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[Abstract]

In this paper, we develop ‘the Danger Map’ of a workplace to identify risk and harmful factors by

analyzing images of each process within the manufacturing plant site using artificial intelligence (AI). We

proposed a system that automatically derives ‘the risk and safety levels’ based on the frequency and

intensity derived from this Danger Map in accordance with actual field conditions and applies them to

similar manufacturing industries. In particular, in the traditional evaluation method of manually evaluating

the risk of a workplace using Excel, the risk level for each risk and harmful factor acquired from the video

is automatically calculated and evaluated to ensure safety through the system and calculate the safety level,

so that the company can take appropriate actions accordingly. and measures were prepared. To automate

safety calculation and evaluation, Heinrich's law' was used as a model, and a 5X4 point evaluation scale
p

was calculated for risky behavior patterns. To demonstrate this system, we applied it to

a casting factory

and were able to save 2 people the time and labor required to calculate safety each month.
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I. Introduction
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Table 1. System Main Function Requirement
Req. Item Details
A data input module that receives
hazardous and risk factor items that may
Event data . .
. occur in the workplace and the estimated
collection . . .
intensity value for each item through an
information input template.
A video analysis module that distinguishes
between normal and non-normal
Event data situations in CCTV footage installed at
video each cautionary point within the
analysis workplace, and separates videos from
non-normal situations to determine
hazards and risk factors.
An additional learning module that
Learning analyzes and learns feature points in the
analysis video for each read harmful/risk factor
results and shares the learning results with the
video analysis module.
Record .
learning Recording module that records read
hazards and risk factors by time period
results
A risk map module that regularly updates
and visually displays the risk level for each
Final harmful/risk factor, which is calculated by
. multiplying the assigned probability value
calculation of A - .
) and the estimated intensity value based
risk
on the number of occurrences of the
above-mentioned harmful/risk factors
counted within a specified period.
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II. Preliminaries

1. Related works
1.1 Technology trends by field
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1.2 Al Deep Learning-Based CCTV Video Analysis
(Worker, Worplace)
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Fig. 2. Introduction of YOLO for Fine Learning
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ITII. System Design and Implementation

1. System Design

1.1 Requirement Analysis
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Fig. 3. System Architecture
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Table 3. Risk Assessment Process

Table 4. 3X3 Risk Assessment Metrics
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1.4 Risk Assessment Metrics
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. No protective on Likelihood middle
Prevention . .
Surveillance clothing Danger (frequency)
of ;
with cameras Fall Map
Frequency
collapse
Run
Analysis of Strength 1I~nz:e(r:35rit§) risk level Management Standards
. Point of Evaluation Scale 1~2 Loy Maintain current status
Evaluation scale (L)
3X3 or 5X4 -
Medium
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Table 5. 5X4 Risk Assessment Metrics

Item

Seriousness (Intensity)

large medium small

) (1)

very large

(4)

Likeli-
hood
(frequ-

LH(10) L(5)

ency)

@)

risk

level Management Standards

Risks that require provision of
Low . . .
4~ 6 L safety information and periodic
safety and health education
Risks that require establishment
8 Medium and improvement of safety and
(M) health measures before
equipment maintenance period
9 ~12 thtI(eLHI-)hgh Immediate improvement
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- State : Not wearing a helmet. Entering the danger zone, It's Danerous
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- Reward : Points

Fig. 5. Structure of reinforcement learning in this system
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Table 6. Initial reward value for learning

Danger Case Initial reward value
Helmet Wearing a helmet 4
Wearing Not wearing a helmet 1
Helmet Helmet color match 4

Color Helmet color mismatch 1
safety Wearing a safety cloth 4
clothing Not wearing a safety cloth 1
Fall 4
Fall Down Not wake up quickly 3
Wake up quickly 1
High altitude |2 coPle per group 4
1 person, multiple people 1
Neglect of Put things away in the safety 4
Piles aisle
Danger area on Hoist Danger 4
Danger Map Map
recognition Safety area on Hoist Danger 1
Map

2. System Implementation

2.1 Risk Situation Extraction on CCTV Images
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(c) Whether to wear safety clothing
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(g) Danger area recognition in Danger Map

Fig. 6. Unsafety Worker, Work Place Data from CCTV

2.2 Frequency and Intensity Extraction

QPR RS £Aol] 9lof ol HES} WAIE ob%
5HA] 23t HlojEl= Fig. 69 (a) ~ (8) 9 st W=
71A]5 o] ojujx]& A}F02 BEElo] WEB a}Rid] 75
e},

Yk Fig. 69 (a) ~ (g) B2 - 4ol &&
Ej= oJulx] AE ofulsty, 70* = QUIoNAM Lot
9J&5H ABIOIX|E JALEAM S E5) SHXl2] AR HA|
H =olt}. Fig. 69 (a) ~ (g) ¥=2 F=9 ARt 170
of o= Table 74} 22 dal2jEoz =EH)

Table 7. Strength Derivation Algorithm

REI? Main Algorithm
Case
- More than 50% of a person's upper body
Helmet is exposed
Wearing - Determination of presence or absence of
helmet

- More than 50% of a person's upper body

Helmet is exposed

Color - Red and yellow heImet; are allowed to
enter, but blue and white helmets are
prohibited from entering.

- More than 50% of a person's upper body

safety is exposed
clothing - Silver heat-dissipating apron, strap
recognition, knees must be covered

- More than 50% of a person's upper body
is exposed

- No movement for a certain period of time

Fall Down - People whose angle is close to 0 degrees
(upright is 90 degrees)

- Judgment based on the horizontal and
vertical length of the object

- More than 50% of a person's upper body

High is exppsed .
altitude - 2~4 hlg.h. altltudg workers detected

- Recognition of risk when the number of
people decreases

- More than 50% of a person's upper body
is exposed

- Objects straddle areas designated as

Neglect of .
Piles sa.fety. corrldors. .

- Criteria for leaving the safety corridor: A
worker wearing a white helmet leaves the
area designated as a safety corridor.

- More than 50% of a person's upper body
is exposed

?Z?S:;itr\idoanp - In the form of a simple electric crane,
objects are hung on a hook and
movement is detected in four directions.
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Fig. 7. Classified Unsafety Image on WEB Ul
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Fig. 8. Dash Board for Safety Monitoring

IV. System Performance Evaluation

1. Evaluation Method
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2, Evaluation Results
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Table 8. Evaluation Results

Eval. Item Formula el
ults
+X(%) = A/ B * 100
Helmet A = Number of workers who
Wearing correctly recognized whether or o
. 100%
not they were wearing a helmet

(250 EA) + B = Total number of workers in
the video (detection area)

+X(%) = A/ B = 100

Helmet A = Number of workers who

Color correctly recognized helmet 100%
color

(250 EA) + B = Total number of workers in
the video (detection area)

+X(%) = A/ B = 100
A = Number of workers who

Safety .

Clothing correctly recognized the
presence of helmets and safety | 100%
clothing

(250 EA) + B = Total number of workers in
the video (detection area)

+X(%) = A/ B * 100
A = Number of workers who

Fall Down .
correctly recognized a worker o
fall 100%

(250 EA) + B = Number of workers who fell
in the video (detection area)

+X(%) = A/ B * 100
High A = Number of workers who
altitude correctly recognized the number o
98%
of workers

(500 EA) + B = Total number of workers in

the video (detection area)
+X(%) = A/ B * 100
Neglect of + A = Number of business owners
Piles accurately recognized within the o
) 98%
detection area

(400 EA) B = Worker detection in

detection area
+X(%) = A/ B * 100
Danger A = Number of cases where
Map workers were correctly
recognition recognized as entering the | 100%
hazardous area

(500 EA) B = Number of danger zone

events in the video

V. Conclusion

o
o®

oo H.I[l:l

or
1%,
Fa g

)

;

4o T
_O,GQE D:O

R
o

T~ >~
!
z
z
N

=2

>
2 e o

-

O_;-J

ol
=

o
rﬂ:
f

_Or[:

a

17

En)

o =
=2 7H]AL Qlok et
Fs/dol Sl= AgE = EAld CCTV &
ot B Qe S2stal, W] ot

o
o

2lotol fal91% 29I BEAE

o oX rr

ot 08 L

d

2l

ox
o

=) Xu) ilte

oz
2l
1%
a
mn
o,

.y
rn
Jo
:xog
)
oo
ko
> o
&
)
d|m
o

2 0
lo
i
)
u

>

~

q9 d
10 >

_OL

R

ol

ok

>
oy

i

o>
H ntlmru
1% of

fr "
o o ©
>~ @T:E
L1 ok oA

l__\f
% Jo ox
_OL

N Ae
r
~|
il
o
ol T
Fru

Tg‘jéoﬁ
o o
Fo
rO

|_‘1:100
:XOL_I“

fu
ol
—_
rr
N
)

L
3

r2
[2)
ox,
ol

Jru
10
ot
-

N

2
o
1>
rlo
a)

g -
oX
r\l
>
2
)
o

d O?‘u
~
=
i
=2
i

o
N
Jo
]l
=1
[
ol
=
2
I o
ol
W
N
-

|.|-|

£
B0
b o
2

ng

l—O

r>4

mn

()

o o

ooy re o
il

ox,

N

ox rin

cli_ﬁd
£y
fujo

K
o
2
>
oy
)
Jo
:’Og

o

2o
i
o=
s
ol
ol
2
)
ozl
we

-

B o2 o o

=

=t} CCTV @72 &= Danger MapoilA] 71|

i)

2y
ol
ol

=

rl

i)

el

>

[ia)

i)

_=)

e}

ox,

b

ju

10

oo

A

==

ok

o

£

F9ict
2 A S B9, AVY WAL ApE 02
28] ke AR U] 51918 298 SRR E)S
Ags o solsh, PE(RE)] tat o Bels
AT 4 9100, FIH0RL B U A|AHS 5] ¥
el 919 Q01 QHE(IRE)S Ttz AV} A
22 OFF T AALS £El0], 2 W x| Aclo] mjcy
She Ao AU S Zelel U 4 9
Fejol 2819102 Hslo] OF MUY Alo]
o3 CCTV B4 $4g S A58} Te| o2 Jj
ol wle} Ao orREdoe ang Ioptt, A
WY U IS TS AT BT 4 9L Zo=

L oX
p
i)

~

REFERENCES

[1] Maeil Nodong News http://www.labortoday.co.kr, 2022.08.12 07:30

[2] Korea Risk Assessment System https://kras.kosha.or.kr/

[31Y Qi, F Wen, K Wang, L Li, S Singh, “A fuzzy comprehensive
evaluation and entropy weight decision-making based method for
power network structure assessment” International Journal of

Engineering, Science and Technology, Vol. 2, No. 5, pp. 92-99,



Development of Workplace Risk Assessment System Based on Al Video Analysis

161

Sep. 2010.

[4] HN.Cho, S.H.Kim, S.J.Lee, Y.M.Choi, “Development of Safety
Assessment System for Agricultural Irrigation Structures”,
Computational Structral Engineering Institute of Korea, Vol. 6,
No. 1 pp. 107-115, Mar. 1993.

[5] J.H.Choi, M.H.Kwon, D.H.Shin nad K.Y.Kim, “Development of
Realtime Safety Evaluation(RSEE) for Water Infragtructures.”
Korea Institute for Struvtural Maintenanceand Inspection, pp.
155-156, Apr. 2018.

[6] Ying Mei, Jiawei Ye, Zhigang Zeng, “Entropy-weighted ANP
fuzzy comprehensive evaluation of interim product production
schemes in one-of-a-kind production.” Computers & Industrial
Engineering, Vol. 100, pp. 144-152, Oct. 2016. DOL: https://doi.
org/10.1016/j.c1e.2016.08.016

[71 H.S.Hwang, C.S.Kim, “Development of a Risk Visualization
System for Natural Disasters based on GIS”, Korean Society of
Hazard Mitigation, Vol. 11, No. 6 pp. 117-122, Dec. 2011.

[8] Jialong Jiao, Huilong Ren, Shuzheng Sun, “Assessment of surface
ship environment adaptability in seaways: A fuzzy comprehensive
evaluation method.” International Journal of Naval Architecture
and Ocean Engineering, Vol.8, Issue 4, pp. 344-359, July. 2016.
DOI: https://doi.org/10.1016/j.ijnaoce.2016.05.002

[9] Wei Liu, Dragomir Anguelov and Dumiru Erhan, et al., "SSD:
Single Shot MultiBox Detector", Proceedings of the European
Conference on Computer Vision, Amsterdam, Netherlands,
pp-21-37, Dec. 2016. https://arxiv.org/abs/1512.02325

[10] Ross Girshick, Jeff Donahue, Trevor Darrell, et al., "Rich feature
hierarchies for accurate object detection and semantic
segmentation", Proceedings of the IEEE Conference on Computer
Vision and Pattern Recognition, Columbus, Ohio, pp.580-587,
Oct. 2014. https://arxiv.org/abs/1311.2524

[11] Ross Girshick, "Fast R-CNN", Proceedings of the IEEE

international conference on computer vision, Santiago, Chile,
pp.1440-1448, Apr. 2015. https://arxiv.org/abs/1504.08083

[12] WIKI, https://namu.wiki/w/%ED%95%98%EC%9D%B8%EB%

A6%ACY%EDY%9E%88%ECY%9D%98%20%EB%B2%95%EC%
B9%99
[13] Korea Risk Assessment System hittps://kras.kosha.or.kt/

Authors

Jeong-In Park received Ph.D. degree in
Computation  Engineering from In-Cheon
University in 2015. He is currently the head
of research at UFM Systems Co.LTD's Lab.

His primary research interests include bigdata,

image recognition, and Al



