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[ Abstract] Camouflaged human detection has important research and application value in the field of video surveillance. In view of
the fact that the current detection methods for camouflaged human based on image surface feature extraction cannot effectively detect
the target without obvious movement, this paper makes full use of the human’ s unique characteristics with a certain range of
respiration rates. This paper extracts and enhances the micro—vibration features of the camouflaged human to realize the detection of
the target. First, a camouflaged human video data set and a camouflaged human detection model based on micro—vibration features
are proposed. And then the training set is used to estimate the optimal respiration rate interval of camouflaged human. Next, the
estimated optimal respiration rate interval is used to enhance the micro—vibration of the human. Finally, according to the enhanced
micro-vibration video and the proposed detection model, the camouflaged human in video gets detected and segmented, and the post
—processing of image morphology denoising is used to reduce the noise of the result. The detection algorithm for extracting micro—
vibration features in this paper is verified by sufficient ablation experiments and comparative experiments. On the proposed video data
set, the detection IOU reaches 0.526, and the precision reaches 0.738, which is better than other advanced detection methods.
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Fig. 1 Detection effect of different features
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Fig. 2 Part of the video data set
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Fig. 3 Camouflage human detection framework
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Fig. 5 An overview of micro—vibration enhancement of camouflaged human
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Fig. 6 An overview of the post—processing process of camouflaged human detection

T el s 48 5 ) Dl NS T A AE R R LA
FSRE 1 HEAT A .

BR 1 ST RURsh I 6 O A

BN JFIRIUIE S f(x,0) , AT IROR X
o= (H,,H,), GHEEEREE

B D AR BIZE R R (2)

(1)for allj do;

(2) $REUUE S j BB AL (5 B fi(x +
8(1)) = D, Ayt

(3) MR R X E] 0 BORIE(SS S, (2,

¥
t) E"J*ﬁfﬁ’fﬁﬁ\ Sjw(x,t) — 2 Ajwezw(x+(l+a)5(t));

(4) FEHEREE N j P 5 £ (2 +8(1)) o (x
+8(1)) = i A et

(5)end fors

(6) Fi AT IR F 400450 T 8 B4 5 5 3 40
B e = 3 +a(0)s

(7) HE R T 01 AP B 0 A2 B
BEEITIR . f,(x,0) = i (f(x + 1))

(8) A8 FV R 1 BT 58 FOB AT )
RN A () -

A(x) = max( |f,(x,0) |), H(x) = arg max,(f,(x,

w));
(9)MRHE H(x) A(x) 7 KOs A H A% .

R(x) :{1, H, < H(x) < Hb,fl(x) > T,
0, otherwise.
(10) i Fl—A> 3x3 IS5 TTR XS R(x) AT —
K G iz BRI AR L

2 BEREHMH

2.1 iEMHERR

HHESE (10U) KPP A SO 312 146
WEES) . EEERIRE T AR5 B
SR VEA AN 1% 49 1A DX i) TR AR 52 X 1) 22 i) g DG
FRPE . ARSCLG B o B A ) DX [v) T AR 5 ) A
L DX ] T AR ), A SRS I 2 Y A i) X [] T
B ERR AT B TR B S, .S, , T 4 A
10U W5 A (12) .
S, NS,
S,uUsS,

WA TR (Precision) KPR A SC A A
DAY, RSB B 8 B 2 1R 0 A FE AN A R AS
HIESEE S RBE S SO AE(13)

Precision = L (13)
TP + FP

10U F Precision ZWLas > Hirkai bz

PPN AR UE , ISR AR E AT ARG PE 6 B AR

10U =

(12)



5 6 1]

BOQE, A5 BT SR Y Db R A B ik 41

RO A TP AR SRR T 3 A PEAN B o Sk 1A 7
PERBRE i,
22 EEBREME

f#i FH Matlab 2019 7EALFEZ% K i7Core . 3.60 Ghz
CPU 18 G WAEM) PC LSEBL . R T Ik is i
[E] K AT i s PTG B SR A 360 % 180 119 43 .
i N 35 5 & 360x 180x 750, Herfr 750 J& i
50 fps 1Y 15 s AURAAMIEL . — S RUAm Y- 4 a0 21
R Ry 237 s, Hor PR A S i AR e A 2R 2 AL
PRAHR iR 2 38 S AR B 1Y) 32 47 B8] 40 10 R 50 s,
14 sH1173 s,
2.3 HBLEIE
2.3.1  PRMEER X [E] A SE R

TEASCHY R IHESE BL | = B4 T 8R4 10Dy
2 NI IE I X ], R 7 B A T A i R
Lo At FH 28 56 (5 R0CR G, AR SOk A8 PP IR R (E A T 3
s, W, 2 k=1 B AT B PRI R
RO (EA ST ARG I AR 33K 2 DR Ak T ) e i 3
LI H T AP A AT 5 B0 4 rh O 2B AR AT I 2%
ML Z F, 10U % T 0.143, Precision $2 % T
0.141. 2% k FFH B, B0 k =2, KRR i~
W SEATSEEY TAGE k= 1 BME T EIE R hr, H
CRSEEA T k=1 APFICRIX(A],

10m

20 m

30 m

(a) JEAA
(a) Original

F1 FEFFIRZRX E B9 500

Tab. 1  The effect of different breathing rate respiration rate
interval
W% < [X [6]/ He 10U Precision
0.20-0.33( & 5:1H) 0.383 0.597
0.31-0.59 (k = 1) 0.526 0.738
0.18-0.71(k=2) 0.274 0.461

2.3.2 PUATHIR Bl 5 R 1 5

R T 5 BT IR Sl s T A [ B 5 18 A A 1Y)
SO AR S5 TR SR B AS 1 5 LA R 3 1 ik
U AR BCT  303E T 10 m 20 m 30 m A4
S5 AR 2 TR R R SR A 7 s, AT LA
R AEBAA BRI X 20 m H130 m 94
R H R, 8 A 10U 1 Precision #B E 10 m A 2
AR ZERG SR AL b, X5 T 20 m 30 m 1) H A, K]
WERRIE RRHE S 3R 1 10U #5857 0.24, Precision
P 1 0.278, AT LA — N E5IE, TR S A B
TR 20 m A9/ MR H R

F2 RGBTSR M

Tab. 2 The effect of micro—vibration enhancement

10U Precision

s
10m 20m 30m all I0m 20m 30m all
A5 0.376 0.293 0.189 0.286

WAE  0.585 0.526 0.467 0.526

0.586 0.467 0.327 0.460
0.796 0.763 0.655 0.738

10U=0.352 10U=0.510
10U=0.275 10U=0.630
10U=0.182 10U=0.373

(b) EAEARIRG  (c) TRIMAR  (d) PR3 e ig: R
(b) Cround truth  (c¢) Results of vibration (d) Results of enhanced

features vibration features

7 RIRENIEE IR R AN

Fig. 7 The effect of micro—vibration enhancement
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Fig. 8 Comparison of detection results
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