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Smart Safety Belt for High Rise Worker at Industrial Field
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Abstract

Safety management agent manages the risk behavior of the worker with the naked eye, but there

is a real difficulty for one the agent to manage all the workers. In this paper, IoT device is attached

to a harness safety belt that a worker wears to solve this problem, and behavior data is upload to

the cloud in real time. We analyze the upload data through the deep learning and analyze the risk

behavior of the worker. When the analysis result is judged to be dangerous behavior, we designed

and implemented a system that informs the manager through monitoring application. In order to

confirm that the risk behavior analysis through the deep learning is normally performed, the data

values of 4 behaviors (walking, running, standing and sitting) were collected from IMU sensor for 60

minutes and learned through Tensorflow, Inception model.

In order to verify the accuracy of the

proposed system, we conducted inference experiments five times for each of the four behaviors, and

confirmed the accuracy of the inference result to be 96.0%.
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[I. Preliminaries

1. Definition of risk behaviors and conditions
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2. Research on Risk Behavior and Status Analysis
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Table 1. Research on Risk Behavior and Status

) . ) related )
Risk behavior and risk status desing
research
No safety ring Safety ring
If a crash occurs and hangs pressure sensing
9 1 110 using FSR (Force
on the seatbelt or falls off the - .
Sensitive Resistor)
floor
sensor
Move at a fast pace
Moving and working on a
slanted footrest Using IMU sensor
Do not bend your knees | [7, 8,9, 11] sing T sensor,
s . operator's motion
when lifting heavy things )
- - tracking
No motion for a period of
time
Falling or lying down [15]

[Il. Behavior Analysis

1. Rule-based stride estimation

Fig. 1. position of IMU sensor
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Fig. 2. gait phase
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2. Behavior analysis using ConvNet model
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Fig. 4. Overview of the IMU-CNN architecture
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3. Behavior analysis using RNN(LSTM) model
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V. Design of Safety belt system

1. The system configuration
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2. Design of the Blackbox

2.1 Black box configuration
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Fig. 9. Blackbox Attached Placement
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Fig. 10. Definition of Axis of IMU
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3 At et def Feehs A9 MAY £ QOuE Tuple 2 HE -w woﬂ AHed FeroE ZeER
PAHEES] Fo] 2904 93 slo] Mo EFOE QFdaE|e]  Ajekolt} FE}e= ZHEL GCP(Google Cloud Platform)<
G g Fastes st hdarg] 2 RO W[ xpgslel, TIolA XJ]%o}L Tensorflow WAl2d gho]He]
SEoRE Y] By offe Add £ QAL w7 wE Ea) ARt PERAS Sg.
kel AAEN=A] o= dsty] o) o] & s As]
Aa k3] gkl A E F2slo LdT«H@r«] Zﬂﬁoi‘ﬂ Table 2. Cloud Prototype Specification
1 H okd GCP Setting Spec.
Machine Type 8 vCPUs.
Memory Section 8
Firewall Section HTTP Traffic
g:tc\g(;;k Interface Default
IP Address Static IP Addreess

v V. Experiments
HH FHo= il
2o AAAR-5 FaslA "ok ebdaglells FSR-402 1. Algorithm Accuracy of Ring Clamp Analysis
7F AHEEH 10~10,000g9] SFeell ofeall A@gke] 100~0.1k 18] A B2 B8] YeM F A dueEor A
QAol& wWiglate], Eeutan ddstes AAEGith 18 s A8e i) FE 7 Qae]Z3) ConvNet o2 218
132 ¥ oA Aljkek ebdarg]ellA] A8k dEel e st wa A2 okl b, wg oF 99 ¢, e A4 A4, d.
A Mshhs 2R e Zlo|th 27} Z 47} 2Elag LRSI, Al 7h el
2 108 &3 200719] delgAe® AFs) 12 71k
o=y 2] Wol AT 94 BARE Wl Mo 47 2a
\
— 25 vlg] AJosigit). g MHF-E dRFe sFo® 71
g™ R o] 55 Wt BY 524 %2 ut Yo Busl. 4
5 g 7P 2RIsg 2z AR A 2RIz AsRelA B
£ N LI | 23E vas] 98 8e ANegrh 4edds B 3
& Sl of Yenigon, & A48 BT 98.2% Ak
o Il
10 100 L 10000 Table 3. Rule—based Algorithm Analysis Accuracy
FORCE (g)
Activity Classification Recog
Fig. 13. Graph of the resistance value nition
corresponding to the pressure a b c d rate
L a. don’t tighten ring 199 1 .995
28 148 odaele] TREElelh obdiel= Aixl | A kc)l'j:efzty g not 5 | qos | 4 970
?‘ﬁ‘ﬂEoﬂ Tfi}% —‘%Q@}Z\_Q} Oﬂ@ﬂ‘ﬂ PR E Adst E c. normal fastening 1 197 > 958
of safety ring :
i, FEHER ol ghe Sy [101. " "3, Worker orash 4 | 196 | .980
Avg. .982

ConvNet2 g]ollA] A 5= e} A 29)x]9] A 3ks
matplob Zo]Be]2]E o] &slo] 1g|=slet 5, S Al
5= Tensorflow 2}o]H.212]2} Inception-v3E L& 30%& 7+¢]
7t ~ElAE EE o H/j'/‘s_l-q_j.% 3],0#1;} AF A= I 401]

UeRllom, & 5L Ft 96.0%3A Tk whebA are] A4

oN-E B4 YuF O ConvNetS l~5-’fl~c AW} 7274k
Fig. 14. Prototype of Carabiner dyglEoa BAg= Ao Adlsitty dslglth



68 Journal of The Korea Society of Computer and Information

Table 4. ConvNet Algorithm Analysis Accuracy

Activity Classification Recogni
tion
a b c d rate
L a. don'’t tighten ring 192 5 2 1 .960
A b.safety ring not 5 187 8 3 935
5 closed
E cC. normal. fastening 5 3 192 3 960
L of safety ring
d. Worker crash 3 197 .985
Avg. .960

2. Algorithm-Based Behavior Analysis Accuracy

2gate] Y5 B HIEE Fol7] g AZHA darg
Zo7 AL A7 3}"”‘5} AR EY <dg]F3 ConvNet,
LSTMOE AEs o] A3i71, 9%71 271,
9g7], 7§ Wl B4V, 75 wIlX
7HA X}Aﬂi Taatleh Ade 7 AA
2007119] dle|EAE /A SaEEs @@3}%3}. Q%Eﬂ
2 AF Ade % 5% 2om, F IAES 73.0%°Ith

Table 5. Rule-based Algorithm Analysis Accuracy

Activity Classification Repogni
tion
a b C d e f rate
a. Standing 198 2 1990
b. Sitting 153 33| 14 .765
L | c. Walking 161 39 .805
A | d. Running 52| 148 .740
B | e. Bend knees
E | and catch things 23 1 89 &7 445
L | f. Hold things
without  bending 25 53] 122 610
knees
Avg. .730
ConvNet& AH8-3817] 918 ACC_X, ACC_Y, ACC_Z, GYRX,

GYR_Y, GYR_Z 6711¢] %= matplob 2to]He|g]E o]-&-afe] 17|
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Inception-v3 E@=Z 7} ~6l=5 308 52 543 Ego| Al
ShEek 5 BAAES AEsisict. s wAlel] e eak= 19
157} Zov, Addv= ¥ 52 F A4 ES Fit 96.0%0]th
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Fig. 15. Cross entropy according to steps

Table 6. ConvNet Algorithm Analysis Accuracy

Activity Classification Recogni
tion
al b| c| d e f rate
a. Standing 192 6 1 1 .960
b. Sitting 3] 19 1 1 .980
L c. Walking 1 2| 194 2 1 .970
g d. Running 2| 197 1 985
E e. Bend k.nees ’ 5 3| 187 8 935
L and catch things
f.  Hold things
without  bending 2 1 8| 189 .945
knees
Avg. .96
LSTME AH83l7] 93l ACC_X, ACC_Y, ACC_Z, GYR X,

GYRY, GYR_Z, TOT X, TOTY, TOT.Z 9719 k=
Tensorflow$} Scikit-Learn gho|B#g]& k53l §, 30& 7F

o 7} 2uAE StE 3 B AL stk A9ERE B
T2, & AAES 95.4%0|t}.
Table 7. LSTM(RNN) Algorithm Analysis Accuracy
Activity Classification Recogni
tion
a b c d e f rate
a. Standing 189 2 .954
b. Sitting 1 198 1 .990
L c. Walking 3| 189 6 2 .945
A | d. Running 2 5| 192 1 .960
B | e. Bend knees
E | and catch things 1) o18n 2 935
L | f. Hold things
without  bending 3 9| 188 1940
knees
Avg. 0.954

VI. Conclusions
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