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Table 1. The history of nonlinear investigation on EEG of subjects with autism.
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Fig. 1. Virtual driving environment.
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Fig. 3. Analysis of sample entropy of EEG between
ASD subjects and healthy subjects (m = 2).
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Table 2. The sample entropy of EEG between ASD subjects and healthy subjects (m = 2).
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1.401540.1378

1.3993+0.1437

1.4439£0.1492

1.31834+0.1263

1.308240.1439

1.2056+0.1512

1.2165+0.1768

1.3786£0.1836

1.3655+0.1684

1.3609£0.1941

1.3468+0.1526

1.469440.2743

1.4736+0.2197

1.532940.2496

1.480040.1947

1.432240.2626

1.4837+0.1806

1.3738+0.1924

1.2836+0.2473

1.2038+0.2025

1.1173£0.1957

1.4337£0.1100

1.3850+0.1717

1.307240.1857

1.3910+0.1145

1.7067+0.1680

1.6744+0.1626

1.585440.0938

1.530540.0921

1.598240.1343

1.5288+0.2003

1.392440.1880

1.374440.1687

1.3320£0.2191

1.2731£0.1593

1.4776+0.0967

1.497940.1209

1.4928+0.1983

1.4577+0.2105

1.72714£0.2745

1.727940.1705

1.7050+0.1389

1.6112+0.1695

1.6653+0.1493

1.6057+0.1458

3 PE B M R 1] i R A ¢ AR AT (m = 2)
Table 3. The t-test analysis of sample entropy of EEG between ASD subjects and healthy subjects (m = 2).

_— BF SRR LA pE BB TF LR A b ST Z IR p {E
hER A TR FREREZ A p E ik ke
AF3 0.0401 0.1766 0.2440 0.0326 0.4407
AF4 0.2339 0.2114 0.6008 0.0670 0.2585
F7 0.0937 0.0938 0.5080 0.0278 0.1824
F8 0.3663 0.2732 0.8388 0.0458 0.1024
F3 0.0747 0.1388 0.2725 0.0850 0.2612
F4 0.2152 0.0672 0.4156 0.2265 0.1319
FC5 0.2104 0.1118 0.6965 0.0502 0.0826
FC6 0.0744 0.1197 0.2859 0.1160 0.2755
T7 0.0042 0.0490 0.0476 0.0575 0.4454
T8 0.0021 0.0181 0.0435 0.1002 0.3127
P7 0.0478 0.0860 0.3294 0.1393 0.0746
P8 0.0382 0.1051 0.2962 0.1334 0.1883
01 0.0092 0.0427 0.1025 0.3534 0.2382
02 0.1736 0.1013 0.3276 0.2812 0.2537
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e YEHm = 61 PRI SRR A S T N T kB IRER H M B EEG P AFLE ) 5
Table 4. Analysis of sample entropy for ASD subjects BEMARE, A RBIEEG R4 8 s i,
under dimension m = 6 TR AE T 4506 HOVB TR R AR, % 4 ik

BEAIE pl NYEHCN 6 I B RE A 15 D2 ¢k 30 p A 45 3, 7T BA
W RERS TR L5 R 2R Ho E L, T H FRE B, AF3, AF4, F7, F8, FC5,
AF3  0.9240+0.1116 1.0133£0.0878 0.0202 T7 F1 T8 S8 E (1) p AL/ T 0.05, B 7t R B ix &
AF4  0.9452+£0.1469 1.0406-£0.1056 0.0406 TEAE [ 35 B 5 T I ELAE 95% BELAS BEJE N
F7  0.7806:£0.1137 0.8823+0.1138 0.0197 #om T HEE S, VT ERE TRESE 5 R
F8 0.8359+0.1408 0.9361+0.1381 0.0463 B i RS 2 A5 T EER gk, RAE VA7 AL — 22 X (I
F3  0.9267+0.1636 1.0162+0.1117 0.0659 K5 o). 5 N 4ER6 [ PATIE R 3 i e 15 5
F4  1.0053+0.1179 1.0521£0.1214 0.1741 SFIREAE I R 2 S S A AR 2 E St
FC5 0.83564+0.1387 0.96560.1302 0.0136 o, WRZEERT %, o RiEsfES
FC6  0.9244+0.1059 0.9939+0.0997 0.0560 b B LA 5 R g, A5 N, 50 D i B A= 5 L
T7  0.859440.2075 1.011740.2072 0.0429 AN RS AR
T8 1.068440.1415 1.181040.1622 0.0418 ST T g
P7  1.085440.1451 1.1828+0.1781 0.0781 el L
P8  1.019240.0970 1.0806+0.1188 0.0897 o T T E T
Ol 1.0817+0.1270 1.1165:0.1760 0.2923 - 0'3'? . ; - . |
02  1.1005+0.1231 1.1619+0.1233 0.1175 -l gyt |1 1A
Eos Ol{{g?ﬁ%&g)& H . g E{
— e - - F-E-E-A -
0.8} (@) ’ ] CoalL © N - A R
1 1 . . L L
0.6} . X ] —o0.2} .

AF3AFL F7_Fs F3 Fd FC5FC6 17 T8 PT P Ol 02
_ K5 (MTIRE) H AR LH N RIS E 5 SR &E 51

| g : ggg L FEAARILZ %4 (m = 6)
,g,,,,g,,:,, *ng Fig. 5. (color online) The analysis of difference be-

0.4}

i

FEASRE

P E p + ' tween the sample entropies of EEG activity signals
—0:2} o, o . ! 1 and those of EEG baseline signals for children with
AF3AF4 F7 F8 F3 F4 FC5FC6 17 T8 P7 P8 O 02 autism (m = 6).
06 ———————— ®5 T RS E HGE R RSB (m = 6)
o5k (b) T Table 5. Analysis of brain hemisphere dominance for
: ASD subjects based on t-test (m = 6).
0.4} 1
T
03l _ | _ 1 PRIRZS TR
1 T - _
g 02t | _ M T WIE RN EEERIE R AR
= -
ﬁ'_ 0.1 g ﬂ H AF3-AF4  0.3476 0.6524 0.2492 0.7508
e
OH4--— T - H R BT F7-F8 0.1506 0.8494 0.1548 0.8452
X 1l TS
—0.1f S 1 + 1 F3-F4  0.0955 0.9045 0.2296 0.7704
+ | L
—0.2y ! FC5-FC6  0.0460 0.9540 0.2784 0.7216
] N T7-T8  0.0043 0.9957 0.0181 0.9819
AF3AF4 F7 F8 F3 F4 FC5FC6 T7 T8 P7 P8 Ol 02
N N . ) . P7-P8 0.8990 0.1010 0.9438 0.0562
4 (MTREE) WS s AN B2 (5 5 I REA R 2 22
01-02 0.3579 0.6421 0.2356 0.7644

S (m=2) (a) E3; (b) 5

Fig. 4. (color online) The difference of sample en-

tropy of the activity EEG and baseline EEG (m = 2): E ELT(A?E& m y\j 6 E(] HE EE %éﬂ% ,T%_ %*[] Hm EE {ﬁ
(a) ASD subjects; (b) healthy subjects. HE 5 AR AE 7 B B Al J:, Nt — Bt
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T E VRE )L FE R 2 A 2 R A B ORN 24 i e ) A
RO NIERBRE R ERE T, WrERm A m e
K363, FTLAE Y, FEAREARSE LT, 2 5k
oM, FC5IBIE 5 FC6 JEIE 2 7] ] p SN 0.0460,
/NF0.05, RIALE FCB A fisi 7c - BRAR 35 MR B 4E
da, YL B A R ERA 1 [FRE, T7iE S TS
I8 2 A 22 5 5 0.0043 /0 T 0.05, A T7 67
A A e BRI S AR B B AR 4, 1 B AE B
hb, BA BB A BRI, WE 6 (a) Frow; [RBE,
EFFEARE T, f£95% BEELRHA TTHE /N T
T8, & BIAE R AbATY SRAF7E B B (1 A7 S BRAL 5,
K6 (b) Fron. 6 84 BRI f P YR AR 5 4
KBRS 2 Z G T L W R T
B RT %, MFoRE BRI S, 50 4 LR
AL RIS B S, AR R R
RE, SR EpEA KT 0.05, 58 KAk 2B H
F A ERAR S (BAE T X p {E HEE/N, 1R 23 0.05,
THREFERE T, BT X EIMHEREER
J 2 ERA B

0.4

0.3 (a)

0.2 + - 1
1

0.1

I T = Gy
HEEE T

o

g

: S-S
—0.2F + 1
—0.3F T 4

-+

—04r
—0.5}
—0.6[

0.4
0.3t (b)
0.2t -

0.1p + ' - g .
- [ -]

= —01r

I
W
+{
o
|
B

70'2 L
—03}

70‘4 o _L
—05}
70‘6 L

L L L L L L L
AF3-AF4 F7-F8 F3-F4 FC5-FC6 T7-T8 P7-P8 01-02

6 (MTIRM) T REAMEK B AT B BRI 5
Br(m=6) (a) HERE; (b) HFERE

Fig. 6. (color online) The brain hemisphere domi-
nant analysis of ASD subjects based on sample entropy
(m = 6): (a) Resting state; (b) driving state.

4 W #®

TEAER 250U T, W9t 45 B3R B B HPAE ) L)
ki L 2R A5 5 i B P IR AR AR T e =, e
B PE ) L2 B R SRR ZS i % 3 B 4 v B AR T
fE BN, 1X 5 Bosl %5 [33) [ B2 ) LRFF 78 45 B — 2%, T
HAEG T AR XS A RS, R HB S
Catarino %5 B4 () sl NWIF 7045 5 — 50 X 0 324
AR BT B0 P S A S5 (B (1) 5 AT DL 2R

F6 RN RIS ¢ KT (m = 6)

Table 6. The t-test analysis of sample entropy of EEG
for healthy subjects (m = 6).

TR ERALEA S Hr pih
i PREBRZS TFHARE WEETF L
AF3 0.7287 0.3109 0.5736
AF4 0.1849
F7 0.4212 0.3365 0.1955
F8 0.0707
F3 0.5727 0.1039 0.4387
F4 0.1078
FC5 0.0968 0.3906 0.0530
FC6 0.1551
T7 0.1072 0.0968 0.5178
T8 0.3757
P7 0.8991 0.9440 0.0346
P8 0.2351
01 0.4489 0.4777 0.1100
02 0.2269

PR 3 MR 4, RIAELER 6 1 OL T R E
I LI T I 25 SR AN 048 4 50 2 1 i Dy e [X
(AF3, FTFIFS), it KBLFC5, T7F1T8 X i1 £ 31
BEMEZER, R H FRE S E X D) REIX I 4
RS TG B 544 1 B3 TR BRAS, ) ifiil,
FF AT 25 HOURh T B PTRE B IR ). XL
KoMK, KIUERENAAEXEINR. K6 g
506 1A fa R i FEAE AR ¢ RS A AT

B Dy RE X AR A U w5 B0 CRE S, &P
JAcAZ s %5550, MR ATTULESE, BHES
F B X LTS B AR TP SR A R B S
TRLES, U ESNE 5 0 E AR AL A
& FE S TR B IS5, KB 2 1
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U Ty R DX 22 B0 558 v 1 4% b S 5 ALEAZ R AS
77 TSR B3 — 3.

TEERAR A 3 v (3R 5 AT 6 FiToR), XFF H
PHE B8 SRk Ui, FE Ak, AR 2 R EOIRES I 2
FEEARAS, Wif5 5 40 2 B0 B 35 104 3R p 34 1k
TR T R (A3 6 Fir o), X b A 35 1 ARe E 50 A
oy B, RETE R ER L AR B, B Ak 1
pAEELEN, 23 59 0.1072 F10.0968, 1B #BE A /1N
F0.05. 10 H, FEBHIX, FEAREFTF GRS 2 (A
WAL R EFE W 2R, JUH T7IEE L&A 21
(p = 0.5178). XTtbF 4, B HAGEEE TTF T
p<0.05, B [ FHE 22 10 2R 25 o 3 08 B {2
fm TAREARES, JE H R 5 v LUE H, A e X
TSN AR X XA [ PATRE R KN
()R X e~ 3RS B A7 AE S, i X Bl
VR TACEEE R, B R A T B, X
5 Dyfe BB T 2 B FRE 5 25 0 B 3 B AR
XA ARG F RS L R, MR35 K
Dige— M4t (fw M 4L) 2L (theory of hemispheric
functional lateralization), 7= ¥-3kZE 5 G 3ML
PPk, A BRI &R RS SRS (BB K
FIFIAEAZ 23 1) 0o AR AR L & R I ATFI R 12 K
T8I BN5E) LA BR, RO MR T B FE
JLE G 5 DI ReERA AL, X 5 B PRE 825 KN
B 5 DRSO S R A BT 70 45 S — ey 1401,

THM: X X B F P7 A1 P JEIE, 2 535
B SR IR AT NG B SR AT S A
HEAG oe, oA A ) T 2 A B A A . X L
FKoMEG, ATLLUE M, £ X (P7THIPS), HH
i S5 I 5 7 AR SRS T ZRAS F - 3k
A PEARAL, #5230 B e R BRI A,
FAETT ZARAS N 22 2 BRAL M B BUR BOIRAS A B
Hom, JRE ST ELE 6 AP 7, R E FE B AT AE
WA X, HoA B 7 e H 6 ffd B i BRAG
A G

EAREARES T, B HRE B ERT#TH X (AF3
A AF4), B X (F7, F8, F3, F4, FC5 1 FC6) fl
R X (O1F002), #5530 H 85 1 A7 2 3R 35
(tnZk 5 g, JEHAE FC5 fIFC6 FH E8 B & A
PEROLAE, R R 2 I — E A R
M3, (ELFE AR A S B H R0 ) 22 S BRATC Bk
(iR 6 AT A)). FEHF RS, B HPRE B p X
A R A BT 0o, T £ R R XA kAR

LA P g as; TR o HAl DX A S 2RO 3
PEHSIS A GRAL.

BEAh, 31X B 75 0 )2 AT ST S AN R ik
NYERL (2—9 4E) I SIAEA R BEAT 70 ATk 7, BN
TE 7R 8 2 B3 2k RN AR, AR LK) T Bl A
W T 45 RS HE R 6 IR A5 R B T AR AERCR 1
ZER 2.

0.3F
0.2 — A
1 1

i E g 2R
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Fig. 7. (color online) The brain hemisphere dom-
inant analysis of healthy subjects based on sample

entropy(m = 6): (a) Resting state; (b) driving state.
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Abstract

Autism spectrum disorder is a kind of mental disease which involves the disorders of the perception, emotion, mem-
ory, language, intelligence, thinking, action, etc. The aim of this paper is to investigate the brain activity characteristics
of the children with autism during complex environments by analyzing electroencephalogram (EEG) signals from the
neuroergonomics perspective. The virtual driving environment as a complex multi-task source is used to organically con-
nect brain systems with human motion control. The 14-channel EEG signals are obtained including the EEG baseline
signals on a resting state (about 3 min) and the EEG activity signals during driving (about 5 min). The method of the
shift average sample entropy is proposed to deal with EEG signals in the resting and the virtual driving environments.
Considering the highly complex hyper-dimensional characteristics of EEG signals, the different embedding dimensions
(such as 2 and 6 dimensions) are analyzed in the sample entropy estimation. The results show that the average sample
entropy values of autism spectrum disorder (ASD) subjects are lower than those of healthy subjects during resting and
driving, respectively, especially in the prefrontal lobe, temporal lobe, parietal lobe and occipital lobe during resting
and in temporal lobe and occipital lobe during driving. It indicates that ASD children lack the ability to adapt easily
their behaviors. Meanwhile, like healthy subjects, the average sample entropy values of ASD subjects during driving are
higher than those during resting as a whole. Moreover, the EEG activity signals of ASD are obviously higher than the
EEG baseline signals in prefrontal lobe, frontal lobe, frontal central lobe and temporal lobe regions in 95% significant
level. And for healthy subjects, the activity signals are significantly higher than the baseline signals only in parietal
lobe region. Furthermore, the brain activities of ASD subjects during driving come closer to those of healthy subjects
during resting. It suggests that the virtual driving environment may be helpful for the treatment of ASD individuals.
In addition, the ASD and healthy subjects have a certain right hemisphere dominance in the whole region except in the
parietal lobe region. In the parietal lobe region, they have some left hemisphere dominance, especially during driving.
And for ASD subjects, there is the significant right hemisphere dominance in the temporal lobe in 95% confidence level
no matter whether in the resting state or in the driving state. The results show that it is suitable for the shift average
sample entropy analysis to study the brain activities of ASD individuals. This study will provide a new research method

for the further research on the mechanism of autism and its diagnosis, evaluation and intervention.
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