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Abstract. Ambulances are priority vehicles tasked with transporting and providing
emergency care to patients; they are authorized to run red lights while on duty. However, due
to the high speeds at which they often travel, their siren signals are sometimes insufficient for
other vehicles to detect them and yield the right-of-way in time, leading to delays or even
unfortunate traffic accidents. In this study, the authors propose using the YOLOv26 algorithm
to develop an ambulance detection model for use at traffic intersections. The model utilizes
YOLOV26n, trained on a dataset of 1,936 ambulance images, and achieves promising metrics:
Precision = 0.96, Recall = 0.818, mAP@50 = 0.906, and mAP@50-95 = 0.694. The system
was experimentally deployed on a Raspberry Pi 5 device to detect ambulances in video
footage displayed on a computer monitor. Experimental results demonstrate that the model
offers relatively high detection accuracy with a prediction rate of up to 89% and an average
processing speed exceeding 10 FPS. Although the research is currently at the experimental
stage, the results indicate its feasibility and potential for application within intelligent
transportation systems.
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Tém tit. Xe ciru thuong 1a phuong tién giao théng wu tién lam nhiém vu van chuyén va cip
cuu nguoi bénh trong cac tinh huéng khéan cép, dugc phép vuot dén dé khi thuc hién nhi€ém
vu. Tuy nhién, do thuong di chuyén véi toc do cao, tin hidu coi wu tién khong du 16n dé cac
phuong tién nhan biét, nhudng duong kip thot, dan dén cham tré thoi gian hodc tham chi xay
ra nhiéu vu tai nan giao thong dang tiéc. Trong bai nghién ctru nay, nhom tac gia dé xuat ing
dung thuat todn YOLOv26 dé xay dung mo hinh nhan dién xe ctru thuong tai cac nat giao
thong. M6 hinh st dung YOLOvV26n dé huin luyén tap dir liéu gdm 1.936 hinh anh xe ciru
thuong va dat duogc cac chi sb kha quan nhu Precision = 0,96, Recall = 0,818, mAP@50 =
0,906 va mAP@50-95 = 0,694. Hé théng duoc trién khai thir nghiém trén thiét bi Raspberry
Pi 5 va thuc hién nhan dién xe ctru thuwong qua cac doan video tir man hinh may tinh. Két qua
thuc nghiém cho thdy mé hinh c6 kha nang nhan dién twong d6i chinh xac v6i do du don 1én
dén 89%, téc d6 xur 1y trung binh dat trén 10 FPS. Mic du nghién ctru méi dimg & muc thir
nghiém, nhung két qua cho thiy tinh kha thi, c6 kha ning phat trién tng dung trong cic hé
thong giao thong thong minh.

Twr khéa: hoc sau, giao thong thong minh, huén luyén mo hinh, Raspberry Pi 5, xe ctru thuong,
YOLOV26.
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1. GIOI THIEU

Su phat trién manh mé& cua thi gidc may tinh va tri tué nhén tao (Artificial Intelligence -
Al) dang tao ra nhiing thay d6i dang ké trong nhiéu linh vyc ciia doi séng va san xuét. Véi
kha ning hoc tap tir dit liéu, phan tich thong tin va dua ra quyét dinh ty dong, Al ngay cang
dugc ung dung rong rai nham hd trg con ngudi giai quyét cac bai toan tir don gian dén phirc
tap. Trong linh vuc giao thong, Al da tré thanh mot thanh phan quan trong cta cac hé thong
giao thong thong minh [1-3] va 1a chi dé nhan dugc nhiéu su quan tAm tir cac nha nghién ctru.
Thong qua viée xur 1y dit li€u theo thoi gian thuc, cac hé théng Al ¢6 thé giam sat luu lugng
phuong tién, phat hién tinh trang Un tic, nhan biét cac su cb giao thong bat thudng [4, 5] cling
nhu hd tro phat hién cac hanh vi vi pham nhu vuot dén dd, chay qua tde do, khong doi mil
bao hiém, 14n 1an hodc di sai phan duong [6, 7], gop phan nang cao hiéu qua quan ly giao
thong, dong thoi giam khdi luong cong viée cho luc luong chirc ning.

Ngoai vai trd gidm sat va quan 1y, Al con duoc nghién ctru dé hd tro trong viée diéu
khién giao thong theo hudng ty dong thong minh. Dya trén hinh anh thu thap tir cic camera
giam sat, hé théng co thé danh gia mat do phuong tién tai cac nut giao thong dé diéu chinh
thoi gian hoat dong ciia dén tin hiéu, gop phan giam un tic va nang cao hiéu qua giao thong
[8]. Pi v6i cac phuong tién uu tién nhu xe ciru thuong, Al c6 thé nhan dién phuong tién va
tu dong kich hoat ché do uu tién den xanh [9, 10], dé cho xe di chuyén nhanh chong va an
toan qua cac nut giao, rut ngan thoi gian dén co sd'y té.

Dé thuc hién bai toan phat hién va nhan dién ddi tuong giao thong qua hinh anh, nhiéu
mo hinh hoc sau dua trén mang no-ron tich chap (CNN) da duoc dé xuét nhu Faster R-CNN,
SSD, CenterNet, DETR va YOLO [11, 12]. Mdi mé hinh ¢6 nhitng dic diém riéng vé toc do
va do chinh xéc, tuy nhién YOLO hién dugc danh gia 1a mot trong nhiing giai phap ndi bat
nho kha ning phat hién ddi twong nhanh, chinh xac va pht hop véi cac ing dung thoi gian
thuc [13]. Chinh vi vay, YOLO di duoc nhiéu nha nghién ctru lira chon dé giai quyét bai toan
nhén dién xe ctu thuong. Pién hinh nhu, nghién ctru cia John Paul va cong su [14] st dung
mo hinh YOLOVS5s dé nhan dang va phan loai xe ciru thuwong trén bo dit liéu gom 1.840 hinh
anh thu thap tai Philippines. Két qua cho thiy mé hinh dat gia tri mAP@50 1én tdi 93% sau
khi ap dung cac ky thuit ting cudng dit liéu va t6i wu siéu tham sé huan luyén. Trong mot
nghién ctru khac, Alessandro Mecocci va cong su [15] trién khai mé hinh YOLOVS trén nén
tang Jetson Nano dé nhan dién xe ctru thuong va diéu khién uvu tién tin hiéu giao thong. Hé
thong dat toc do xir Iy khoang 11,8 FPS véi thoi gian phan hoi x4p xi 0,25 gidy, dong thoi van
duy tri hiéu qua hoat dong trong diéu kién anh sang yéu hodc thoi tiét khong thuan loi. Nghién
ctru [16] d& xuit mot hé théng phat hién xe ciru thuong thoi gian thuc trén thiét bi bién st
dung m6 hinh YOLOV5s két hop v6i nén ting ONNX Runtime. M6 hinh duoc trién khai trén
Raspberry Pi 64-bit, dat d6 chinh xac mAP@0,5 13 91,3% v&i toc do suy luan tir 2 dén 5 FPS.

Tir viéc khao sat cac cong trinh lién quan, c6 thé thdy mé hinh YOLO 1a mot giai phap
hiéu qua cho bai toan phat hi¢n va nhan di¢n xe ctru thuong. Ké thura nhitng Kkét qua nghién
clru trude day, bai bao nay tap trung nghién ciru va tmg dung mé hinh YOLOV26 dé xdy dung
hé thong nhan dién xe ctru thwong trén thiét bi Raspberry Pi 5. M6 hinh dugc huan luyén trén
bd dit liéu riéng, sau d6 trién khai thir nghiém, danh gia kha nang nhan dién, téc d6 xu 1y va
tinh kha thi ctia hé thong.
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2. POI TUQNG VA PHUONG PHAP
2.1. So' luwgt mé hinh hgc sau YOLO

M6 hinh YOLO 1a mét trong nhitng thuit toan phat hién d6i twong tiéu biéu trong linh
vuc thi gidc may tinh va tri tué nhan tao. M6 hinh dugc xay dung dya trén mang no-ron tich
chép sau, 1a su két hop cac 16p tich chap va cac 16p két ndi ddy du dé thuc hién dong thoi
nhiém vu xac dinh vi tri va phan loai di tuong trong anh (Hinh 1). YOLO dugc gidi thiéu 1an
dau boi Joseph Redmon va cdng sy vao ndm 2016 [17], YOLO da tao nén budc dot pha quan
trong trong bai toan phat hién d6i twong nho kha nang xtr Iy nhanh va do chinh xac cao. Khac
v0i cac phuong phap truyén thong nhu R-CNN, Fast R-CNN hay Faster R-CNN phai thuc
hién nhiéu giai doan riéng biét dé xac dinh vi tri va phan loai d6i tuong, con YOLO tiép can
theo co ché mot giai doan. Theo d6, md hinh chi can thyc hién mét 1an suy ludn trén toan bo
anh dau vao thi c¢6 thé xac dinh vi tri va du doan duoc cac ddi tugng trong anh.

Jatj 4 E,EE S

NN S ﬁxﬂx@l

3 Wz 756 512 03 024 4096

$x8 grid on input Conv. Layer Conv. Layer Conv. Layers  Conv. Layers  Conv. Layers  Conv. Layers Conn. Layer Conn. Layer
= 7x7x64-52 3x3x192 1x1x128 m;zs«s}m 1x1x512 1.5 3x3x1024
Maxpool Layer  Maxpool Layer  3x3x256 3x3x512 3x3x1024 3x3x1024
2x2-52 2x252 1x1x256 1x1x512 3x3x1024
3x3x512 3x3x1024 3x3x1024-5-2 Final detections
Maxpool Layer Maxpool Layer
2x252 2x2-52

Hinh 1. Kién trac cua mang YOLO [17, 18].

Nguyén 1y hoat dong ctia YOLO 14 chia anh dau vao thanh mot ludi gdm nhiéu 6 ¢6 kich
thudc (SxS). Mdi 6 ludi chiu trach nhiém du doan cac khung giéi han, d6 tin cay cta du doan
va xéc suat thudc vé timg 16p d6i tugng. Cac két qua dy doan sau d6 dugc xur 1y bang thuat
toan Non-Maximum Suppression (NMS) dé loai bé cac khung chong lap va giit lai nhiing
khung dy doan c6 d6 tin cdy cao nhat [17,18].

2.2. M6 hinh YOLOvV26

YOLOV26 1a thé hé méi cua dong md hinh phat hién déi twong YOLO do Ultralytics
cong bo nidm 2025, duoc phat trién voi muc tiéu nang cao hiéu nang xu ly thoi gian thyc trén
cac nén tang Al bién (Edge AI) va hé thong nhing. M6 hinh ké thira nhimg uu diém noi bat
cua cac phién ban YOLO trudc day, dong thoi cai tién vé kién tric nham ting d6 chinh xac
nhan di¢n va giam do tré suy luan. Két qué danh gié trén bo dir licu COCO (Hinh 2) cho thay
cac phién ban YOLOV26 déu dat hiéu ning vuot trdi so voi nhidu thé hé YOLO trude. Pic
bi¢t, phién ban YOLOv26x dat khoang 57,5% mAP@50-95, cao hon YOLOvI1lx,
YOLOv10x va YOLOVS8x trong cung diéu kién do tré, cho thay tiém ning tmg dung hiéu qua
trong cac hé théng phat hién dbi tugng thoi gian thyc [19, 20].

YOLOV26 dugc xdy dung trén kién triic gdm ba thanh phan chinh 1a Backbone, Neck va
Head. Kién trac tong thé cia mé hinh dugc trinh bay trong Hinh 3. Trong d6, Backbone c6
nhiém vy trich xuét dic trung tir anh dau vao théng qua cac 16p tich chép séu; Neck thuc hién
hop nhét dic trung da ty 1¢ nham tang kha nang phat hién dbi twong c6 kich thudc khac nhau;
con Head dam nhén viéc du doan vi tri dbi twong, phan loai 16p va tinh toan do tin cdy cua
tung du dodn. Toan by qud trinh nhan dién dugc thuc hién theo co ché phat hién mot giai
doan (One-Stage Detector), cho phép mé hinh dat téc d6 suy luan cao trong khi van duy tri do
chinh xac t6t [19].
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Hinh 2. Biéu db so sanh hiéu ning ciia YOLOV26 véi cac phién ban YOLO trudc [19, 20].

Bén canh viéc ti uu kién trac tong thé, YOLOV26 con duge b6 sung nhiéu cai tién quan
trong nham nang cao hiéu qua trién khai thyc té. Mot trong nhimg thay do6i noi bat 1a co ché
End-to-End NMS-Free Detection, cho phép m6 hinh tao truc tiép két qua phat hién cudi cung
ma khong can sir dung thuat toan Non-Maximum Suppression (NMS) & giai doan hau xir 1y,
nhd 0, d6 tré suy luan duoc giam dang ké [19, 20].
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Hinh 3. So d6 kién trac ¢t 161 cia md hinh YOLOV26 [19, 20].

_ Ngoai ra, YOLOV26 loai bo thanh phan Distribution Focal Loss (DFL) trong qué trinh
hoi quy khung gidi han, gop phan giam chi phi tinh toan va tang kha nang tuong thich khi
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chuyén d6i mo hinh sang cac nén tang trién khai khac nhau nhu ONNX, TensorRT va TFLite.
M6 hinh ciing tich hop nhiéu k¥ thuat t6i wu méi nhu ProgLoss (Progressive Loss Balancing)
gilip can bang ham mat mat trong qua trinh huin luyén, STAL (Small-Target-Aware Label
Assignment) hd tro nang cao hiéu qua phat hién cac dbi tuong kich thudc nho, cing voi
MuSGD Optimizer nham cai thién tdc d6 hoi tu va d on dinh ciia mo hinh [19, 20].

2.3. So' lwot vé may tinh Raspberry Pi

Raspberry Pi 1a dong may tinh nhing kich thuéc nho dugc phat trién boi Raspberry Pi
Foundation nham phuc vu cac hoat dong nghién ciru, gido duc, tr dong hoa va phat trién cac
hé thong nhing. Mic du ¢6 kich thude nho gon, Raspberry Pi dugce tich hop day du cac thanh
phan ctia mdt may tinh hoan chinh nhu bd vi xir Iy trung tim, b nhé RAM, cac cong giao
tiép USB, HDMI, Ethernet, két ndi khong day Wi-Fi, Bluetooth va h¢ théng chan GPIO. Nho
chi phi thap, kha niang mé rong linh hoat va mirc tiéu thu dién ning thap, Raspberry Pi da tro
thanh mot trong nhitng nén tang phan cimg phd bién trong cac tmg dung IoT, robot va hé
thdng diéu khién thong minh [21]. Phién ban Raspberry Pi 5§ RAM 8 GB, trang bi bo vi xur Iy
Broadcom BCM2712 gém bén nhin ARM Cortex-A76 64-bit hoat dong & xung nhip tdi da
2,4 GHz. Thiét bi duoc tich hop bo xir Iy dd hoa VideoCore VII, hd tro xuat hinh anh do phan
giai cao va xu ly da phuong tién hiéu qua [21, 22].

2.4. Thiét ké mé hinh nhén dién va diéu khién

bé xay dung hé théng nhén dién xe ciru thuong va diéu khién tin hi¢u den giao thong trén
nén tang Raspberry Pi 5, nhom tac gia d€ xuat mé hinh hoat dong gdbm cac khoi churc nang
chinh (Hinh 4) nhu sau:

Raspberry Pi 5]

Thu thap > YOLOv26 do 5 Nhan dang xe G tin hiéu_> Module diéu

Camera =P ideo tim d4i tuong ctru thuong qua GPIO [ | khién tin hi¢u dén

Hinh 4. So d6 khéi cac budc phat hién, nhan dién va diéu khién dén tin hiéu giao thong.

- Khéi Camera thu nhan hinh anh: Thuc hién doc hinh anh tai nit giao théng, cung cap
dir liéu dau vao cho hé thong.

- Khéi YOLOV26 do tim va nhan dién: Tién xtr Iy anh va st dung mo6 hinh YOLOv26 dé
phat hién cac doi tugng xuat hién trong, xac dinh xe ctru thuong.

- Khéi GPIO gri tin hiéu diéu khién: Raspberry Pi 5 xut tin hiéu qua chan GPIO dé diéu
khién module di€u khién bat dén xanh.

Trong cac khdi chire nang, khdi YOLOV26 dong vai tro trung tdm, ddm nhén nhiém vy
phat hién va nhan dién xe ctru thuong. Dé xay dung va trién khai mé hinh, nhom tac gia phai
trai qua cac budc: (1) thu thap di liéu hinh anh xe ctru thuong; (2) tién xir Iy va gan nhan dix
liéu; (3) huan luyén mo hinh theo thuat toan YOLOvV26; (4) danh gia hiéu ning mé hinh qua
cac chi sb huin luyén Precision, Recall, F1-Score, mAP va (5) cudi cung chay thuyc nghiém
trén nén tang Raspberry Pi 5 va nhdn xét.
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2.4.1. Xay dung dii liéu

Bo dir liéu duoc xay dung theo cu trac chuan ctia mé hinh YOLO, gém ba thanh phan
chinh 14 thu muc chira anh (images), thu muc chira nhan (labels) va tép cdu hinh dir liéu
(data.yaml). Thu muc images chita cac anh dinh dang JPG véi kich thudc chuan hoa 640x640
pixel. Cac anh trong thu muc nay dugc chia thanh hai tdp con gdm train va val, trong do tap
train chiém 80% phuc vu huan luyén mé hinh, con tap val chiém 20% dung dé danh gia hiéu
suét sau huan luyén.

[
wul’ =1

Hinh 5. Anh minh hoa ctia bd dir liéu phat hién xe ciru thuong.

Trong nghién ctru nay, nhém tac gia s dung bo dir lidu gdm 1.936 hinh anh xe ctru
thuong tai Viét Nam (Hinh 5), dugc chia thanh 1.556 anh cho tap huan luyén (80%) va 380
anh cho tap danh gia (20%). Dit liéu ndy dwoc nhém tac gia thu thap tir nhiéu ngudn khéac
nhau, mot phan tir nén tang Roboflow Universe [23], mdt phan hinh anh dugc trich xuit tir
cac video, cac website va cadc anh do nhom tac gid ty thu thap. Sd lugng hinh anh trong bd dir
liéu tuwong ddi da .dang, c6 kha nang phan anh day du cac diéu kién trong thyc té, nhu nhiéu
g0c quan sat, nhiéu khoang cach thu nhén, diéu kién chiéu sang va bdi canh giao thong khac
nhau. Piéu nay giup mod hinh hoc dugc cac dac trung cua xe ctu thuong trong nhiéu ngit
canh, nang cao kha ning téng quéat hoa khi trién khai thuc té.

Thu muc labels cling twong ty nhu images, chira thu muc train va val, luu trit cac tép
nhan dinh dang .txt, cé tén twong Gmg voi ting anh trong thu muc images. Mdi tép chtra thong
tin vé dbi tugng trong anh theo dinh dang YOLO gom nim tham sd: class_id, x_center,
y_center, width va height. Céac thong tin nay dugc tao ra théng qua qua trinh gan nhén bang
phan mem MakeSense. Tép data.yaml dugc dt tai thu muc goc cua bo dir liéu, dong vai tro 1a
tép cau hinh trung tim. Tép ndy dung dé khai bio duong din dén cac thu muc train va val,
xac dinh s lugng 16p ddi tuong, tén 16p va cac tham sb cAu hinh qua trinh huin luyén.
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2.4.2. Huén luyén mé hinh

Huén luyén mé hinh YOLOvV26 13 qua trinh gitip mang hoc sau hoc duoc cac dic trung
cia dbi tuong trong anh nhim thuc hién phat hién va nhan dién chinh xac xe ciru thuong
trong cac tinh huong giao thong thuc t&. Qué trinh huin luyén dugc thyc hién dya trén
phuong phap chuyén giao hoc (transfer learning), st dung trong s6 khoi tao tir mé hinh da
duoc huan luyén trudc (pretrained) dé rat ngin thoi gian hoi tu va nang cao hiéu qua nhan
dién. Bé dam bao hiéu suit huin luyén va giam thoi gian xtr 1y, hé théng yéu cau moi trudng
tinh todn 1on, dac biét 1a bo xu 1y do hoa (GPU). Vi vay, nhom nghién ctru lya chon nén tang
Google Colab dé thuc hién huin luyén cac mo hinh véi cac tham s6 huan luyén chinh duoc
trinh bay ¢ Bang 1.

Béng 1. Cac tham s6 huan luyén mé hinh YOLOV26.

Tham s Gia tri Tham s6 Gia tri Tham s6 Gia tri
Epochs 100 Optimizer SGD box 7,5
Imgsz 640 Learning rate 0,01 cls 0,5
Batch size 16 Momentum 0,937 dfl 1,5

Viéc lya chon céc tham sb & Béng 1 dua trén co s¢ su can bﬁng gitra kha nang hoi tu, do
chinh x4c va tai nguyén tinh toan. Cu thé, sb epoch (100) dam bao mé hinh hoc du sau nhung
tranh overfitting, kich thuéc anh dau vao (640) toi wu hoa giita do chinh xac phat hién va tdc
d6 xur 1y. Batch size (16) cing voi optimizer SGD va learning rate 0,01 gitp qua trinh huan
luyén on dinh va ting kha niang tong quat hoa. Tham s6 momentum (0,937) cai thién toc do
héi tu va giam dao dong gradient. Ngoai ra, cac hé sb loss nhu box (7,5), cls (0,5) va dfl (1,5)
dugc diéu chinh nham wu tién do chinh xé4c dinh vi va cai thién dy doan bounding box.

Dé danh gia hiéu qua cia mo hinh phat hién d6i tugng YOLO, nghién ctru sir dung bon chi
s6 chinh gdm mAP (Mean Average Precision), Precision, Recall va F1-Score, duoc thé hién &
cac cong thire (1), (2), (3) va (4) [15]. Cac chi s6 nay phan anh kha ning phat hién chinh xAc,
mirc d6 bao phu ddi twong va sy can bang giita do chinh x4c véi do nhay ctia mé hinh.

N
mAP:iZAE (D
NS
1P
e 1P )
precision TP+ FP (2)
recallzi 3)
TP+ FN

2 x precisionxrecall

= (4)

precision+ recall

2.4.3. Két qud hudn luyén mé hinh

Sau khi hoan thanh qua trinh huan luyén, mé hinh YOLOV26 sinh ra hai tép trong sb
chinh 1a “best.pt” va “last.pt”, chira toan bg cac tham s6 da hoc ctia mang, bao géom kién tric
md hinh, trong so cac 16p tich chap, cac siéu tham s6 t6i wu hda va trang thai cua mo hinh tai
cac giai doan huan luyén. Trong do, tép “best.pt” luu trit trang thai cé hi€u nang tot nhat trén
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tap kiém dinh, duoc xac dinh dya trén gia tri mAP cao nhat va duoc st dung dé trién khai
thuc nghiém. Tép “last.pt” luu trang thai cia mo hinh tai epoch cudi cung, thuong dugc sir
dung cho muc dich tiép tuc tinh chinh hodc huin luyén bd sung khi can thiét. Bén canh cac
tép trong sb, hé thong con cung cap cac chi sé danh gia quan trong nhu Precision, Recall,
mAP@50 va mAP@50-95 dé phuc vu viéc danh gia, phan tich mo hinh.

bé danh gia, so sanh hi¢u qua nhan dién gitra cac phién ban ctia mo6 hinh YOLOV26,
nhém tac gia thue hién huin luyén trong 100 epochs cho tirng phién ban véi diéu kién dau vao
gidng nhau. Két qua cac chi sd danh gia chinh ctia qua trinh huén luyén dat duoc thé hién
trong Bang 2.
Bang 2. Két qua cac chi s6 huan luyén ciia cac phién ban YOLOV26.

TT Cé;?gzigszl?n Precision Recall mAP@S0 n;ﬁ_l;g@ SE;;e Parameters GFLOPs
1 YOLOV26n 0,96 0,818 0,906 0,694 0,883 2.375.031 52
2 YOLOvV26s 0,951 0,828 0,891 0,696 0,885  9.465.567 20,5
3 YOLOv26m 0,943 0,834 0,899 0,693 0,885 20.350.223 67,8
4  YOLOv26l 0,964 0,84 0,911 0,703 0,898 24.746.511 86,1

Qua s6 lidu & Bang 2 cho thay tat ca cac phién ban cia YOLOv26 déu cho hiéu ning kha
quan d6i v6i bai toan phat hién xe ctu thuong, vé6i chi sé F1-Score dao dong tir 0,883 dén
0,898, phan anh sy cin bang tbt giita do chinh xac va kha ning phat hién day du dbi tuong.
Trong s6 d6, YOLOV26I thé hién uvu thé ndi bat voi cac chi sb Precision, Recall, F1-Score,
mAP@50 va mAP@50-95 1an luot dat 0,964, 0,840, 0,898, 0,911 va 0,703. Piéu nay cho thay
mo hinh c6 kha ning nhin dién chinh xac va on dinh hon so véi cac cdu hinh con lai. Tuy
nhién, kién trac nay so hiru s6 lugng tham s6 16n (24.746.511) cung d6 phuc tap tinh toan cao
(86,1 GFLOPs) kéo theo yéu cau 16n vé tai nguyén phan cing.

Nguoc lai, YOLOv26n la cAu hinh gon nhe nhét v6i 2.375.031 tham s va mire tinh toan
chi 5,2 GFLOPs, phu hop véi cac hé théng yéu cau téc do xir Iy cao va tai nguyén han ché.
Mic du cac chi s6 mAP va F1-Score thép hon so véi YOLOV261, nhung m6 hinh van dat hiéu
suét tot v6i Precision = 0,960, F1-Score = 0,883 va mAP@50 = 0,906. Hai phién ban trung
gian YOLOv26s va YOLOv26m thé hién sy can béng gitra d0 chinh xac, F1-Score va do
phtc tap tinh toan.

Vé kha ning phat hién xe ctru thuong theo ba nhom kich thude Small (AP _s: dién tich <
1.024 pixel?), Medium (AP _m: 1.024 pixel*> < dién tich < 9.216 pixel?) va Large (AP _I: dién
tich > 9.216 pixel?) [24], két qua tai Bang 3 cho thay hiéu qua phat hién co sy khac biét 15 rét
theo kich thudc dbi twong. D6i véi ddi twong 16m, cac mé hinh AP 1 dat tir 0,7150 dén 0,7681,
trong d6 YOLOV261 dat cao nhat véi 0,7681. Ddi v6i dbi twong trung binh, AP_m dao dong
tir 0,4148 dén 0,4775 va YOLOV26] van dat két qua cao nhat (0,4775). Trong khi d6, kha
nang phat hién ddi twong nho con han ché, véi AP s chi tir 0 dén 0,0772 va YOLOV26n dat
gi4 tri cao nhit (0,0772). Nhin chung, cac phién ban huin luyén YOLOvV26 cho kha ning phat
hién tot hon ddi v6i xe clru thuong c6 kich thude 16n va trung binh, nhung hiéu qua giam
dang ké ddi véi cac ddi tuong nho. Pidu nay cho thdy mé hinh con han ché khi xe ciru thuong
xuét hién & khoang cach xa hodc chiém dién tich nho trong khung hinh.
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Bang 3. Gia AP (Average Precision) theo kich thuéc ba nhom dbi twong Small, Medium, va Large.

TT  Céc phién ban YOLOv26 AP s AP m AP 1
1 YOLOV26n 0,0772 0,4180 0,7150
2 YOLOV26s 0 0,4148 0,7337
3 YOLOV26m 0,0012 0,4428 0,7559
4 YOLOv26l 0,0125 0,4775 0,7681

Mic du d3 tién hanh huan luyén va danh gia nhiéu bién thé cia YOLOV26, nhém tac gia
lwa chon YOLOv26n dé trién khai thuc nghiém nhan dién xe ctru thuong trén Raspberry Pi 5
nhd wu thé vé d6 phire tap tinh toan thap, s6 lugng tham sé nho va kha niang dap Gmg yéu cau
xtr 1y thoi gian thuc. Cac dudng cong huan luyén va ma tran nham I4n (confusion matrix) cta
md hinh dugc trinh bay trong Hinh 6.

train/box_loss train/cls_loss train/dfl_loss metrics/precision(B) metrics/recall(B) Confusion Matrix

k . —— resurs | 00225 0.95 o

1o smooth | 0.0200 v

[ C 0.80
. 0.0175 L

. 0.90 (' 0.75

3

\ | 0.0150 ’ F
06 2 0.0125 0.85 0.704
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Hinh 6. Biéu dd mo6 ta hiéu suét hun luyén (a) va ma tran nham 13n (b) cia mo hinh.

Hinh 6a cho thay cac duong cong hoi tu ctia mé hinh YOLOV26n trong sudt 100 epochs
huén luyén. Cac ham méat mat trén ca tap huén luyén va kiém dinh déu giam dan va on dinh vé
cudi qua trinh, cho thdy md hinh hoc tét dic trung dit liéu va khong xuat hién hién tugng qua
khép 13 rét. Cac chi sb Precision, Recall va mAP ting nhanh trong giai doan dau, sau d6 dao
dong nhe va hoi tu & muc cao. Cu thé, Precision duy tri quanh muc 0,94-0,96, Recall dat
khoang 0,81-0,84, trong khi mAP@50 va mAP@50-95 1an luot 6n dinh quanh muc 0,89—
0,91 va 0,67-0,69. Piéu nay cho thdy mé hinh dat trang thai hoi tu 6n dinh sau khoang 40—50
epochs va dap mg tot yéu cdu nhan dién xe ctru thwong. Ma tran nham 14n & Hinh 6b cho
thdy mo hinh YOLOv26n dat TP = 407, FP = 38 va FN = 71. Trong d6, mé hinh nhéan dién
dung 407 mau thudc 16p “ambulance”, nhan nham 38 truong hop nén (background) thanh xe
ctru thuong va bo sot 71 trudng hop xe clru thuong, nhan dién thanh nén. Tir cac gia tri trén,
do nhay (Recall) dat khoang 85,2%, cho thiy mo hinh phét hién dung khoang 85,2% sb xe
ctru thwong trong cac mau danh gia, trong do khoang 14,8% dbi twong bi bo sot. Po chinh xac
(Precision) dat khoang 91,5%, nghia la trong tong s6 cac truong hop dugc mo hinh du doén 1a
xe ctu thuong, thi c6 khoang 91,5% 1a dy doan ding va khoang 8,5% la nhan dién nham.
Nhin chung, mé hinh ¢6 kha ning phat hién xe ciru thuong twong dbi tét, tuy nhién van con
mot s truong hop bo sot hodc nhan dién nhdm véi nén anh, dic biét khi ddi twong bi che
khuit, c6 kich thudc nho, goc quan sat thay ddi hodc didu kién anh sang khong dong déu.
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2.4.4. Lwu do thudt todn chwong trinh

Trong nghién ctru nay, nhom tac gia st dung ngon ngit 1ap trinh Python dé xay dung
chuong trinh xir 1y va diéu khién hé thong. Quy trinh phat hién xe ctru thwong va diéu khién
tin hiéu giao théng dugc mo ta trong Hinh 7. Pau tién, camera thu nhan hinh anh giao thong
theo thoi gian thuc va truyén dir liéu dén Raspberry Pi 5 dé xtr 1y. Cac khung hinh sau d6
dugce dua vao mo hinh YOLOv26 nham phat hién va nhan dién xe ctru thuong. Néu khong
phat hién dbi twong hoic do tin c@y cua két qua nhan dién nho hon 40%, hé thong sé& tiép tuc
xtr 1y cac khung hinh ké t1ep Nguoc lai, khi phat hién xe ctru thuong voi do tin cy tir 40%
tro 1én, Raspberry Pi 5 s& xuét tin hiéu diéu khién qua cac chan GPIO.

Khi nhan duogc tin hiéu diéu khién, module diéu khién dén giao thong s& chuyén trang
thai tir dén d6 sang dén xanh dé xe ctru thuong di chuyén qua nut giao thun loi. Sau khi xe
ctru thuong roi khoi ving giao cit, hé thong dua dén giao thong trd vé chu ky hoat dong binh
thuong. Toan bg qua trinh dugc thyc hién lién tuc trén ting khung hinh, ddm bdo kha nang
phat hién, nhan dién va diéu khién theo thoi gian thuc.

( Bit dau )
v

Poc hinh dnh dau vao
tr camera hoac video

M0 hinh
YOLOv26n (ONNX)-
Phat hién xe ctru
thuong?

G tin hiéu dén
module di€u khién dén
giao thong

A

( Két thiic )

Hinh 7. Luu d thuit toan chuong trinh.

3. THUC NGHIEM VA PANH GIA

Mo hinh thyc nghiém cua hé théng duogc trinh bay ¢ Hinh 8. Trong d6, Raspberry Pi 5
dugc st dung lam bd x1r Iy trung tdm, ddm nhi¢m chirc ndng nhan dién xe ctru thuong va diéu
khién tin hiéu giao thong. Chuong trinh diéu khién dugc trién khai trén méi truong lap trinh
Thonny, dong thoi st dung phan mem VNC dé truy cap va diéu khién Raspberry Pi 5 thong
qua may tinh ca nhan (PC). Nham téi vu hidu ning xir 1y va giam tai tai nguyén cho thiét bi
bién, mé hinh sau khi huén luyén vé6i dinh dang PyTorch (best.pt) duoc chuyén sang dinh
dang best. ONNX va trién khai qua nén tang ONNX Runtime trén Raspberry Pi 5.
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Hinh 8. M6 hinh hé thdng nhén dién xe ciru thuong va diéu khién dén giao thong.

Qua trinh thyc nghiém dugc xay dung véi hai kich ban: (1) st dung céc doan video co san
lam dir liéu dau vao cho mé hinh; (2) st dung camera dé thu nhan hinh anh tir man hinh may
tinh PC va truyén dén Raspberry Pi 5 dé xir 1y. Két qua cho thay hé thong hoat dong dung theo
¥ tuong thiét ké, co kha nang phat hién xe ctru thuong véi do chinh xéac twong ddi tot va gui tin
hiéu diéu khién kip thoi dén module diéu khién dén giao thong. Trong sudt qua trinh thir
nghiém, Raspberry Pi 5 van hanh 6n dinh trong nhiéu gio lién tuc, khong xuét hién hién twong
treo, tw khoi dong lai hodc dimg chuwong trinh. V&i ngudn cép dién on dinh va kha ning tan
nhiét dap ung yéu cau, thiét bi duy tri mirc st dung tai nguyén va nhiét do trong gidi han cho
phép, dam bao kha niang hoat dong lién tyc ctia hé thong nhan dién theo thoi gian thuc.

3.1. Thwe nghiém nhén dién xe ctru thwong tir dir liéu video

Trong kich ban thyc nghiém thir nhat, nhém tac gia sir dung cac doan video giao thong c6
chira hinh 4nh xe ciru thuong lam dir liéu dau vao truc tiép cho mé hinh YOLOv26. H¢ thong
den tin hiéu dugc giad 1dp ¢ trang thai ban dau 1a mau do, dai dién cho tinh huéng Xe cuu
thuong dang tiép can nut giao nhung chua dugc uvu tién luu thong. Khi mé hinh phat hién xe
ctru thuong voi do tin cdy vuot ngudng thiét 1ap, Raspberry Pi 5 gt tin hiéu diéu khién dé
chuyén trang thai dén giao thong tir mau d6 sang mau xanh. Két qua cho thdy mé hinh ¢ kha
nang nhan dién xe ctru thuong twong ddi chinh xac, v4i do tin cdy cua du doan cao trén timg
khung hinh va téc d¢ xtr 1y dat tir 6-12 FPS (Hinh 9).

5@ i T, e oo | BERERBGHEISN
coeBEE0RRRN 5

Hinh 9. M6t s6 hinh 4nh nhédn dién xe ctru thuong qua video.
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3.2. Thuc nghiém nhén dién xe ctru thuwong thong qua camera

O kich ban tht hai, nhom tac gia danh gia kha ning hoat dong ctia hé théng khi st dung
dir liéu hinh anh thu nhan truc tiép tor camera. Thi nghi¢m dugc bd tri trong diéu kién mdi
truong ban ngdy, anh sang trong nha 6n dinh. Mot doan video giao théng co xe ctru thuong
duoc phat trén man hinh mdy tinh cd nhan, camera dugc dat cdch man hinh khoang 50 cm dé
thu nhan hinh anh dau vao cho hé thong.

. '.l'll.llﬂﬂ
1

Hinh 10. Mt s6 hinh anh nhan dién xe ctru thuong qua camera thu hinh anh tr man hinh may tinh.

Tuong tu kich ban thuc nghi¢m thur nhét, trang thai ban dau ctia dén tin hiéu duogc gia lap
la mau do. Khi camera ghi nhan hinh anh xe ctru thwong, mé hinh YOLOv26 thyc hién nhan
dién thanh cong, tin hiéu diéu khién duoc giri, @& chuyén dén sang trang thai mau xanh. Két
qua cho thay hé thong duy tri kha ning nhan dién 6n dinh voi do tin cdy du doan cao, toc do
xu ly dat tir 10 - 15 FPS, d4p ting kha nang xtr 1y thoi gian thuc (Hinh 10).

3.3. Panh gia va binh luin két qua

Ket qua thir nghiém trén nhiéu doan video giao thong co san va dir liéu hinh anh thu nhan
tryc tiép tir camera trén Raspberry Pi 5, cho thdy mé hinh c6 kha ning phat hién hau hét cac
loai xe ctru thuong cua Viét Nam voi do tin cay cao. Tdc dd xir Iy cua hé thong dao dong
trong khoang 6 -15 FPS. Tuy nhién, khi stir dung video c6 s&n lam dix liéu dau vao, toc do FPS
thip hon so véi truong hop nhan dit lidu truc tiép tir camera. Nguyén nhan 1a do Raspberry Pi
5 phai dong thoi thyc hién qué trinh doc, giai ma video va xur 1y anh, din dén gia tiang tinh
toan. Nguoc lai, voi dir liéu dau vao tir camera, thiét bi chi tap trung thuc hién qua trinh suy
luan va xtr Iy anh nén dat toc do xtr Iy cao hon (10 - 15 EPS).

—
(LTI
e

AMBULANCE, CONF: aoux. | ¢
ambulance 0. 74 ¥

Hinh 11. M6t s6 hinh 4nh m6 hinh nhan dang nham lan.

Bén canh kha ning nhan dién chinh x4c, mé hinh van tdn tai mot sb truong hop nhan
dang nham xe 6 t6 thanh xe ctu thuong (Hinh 11). Nguyén nhan chii yéu xuat phat tir su
tuong ddng vé dic trung hinh anh giira cdc phuong tién, nhu cac chi tiét c6 mau do6 trén than
xe hodc gbéc quan sat khong thuén lgi. Ngoai ra, do tap dir li¢u huin luyén con han ché vé su
da dang cua cac mau xe ciru thwong, khién mé hinh chua hoc ddy du cac dic trung nhu mau
sdc, ky hiéu ddu cong y té hodc dong chit “Ambulance” trén xe.
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Nham danh gia hiéu qua va so sanh v6i cac phién ban YOLO trudc, nhém tac gia str dung
bd dit liéu (Hinh 5) va cing tat ca cac tham sb cau hinh trong Bang 1, dé huan luyén cac mo
hinh YOLOv8n, YOLOv10n, YOLOv11n va YOLOvI2n. Két qua trinh bay ¢ Bang 4 cho
thdy YOLOV26n c6 sy can bang tét giita do chinh xéc va téc do xir Iy. Cu thé nhu: Thong sd
Precision = 0,960, chi thép hon nhe so véi YOLOv12n (0,964), trong khi mAP@50 dat 0,906,
cao hon YOLOv10n (0,893) va YOLOV8n (0,901). V61 mAP@50-95 dat 0,694, YOLOvV26n
van duy tri kha ning dinh vi d6i twong 6n dinh, chi thap hon khong dang ké so voi
YOLOv1In (0,699) va YOLOvI2n (0,696). Bac biét, vé tbc do suy luan, YOLOv26n dat
370,3 FPS, cao nhat trong cac mo hinh dugc so sanh, vugt qua YOLOvI12n (149,3 FPS),
YOLOv!11n (250 FPS), YOLOv10n (322,6 FPS) va YOLOv8n (232,6 FPS). Két qua nay cho
thly YOLOV26n duoc t6i uu hiéu quéa vé kha nang xtr 1y ciing nhur do chinh xéc.

Béng 4. Céc chi s6 huan luyén ciia cac phién ban YOLO trén ciing mét diéu kién.

TT  Cac phién ban YOLO Precision Recall mAP@S0 mAP@50-95 FPS

1 YOLOvV26n 0,96 0,818 0,906 0,694 370,3
2 YOLOvI2n 0,964 0,852 0,913 0,696 149,3
3 YOLOvlIn 0,938 0,856 0,916 0,699 250,0
4 YOLOv10n 0,943 0,838 0,893 0,683 322,6
5 YOLOv8n 0,938 0,839 0,901 0,686 232,6

Mot diém luu v ring, gia trj 370,3 FPS trong Bang 4 1a tbc do suy luin cia mé hinh
YOLOV26n dugc do trong qué trinh dénh gia trén méi truong hudn luyén Google Colab sir
dung GPU NVIDIA Tesla T4 va chi phan anh hiéu ning ctia mé hinh. Trong khi d6, toc do 6 -
15 FPS dugc bao cdo trong phﬁn thuc nghiém la tbe do xur 1y thyc cua toan bg hé théng khi
trién khai trén Raspberry Pi 5, bao gém céc budce thu nhan hinh anh, tién xt 1y, suy luan, hau
xtr 1y, hién thi két qua va diéu khién dén giao thong. Vi vdy, hai gia tri do nay duoc thyc trén
cac phan ctng khac nhau va quy trinh xtr Iy khac nhau nén c6 su khac biét 16n.

Nhin chung, cac két qua thyc nghiém cho thiy YOLOv26 mang lai nhiing cai tién dang
ké so v6i cac phién ban YOLO trudc day nho kha ning giam do tré suy ludn, nang cao tbc do
xtr Iy va duy tri @6 chinh x4c nhan dién 6n dinh. Sy cai tién nay giap YOLOV26 tr& thanh lya
chon phu hop cho cac tng dung phat hién dbi twong theo thoi gian thuc trén nén tang Edge Al
va céc hé thong nhiing nhu Raspberry Pi.

4. KET LUAN

Trong nghién ctru nay, nhom tac gia da dé xuat va trién khai thanh cong hé thong nhan
dién xe ctru thuong va diéu khién tin hiéu giao théng dwa trén mé hinh hoc siu YOLOv26. Bo
dir liéu huan luyén gém 1.936 anh xe ctru thuong tai Viét Nam dugc thu thap va xir 1y, sau do
tién hanh hudn luyén, tdi wu trén nén tang Google Colab. Két qua danh gia cho thdy mo hinh
dat hiéu suat nhan dién tuong d6i tét voi cac chi sd Precision = 0,960, Recall = 0,818,
mAP@50 = 0,906 va mAP@50-95 = 0,694.

Kef:t qua thyc nghiém trén nén tang Raspberry Pi 5 cho thay hé théng c¢6 kha nang phat
hién hau hét céc loai xe ctru thuong véi do tin cay du doan khoang 89% va toc do xu 1y dat
trén 10 FPS, dép tng yéu cau xur ly thoi gian thuc cho cac ng dung giao thong thong minh.
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Tuy nhién, mo6 hinh van xuat hién mot so truong hop nhédn dién nham véi cac phuong tién céd
dac diém hinh anh tuong dong, dac biét 1a cac xe c6 dai mau do hoac hinh dang gan giong xe
ctru thuong.

Mic du két qua nghién ctru budc dau dat dugc tinh kha thi cia giai phap nhung hé théng
van con mot sé han ché. Tha nhat, cac thi nghiém mdi dugce thyc hién trong moi truong mo
phong nén chua phan anh day du cac diéu kién giao thong thuc té. Thir hai, mé hinh chi ding
¢ viéc phat hién xe ctru thuong ma chua xac dinh dugc phuong tién c6 dang thuc hién nhi¢m
vu uu tién hay khong. Thtr ba, thuat toan diéu khién dén giao thong con don gian, chwa xem
xét cac yéu td nhu hudng di chuyén, lan duong va cac tinh huéng xung dot tai nut giao.

Trong thoi gian t6i, nhom tac gia sé tiép tuc hoan thién hé théng theo cac hudng nghién
ctru sau: (1) mo rong va da dang hoéa tap du ligu huin luyén, bd sung thém céc mau xe clru
thuong trong nhiéu diéu kién chiéu sang, goc quan sat, khoang cach va kiéu dang khac nhau,
két hop cac k¥ thuat ting cuong dir lidu (Data Augmentation) va xdy dung tap dir liéu kiém
thur (test) doc lap nhim nang cao kha nang téng quat hoa va giam ty 1é nhan dién nham; (2) t6i
wru qué trinh trién khai trén cac nén tang Edge Al thong qua cac ky thuat tang tc suy luan nhur
ONNX Runtime va TensorRT, dong thoi phat trién thuat toan diéu khién dén giao thong
thong minh c6 kha nang xir Iy nhiéu hudng luu thong va cac tinh hudng giao thong phic tap.
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