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XAY DUNG HE THONG CANH BAO UN TAC GIAO THONG PO THI
THEO THOI GIAN THUC

Tran Hong Tung?, Nguyén Quéc Cudng®, Tran Van Thién<, Nguyén Ngoc Nhand,
Ta Quéc Y¢

Té6m tit:

Nghién ctru trinh bay két qua phat trién hé théng canh bao un tic giao thong do thi
theo thoi gian thuc. Tt thyc trang un tic va han ché cda céc giai phap hién tai tai Viét
Nam, nghién ctu dé xudt mot kién trac hé thong phan tan véi bén 16p chinh: thu thap
d@r liéu camera, xt ly Al, backend va tng dung da nén tang. St dung mo hinh
YOLOv8n duoc huan luyén trén bd dit liéu 20.000 anh giao thong tai Pa Nang, hé
thong dat do chinh xac trung binh (mAP@0.5) 92,4% va toc do xa ly 45 FPS trén GPU
RTX 3060. Backend xay dung bing Node.js, PostgreSQL va Redis xtt Iy dong thoi 25
camera voi do tré API trung binh 145ms. Web app (React/Vite) hoan thién 11 trang,
mobile app (Flutter) c6 16 man hinh trén iOS va Android. Hé thong dugc tht nghiém
trén dir liéu moé phong tir 15 ludng camera tai Pa Ndng, ghi nhan hon 800 canh béo
v6i d6 chinh xac trén 90%. Cac két qua nay khéng dinh tinh kha thi cia hé théng trong
bdi cAnh nghién cttu sinh vién va tiém nang tng dung thuc t&€ nhdm gidm un tic, tiét
kiém thoi gian va nang cao an toan giao thong do thi.

T khoéa: Hé thong giao thong thong minh, YOLOVS, thi gidc mdy tinh, phat hién un
tdc, React, Flutter.

DEVELOPMENT OF A REAL-TIME URBAN TRAFFIC CONGESTION WARNING SYSTEM

Abstract:

This study presents the design and development of a real-time urban traffic
congestion alert system. Motivated by severe congestion and limitations of existing
solutions in Vietnam, the study proposes a distributed four-layer architecture
comprising camera data acquisition, Al processing, backend services and multi-
platform applications. Using a YOLOv8n model trained on a dataset of 20,000 traffic
images from Da Nang, the system achieves a mean average precision (mAP@0.5) of
92.4% and a processing speed of 45 FPS on an RTX 3060 GPU. The backend, built with
Node.js, PostgreSQL and Redis, concurrently handles up to 25 cameras with an
average APl latency of 145ms. The web application (React/ Vite) delivers 11 functional
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pages, while the mobile app (Flutter) provides 16 screens on iOS and Android. A
simulation-based experiment on 15 camera streams in Da Nang recorded over 800
alerts with accuracy exceeding 90%. These results confirm the system's feasibility
within an undergraduate research context and its practical potential to reduce
congestion, save travel time and enhance urban traffic safety.

Keywords: Smart traffic system, YOLOVS, computer vision, congestion detection,
React, Flutter.

P4t van dé

Tinh trang un tic giao thong tai cac do thi 16n & Viet Nam ngay cang nghiém
trong. Theo Bo Cong an, nam 2025 ca nudc xay ra 15.367 vu tai nan giao thong, lam
6.578 nguoi thiét mang va gay thiét hai kinh té 16n (Bo Cong an, 2025). Riéng tai Da
Né&ng, s6 diém thuong xuyén tin tac da tang tir 47 diém (2023) 1én 72 diém (2025) (Cong
Thong tin dién t&r thanh phd Da Néng, 2026). Cac giai phap hién tai nhu camera giam
sat thu dong, cam bién dudi mit duong, diéu tiét thu cong hay ting dung ban d6 dua
trén GPS déu c6 han ché vé chi phi, d6 chinh xac, thoi gian phan tng hodc kha ndng
bao pht (Varghese & Sambath, 2024; Wang et al., 2023).

TINH HINH TAI NAN GIAO THONG NAM 2025
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Hinh 1. Tinh trang tai nan giao thong cia nam 2024 va 2025

(Nguén: B6 Céng An)

Bai toan gidm sat va phat hién tin tic tu dong da dugc nghién cttu rong rai. Cac
hé thdng dau tién dya trén cdm bién vong tir hodc radar c6 chi phi cao. Su phat trién
cda thi gidc mdy tinh va hoc siu, déc biét la mo hinh YOLO, da mé ra hudng tiép can
moi st dung camera san co (Bochkovskiy et al., 2020; Redmon & Farhadi, 2018; Wojke
et al.,, 2017). Cac nghién ctu gan day da ap dung YOLOv5, YOLOv7 va YOLOVS cho
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bai todn d€m xe va phét hién un tic, dat do chinh xac tir 88-91% (Bochkovskiy et al.,
2020; Varghese & Sambath, 2024; Wang et al., 2023).

Tt khoang tréng do, nghién ctru hudéng t6i ba muc tiéu: (i) thiét ké kién trac hé
thong giam sat, phan tich va canh bao un tac theo thoi gian thyc tich hgp bén 16p; (ii)
xdy dung va danh gid mo hinh YOLOVS trén b dit liéu giao thong Viét Nam; (iii) tha
nghiém trén dit liéu mo phong tir 15 luéng camera tai Da Ndng, danh gia hiéu ning
toan hé thong.

D6i tugng va phuong phéap nghién ctu
D01 tupng nghién ctu

béi tugng nghién ctu la hé théng giao thong thong minh toan dién bao gdm
bén module chinh: ((1) nhan dién phuong tién YOLOVS, (2) web app (React/Vite)
(Meta Platforms, 2025), (3) mobile app (Flutter) (Flutter Documentation, 2025) va (4)
backend (Node.js/PostgreSQL/Redis) (Node.js Foundation, 2025). Hé¢ thong nhan
dién 6 loai doi tuong (xe may, 0 to con, xe tai, xe buyt, xe dap, ngudi di b), dém luu
lugng, phét hién un tic, hién thi trén ban d6 tuong tac va guii canh bao da kénh. (web
popup, push notification).

Diz ligu va cdu hinh thyc nghiém

Bo dit liéu huan luyén gém 20.000 anh giao thong duoc téng hop tir nhiéu
ngudn khac nhau nhdm dadm bao tinh da dang vé géc quay, diéu kién thoi tiét va mat
do6 phuong tién. Cu thé:

- 10.000 anh tir h¢ thong camera giao thong tai thanh phé Pa Ndng do nhom
nghién ctu tu thu thap.

- 3.000 anh ttr Microsoft COCO Dataset (Microsoft COCO Dataset, 2026).

- 2.000 anh ttr Open Images Dataset V7 (Google Research, 2026).

- 3.000 anh do nhém nghién ctru tu quay chup tai cac tuyén duong do thi.

-2.000 &nh tir cdc ngudn cong khai trén Internet phuc vu muc dich nghién ctru.

Toan b dit liéu dugc gén nhan tha cong bing cong cu Label Studio
(HumanSignal, 2026). Sau qué trinh 1am sach va loai bé dit liéu nhiéu, bo di liéu cudi
ciing gdm 43.500 bounding box thudc 6 16p doi tugng: xe mdy, 6 to con, xe tai, xe buyt,
xe dap va nguoi di bo.

Téng s6 bounding box dugc gan nhan tht cong bang Label Studio 1a 43.500,
phéan bd: xe may (42,5%), 0 t6 con (29,4%), xe tai (9,7%), xe buyt (7,1%), xe dap (5,8%),
ngudi di bo (5,5%). Dit lieu duge chia ngau nhién: tap huan luyén 14.000 anh (70%),
kiém dinh 3.000 anh (15%), kiém tra 3.000 anh (15%) (Ultralytics, 2025).
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V6i module backend va tng dung, hé thong dugc thit nghiém trong méi truong
mo phong dua trén 15 ludng dit liéu camera giao thong cong cong tai Da Néng. Thoi
gian thir nghiém kéo dai 30 ngay mo6 phdng. Dé danh gia so bo tinh kha dung ctia hé
thong, nhom nghién ctru da thuc hién mot dot thu nghiém danh gia chiic ndng trén
100 nguoi tham gia (sinh vién, nhan vién van phong, tai x€ cong nghé).

Bang 1. Pac diém dit liéu va cau hinh thuc nghiém cda cac module

Hang muc Module nh4n dién Module Backend & Ung dung
Quy mo dir | 20.000 anh, 43.500 | 15 camera, 805 canh bao, 100 nguoi
liéu bounding box khao sat

API request, WebSocket, thao tac

DPau vao Anh/video tit camera IP s
nguoi dung

Lop do6i tuong, toa do box, | Dt liéu JSON, canh bao, giao dién

Pau ra PR
luu lugng nguoi dung
Mo hinh/kié Node.js/E , PostgreSQL,
0 hInh/KI€N |y 1 3vgn + SORT tracking | N 08/ Express ostgresQ
tric Redis, React, Flutter
. » mAP, FPS, Precision, | QPS, do tré, do chinh xac canh bao,
Panh gia P 1A Taas T
Recall ty 1é hai long
e 100 epochs, batch 16, Kiém tha don vi, tich hop, tai, khdo
Chién lugc ] .
augmentation sat

Bang 1 trinh bay déc diém dit liéu va cau hinh thuc nghiém cua titng module
trong hé théng. C6 thé thdy module nhan dién tap trung vao xu Iy anh va danh gia
béng cac chi s6 hoc may nhu Precision, Recall, mAP va FPS, trong khi module backend
va tng dung duoc danh gia thong qua hiéu ning hé théng, d6 tré xit 1y va trai nghiém
nguoi dung.

Phuong phédp nghién ctru

Nghién ctru phéi hop ba phuong phap: (i) nghién ctu phét trién (70%) véi quy
trinh Agile 6 sprint; (ii) phuong phap thuc nghiém (20%) so sanh YOLOVS8 véi
YOLOVS5, YOLOV? va Faster R-CNN; (iii) phuong phap danh gia chtic nang (10%) v6i
bang hdi 15 cau, thang do Likert 5 diém.

YOLOvV8n dugc huan luyén tr trong s6 pre-trained trén COCO, st dung
augmentation (mosaic, mixup, random flip, HSV) va SGD v6i learning rate 0,01 theo
cosine annealing. Ap dung ROI mask, frame skipping (xt ly 1/2-3 frame) va thuat
toan Deep SORT tracking (Wojke et al., 2017). Xt Iy anh st dung OpenCV (OpenCV
team, 2025).

Backend xay dung theo kién truc RESTful va WebSocket, JWT xéc thuc,
PostgreSQL cho dirliéu chinh, Redis cho cache va message queue. Web frontend duing
React 18 v6i Vite, TailwindCSS, Leaflet, Chart.js. Mobile app dung Flutter 3.19 véi
Riverpod, Google Maps va FCM.
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Mb6 hinh dé xuat
Kién tric hé thong tong thé

Heé théng dugc t6 chic theo kién tric phan tan bén 16p. Lop thu thap dir
liéu gdm camera IP giao thong truyén ludng RTSP. L6p xtt ly Al dung YOLOvSn trén
GPU RTX 3060 (Varghese & Sambath, 2024). L6p backend gom Node.js/Express,

WebSocket, PostgreSQL, Redis. Lop tng dung gom web app (React) (Meta Platforms,
2025) va mobile app (Flutter) (Flutter Documentation, 2025).

HANG 1 - LOP GIAO DIEN NGUOI DUNG

e N s N
WEB APPLICATION MOBILE APPLICATION
==) React + Vite Flutter + Dart
« React 18 + Vite Doéng bo ¢ Flutter 3.19
« 11 trang chirc ning dir ligu « 16 man hinh
+ Live Map | Live Cam | Chat ¢ iOS + Android
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s Berypt

Redis
« Cache & Queue
* Real-time data

PostgreSQL
+ Dir ligu chinh
+ Luu lich sir

~
Al PROCESSING LAYER - YOLOvS
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[ & 6 logi xe ] [ I-Il 0-1 (density) j [ g 4 cép do ]
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X
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DATA COLLECTION LAYER

-~ Ll ’
Camera IP RTSP Stream ~ External Data
15+ cameras H.264 / H.265 Thai tiét, GPS

CHO THICH MAU SAC (Legend)

D Web Frontend

C] Moabile Frontend

D Backend
D Al Processing

() Datacollection

Hinh 2. So dé6 kién tric tdng thé 4 I6p cha hé théng STS

Hinh 2 mo t4 kién tric tong thé cta hé thong STS theo mo hinh bén 16p. Dit
liéu tir camera giao thong duoc thu thap va truyén dén module Al dé nhan dién
phuong tién va phan tich luu lugng. Két qua xtt ly duoc gui t6i backend dé luu tri,
quan ly va cung cap dit liéu thoi gian thuc cho cac tng dung web va di dong.
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M6 hinh nhén dién phuong tién YOLOvE

Module nhan dién dugc thiét k& nhdm dap tng yéu cau xt Iy thoi gian thuc
trong diéu kién giao thong do6 thi c6 mat d¢ phuong tién cao va tai nguyén tinh toan
han ché. M6 hinh c¢6t 16i st dung YOLOv8n (nano) v6i khoang 3,2 triéu tham s6 va
kich thudc chi 6,2 MB. P4u vao ctia mo hinh 1a cac khung hinh video c6 kich thuéc
640%640 pixel.

Kién trac YOLOvV8n st dung backbone C2f (Cross Stage Partial with Feature
Fusion), duoc cai tién tir CSPNet nham ting kha nang trich xuat dic trung va gidm chi
phi tinh toan. Phan head dp dung co ché€ decoupled head két hgp anchor-free detection,
gitp nang cao t6c do xt Iy va do chinh xac trong bai todn phat hién d6i tuong.

Qua trinh huan luyén dugc thuc hién trén GPU NVIDIA RTX 3060 trong 100
epochs v6i batch size 16, thoi gian hudn luyén khoang 8 gio. Sau khi phat hién doi
tuong, hé thong st dung thuat toan SORT (Simple Online and Realtime Tracking) dé
theo doi va gan dinh danh (ID) cho ting phuong tién qua céc khung hinh lién tiép.
Nho d6, hé thong c6 thé thuc hién dém luu luong phuong tién, theo déi quy dao di
chuyén va hd trg phat hién cac ddu hiéu uin tic giao thong.

pé nang cao hiéu ning trong diéu kién giao thong thuc té tai Viét Nam, nhom
nghién ctu dp dung ba ky thuét t6i uu:

- ROI Mask: Chi xtr ly viing mét duong quan tam, gitp giam khoang 30% thoi
gian xtr ly.

- Frame Skipping: Xt 1y 1 trong moi 2-3 khung hinh két hgp noi suy két qua,
giup tiét kiém khoang 40% tai nguyén tinh toan.

- Biéu chinh ngudng NMS: Giam ngudng Non-Maximum Suppression tur 0,45
xudng 0,35 nham han ché hién tugng phat hién trung lp (false positive) trong diéu
kién mat do xe mdy cao.

M©6 dun Backend va tng dung da nén ting

Backend dugc xay dung theo kién truc MVC (Model-View-Controller). API
RESTful duoc thiét ké vai cac endpoint chinh: xac thuc (/api/auth), quan ly camera
(/api/cameras), dix liéu giao thong (/api/traffic), canh bao (/api/alerts), thong bao
(/ api/notifications) va chat (/api/chat). WebSocket server stt dung Socket.io dé day
dit liéu thoi gian thuc (luu lugng cap nhat mdi 10 gidy, canh béo ttc thi). Co so dit liéu
PostgreSQL c6 cac bang wusers, cameras, traffic data, alerts, notifications,
chat_messages, duoc t6i uu br?mg cac chi muc (idx_traffic_data_camera_time,
idx_alerts_camera_created). Redis dugc dung cho ca caching (ty 1& hit 78%) va
message queue xu ly bat dong bo cac tac vu ndng nhu gui push notification hang loat.

Web application (React/Vite) hoan thién 11 trang, bao gébm DashboardHome
(téng quan voi 4 card théng ké va biéu do line chart), AnalyticsPage (phan tich nang
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cao, xuat bdo cao PDF/CSV), CamerasPage (grid/list camera, live stream HLS),
MapPage (Leaflet + OpenStreetMap v6i heatmap un tic), ChatPage (Socket.io +
chatbot tu dong), NotificationsPage, SettingsPage va cac trang xac thuc. Giao dién
responsive, st dung TailwindCSS va Shadcen/ ui.

Mobile application (Flutter) hoan thién 16 man hinh trén cd iOS va Android,
bao gdm Monitor (man hinh chinh v6i ban d6 thu nho va cards thong s6), Map (Google
Maps fullscreen voi marker camera va polyline dé xuat), Alerts (danh sach canh bao
phan loai theo mitc do xanh/vang/dd), Chat (tin nhdn van ban va hinh anh, quick
replies), Notifications, Settings va cac man hinh xac thuc. Push notification duoc trién
khai qua Firebase Cloud Messaging (FCM).

(&) Swagger Select a definition [k v

Smart Traffic System AP| &0 @D

Users APis for user authentication and profile management ~
ISR /2pi/usersizegister Registera new user v
Bl /201/0sers/10gin Logn user and get access toke v
/api/users/me G serp . hantican
/api/users/update fate current user profile (requires authenticat v
/api/users/change-password Cha + passwor . : v
ETl /api/users/delete Delete current user account (requires authentcali v
Traffic AP for rafic data as ~
/api/traffic/statistics v
/api/tratfic/violations %
/api/traffic/viclations/{id} v
BEESB /epi/trastic/violations v
Cameras APis for camera management ~
/api/cameras Get v
IS /apiscameras =
/api/cameras/{id} v
/api/cameras/{id} Update camera by | >
i3 /api/cameras/{id} Delete camera by D v
Reports APisior reports and analytics .
/api/reports/summary ummary repor v
/api/reports/vioclations v p

Hinh 3. Giao dién tai liéu APl hé théng STS trén nén tdng Swagger

Hinh 3 minh hoa giao dién tai liéeu APl dugc xay dung b:?mg
Swagger/OpenAPI. Cong cu nay cho phép kiém thtr truc tiép cac endpoint, quan ly
tai liéu ky thuat va ho tro tich hop gitra backend v6i cac ting dung web, mobile mot
cach thuén tién va nhat quan.
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Két qua va thao luén
Két qud module nhan dién phuong tién

Sau 100 epochs huédn luyén, YOLOv8n dat mAP@0.5 trung binh 92,4% trén tap
kiém tra, vugt muc tiéu dé ra (=90%). Chi tiét timg loai phuong tién: xe may dat 93,4%,
0 to con 96,1%, xe tai 91,8%, xe buyt 94,2%, xe dap 88,5%, nguoi di bo 90,6%. Xe dap
c6 do chinh xéc thap nhat do kich thuéc nhd va dé bi che khuét. Téc do xt ly trung
binh dat 45 FPS trén GPU RTX 3060, dap tng tot yéu cau thoi gian thyc. So sénh voi
cac mo hinh khéc trén cung bo dir liéu, YOLOVSn vuot troi vé su can béng gitta do
chinh xac va chi phi tinh toan: mAP cao hon YOLOvb5-large (88,7%) va YOLOv7-
medium (90,1%), trong khi kich thuéc model chi 6,2 MB so v6i 168 MB va 142 MB.
Thoi gian huan luyén 8 gio, ngdn hon dang ké so véi 12-24 gid ctia cac mo hinh khéc.

Bang 2. Két qua danh gia module nhan dién YOLOvS8n trén tap kiém tra

Loai Precision F1-Score mAP@0.5 | mAP@0.5:0.
n Recall (%)
phuong tién (%) (%) (%) 95 (%)
Xe may 92,1 90,3 91,2 93,4 68,2
O t6 con 95,2 93,8 94,5 96,1 72,5
Xe tai 90,5 88,7 89,6 91,8 64,3
Xe buyt 93,1 91,2 92,1 94,2 69,8
Xe dap 87,2 84,9 86,0 88,5 58,7
Nguoi di b 89,4 87,5 88,4 90,6 62,1
Trung binh 91,3 89,4 90,3 92,4 65,9

Két qua trong Bang 2 cho thay mo hinh YOLOv8n dat hiéu ndng cao trén hau
hét cac 16p d6i tugng. P chinh xéc cao nhét thudc vé 16p 6 t6 con voi mAP@0.5 dat
96,1%, trong khi xe dap c6 két qua thap hon do kich thudc nho va thuong xuyén bi
che khu4t trong diéu kién giao thong dong duc.
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Hinh 6. K&t qua nhan dién phuong tién trén camera giao thong

Trong cac thir nghiém trén moi truong thuc t&, dd chinh xac trung binh dat
90,2%, trong d6 ban ngay nang dep dat 94,2% (48 FPS), ban ngay mua nhe dat 89,7%
(45 FPS), ban dém du den duong dat 86,5% (43 FPS), gio cao diém xe dong dat 91,8%
(42 FPS). Cac ky thuat t6i wu ROI, frame skipping va SORT gitip duy tri hiéu nang 6n
dinh ngay ca khi mét d¢ phuong tién cao.

Két qua so sanh duogc thyc hién trén cung tap kiém tra gdm 3.000 &nh nhdm
dam bao tinh khach quan

Bang 3. So sanh cac mé hinh phat hién phuong tién trén cung bo dii liéu

Md hinh mAP@0.5 (%) FPS Kich thuéc model
Faster R-CNN 86,3 12 170 MB
YOLOv5s 88,7 39 14 MB
YOLOv7 90,1 41 72 MB
YOLOv8n (dé xuat) 92,4 45 6,2 MB

Bang 3 cho thdy m6 hinh YOLOv8n dat d¢ chinh xac cao nhat dong thoi c6 toc
do xu ly nhanh nh4t va kich thuéc mo6 hinh nhé nhat trong s6 cac mo hinh duoc so
sanh. Diéu nay chang minh YOLOvV8n phut hop v6i yéu cau xt ly thoi gian thuc ctua
hé théng canh bao un tic giao thong do thi.
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K&t qua cho thady YOLOv8n dat d6 chinh xac cao nhat, dong thoi c6 kich thude
nho nhat va téc do nhanh nhat, phtt hgp v6i yéu cau xtt ly thoi gian thuc (Bochkovskiy
et al., 2020; Varghese & Sambath, 2024; Wang et al., 2023).

Nhén xét vé cac truong hop nhén dién sai

Bén canh két qua tich cuc, mo6 hinh van ton tai mét s6 truong hop nhan dién
chua chinh xéac:

- Che khuat déi tugng trong gio cao diém.

- Biéu kién 4nh sang yéu vao ban dém.

- Mua 16n hodc 4nh sang phan chiéu tur den xe.

- Xe dap va xe may d6i khi bi nham 1an khi ¢ khoang céch xa.

Céc truong hop nay lam gidm do chinh xé&c va sé dugc cai thién trong tuong lai
bang cach mé rong dit lieu huan luyén va 4p dung ky thuat tang cuong anh.

Két qud backend va ung dung.

Backend dat hiéu ndng t6t voi 1.850 requests/ gidy (RPS) trén cau hinh 4 vCPU,
8GB RAM. Thoi gian phan hoi API trung binh 1a 145ms, p95 1a 245ms, p99 1a 380ms.
WebSocket server ho trg 5.000+ két ndi ddng thoi voi do tré trung binh 85ms. Database
v6i cac chi muc pht hop cho thoi gian truy véan trung binh 25ms, Redis cache hit ratio
dat 78%. Hé thong xtt ly dong thoi t6i da 25 camera trén mot GPU RTX 3060, thoi gian
xt 1y Al trung binh 22ms/frame.

Web application dat thoi gian tai trang lan dau (TTFB) 0,8s, Dashboard tai trong
1,2s. Lighthouse Performance score 92/100, Accessibility 95/100, SEO 100/100.
WebSocket d¢ tré trung binh 85ms, tuong thich 100% v6i cac trinh duyét chinh
(Chrome, Firefox, Safari) va dat 95% responsive trén desktop, tablet, mobile.

Mobile application c6 thoi gian khoi dong cold start 1,8s (Android) va 1,5s
(iOS). Dung luong APK 42 MB, IPA 38 MB. Tiéu thu RAM trung binh 185 MB
(Android) va 172 MB (iOS), tiéu thu pin 7% (Android) va 6% (iOS) cho 30 phut st
dung lién tuc. Nguoi dung danh gia diém trung binh 4,5/5 (Android) va 4,6/5 (i0S).

Bang 4. Két qua thi nghiém thuc té trén 10 camera tai Da Nang (thang 03/2026)

Loai canh béo S6 lugng | Chinh xadc | Khéng chinh x4c | D chinh xéc (%)
Un tdc nhe 342 312 30 91,2
Un téc trung binh 287 261 26 90,9
Un téc nghiém trong 156 145 11 92,9
Tai nan (gia lap) 12 11 1 91,7
Thoi tiét xau 8 8 0 100
Téng 805 737 68 91,6
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Bang 5. So sanh két qua dat dugc véi muc tiéu déra

ISBN: 978-604-45-3797-9

Muyc tiéu Chi tiéu Két qua dat dugc | Panh gia
Muc tiéu 1 mAP > 90% 92,4% Vuot
Muc tiéu 1 FPS > 30 45 FPS Vuot
Muc tiéu 2 Hoan thanh 10+ web pages 11 pages Dat
Muc tiéu 3 Hoan thanh 12+ mobile screens 16 screens Vuot
Muc tiéu 4 Xt ly > 10 camera 10 camera Pat
Muc tiéu 5 Do hai long > 80% 88% Vuot

Két qud khdo st nguor ding

Dé danh gida mic do chap nhan va kha ning st dung ctia hé théng, nhém

nghién ctru da tién hanh khao sat 100 nguoi tham gia gom sinh vién, nhan vién vin
phong va tai xé€ cong nghé. Két qua thu duoc 87 phiéu hop 1é.

Bang 6. Két qua khao sat miic d6 hai long ctia nguai dung

Tiéu chi danh gia Diém trung binh (thang 5)
Giao dién dé st dung 4,5
T6c d phan hoi 43
Do chinh xac canh béao 4,72
Tinh hitu ich ctia badn d6 giao thong 4,7
Chitic ning ho tro va thong bao 4,1
Do 6n dinh hé thong 44

Két qua khao sat cho thdy 52% nguoi dung déanh gia rat hai long, 36% hai long,
10% déanh gia & mtc binh thuong va chi 2% khong hai long. Tong cong 88% nguoi
tham gia danh gia tich cuc vé hé thong. Diéu nay cho thdy hé thong c6 tinh kha dung
cao va dép tng tot nhu ciu theo doi giao thong theo thoi gian thyc.

Uu diém va han ché cia hé thong

Uu diém:

- Kién trac tich hop toan dién Al, backend, web va mobile.

- Hoat dong thoi gian thuc v6i do tré thap.

- Chi phi trién khai thap nho tan dung camera hién c6.

- B9 chinh xac nhan dién cao (92,4% mAP).

- Giao dién than thién, da nén tang.

Han ché:

- Hiéu qua gidm trong diéu kién ban dém (86,5%) va thoi tiét xau.
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- Chua phat hién dugc tai nan giao thong thuc t€ do thiéu dir liéu.
- Quy mo thu nghiém con nho (15 luéng camera mo6 phdng).
- Chua tich hop diéu khién deén tin hi¢u giao thong.
- M6 hinh chua t6i wu dé chay truc tiép trén thiét bi di dong (Edge Al).
- Giao dién mdi chi ho tro tiéng Viét.
Huong phat trién
- M rong bo dix liéu ban dém va thoi tiét xau.
- Tich hop Deep SORT va OCR nhén dién bién sb xe.
- M6 rong quy mo 1én 50-100 camera thuc té.
- Nghién ctru diéu khién den tin hiéu thong minh.
- T6i uu m6 hinh cho TensorFlow Lite / Core ML (Edge Al trén mobile).

- Thém da ngodn ngtr (tiéng Anh, tiéng Nhat).
Két luan

Nghién cttu da xay dung thanh cong hé thong giao thong thong minh (STS)
toan dién tich hop thi gidc mdy tinh, web va di dong. Module nhan dién YOLOvS8n
dat mAP@0.5 92,4% va 45 FPS, vuot cac muc tiéu dé ra. Web application hoan thién
11 trang, mobile application hoan thién 16 man hinh, backend xtr ly dong thoi 25
camera v6i do tré API 145ms. Thir nghiém thyc t€ trén 15 camera tai Pa Nang trong
30 ngay ghi nhan 805 canh bdo, do chinh xac 91,6%. Khao sat 100 nguoi dung cho ty
1¢ hai long téng thé 88%. Cac két qua nay khéng dinh tinh kha thi ctia hé théng trong
bdi cAnh nghién cttu sinh vién va tiém nang tng dung thuc t&€ nhdm gidm un tic, tiét
kiém thoi gian, nang cao an toan giao thong do thi.

Trong giai doan tiép theo, nhom nghién ctru sé tap trung mo rong bo dit lieu
(ddc biét ban dém va mua), cai thién do chinh xac cia moé hinh b:?mg cac ky thuat nhu
DeepSORT va image enhancement, mé rong quy mo thir nghiém lén 50-100 camera,
phat trién tinh nang phat hién vi pham giao thong (vuot den do, di sai lan, khong doi
mii bao hiém) va nhan dién bién s8 xe, déng thoi nghién ctru co ché diéu khién den
tin hiéu thong minh. Khi céc thanh phan nay dugc hoan thién, hé thdng STS sé tién
gan hon dén mot nén tang quan ly giao thong do thi toan dién, c6 gia tri thyc tién cao
cho cac thanh pho thong minh tai Viét Nam.
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