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Fall detection for industrial workers using RGB and thermal infrared
measurements
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(1. College of Information and Control Engineering, Shenyang Jianzhu University, Shenyang 110168, China; 2. School
of Information and Electrical Engineering, Shandong Jianzhu University, Jinan 250101, China; 3. Key Laboratory of
Intelligent Buildings Technology, Shandong Jianzhu University, Jinan 250101, China; 4. School of Automotive and
Transportation Engineering, Shenzhen Polytechnic, Shenzhen 518055, China; 5. Shenyang Institute of Automation,
Chinese Academy of Sciences, Shenyang 110169, China)

Abstract: Because of the problems of noise interference, illumination changes, and target occlusion of the visual
monitoring in the factory, the existing fall detection algorithms have weak anti-noise ability, high lighting requirements,
and poor target detection effect. It is intractable for the state-of-the-art visual surveillance methods to be reliably applied
to all-weather factory workshop worker safety monitoring scenarios. Therefore, this paper presents a novel human fall
detection method based on multimodal visual monitoring. Firstly, a thermal imager and a visible light camera are used
to obtain the monitoring images in the workshop, and an adaptive median filter model is proposed to denoise the images
and to suppress the interference of environmental noise on the monitoring images. Secondly, an improved lightweight
convolutional neural network is used to extract the worker skeleton and joint sequence, and a time frame merging
module and a pose residual fusion module are designed, so that the network can ensure that the worker pose occluded
can be detected through the temporal correlation of adjacent frames. Finally, the inclination of the human body axis, the
aspect ratio of the human body circumscribed rectangular frame and the moving speed of the double knee points are
designed as the discriminative features of the worker fall. The proposed method has been verified on the collected
dataset and public dataset. The experimental results show that the fall detection accuracy of the proposed method is
95.6% and 96.3 %, respectively. Compared with the traditional methods, it has better accuracy and real-time
performance and can be applied to worker fall detection in the factory workshop.

Keywords: multimodality; fall detection; lightweight convolution; time-frame merging; pose residual fusion
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U R

TE HEBf 22 7 THI, S50 45 SR 1 ] 5(b) Fros, 1 A4 bR
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0.4F
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HETE 22 57, BUHA% 48 YOLOV 4 + LSTM Al 5293 45 5
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T 35 Xt A1 3 3 AN AT 00 S U AT B 1 4y
At 32 05 1 B B R A A B AR 2 Bl R, (A5 A
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H 30 7 RARACE T B AL 3 5 B R il A A
L) R 45 G P R B B O U R g
T KN, 15 2137 BT 9 4% K % S i) B8, YOLOv4 +
LSTM A i 5032 R P R RFAE + SVM A il 5532 B
SR TN B o LR BT A LR R AT HE R U, EA, 7E
LR AFNT B I B 7S T E s T, HERA 2 BE R
K. R R AETC GBI 75 2 FE K T35 % 55, %
AR S B G A0 1 R AR, TGI8 S I A .
Toahfe mm etk wi

i A 1,3:1! iy «g -

: %

El6 TREEETEEFIFBRBEFERIGER

H T A S B o Bl 3 R RS B
PEULBE S, TERL I it F2 p AP AE R R PR, XK
A K b 52 i L AE i 23 R[] 5 6, B A 4 S Gn SR 1 AT
R, HHZR U], BT BV e A A v e
EE] T 95.6%, A I RIE R T 93.7%, &t T4 5H
IR RE. TR, B4R H BV B AR AG AN G 2 40 )
4.6 % 1 3.7 Y%, BIHAMAST I 772 B B PR, 5
BRI 5 T 1 A SCR P A A0t ) £ B IR) 28 A OR &
SR T 1) SRR R, R BT T S i 2 A B, A5 AL
BEAI 7 RAS . TR AS 1 R B8 . 75 Kb B AH [ 7 T FE A

AT, BT 02 A B A ot 1Y) P S RE I P 22 52 ms,
FoAth J7 325 A B AT 1) ST SRR 43 A F T 141 ms AN
287 ms, i RIFE T~ 503 1 TR AR A 2R (14 JEC S AR i i HL XY
28, NN T AE AT IR [E) - S RORI A 228 Bk 222 ik 5 AL
BB R E T SRR Y, JE R 2 NN S R
FZB /N T VSRR, BRI T AR T A4 B ORAIE T S
PE. BT tH 7 VETE B 2 5 42 00 A3 RS D s SR dn 1] 7
FT7R.
43 AFHIERENRK

SN T B i b 56 I A AR £ D 285 R A
PEFRAE T AR 2225 R0 I AT 251, AR SCHE A I 08
£ 0 B 3 Fh B AT S T b, S I 4 B bL R 4
R 2 Fron. R 2 07 W, B A TE A Bl iR
R, JeAR . FEI ST H AR ERE 5 B AR A
e b g R 2R A, IR A T 5T YOLOv 4 +
LSTM (1] Bk (80 6 I &5 72 F0 2 1R & MR R AE + SVM
1k 30K W V2. T BT B o BV M R R R K T
YOLOV 4 + LSTM Sy ks I i il 22, 5 R #E T Bl 42
HAEM X T YOLOV 4 + LSTM R 42 s b i AL, 7
G A4 2 R R EE PR RIT R, S PRI T B R 4
JE, PS5 AE M R FE Ay 55 ms, FITHR H 7 92 7T Se B s e
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T 75 R S S 5 ORI RE B K S R R
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O, BEAR T R HERA 26, BT W 7 VR AE A T B 4
PRI ARG 00 255 St Pl 8 T 73, T A b ARG 0 1S S 6 1 ik
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*1 BEBUESENIMERELLE

Jii%: HEFER % HIEE/ % BRI % TR % SEISFERT/ ms
YOLOv 4 + LSTM 68.8 32.1 22.4 17.1 141
T G IFE 4+ SVMEP! 74.4 51.6 15.3 24.9 287
Y NSWIRIN 95.6 93.7 4.6 3.7 52

El7 BEBIESERERNEER

w2 NTEHIRERMIMERELLE

ik WA % BEF % B % TR % SEISFERT/ ms
YOLOv 4 + LSTMP4! 97.1 85.4 5.65 9.8 132
RIS BUSAHE + SVMIZ) 89.3 86.2 9.26 112 356
AT 96.3 93.2 5.43 42 55
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