Table 4, MANOVA test results for NAOO & P600 Interaction Effect Hypothesis
ERP N400(300-500ms, Min) P600(500-700ms, Max)
Effects F (df) p F b
TP 4.501(1,27) 043+ 7.080(1,27) 0133
TP+*HEM 5.058(1,27) 033+ .186(1,27) 670
TP=AP 3.686(3,25) 025% 3.908(3,25) .020%
TP+HEM=*AP 2.435(3,25) .088 3,226(3,25) .040+
#x p<01; * p<.05.
g AF A HA9] 3-way FE5AET FEEHAT o] & P60l E#Oﬂ/ﬂ v At FAEE 4
(F(3,25)=3.226, p=0.040). N400ol| thg F=AAHA, ES2 AAFHEH AFHolA FARA RESL
29 8 AF A= A FEaEAE a9 543 FAFL REERT ?i?%‘}ﬂl S IS BN
freleole ot X PR THE(3,25)=2.435, p=0.088). o},
AF7HE 14 714E A5, A7 2-4 A9 =
A 5. =2 W #E
HHEZ4 MANOVA A3 AFARES 44 &
< & °© A 2xstr] 918l N400# P600 &7} £ ATE FF4=E AAHske FUA HAE A
714 F3EH YEhUE A9 E F RoFE o2 FAst olE AFFHLYY duEs
Fig. 25 AW EA. 4% N400 1 2= FA T2 MEstr] A 7z2@ ol Az & NS
ESd U HAHZE AAFE, AFFel A < AlFstiaA dd=2 £ Tz wotet
e A9AEe At 2L 8%S] P00 1Y == 5 FAo dHstA B4 o|mAE 7SS
FABE LES U HHZ] AHFY, TL4E =gkt @ A= 43 FEE HAHEY
oANA BAHA =S AAAHS BATHFig. 2 =) FABEE S HrbstA & AHE ol &8t FAH
ol A= oW A o tigh wkgo] AFHoAA B d e cES FAFE e 4B Ut A
ZEA A3 FARSFI9] N400S 7 &2 AAF 2+ AAZT ERP HAWES £48AT 1§
I AFFolA FAFE £ESS FAAE £E N4003 P600e] FABHE a5 AHEJT, I
SRT AA 2 AAUPES 95‘\3}. FHee = A3 ol A7t A vehves AFAAE A
T FAYGT FYFNAE N0 FE5HA] okt % 9 #HLE FEst AR
N400 (Left) Ps00 (Left)
HY uvam_ Topic-Relevant
o] TOPIC-Relevant .
- o
/ d
+ 0000 /
50600 // ] P\
Topic-Irrelevant /’/ — Topic {"9|9Vﬂ”t /
= = o
80000 20000
E B o B P, F G P

Fig. 2. Typical graphs for 3—way interaction effects (N400 & P600) between topic—relevance and electrode positions
at the left hemisphere, Topic—relevant shots, N=193; Topic—irrelevant shots, N=164,
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