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[Abstract]

This paper proposes a vision-based framework for worker safety-state recognition and risk-aware
decision support using helmet detection. The proposed method classifies worker head regions into helmet
and no-helmet states using YOLOvS8-based object detection models and uses the detection results as
input to a downstream decision module. Experiments on a public safety helmet dataset showed that
YOLOVSs achieved the most balanced performance, with an mAP@50 of 0.933 and a no-helmet recall
of 0.867, while robustness analysis showed that noise and occlusion caused the largest performance
degradation. In the simulation-based downstream decision experiment, the proposed method reduced both
safety violations and unsafe exposure time to zero under the tested simulation settings, while achieving
a shorter completion time than the distance-only strategy. These results indicate that helmet-state
recognition can provide useful contextual information for simulation-based industrial safety monitoring

and risk-aware decision support.

» Key words: worker safety-state recognition, helmet detection, YOLOV8, risk-aware decision support,
industrial safety monitoring
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I. Introduction
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IlI. Research Method

1. Overall Framework
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Fig. 1. Overall framework of the proposed
recognition—to—decision pipeline.

2. Worker Safety-State Recognition
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3. Detection-to-State Representation
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Table 1. Performance Comparison with YOLOv5s and YOLOv8 Models

Model Precision Recall mAP@50 mAP@50:95 No-helmet Recall No-helmet mAP@50
YOLOv5s 0.906 0.882 0.930 0.626 0.862 0.910
YOLOv8n 0.925 0.872 0.929 0.625 0.852 0.904
YOLOv8s 0.922 0.882 0.933 0.626 0.867 0.912
YOLOv8m 0.913 0.885 0.929 0.628 0.854 0.902

A& AHESHYTE H7T= validation 7]& best.pt 7H&A]
2 285tgon, threshold  0.001x}
Non-Maximum Suppression (NMS) Intersection over
Union (IoU) threshold 0.7¢ B o] EU5p &8

shgirt.

confidence

shupel AR AluRle 2 71%s)
QoA BB vheq uraL 3y
2], & 2L A,

o Apgol ol

(o]
soict. 7} ARz

oF g

=N vl
o 71y G4

1A
I

R
TANA AGRIRE A AR 2
=S Akl AAREA

AR 5 shue Mgt

:J|~>'jg_|
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Table 2. Robustness Analysis of YOLOvBs under Visual Degradation Conditions

Condition Precision Recall mAP@50 mAP@50:95 No-helmet Recall
Original 0.922 0.882 0.933 0.626 0.867
Low brightness 0.920 0.882 0.932 0.624 0.872
Blur 0.912 0.842 0.905 0.590 0.826
Noise 0.912 0.776 0.854 0.558 0.746
Occlusion 0.894 0.833 0.879 0.583 0.820
Brightness+Blur 0.922 0.831 0.904 0.590 0.819

t}. AldAl9] no-helmet ZHA|] 4~ 5807115 7]& 2.2 S,
92 240N of 77719 u]dE ARPPE FEEIA,
noise &710|A+= oF 14771, occlusion R71oA= <F
104712 Z71sit. ole @4 o=t AFAL 710l
Aol 0]ARE AR Ui E HEE BVRIE 4 de=
Hoj&o

oepd AR @R A8S s ol xot 71 R

4. Safety-Aware Decision Performance and
Ablation Analysis

202 4.180 Alg¥old m2EZ0| et Wl A
& JH A At 24 AR DRl TS
stairt.

H|n tjAF2 No adaptation, Distance-only, 22]il
A|otst safety-aware ¥HAlo|tt. No adaptationd 9FA
Nl JuE AFgSA ST AT 452 A 7|EA
o|t, Distance-only& AfUAIR} AJAH] 7F A2|9hS A
&sto] 04 Te ARE 274 A 719 o 7
2 J1E Q-7 % -2 FEAE PR AT

de] AREE o] T} [11-16]. A9 ¥HAI2- of7]of] oZTll &F
£ HH, 4% AlZx, J2]u 8 742 Y no-helmet

ArARt] gt 271 A1 = vrgsit). Table 32 &8
O|AFAA WhAlm} ablation 7432 3V v]wst Zto|ct,
o]7]4] safety violation-& AFE o]

b DAl fJutet 815 OJust, unsafe exposure
time-2 no-helmet AIYAP} Y FHo| LEH A A
{FS oulett). WA safety violatione- AlUz] @ 47}
oflz} ARE T ©elz FAEog, FA| AlF o]ujA|
201 5008}t 3A UeRS 4 9lct Table 39] D, H, C,
B=
confidence, no-helmet bonus& 2]0jstct.

Table 394 No adaptation2 & A]7to] 7.662F2 2
7V ZHOFK|UL, safety violationo] 7593 2HAESHY 1L
unsafe exposure time® 40.3%2 2 7/t =9kt} o]&= oF
el HRE AFBSIR] e WAlo] 28 £8e EAI
Aol olat o R7AZIE WEsh] oficks 7
HojEL}

Distance-only ¥A1-2 safety violation2 002 &9
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WA FLE A 71z A2sh] mizof EaAlel
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Table 3. Component-Wise Ablation Analysis of the Safety-Aware Decision Module

Variant Components Completion Minimum .Safe.ty Unsafe
Time (s) Separation (m) Violations Exposure (s)
No adaptation - 7.662 1.718 759 40.3
Distance-only D 8.840 2.326 0 1.3
Distance + Helmet D+H 8.482 2.073 0 1.3
Distance + Helmet + Confidence D+H+C 8.494 2.083 0 13
Full proposed BDf+'H & C + B 8.652 2.224 0 0.0
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Table 4. Simulation and Decision Parameters

Parameter Value Role

At 0.1 s | Simulation time step

VUmax 1.0 m/s | Maximum operating speed

Wiane 40 m | Assumed lateral operating width

W orridor 1.2 m | Half-width of operating corridor

hees 020 Eslz?lrdei:(;box height normalized

o 0.65 Weight for bounding-box height in
closeness score

S min 1.0 m | Minimum estimated forward distance

S max 8.0 m | Maximum estimated forward distance

D | 0 gt

D 1.5 m | Slowdown distance threshold

Dy nger 1.0 m | Immediate stop distance threshold

Dstop 0.0 | Stop speed fraction

/R 0.30 | Slowdown speed fraction

wy 0.55 | Distance-risk weight

w, 0.40 | No-helmet penalty weight

w, 0.05 | Confidence-uncertainty weight

Rl-<b) 0.12 | Additional no-helmet corridor risk

Tstop 0.75 | Stop risk threshold

Tiow 0.42 | Slowdown risk threshold

Mean Minimum Separation (m)
N
o

1.8

1.6

No adaptation
@ unsafe=40.3s

Distance-only

unsafe=1.3s
Proposed safety-aware .
unsafe=0.0s

7.6

7.8

8.0

8.2 8.4
Mean Completion Time (s)

8.6 8.8 9.0

Fig. 2. Comparison of Completion Time, Minimum
Separation, and Unsafe Exposure across Decision

Table 5. Sensitivity Analysis of Risk-Aware Decision Parameters

Strategies.

Setting Tston Tio Rl.“’) Completion Time (s) Min. Separation (m) Unsafe Exposure (s) Stops
Aggressive 0.85 | 0.50 | 0.05 8.447 2.042 13 0
Default 0.75 | 0.42 | 0.12 8.652 2.224 0.0 21
Conservative 0.65 | 0.35 | 0.20 8.686 2.248 0.0 98

Note. Safety violations were 0 for all settings. D¢ and Ddanger were fixed at the default values shown in Table 4.
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V. Conclusion

© AtoflAs AT AR AR A 2nE g dRIY
oaraZol &gste Hel'd 7N At ol RYEY &
AYAHIE ALt AlRF E2 YOLOvE AlE 23
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T, 2] Fuet Al ALg S Al A2isto] o o
o azo AN} Ae A, YOLOv8s: M|
mAP@50 0.9331} no-helmet recall 0.8672 Yo 2@
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w O o
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o
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T ojoja] 7|8t ¢IR] 2k AlgEold 718 A, &
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