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Review on signal detection and processing of human crawling

MO Jieyi', LIU Yuan?, WAN lJinliang', CHEN Ying', XIONG Qiliang'
1. School of Testing and Optoelectronic Engineering, Nanchang Hangkong University, Nanchang 330063, China; 2. Department of
Rehabilitation, Children's Hospital of Chongqing Medical University, Chongqing 400044, China

Abstract: Crawling is a significant sign of gross motor development in infants, and also an important means of rehabilitation
training for patients with motor disorders. The accurate measurement of the motion state during human crawling is essential
for evaluating the gross motor developmental process in infants and the rehabilitation outcome of patients with motor
disorders. In recent years, many studies have attempted to quantitatively evaluate the motion state by detecting physiological
signals during human crawling, but there is a lack of overview on human crawling motion signal acquisition and processing.
Herein the detection and processing methods for motion signals during human crawling and relevant researches are reviewed.
The mainstream methods for detecting motion signals during human crawling are introduced from the perspectives of inertial
sensors, pressure sensors, and surface electromyography. Then, the signal processing and analysis such as periodic
segmentation, kinematic analysis, and dynamic analysis in human crawling are summarized. Based on the theory of motion
coordination, the research advances in joint synergy and muscle synergy during human crawling are elaborated. Finally, the
current problems and future development directions of motion analysis for human crawling are discussed.

Keywords: crawling; sensor; signal processing; kinematics; dynamics; review

o s SR AR BRSBTS R
N R LE S B R E s, g TR TR DA S B R
o e B e PR AR RS (TR Bt
: DL T 2 S L I I T B

Fro5 Z PR A RAT A TR RIE L 2 4)

WRAMINDIL1 oo sty NSRRI W51 9y T35 20

5 HIRFF A 5L 4 s YLV B R Bl 27 3t 4 . . N " N

(20232BAB206134) ; & it 25 K= W + )3 3h & Gk H ’jﬁfﬁ\ﬁ?ﬁjﬁﬁ HE T 93K HAT R 6
(EA202208059) R B9V 2, i 2R 40 LR BE ik = 0 10 TCA 4B e B

(FEE RIS SEA8 L B4 RS J5 1) - 7 5 b 35 4 BE 20 B, E-mail: AT e SRR L SR B B e TEE D

1005362980@qgq. . N Gt \
{i%%{’ﬁz‘]ﬁ@a%,ﬁi,qgj;zzi“,ﬁﬁ%ﬁr’ﬂ:#%E%fﬁ‘%ffﬁvﬂuh‘ﬁ K F IR A FHLLAE R AT iz 5l i BE 5 e 1 5

2B, E-mail: 70898@nchu.edu.cn Zﬁjl_‘g:? 'ETJ iE'IZ. I/J &‘%%%Eﬂ%ﬁﬁjﬁ E@"J'%%[M] o % -



6

- 755 -

7T, Xk T R R AR B s S B AR AT R
Y Hoiz 2 e 52 i 8 21 45T B, B an e AT 2 4 9%
UESEREAS A AU iz Bl e 7 38 2 B4 LR M D RE Fr)
KH RTINS A e 1k i 4R vl A U
PRI ot T ICAT iz Bl — i B DU IR 5285 s A 1Y)
HLKIE 3 A7, PR IRAT I ZRRE 08 A 4 iz
SR B E AR TR RE ™ [, KR IEA T
SRREME XS S O M2 UL A 2R G0 A A T, 2 T
W M A NN I RERIWE 5, e 4wz gl
FRE R o TCATIE S TCie I % T IE ¥ 12 sl D fig
(1 % 8 i ek s DRI 75 1 B SR AR B A Y
YEH.

F BB CATIE shAEis 8 & T LR R IR i
HEAE AR B ST O A B i A AR e AT i
P 132 2l A B - IR R S BN AT 38 3 AT i
AL, BEMA R W 2 B S Lis sh A H
RV KB E B REB R A H I . AT
SRS N ARNCFT 3 B0 15 5 K 5 Ak B B 5 BRAR
PEATERIR , 3 AT BE TS A A7 A ) — 28 [R]E R oK ok
AIBERIBIE ST R A TS o

1 B1TIEENE SRR

VU R 4 S 0 2l 2 AT 2 2l e i 35 1) 3
YRR, B i sl e P AR B RO A% R L SC
T LA W4 3 2 25 22 b oaT DL I i i g AR
HF S AR A, iy 2 A BRE S W R AT iz 3 R A
AR F2 BER R, T 1K ISR AL B T ) £ %
for BB BE R G LA LR LA 44 J7 X EA T is 3
57 BRI T4
11 EFREERFNRITIESESEN

B A2 SRR 2 — b AR 5 i i B2 T R SR A %
S M e REE SE IR H bR Az sl s 0 7
DA S 208 sl 5 R4, i T AN AR E B e
S8, IR B Tz 3 HARROAZIN . a0, A1 A58
PhAZ IR D SR ARG D00 P R R £ 28 ] LUAR Gy 3
SRR AR B AR IR AT TE NI T i s
T rb, Ma AEF] B 12 I 7 S 36 2 PRIE A SR AR
i R N T AR TE A7 o 5 v K 0 DU B Py s sl o e 38
Wl , 5 HLARTIEE B 05 20 A A €47 32 3 v Y
HRARREE P A2 2R 1k LA R AR 6] 5 2l P 3 A5 =)
BRI, 3 —Jr i, O T R OAE AR EE R b AT
JCA T 45 H R £E 9 [ 1, Vitali 5523 FAET M A% Skt i
T3] LAFE S SN AT IR T B R AR R G2, W 1
IR
12 BETFENERSFNRITIESESKN

s 3 A s 32 B ) BT A A S B X

E1 ETIRMERBSNCITEHNBERERS
Figure 1 A crawling motion data acquisition

system designed based on inertial sensors
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Figure 2 Acquisition scheme based on surface EMG and 3D

motion capture for human crawling analysis
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Figure 3 Diagram of distinguishing different coordinated movement

patterns of limbs during crawling using IPL
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Figure 4 Schematic diagram of the extraction of muscle synergy
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