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ABSTRACT

Although existing object-detection studies can identify the "presence' of a helmet, they often
fail to contextually assess whether the helmet is actually being worn. To address this limitation,
we developed a visual question answering (VQA) system based on LLaVA-1.6, a
state-of-the-art vision-language model (VLM), to determine the helmet-wearing status of
motorcyclists. A custom dataset of 1,555 image-question-answer pairs was constructed using
public datasets, specifically designed to elicit clear "Yes" or "No" responses to a fixed question.
We fine-tuned the model using Quantized Low-Rank Adaptation (QLoRA), a
parameter-efficient technique that specializes the model by only updating a small set of
adapter weights. Experimental results showed that the proposed system achieved 95%
accuracy, significantly outperforming the vanilla model, which reached only 88% accuracy and
required complex heuristic post-processing. Importantly, the system notably reduced critical
false-negative errors—cases in which wearers were misidentified as non-wearers—
highlighting its reliability for real-world enforcement scenarios. In conclusion, this study
demonstrates that task-specific optimization of VLMs can enhance the applicability of Al in
traffic safety, improving both the efficiency and accuracy of automated enforcement systems.
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<Figure 1> LLaVA network architecture [13]
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3.3.2. Pytorch Lightning Z2 U3 E &8¢t &5 Y

Table 3& PyTorch Lightning®] LightningModuleg #8735t st AXIE Ho| &t
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<Table 3> Procedure of fine-tuning LLaVA-1.6 model based on Pytorch Lightning

T 24 29
QLoRAZ} MEE BE £33} 3 TXNE|E 2ot Z2MM, S+&E(learning_rate), &
_init_ HME | &8 TEZE 8ES|(prompt_template_train) 52 X7|3t Of7ffiH~2 2ot L
+2 X,
HiX|(batch) EH?l St GIOIEOf CisH CHE2 +: &dtbr/> 1. ZENME ALESH &
= HlojEf TA{2| (Off: O|B|X| 2E, ZEZE 71 8 EEs} OfHld 0pA3 8l 0|5
MA). sk TEZE = "USER: <image>Wn{Z2WnASSISTANT: {HEh</s>" Al
A &ltor/> 2. TH{2|E @lze pE0] MEsio] £FTlforward pass) 33 X &
H(loss) AlLt&dtbr/> 3. AlLtel &4 22 et (BRA selflogE &3 22).
configure_opti | torch.optim Adamwet Z+2 %E|I:Ifo|7(-|a DHEo| gt JhsT MEt0|E{(QLoRA A
mizers HIME | 8 Al LoRA OfHE] LiZI0|E) & StEES ARESH0] 275t High

training_step

HiME

_prepare_inputs_for_step+ GJo|E 22 Y E ¥k2. ] f|o]gE AutoProcessor=
ARgSH] RHllo] @ Alsh= A5 =] ’IA(o]u]A] §lIA, EZetd TELE UpAT]H 2fo]5
)= WSl A4S g3ttt 85 A] AMSEl: ZEIEL "USER: &ltimage>\n{A
FRNASSISTANT: {FE}&lt:/s>" FAlo]ct

training_stepol A1 U]E Ue welo] SakilA 2L A, of
PyTorch Lightningo]] 2J5}] A}s-0 2 oxa}t 9! 2Ejoto] A AE(AdamW, &t4-8 le-b)
o]0} A] LoRA o]E{2] 715412 Yrflo] £t}

L.Trainer[22]+= o274 A9j= LightningModule¥t GolEZF(JFAC
HelmetDatasety} collate_fn AFE-)E gro}, A|A = sto]muf2to]E|(E 30|23, A4l v
7] 162 913t TPTQIE A A% 16, £3 HUE o, Jefriole 2e)y 5o aet

1
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|o 9f¥

U rlo

lo]
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ok W72 defstal Aegeitt. ahso] YakH, Aok LoRA ofHE]| 7HER]eb iL
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S
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1o] 4 LLaVA-1.6 =3 Z174o]] tfish 3.272 0|4 53T HlAE Hlo]EAlS AR5
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[INFO] infer_final (382750): “= A M =L 2%, Pad token ID: 32001

[INFO] infer_final (382750): T =& 7| = LlLaVA-NeXT 22 Zd: llava-hf/llava-vl.6-mistral-7b-hf

Loading checkpoint shards: 10096|_| u/u4 [00:03<00:00, 1.14it/s]
[INFO] infer_final (382750): 7|2 249 2L 2 g.

[INFO] infer_final (382750): LoRA {4 E = o 4 H&: outputs/llava_next_mistral_helmet_final/final_checkpoint
[INFO] infer_final (382750): LoRA O{HiEH HZ2 <

[INFO] infer_final (382750): LoRA 7tE A W3 AL (M Ate)..

[INFO] infer_final (382750): LoRA 75 % &3 &g

[INFO] infer_final (382750): * E & LLaVA-NeXT _‘EH‘ (LoRA HE/HT) Y Zz MM X735 45

[INFO] __main__ (382750): $i g g moAN Eu #z

[INFO] __mai (382750): = 233710 HAE Mz 0 rf3) “‘ e AIEE UL

[INFO] in__ (382750): [1/233] 0| 0| | data/c1op5/t1a1n BlkesHelmetSBLll xnﬂ. _without_0.png' 01| ==

The ‘seen_tokens' attribute is deplecated and will be removed in vi. !-ll Use the ‘cache_position’ model :|.nput instead.
[INFO] __main__ (382750): Q29 o&. ofLjg K A8stx gLt

[INFO] _ main__ (382750): [2/233] O| I3'| X 'data/crops/va'l. BikesHelmets7u4_xml_without_0.png' Ol %

[INFO] __main__ (382750): @9 g 'ofLje A &3tx @At

[INFO] __main__ (382750): [3/233] O[O/ X| 'data/crops/train_BikesHelmets351_xml_with_0.png' O %

[INFO] __main__ (382750): S . 0 HZWFLc.

[INFO] __ (382750): [4/233] 0| O/ X| 'data/czops/va'l. B:l.kesHe'LmetsSlO_xm'L_w:i.th_O.png' = 3

[INFO] __main__ (382750): S 9 & 'of AZWFLcH.

[INFO] __main__ (382750): [5/233] O I3'| X 'data/cz s/t:.a:.n BikesHelmets161_xml_with_0.png' Ol %

[INFO] __main__ (382750): 2o o#. o, % pu ot

[INFO] __main__ (382750): [6/233] O I3'| s/t1a1n BikesHelmets165_xml_with_0.png' 0% 5

[INFO] __main__ (382750): 2@ oiHl:

[INFO] __main__ (382750): [7/233] 0| I3'| X 'data/czops/tlam B1kesHe'|.met529'7 xml_without_10.png' 0% 5.

[INFO] __main__ (382750): 2 S®: ofLlg A&stx Ppsuc,

[INFO] __main__ (382750): [8/233] O I:|| X 'data/crops/va'l. BikesHelmets19_xml_with_0.png' W% 5 ...

<Figure 6> Testing fine-tuned LLaVA 1.6
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A AE O“]—roﬂ tigt HlAE GG Aottt G A Al 2|t E2 ol & 32EZ 02 A

A Gviol] A F191EQl o) Ee) ol J1E 02 HE 2 olKlalelglr). 5
wio] “01]”7} Lis]o] 510 ol 3 AR (1) S o2, A glog) o
A8 02 BRI o] oAl #f Wit 29 23 o530 2 AHgElo] B AE Bl

4.2. =% LLaVA-1.6 BEo| =2 g9l Zq} s
N £ 0] aute Yate] vl ws)
o] ofsiME SLT HAE o
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LLaVA-16 Rg 23t 5, 0HZHH 2ot SUe
EL YO M| Foio] HAE GHL IS shrt
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0] Rloll 9 Eblo]2 B Alato] BIUICE 9} o] théx) o)Al S BAISHALL,
"R ﬁ% o= FEIstA LI Y BT fuSts 9Ue 8 4 ek olei)

ALG @Alo] g g ERE R o /oh Q" ARt Gt 245 v @atr] YIsiA
£ AT 7150 met 1 oju)g sjasti Bashe o] Walolnt. wleby a4 2o]
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<Table 4> Rule-based labeling for answer texts from Vanilla LLaVA-1.6

EI—E E|-Hé!_"—c',| =l E-IIAE
3¥(Positive) of, A8 LICE A1 QlaLict 5
2%(Negative) OfL|e, OIAg, A831A| AIELICE gLt &
stol 27} 53, 2%, 22 HISY| ofEELICH 50 7|97t UHE B +
U= 3, RO S 7=t W] g2 Ye
Y ps g A fol e’ "0jARET, “ARESIA] ks, sy S 2
o] Abdoll Zgolel g 71 5ol £ete Tolp shRtE e, s gl “ola

A S5 RO o SLESISUEY, " 51

220 T TP} WAL, S gL A}
A} o, ol “aelsh] ol gy SRR, "SR &
7} Al BAD ol "3 02 BReA] 9T ofele] “arel 2212 Aejat

s}ol 27} s 9jo] £ A710] Sigsta] AL, WA R BE /B sy 79e v}
O e T W2 BREG olIdt i 24 Bal $4 220 g

4.3. 87t X| &

o] EAHE &oll Lojxl ZF RE(uM A BH, o4 2H)9Q] o]Fl of| & 75‘3}(“7'5.*%” F=
02187} H|AE Hjo]EjAle] AN A 2ol 52 vlwslo] /dsg YA oR
ZQ HIK| B2 AT (Accuracy), Y =(Precision), Aj$-&(Recall), EJJ__ Fl VS Eas
(Fl-score)?t AFRE]QICE o] A|BEL sklearn.metrics 2to]|HB2{2]9] classification_
report ¥ confusion_matrix 352 £ AAME]Qict. £E35], QX i B8 E5) A 24
(True Positive, TP), /Al @& (False Positive, FP), & 2 (True Negative, TN), AAl 24
(False Negative, FN)2] fLA|A1Q] 2~ mlolst 1, o] 2 vlEro 2 wdllo] ‘A8’ e A0} ‘o)At
& 2ehA Z7to] el o} s 542 Bolx|, 10|11 oy §49| 052 £z Wt
2 AEM 02 B

4
 ¢17.0] B.E A1%-2 Python 3.9 ¥1A 7]¥10] Conda 7MI&7olH 43Eic}. 50 A%

EQo] gtojH2|g] & WA -2 PyTorch 2.1.0 (CUDA 12.1 A|9d), transformers 4.38.2, peft
0.11.1, bitsandbytes 0.43.1, pytorch-lightning 2.3.02 AF2S}YTH TEll &k Ol X 20
= NVIDIA A100 (80GB VRAM) GPU 1tjj7} &85 it

clo]EIA NI ol A 7148t HEQ} ZFo] Al Hub®] ‘. E%+F 9]yt Al t|o] &’ e} Kaggle?]
‘Helmet Detection” G|o]E|Al 0 2 B E| & 1 5557]9] 3-& o|u]X| & AY/Ad5to] st W 7450
AF&SEIAL, o] & 15%0] sl 5= 23371 o|u]AlE FAI 2 &5t HAE Ho]EAlogz
AHESHRIT). W7 1+= o] 233719 HIAE AEof tish o] o Rt
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441. Jt-IEtI_-II A-I: |;|| A

=~

El
HI

O ARG H%|A] 942 %24 LLaVA-1.6 22(Vanilla LLaVA-1.6)3} = A7Lof|A] A otsth
QLoRA 7]®#.0 2 n]q| =45t LLaVA-1.6 22(Fine-tuned LLaVA-1.6)2] OFsl @ AF8 of &
BE 52 olmslch 4 290 39 ALg PAIY] GHL SO R Table 4o 71
99 £E 2A2 K gslo ", B, "2l W 2 RRslon, ae e

GUEAEA 2357} 5 807 oF 34.3%) A3t Ljo}) A20] ol ol £5 458
oA 29l 2o AN "0|AHE7 0 Th5ste] T g A
oM AT &4 BBO| of 88% FEEL of2fat BAK| J|FE

<Table 5> Helmet wearing detection performance metrics by model

Bt X& =4 LLaVA-1.6 oIS [LaVA-1.6
A Yot 88% 95%
0|2+ F1 0.86 0.94
A2 K 0.90 0.96
O|AH2 Precision 0.77 0.96
O|%H2 Recall 0.97 0.91

Table 5014 & 4~ ?1%0], QLoRAE F5ll UM 7= LLaVA-1.6 2E-2 FA]| 7=t = of|A
oF 95 3%= THAdsto], S2 R Elo] oF 88% THH| 7%p 0]AF 3FALEl A9 W alr}t o] EX A}
Qo] chet 0A|E7ge) 2vke Ws] WolEey F1-84 £3 0|AHE Zef20)4 0.860]]
0.9360. 2, ‘A8’ ZafjA0fA 0.9004 0.963C.2 2= So|u|stA 44550, & ZafA0f o
SRRl S S2lo] 33 o/ S| S-S Uehiict. S5, OlAtg’ Sef2o] ojat H

% (Precision)7}0.770|14 0.9642 37 &€ 7Jo] =5 vt} o= BHo] ‘jAg ' o0&
&Sl o AA| U]AHEY &E0] o E2 ust, oo = Qg 5 Q ek &F
Zo]= Bl 710 4~ lok ¥H, 0]ARE 22 A0 A &(Recall)} 2 AF 774510, ol
el g E Beo] AR D|AFE AP 5 YRS AF§0 2 R Wik 97} a4 nelur)
O} 501528 AR 4 9L0L), PR o] 2 P AAIAQ FI-H4 458 12j2 o o

5 ﬁlﬂm B M:a % %wsa 7102 W),

JAHS wotsty] jsh Table 61t 2o] 9}
(Confusmn Matrlx) ’\46}9311}. HAE AE X 2337[jof thst Aot &= 233719] HA
E A= = golo 22971(TN 80 + TP 142)S A&ks] of|&35}0] 95.28% ((80+142)/233)2] A A
S B}

rO
%
Q
o

<Table 6> Detailed prediction results analysis for the fine-tuned model

"I X&'’ Predicted No Predicted Yes
Actual No 80 (TN) 8 (FP)
Actual Yes 3 (FN) 142 (TP)

‘It{‘xé ?7E¢‘ T Oﬂ}\'l *O] ‘5‘_9_ == 17(-]] C‘L}ﬁgg 7‘31; % ]E E:rl‘ol“—ﬂ EI]K]'_Q.
2 I False Negative (FN) @ 2olct, mhol 5yl melo] 749 o]2i5tFN .8
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+ © 3ol 2nfsto] AR S A0 Tish Al 80 97.9% (142/145)2 Ull$- =7 UERT
Ol & AHEAL A= RO e &4 R FN 2507 T =24 A8 3 57 i
71E2 A8t ) BluslS o 271Kl Faoln], A ARgARS BAIA] the sHel 2
| e ASS oulsitt.

‘0]AH] Z A0 ThSHRIFES-2 90.9% (80/88)% 0.1, o]+= A& U] A} 88% & 802
Jets] 'uAg o = =352 UEPHTt False Positive (FP) @&, % 0]A8ARS AHg 0=
AR TR B9 81 0 LERIT 01ARE S0l et k= 96.4% (80/83)2, &
o] ‘njARg o2kl o 53t F- B A nATE Y el U =52 € 4 QT AR 24
Ao i3t AU e 94.7% (142/150) .
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ol %97} Bloet.

<Table 7> Model response analysis for identical input images: Not fine-tuned vs. fine-tuned

OIS EEX| 242 LLavA-1.6 22O SH

The 'seen_tokens' attribute is deprecated and will be removed in vii.Ul. Use the 'cache_position’ model input instead.
[INFO] __main__ (486706): 2 20| 'data/crops/train_BikesHelmets34l xml w1thout_0‘png'01| e rgtol 272 gd (A2
S0 AT F ”Wf HHBES HBop =X 0S| @ SLCH, FHXAO A0 00X YN & HO[X FOH,
OIHEI A= ol % > w0l HOIX| FSLUCH WM Of AARIOM FR o). HAXE A *H)HH" MoASAL 54
o HIANZ £ Sl Y.

__main__ D0 'data/crops/val_| BlkesHelmetsW xnl w1thout_0.png'01| tjef 2ol =
3 AHRE ’5.*%5}—' UK & C|5}7| (HE‘Lqu FAHXO H=0| ofoj X0 E0|7| EL’E

g+ AXE, o). BANE AMAME R YOHAL

OIS L=l | LaVA-1.6 REIO| S5

The 'seen_tokens' attribute is deprecated and will be removed in vii.Ul. Use the 'cache_position’ model input instead.
[INFO] __main__ (486823): E 2 ©H. rofyg =Hgax Hoaud.

[INFO] __main__ (u86823): [2/233] O[Ol %] 'data/crops/val_BikesHelmets74_xml_without_8.png' % 5 ...
[INFO] __main__ (u86823): E® Hf. '0ff HEoA YxSUL.
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LLaVA-1.6 202 24 D} 2o1s| ch2 Tl QS B o) el 5 d s 2o F
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