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Abstract: A method of human motion posture analysis using synchrosqueezed wavelet transform
with adjustable parameters (SSTAP) is proposed to focus on the problems of complicated radar
echoes of human motion, small frequency difference of micro-Doppler(MD) to the human motion
postures (HMP), and difficulties to distinguish the detailed frequencysignatures of different body
movements by conventional methods. An HMP model and a radar echoes model of human micro-
motions are established from measured data based on motion capture technology. Then, the
SSTAP method is used to decompose the radar echoes signals and the time-frequency
characteristics of the main parts of bodies are obtained. The time-frequency characteristics of the
body’s overall echo signal with the best resolution are obtained through adjusting two parameters
of the SSTAP. The information of HMP is finally obtained by comparing the time-frequency
characteristics of whole human body with those of each part of the body. Experiment results and
comparisons with the generalized S transform (GST) and wavelet transform (WT) show that,

the human MD signatures from the SSTAP are more clear and easily recognized, and the SSTAP
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is better in describing the signatures of HMP and increases the recognizable rate by 17% and

14 %, respectively.

Keywords: synchrosqueezed wavelet; radar echo; human motion posture; micro-Doppler frequency

TR X AR B 0 A A R 2 AN B AR
P NS 52 RS FOCLR G 52 ), AT S it 4 K i A 4R
W, I 5B 3k ] 25 375 [ 15 ) 0T B 67 R RS 0 0 1) N
DT AR . . AT O T A R AR T gl 3 AT
FE T ARAT A AR 13 22 35 5 RRAE , R AS 5 b 3T
BOM ik 605 B AT 43 B AT AR A5 N A B 1R R B LD
SHIESFIE 35 B X 25 REZ 2 R E K
B G0N AR RS EME"",

USRI EA R (R A S e Sy P NC YN
e e N By B N E RSB LB NN E R 8 5 N 2
FRIR Bt T B . BT RIS ELS REER
- 5 4l b 387 R A RE Sk s PR O SR T ERE A 93 B
XTIk I AT AL B R R Tk 2 — . SCHRLS-
6 I JFH 4 IRk B A e (STET) 3R 4T A 3% 2 3% 3
FEAE 53 # . (B STET 19 43 $F 38 32 [ 2 o ok 45019 PR
il s — LT T B Aff a2 T B (] 5 0 23R 43 B SR A0 A N
REAE T . SAH (ST E STFT 5/ i A8 4 1)
Mo, 2 HAT B 3E N FER A B o A . )T LS
4 (GST) & xf ST By —Fhgeift . SCERL7 1R
GST X ARG 2 8 ) R AE SE 1T 20 A7 76 ST (1) 3 il
I RuI NSSOCIE 3 & SRR S0 AR i
T PR AT LABE AT R AR AL, T4 T T ST iy dE g, i
— BT T ARG R AT A 20 EE S
PRI AT SR 7 LEAE BT A BE R Z M AT i

AN AR (WD) i 8% H T 87 i85 5 B . 3
[f] GST — ¢, 7 2 & i 30 4 e i WT IR
BRI R, I JLAER , L Daubechies SH 1 By % 1]
& 0 A ] 25 5 T /DN D A8 e ELA R G 1 A B
JERERE EAYFF T 5 51 L B 0y B R U R R
Wk B A3 SR T B S S O A B T ARG R
R T R By IR AE 4 BURE 77 . PRI, AR SCHE
T BB TR 2D B /N A e Y B 22 R A 4 B
J5 3 il PR Y R B RN 2 S S BOR R
15 AR LR 5 W B AR B IR AR . 2 S 2 A5
SRR UE T 2 50T 8 0y [ P B e /N AR
(SSTAP) 0] DL &5 SST 9 B 55 7 BF %, 2 5 K
SSTAP 3 5l X%F A AR AT 3E F1# 3h B 19 32 Bl R 2 2E 47
TME &M IER I 5 5 GST f1 WT 45
AT T X b, SE e 45 SR R SSTAP HA B4 (1 1%
s Z PN EETT

http: // zkxb. xjtu. edu. cn

L[R2 BF /N

1.1 E$SHFENMNEEARE
Daubechies 1 5o 42 H T 8] 4 5 /N i 28 #57 ,
XA E RS S (0 GBS/ AR A LN

W) = [ saty (L) @

Kb - Wla, ) /N R a N ET 2 R
O3 B FUAE 3 0 O I [E] P RS 4k s DI 1E] 5 " DA RE /N
A 3LHE . A 3 (2) SR IR e A3

QW/(a,b)
ab

Ao Q. Ca, o) AR I 18] - RO -1 1 5 A5 Ik I A3
Rt BN, AT WRI IR T 2 LS s (0
(1) i) 26 455 /N P A 4 4 X R

T(w.g) = > Wa,0)a*? (Aa),  (3)

a, m_\(uk D) —w| < Aw/2
T (s 0) RN R B 0 R BRI IR Aw 4T
SR B W] B R S L (0 — Aw/2, 0+ Aw/
2)sa, B HUN /NE RO s Aa S OB B B B B
i 3 /Nl 2R R HE T LR S A Ay R, HOR A T
DL 1 B 451 2 7 v L SSTT W] L 3 b B R A 5
1.2 FEHEHFEMNETHRISEHAT

Xt F Morlet /N, B /INEE 0l B b AR 40 20 2y
pag) = exp[— fir’(at — f)7] 4
A ga) BT & WB BRE: £, A £ 2B TR B
SEAE L B R Hz, 855K b A IRAE S 5
N e, HARRARIF M EIE %S Z M. 1 2 M55
PRKER N f1<<foloo<<[fr AEX kDS R
B2 BRI UL AT 5 1 W A R AR % 1E A LU
W HAAE S5 TS 0B, L% & kA fE S 2 A4
IR B AT A 5 TR ) R, 1 2 A dRc 400 B A R
N s farr @€ {1,200 k) BUBHE 5 4 B B 451 3 42
B (2 A LS Ny
0.Ca,b) = [e,foexp(ib2nf g (af )+

Q. (ab) =—iW(a,0)™ (2)

D eifiexpib2nf)g” (af )]/

i=1,i#a

[cqexp(i!’)Zchn);[;x (af ) +

> ciexplib2af)g” (af )] (5)

i=1,i#a

1A — G T I 2 RS CS) SR R0 B s 4




10 [ . ]

REHE SR Y k21 B, £, B f0 &3 W
Q. Ca,b) (R BOKE BE T 11 1 403 38 3% A )

¥ g (af)=exp(—K), Hrh K, = f,x*[(f./
fOfe= f =000 Y a=f./f, 0F.¢" Caf) B
KA 1,1 T H A iAo B A

¢ (af,) = exp(—a;) (6)

Xh:K = AL fo fi— f = An L/ fo —
177, RGO AUBEHR.Y ¢ af)=1.¢" (af)
FO ML T 0, X ) LR EE T £, miEX
B)H .24 £ 1 f BRI, ¢ Caf, + 1), [8] Bf
T HA i#a+1 8 o .9 (af)<<¢g” Cafiir),
JREL, £ F0f PEHE B5E YK, AT LA 24 5 (5)
O TR REEE I T 0,0, (asb) BT 45 R 1
a=fJ/f. WHET f.. WY a=f/f. 0,
¢ Gafo D=1 90% £, Fl fo BiE Y K. H 18 H 10
iFat 18k o B Caf ) MAEIE T 0, 0] I w551 2
HIET foo

I PL S AT RN B A B S S RN D S
AR TR o 2 AT 23 2 30T (4 A 5 I B 400 3 T 3 o o A
T [ A 5 T /0N I A2 4 A A 28 SR it o 0 TR 5
B EL SR, fy WA RLTGBIR il 38 K, A5 W ™ 5
5 0 B[] 2 9 2R O R B ™ T A 3 G0 R TR
Hi bR EL exp(— 2/ fOREGFE M S 1= LD R %
PREAE exp(—4) T4 AR /N, W (4 £,) "7 1T LA Ry 3k
e BE/IN (A I 1] 20 B T LA SRy T S8 IO A3 R
TEATEMIEI £, 5 S R T ORUE R 7 P 5%
. fo RE% KT 5.33/2n Hz'%' . F i A A4 B AH
IR Bk T

WES s (1) = cos (70mz) + cos (80xt) +
cos(110m) , 1% M5 5 B 3 A48 3 43 1 4L A, 49 51 ok
35.40 1 55 Hz, H B UE S 0B A 1a iR, &
1b3ky f.=2.5 Hz, f,=1 Hz i}, % SST 4b 3 J5 1)
R A3 1A , BT DL H I {5 55 #E 35 Hz Al 40 Hz
ZIRIE RS, VLY f.=2.5 Hz, f,=1 Hz i, K
REAR - b X 3 T AR A3 4 4

le iy fo=2.5,f,=6 AR & o] LLE
WS A X A ARIE 2, Ui Y f.=2.5 Hz. f,
U KAB I o BE T 4 Hb X3 0 R 43 i

Xt W A 2% B 2 5 R AR A 5 5 A e,
FEX GO HKE £, ¢ AR o ml L A7 28 LG 43
Mr o LR B0 45 SRR SE T _E T A 434

wAES 5, (1) = cos (20mt?) + cos (15xt*) +
cos(350ne”) % 5 5l 3 R4 & 4 A . PAEE 500

http: // zkxb. xjtu. edu. cn

PN S %51 %
.
2
g0
-2
» . . . .
0 200 400 600 800
() I 3815
80r
60[
N
jas]
5 40 ettt
201
1 1 1 1
0 200 400 600 800

(b) f.=2.5 Hz f,=1 Haz I B0 A1

80

60r

1 1 1 1
0 200 400 600 800
KA

(¢) fo=2.5 Hz. f, =6 Hz B} [\ EF 57 [F
B 1 SFRAE 5 0 TR 28 B /N % A8 e b B &%

ASKAE SN B HELT 20 BT, TSR AFFE S 500 AR AE
Ak B R RS R 4300k 20 .15 1 35 Hz., [ 2 AR
S S BEHEE SRR 5 1 6] 25 855 TR /N A2 4 ik 3 2%
Ao HE2b ATLIE Y f.=1.5 Hz, f, =1 Hz i
Kl 2a 55 % SSTAP 4845 . WiAR A 4r i 7E 15 Hz
20 Hz Z A AR & f.=1.5 Hz, f,=1 Hz
Ak AS BE AR B 11X 43 1 R A5 9

ME 2c TLLAE .Y fc=1.5 Hz, f, =6 Hz
B, 28 SSTAP A8 4 J5 , WA H0 4 it IX 43 15 AR 75 48

2-
= 1}
E
g 1
~1F
= L L L )
0 200 400 600 800
KA
(a) I 85 5




12

TR A 5 SR T 25 855 s /DN O 78 450 ) N A8 30 8 25 03 1

62.51

50.0r

=
= 375

= 25.0

=

-

BT L S

12.5F

0'00 100 200 300 400 500 600 700 800

KA
(b) fe=1.5 Hz, f, =1 Hz i BB 51 &

62.51
50.0r

<

= 37.5¢

b

= 25.0F

12.5¢ e

.................

0'OO 100 200 300 400 500 600 700 800

(o) fe=1.5 Hz, f, =6 Hz i (1L H I E
B2 AEFRAR 5 A [R] 20 5% T /) i 70 4 4k B 4

VLY f.=1.5 Hz. f\, B KAE BRI Hb X 4345 R
A=

2 AR SR K B3k Bl B

2.1 ANFiEzhiEs

AR SR FH I 3 41l 4 B AR K X AR Bl 223 i R AR
AT 5 B . AL R 3 4 B K 2% (Carnegie

AR 4 T 10 1 2205 JE Sk s B0 BT A R L
e AT L M R AR RO N R T SRR A
ST ) B AT A, AR R I B JLART DR /N 25280 35 5 4
JoE ) SRR MO R PR R AT R 3 [ e B I B A TR
(9 325 1 AT B0 e 26 B A8 3K T £ 510

3 PiEAR IR

3.1 ANE1TERE

AR SO SR P B0 34 2 U ORIk TAE AR
b 10 GHz, N AR 32245 A0 A8 Ak 1) e ] 8] B A 1
ms, B EUR PRSI 1 kHz,

Bl 4 FiT 7R b 48 [R) 25 45 R /N i b B 1 45 3B 00 7
KM WA . R AR T E S 12 m
Ab T 1) TR A DAAR 1) T B 162 m/s (B AT
Ao [ H /N 09 S 80058 R - BE /N Ol morlet
AN SRR S8 f.=1.8 Hz, B %N
fv=2.5 Hz, MK 4 0T LIFE I, 5 B E 30 LU
{18 JE 193 A5 Ak o B0 %ok 7 ) e A W B A1 23R e v 5 K 1)
238 BT R A R . XS R i A AAGE sh LA 1 st
PURRE MAEFER 1,

400 400,

= 300] = 300

5 200 5 200
B 100p-——r e R 100 N T T -

0 0

00 05 1.0 1.5 20 00 05 10 15 20

Mellon University, CMU) 1 iz 2 4§ $& £ 98 = 1m] 2 tfs tls
ACTF R B 0 4 3 B 4R BT 7 R AT T (2R
A 100 400
22 BAEHIHE S S AL A
PN 3= N R R L 2Rt 1< N B A NUPZAI NG ST SO
3 T % 38 S0 B B RN AR 1L %200 31 4 T ds Ty s Zo 00 05 TyTs 20
{37 A HB LS5 0l B A 5 B BRI AT RUOHE R W ()72 /M (% KB
TSI A SO A B2 3 A GE 4 BT £ 5
PRARIGIL 31 AR R e . A
T g;zoo //\ /l\ §200 /I\ | \
T'3?\'100* / / = 100f i §
%055 1’</)s o 00.‘(;:' 0',5:”1;(/); 15 2.0

K3 Ak s

http: // zkxb. xjtu. edu. cn

() Ze /N (D2
4 NARAS AL Tk 2 3

B 5 S NARATHE 4 5 38 [ul 3 -5 3 22 3 0
i AREHT 1A T A 2 BOR Y 7 ik BEAT R
¥ f.=2 Hz, f,=4 Hz N HA B4R BLEER, 10
5b r7n . MR 2 # R I H A fu=20f/c
Co TR, £ 8B TAEBR ¢ AL, a5




12 LE PN S %51 %
A1 AR &AL B IR A A 3.2 ANEBmHBE
Wik I BRER &R ARE Kl 6K f.=2.5 Hz, f,=2.5 Hz iy AR SIES
P W/, TR eA S L YAt LY o s BN
— A 2.5 Hz. f, = 2.5 Hz A}, 7] 3875 8¢ 4 19 kb #1 45
LI 1o % [FIRE AT LURR A 1 0 A AL P 6 AT
s . AR B3R AE 170 Hz BT )% sl . SOk T 2 ) 3 4 3%
O pEEmE ‘ .
EARR g 210 KRBAEANBRET oy 2,58 m/s, o1 T ST AR 09 B 28 Y5 306 R 2
o SEARFRUER o R I AE — A 25 25 JE 30 D9 22 A B4 X6 g
ERAR 300 MBRERBUR W R AR 5 A X AR A0 58— 2 R B
T % BB S 10 A5 AT R 125 T 2 I L 5 T A5
247 I B R 355 2RI E?JT;%ZjJrFfif;iﬂfﬂi”ifzﬁggiﬁsﬂu SfT)r:E'E
ik ol 52 AT KR PR LAV . 2T SR He
J— [ — W% %) im A\ AAZ B W ARG GIERAE
rtixE 180 - S00 ,
ik b 7 N sook xR /L:'J\Higx—;fuf By /J\uig&mg”ﬂi N
3 F 30N T e A a0l O NGkl el AN
ZE N 150 o s] A . - "
A o m o % ook | \
h oo T
PR E 1 m/s B X R RS0 R A 66. 67 Hz, F 1L FEHy
00.0 0‘.2 ()l.4 Of6 0f8 l‘.() ll.2

B 1,62 m/s IEXF R AR FE 5 108 Hz, MG 1
A D0 H L Sb v e AAARER A A L I 4 1 SR
AR . i T R /INVE [ g i /N L B RRAE
FEANBA & . RN R % [ 357 BB i L 1R K, PR b
VBN T BB S A PN . S AE A iR 1) R AE ik v )
BIZ9h 1 s, NI al iH A 2R 292 0. 8 m, JAIFEXT
7 P S P AT R i 0 - 290 355 Hzw X6 7 149 00 e K
MR 5.32 m/s, T8 i $E HOX 28 F B R AR AR A
PR 132 B RAE

60

40, ’
T —
= O;W wa\ “l M
EﬂoWWW Wﬂ | | %

—40)

%0 05 10 15 2.0

tls
(a) NRAT E B ik Il

5001

wob AW AN B e R
N 300 _Ej(‘HiE }.":,.,,“vkj(ujg» :‘ijfHJg ;,.\,‘Et’}iﬁ ;\
i;: 200 A d \ A ) ey ,.'—n'\

| S SUS SR

KT
%0 05 1.0 15 2.0

tls
(b) f.=2 Hz. f, =4 Hz I 115k £ 1% 8 AF
B 5 AR R F S M2 8RR

http: // zkxb. xjtu. edu. cn

tls

K6 fo=2.5 Hz,f,=2.5 Hz B A 3 i £ 38 8RR AE

3.3 B HTXTEE

T T GST 1 WT R F A MG 2 3% )
Oy EIBCR T LA . GST JK -+ i £ 3% # 4 R R
B RG240 o AR L A B3 Ol 90 ~ 120 Hz, A X F SSTAP
() 108 Hz, 12524 K 13 %0 . 1 FLIEA R AF A BH &5 /s
AR S YNl 1 RUBE S 78R Ry 89 ~122 Haz, A
XFF SSTAP iR 240 14% .,
VEDN

400 A7 K

VPN

0 1 L 1 1
0.0 0.5 1.0 1.5 2.0
tls
()7 X S AR
150F o
®T
o AT = i %
rool T AME o E o T e

4%/ Hz

00.0 0.5 1.0 1.5 2.0
tls

(b) /1N A8
BT SRITT™ LS 728 e 0Nl A8 e 45 2R 1]




12

TR A 5 SR T 25 855 s /DN O 78 450 ) N A8 30 8 25 03 13

4 %5

A SCHR 2 BoaT 98 8 [R5 B IS/ IR b T
W0 A X ok W 50 23R 4 JBCA) 32 i) o 9K I AR 4l 52 )
N3z 3l KO8 4 A iz Bl A R K G 7R 38 [l A
Y RIS B00T 3 184 T3] 25 B 1 /D e Xk PR 75 3 [ 3
PEAT 2 B SRR AE 20 A7 L OF ELRN SCS 78 4 /N I
AR SE R PBEAT T R, SR A R R WA B R
AN e ELAT R B S O3 B BE T . 2 50nT A £ [
A /N AR Hh il 5 A B S8 T DU AN
PR I8 1 Y ol 22 35 B R AR S B . AS SCBIF S 45
IS 2 TN S Fre 2 2T

S Z 3k

[1] TAHMOUSH D. Review of micro-Doppler signatures
[J]. IET Radar, Sonar and Navigation, 2015, 9(9):
1140-1146.

[2] DORP P V, GROEN F C A. Human walking estima-
tion with radar [J]. IEE Proceedings: Radar, Sonar
and Navigation, 2003, 150(5); 356-365.

[3] BOULIC R, THALMANN N M, THALMANN D.
A global human walking model with real-time kinemat-
ic personification [J]. The Visual Computer, 1990, 6
(6): 344-358.

(4] k3, REM. X0, 55 BT ME 8 HRAE N K
BEFR (] P RFFRARBEE, 2010, 32
(3): 156-161.
ZHANG Yi, ZHU Yupeng, LIU Zheng. et al. Hu-
man motion identification based on micro-Doppler fea-
tures [J]. Journal of Southwest University (Natural
Science Edition), 2010, 32(3): 156-161.

[5] RICCI R, BALLERI A. Recognition of humans based
on radar micro-Doppler shape spectrum features [J].

IET Radar, Sonar and Navigation, 2015, 9(9); 1216-

1223.
[6] TEKELI B, GURBUZ S Z, YUKSEL M. Informa-
tion: theoretic feature selection for human micro-

Doppler signature classification [J]. IEEE Transac-
tions on Geoscience & Remote Sensing, 2016, 54(5) ;
2749-2762.

(7] PhEME, ER. BBk, & BT/ L STBHmME A
M ERAESHr [J]. RELRSEFHAR, 2014,
36(7): 1291-1297.

SUN Zhongsheng, WANG Jun, BI Yanxian, et al.

Analysis of multi-human micro-Doppler signatures

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

http: // zkxb. xjtu. edu. cn

based on generalized S transform [J]. Systems Engi-
neering & Electronics, 2014, 36(7);: 1291-1297.
DAUBECHIES I, LU J, WU H T. Synchrosqueezed
wavelet transforms: an empirical mode decomposition-
like tool [J].
Analysis, 2011, 30(2); 243-261.

AUGER F, FLANDRIN P, LIN Y T, et al.

Applied & Computational Harmonic

Time-
reassignment and synchrosqueezing: an
overview [J]. IEEE Signal
2013, 30(6): 32-41.

X R AR, EAEA. & 5T D B RN B A
e 14 45 K I O AR [T, BR Bl 5 bk, 2013, 32
(18): 37-42.

LIU Jingliang, REN Weixin, WANG Zuocai, et al.

frequency

Processing Magazine,

Instantaneous frequency identification based on syn-
chrosqueezing wavelet transformation [J]. Journal of
Vibration & Shock, 2013, 32(18): 37-42, 48.
REE, SR/, BEATRU AFE. R T RS S KB
PLRFAE A0 % 58 H 09 (5] 25 R 45 0 B L e A 3 T 3k
(1], PH22 50 R4, 2017, 51(2) . 20-26.
ZHANG Liming, ZHANG Xiaodong. LU Zhufeng, et
al. A synchrosqueezing short-time Fourier transform
method for characteristic frequency extraction of steady
state visual evoked potential [J]. Journal of Xi’an
Jiaotong University, 2017, 51(2). 20-26.
CHAKRABORTY A, OKAYA D A. Frequency-time
decomposition of seismic data using wavelet-based
methods [J]. Geophysics, 1995, 60(6): 1906-1916.
BOULGOURIS N V, HATZINAKOS D, PLATANI-
OTIS K N. Gait recognition: a challenging signal pro-
cessing technology for biometric identification [J].
IEEE Signal Processing Magazine, 2005, 22(6): 78-
90.

CHEN V C. Radar micro-Doppler signatures: princi-
ple and applications [ M]. Stevenage, UK: Institution
of Engineering and Technology, 2012, 1-4.

CHEN V C. Doppler signatures of radar backscatter-
ing from objects with micro-motions [J]. IET Signal
Processing, 2008, 2(3). 291-300.

TEKELI B, GURBUZ S Z, YUKSEL M. Informa-
theoretic feature selection for human micro-

IEEE Transac-

tion:
Doppler signature classification [J].
tions on Geoscience & Remote Sensing, 2016, 54(5) .
2749-2762.

(i %) 4%)




