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Tom tit

Mt hé théng nhdn dang bién bdo giao théng an toan va dang tin cdy hon la nhu
cau ciia nguwoi ldi xe va ciing la diém néng nghién civu ciia cdc nha san xudt é t6 hién
nay. Bé gidi quyét nhu cau trén, cdc tic gia dé xudt trong bai bdo nay Hé théng nhdn
dang bién bdo giao théng dya trén ky thudt thi gidc may tinh va thudt todn You Only Look
Once (YOLO). H¢ théng duoc thiét ké dé nhan dang 9 loai bién bdo giao thong khac nhau
bao go”‘m: bién bdo cam ré trdi, bién bdo cam ré phdi, bién bdo cam ré trai-phdai, bién bdo
cam dimg-cd'm do, bién bao cam do, bién bdo cam 6 t6 ré phdi, bién bdo cam 6 to ré trdi,
bién bdo cam quay dau va bién bdo cam di thang. Pé hudn luyén Hé thong, cdc hinh anh
dwoc thu thdp & cdc con dwong trén thanh pho Ho Chi Minh bao gom 735 anh bién bdo
cam ré trdi, 713 dnh bién bdo cam ré phai, 177 anh cam ré trdi-phdi, 752 anh bién bdo
cam dirng-cam do, 629 anh bién bdo cam do, 191 anh cdm 6 t0 ré phdi, 143 dnh cim 6
t0 ré trdi, 171 cam quay dau va 109 cam di thang. Hé thong sau dé dwoc kiém thir thuc
nghiém trén thuc dia cho do chinh xac nhdn dang theo do do mAP@.5.

Tir khéa: bién bio giao théng, thudt toan YOLO, thudt todn YOLT
Abstract

DESIGN OF A TRAFFIC SIGN RECOGNITION SYSTEM WITH THE YOLO
APPLICATION

A safer and more reliable traffic sign recognition system is a need of drivers and is
also a research hot spot for automobile manufacturers today. To address the above need,
the authors propose in this article a traffic sign recognition system based on computer
vision techniques and the You Only Look Once (YOLO) algorithm. The system is designed
to recognize 9 different types of traffic signs including: No Left Turn, No Right Turn, No
Left Turn and No Right Turn, No Stopping and Parking, No Parking, No Automobiles

turning right, No Automobiles turning left ,No U turns , and No Going straight- ahead.

To train the proposed system, images were collected from roads in Ho Chi Minh City
including 735 signs with name No Left Turn, 713 signs with name No Right Turn, 177
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images with No Left Turn and No Right Turn, 752 images with name No Stopping and
Parking, 629 signs with name No Parking, 191 signs of prohibiting cars from turning
right, 143 signs of prohibiting cars from turning left, 171 signs with name No U turns and
109 signs of No Going straight- ahead. Finally, the system is experimentally tested in the
field for recognition accuracy according to the mAP@.5 measure.

1. Giéi thiéu

Nhan dang bién bao giao théng 1a mét linh vuc nghién ciru quan trong vé thi giac
may tinh va c6 nhiéu tng dung thyc té trong hé théng giao thong thong minh (Intelligent
Transportation Systems - ITS) (Gudigar va cs., 2016). Nhin chung, hé théng nhan dang
bién bao giao thong cé thé duoc chia thanh hai loai: dya trén thi gidc may tinh va khong
dwa trén thi giac mdy tinh. Hé thong duya trén thi gidc may tinh str dung camera dé chyp anh
dudng roi xtr 1y nhitng hinh anh nay dé phat hién va nhan biét bién bao giao thong. Mit
khac, cac hé thong khong dua trén thi giac mdy tinh thi sir dung cac cam bién nhu radar
hoic LIDAR dé phat hién bién bao giao théng. Gudigar va cs. (2016) tong hop va danh gia
vé dé tai nay da cung cap danh gia quan trong vé ba budc chinh trong hé théng Nhan dang
va Phat hién Bién bao Giao théng Ty dong (Automatic Traffic Sign Detection and
Recognition - ATSDR), turc 13 phan doan, phat hién va nhan dang trong bdi canh hé théng
hd tro nguoi 14i xe dua trén ki thuat thi gidc may tinh. Gudigar va cs. (2016) ciing tap trung
vao cac thiét 1ap thur nghiém khac nhau cua hé théng thu nhan hinh anh va thao luan vé
nhiing thach thirc nghién ctru c6 thé c6 trong twong lai dé lam cho ATSDR hiéu qua hon.

Swathi va cs. (2017) trinh bay danh gia vé cac phuong phap phat hién su ton tai
nhu phuong phap phat hi¢n tdn tai dua trén mau sic, dua trén hinh dang va dya trén hoc
tap (color-based, shape-based, and learning-based existing detection methods). Bai viét
ciing thao luan vé cac thuét toan so khép tinh nang va hoc may duoc sir dung trong giai
doan nhéan dang bién bao giao thong. Mot cudc khao sat dugce cong bd vao nam 2020 cung
cap céi nhin tong quan vé cic cong trinh nghién ctru vé phat hién va nhan dang bién béo
giao thong, bao gdm cic phuong phap tiép can moi, mang tinh dot pha. Sanyal va cs.
(2020) ciing thao luan vé co s& dit lidu bién bao giao thong va cac bude von co cia nd:
tién xir 1y, trich xuét va phat hién tinh ning, xir Iy hau ky. Liu va cs. (2019) trinh bay danh
gia vé cac phuong phap phat hién bién bao giao thong dua trén thi giac may tinh; dong
thdi néu rd cac thao ludn vé nhing thach thic lién quan dén viéc phat hién bién bao giao
thong (Traffic Sign Detection — TSD) nhu cac loai khac nhau, kich thuéc nho, bdi canh
lai xe phurc tap va tic nghén. Zhu va cs. (2022) c6 danh gia hiéu suat cia YOLOVS dua
trén tap dir liéu vé Nhan dang bién bao giao thong (Traffic Sign Recognition - TSR) thong
qua so sanh toan dién v&i SSD (Vi du nhu 1a trinh phat hién nhiéu hop trén anh chup mot
1an - single shot multibox detector).

YOLO duoc viét tat tir cum tir You Only Look Once, 1a thuat todn phat hi¢n ddi
tugng theo thoi gian thyuc tién tién duoge gidi thi€u vao nam 2015 bdi Joseph Redmon,
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Santosh Divvala, Ross Girshick va Ali Farhadi (2023). N6 duoc st dung trong thi giac
may tinh dé nhan dang va ban dia hoa céc dbi tugng trong mot hinh anh hoac video.
YOLO nhanh hon cac mé hinh phét hién d6i twong khac va c¢6 thé xtr Iy hinh anh & téc
do 45 khung hinh mdi gidy (FPS). No c6 d6 chinh xac phat hién cao véi rat it 161 nén.
YOLO ciing 1 tai nguyén mi ngudén mé va cé tinh khai quat tot. Chinh vi vay, tir khi
duoc gioi thi€u, cac phién ban YOLO da lién tuc phat trién theo thoi gian, véi 15 md hinh
tir YOLOvI1 ban ddu dén YOLOv8 méi nhit. Duéi day 1a téng quan ngin gon vé Cac
phién ban khac nhau cua YOLO:

e YOLOvI: Phién ban dau tién ctia YOLO duge gidi thi€u vao nam 2015. N6
nhanh hon cdc mo6 hinh phat hién ddi tugng khac va co thé xir 1y hinh anh & tde do 45
khung hinh mbi gidy (FPS).

e YOLOV2: Bugc gidi thi¢u vao nam 2016, YOLOv2 da cai thién do chinh xac phat
hién cia YOLOvV1 bang cach st dung kién trac phirc tap hon va thém hang loat chuan hoa.

e YOLOV3: Bugc phat hanh vao nam 2018, YOLOV3 da cai thién hon nitra d¢ chinh
xac cua viéc phat hi¢n ddi tuong béng cach gidi thi€u mdt tinh ndng maéi ¢ tén 1a “Mang
kim tyu thap dac trung” (Feature Pyramid Networks - FPN).

® YOLOv4: Pugc phat hanh vao nim 2020, YOLOv4 di gidi thiéu mot sé tinh
ning méi nhu “CSPDarknet53” va “SPP” dé cai thién d6 chinh xac va toc do phat hién
ctia mo hinh.

e YOLOVS: Bugc phat hanh vao nam 2020, YOLOVS 1a mot kién trac hoan toan
moi dua trén may do mot giai doan. N6 nhanh hon va chinh x4c hon céc phién ban trudc
cua YOLO.

e YOLOV6: Pugc phat hanh vao nam 2021, YOLOVG6 14 phién ban cai tién cta
YOLOVS st dung kién trac hiéu qua hon dé dat dugc téc d6 nhanh hon nira trong khi van
duy tri d0 chinh x4c cao.

e YOLOV7: Bugc phat hanh vao nam 2022, YOLOv7 la phién ban tham chi con
nhanh hon ctia YOLO, su dung kién trac méi c6 tén “YOLT” ((You Only Look Twice -
Ban chi nhin hai lan) dé dat duoc hiéu suét tién tién trong cac nhiém vu phat hién ddi tugng.

e YOLOVS: Puoc phat hanh vao nam 2023, YOLOVS 1a phién ban méi nhat cia
gia dinh YOLO. N6 giéi thiéu mot s tinh ning méi nhu “Chuyén d6i dong (Dynamic
Convolution)” va “Chu y khong gian (Spatial Attention)” dé cai thién d6 chinh xac va toc
dd phat hi¢n ctia mo6 hinh.

Trong bai bao nay, cac tac gia dé& xuat thiét ké Hé thong nhan dang bién bao giao
thong dua trén k¥ thuat thi gidc may tinh va thudt toan YOLO, phién ban ther 7. Hé thong
dé xuat dugc thiét ké dé nhan dang 9 loai bién béo giao thong & Viét nam bao gdm: cam
r& trai, cAm r& phai, cAm ré trai-phai, cAm dd, cAm dimng-dd, cAm 6 t6 1& phai, cAm 6 to 1&
trai, cAm quay dau va cAm di théng. Hinh anh s€ duoc chup ¢ cac goc do co thé nhén dién
dugc tir camera khi dang chay trén dudng, hinh anh cho huén luyén s& khong dugc qua
mo hodc qua xa ngoai tim nhin ctia mat nguoi.
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Bai viét ndy dugc cdu triic nhu sau. Phan 2 mé ta kién thirc co ban vé ndi dung dé
tai nghién ctru trong khi phan 3 1a thiét ké hé théng dugc dé xuat dé danh gia, bao gdm
cac thiét k& cho cac bo phan phan ctng va phidn mém. Phan 4 trinh bay mot sb két qua
thuc nghiém chirng minh tinh chinh xéac va on dinh cua thuat toan sir dung cho hé théng
dé xuat. Cudi cung, phan 5 két luan noi dung di gidi thiéu trong bai bao nay va dé xuit
mot sb hudng cai tién trong tuwong lai.

2. Kién thirc nén vé thuit toan nhin dang

Phat hién dbi trong/vat thé 13 mot nhiém vu phd bién trong k¥ thuat thi gidc may
tinh. Nhiém vu dé cap dén viéc khoanh ving quan tdm trong mdt hinh anh va phan loai
ving nay giéng nhu mot bd phan loai hinh anh dién hinh. Mot hinh anh c6 thé bao gdm
mot sd ving quan tim tro dén cac d6i tuong khac nhau. YOLO (You Only Look Once)
13 mot mé hinh phat hién ddi tugng phd bién duoc biét dén véi téc dd va do chinh xac.
Trong bai viét ndy, ching ta s& thao luan vé diéu gi khién YOLO v7 nbi bat va so sanh
no voi cac thuat toan phat hién ddi tuong khéac nhu thé nao.

Thuat toan YOLO lay hinh anh lam dau vao va sau d6 sir dung mang no ron tich
chép sau don gian dé phat hi¢n cac dbi tugng trong anh. Kién trac cia mo hinh CNN tao
thanh xuong séng cia YOLO duoc trinh bay nhu hinh 1 bén dudi.
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Hinh 1. Cdu triic mé ta thudt toan YOLO

Hai muoi 16p chdp dau tién ciia mo hinh dugce huin luyén trudc bang ImageNet
bang cach cim vao 16p tong hop trung binh tam thoi va 16p duoc két ndi day du. Sau do,
mo hinh duoc huin luyén/dao tao trude ndy dugc chuyén doi dé thuc hién phat hién dbi
tugng/vat thé. Nhiéu nghién ctru trude d6 da chi ra rang viéc thém céc 16p tich chap va
két ndi vao mang dugc huén luyén/dao tao trudc s€ cai thién hi¢u suét. Lop duoc két ndi
day du cudi cung cua YOLO du doan ca xéac suét cua 16p va toa dd hop gidi han.

YOLO chia hinh anh dau vao thanh lugi S x S. Néu tdm ctua mot dbi tugng roi vao
mot 6 ludi thi 6 ludi dé c6 nhiém vu phat hién déi tugng do. Mbdi 6 ludi du doan B hop
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bién va diém tin cdy cho cac hop d6. Nhitng diém tin ciy nay phan anh murc do tin cay
cua mo hinh va mirc d chinh xac dugc du doan.

YOLO du doan nhiéu hop bién trén mdi 6 ludi. Tai thoi diém hudn luyén/dao tao,
ta chi mu6n mot b du doan hop bién chiu trach nhiém cho tirng ddi tuong. Diéu ndy dan
dén su chuyén mon hoéa gitra cac yéu td du doan hop bién. Mdi cong cu du doan s& hoat
dong t6t hon trong viéc du doan cac kich thude, ty 1€ khung hinh hoac loai ddi tuong nhét
dinh, cai thién diém thu hoi tong thé.

Mot k¥ thuat quan trong dugc st dung trong cac mé hinh YOLO 1a triét ti€éu khong
t6i da (non-Maximum Suppression - NMS). NMS 1a buéc xir 1y hau ky duogc sir dung dé
cai thién do chinh xac va hiéu qua cua viéc phat hién ddi tuong/vat thé. Trong phat hién
d6i tuong, thong thuong s& ¢ nhiéu khung gidi han duoc tao cho mot ddi twong trong
anh. Cac khung gidi han nay c6 thé chong 1én nhau hodc dit & cac vi tri khac nhau nhung
chung déu dai dién cho cung mot dbi tugng. NMS dugc su dung dé xac dinh va loai bo
cac hop bién du thira hodc khong chinh xac va xuat ra mot hop bién duy nhat cho ting
d6i twong trong anh.

Nhu d3 dé cap trong phﬁn 1, gidi thigu dé tai nghién ctru, YOLO c6 nhiéu phién ban
phat trién theo thoi gian tir nim 2015. Trong phan niy chiing ta st dung phién ban thir 7
(YOLOV7). Pay 1a phién ban méi cia YOLO, c6 mdt s6 cai tién so véi cac phién ban trudc.

Mot trong nhiing cai tién chinh 1a viéc sir dung cac hop neo (anchor boxes). Hop
neo la mot tap hop cac hop dugc xac dinh trude voi cac ty 1€ khung hinh khéc nhau dugc
str dung dé phat hién cac ddi tuong c6 hinh dang khac nhau. YOLOV7 str dung chin hop
neo, cho phép phat hién pham vi hinh dang va kich thudc ddi tugng/vat thé rong hon so
vé6i cac phién ban trude, do d6 giup giam sb lugng két qua duong tinh gia.

Model #Param. FLOPs Size APval  APygl  APzal  APY* AP} APYal
YOLOv4 [ ] 64.4M 142.8G 640 49.7%  682%  543%  32.9% 548%  63.7%
YOLOR-uS (r6.1) [ ] 46.5M 109.1G 640 502%  68.7%  54.6%  33.2% 55.5%  63.7%
YOLOv4-CSP [ '] 52.9M 120.4G 640 503%  68.6%  549%  342% 55.6%  65.1%
YOLOR-CSP [©1] 52.9M 120.4G 640 50.8%  69.5%  553%  33.7% 56.0%  65.4%
YOLOv7 36.9M 104.7G 640 51.2% 69.7% 55.5% 352% 56.0%  66.7%
improvement -

YOLOR-CSP-X [1] 96.9M 226.8G 640 527% T1.3% 57.4%  36.3% 57.5%  68.3%
YOLOvV7-X 71.3M 189.9G 640 529% 71.1% 575% 369% 57.7%  68.6%
improvement - -0.2

YOLOv4-tiny [77] 6.1 6.9 416 249%  42.1%  25.7% 8.7% 284%  39.2%
YOLOV7-tiny 6.2 5.8 416 352% 528% 373% 157% 38.0% 53.4%
improvement +2% -

YOLOvV4-tiny-31[7"] 8.7 52 320 30.8% 473%  322% 109% 31.9% 51.5%
YOLOV7-tiny 6.2 35 320 308% 47.3% 32.2% 100% 31.9% 522%
improvement - -0.9

YOLOR-E6 [1] 115.8M 683.2G 1280 55.7%  732%  60.7%  40.1%  60.4%  69.2%
YOLOvV7-E6 97.2M 5152G 1280 559% 73.5% 61.1% 40.6% 60.3% 70.0%
improvement - -0.1
YOLOR-D6 [#1] 151.7M 935.6G 1280 56.1% 739% 612% 424%  60.5%  69.9%
YOLOvV7-D6 154.7M 806.8G 1280 563% 73.8% 614% 41.3% 60.6%  70.1%
YOLOV7-E6E 151.7M 843.2G 1280 56.8% 744% 621% 40.8% 621% 70.6%
improvement - -1.6

Hinh 2. So sdnh thudt todan YOLOvV7 va cdc thudt todn khdc trén cung tdp dir licu COCO
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Mot cai tién quan trong khac trong YOLOV7 1a viéc st dung ham méat méi duoce goi
1a “mit tiéu diém” (focal loss). Cac phién ban trude ciia YOLO di sir dung ham mét
entropy chéo tiéu chudn, duoc biét 1a kém hiéu qua hon trong viéc phat hién cac ddi
tugng/vat thé nho. Ham mét tiéu diém giai quyét van dé nay bang cach giam trong s mat
mat d6i véi cac mau duoc phan loai tét va tap trung vao cic mau kho (thi du nhu cac dbi
tuong kho phat hi¢n).

YOLO v7 cling c6 d6 phan giai cao hon cac phién ban trudc. N6 xir Iy hinh anh &
doé phan giai 608 x 608 pixel, cao hon d¢ phan gidi 416 x 416 dugc su dung trong
YOLOV3. Bo phan giai cao hon nay cho phép YOLOV7 phat hién cac vét thé nho hon va
¢6 d6 chinh xac tong thé cao hon.

Mot trong nhitng wu diém chinh ciia YOLOV7 1a téc do cta né. N6 co thé xir 1y
hinh anh véi tdc do 155 khung hinh/gidy, nhanh hon nhiéu so véi cc thuat toan phat hién
d6i tugng tién tién khac. Ngay cid mo hinh YOLO co ban ban dau ciing chi ¢6 kha ning
xt 1y & toe do t6i da 45 khung hinh mdi giay. Piéu nay 1am cho né phu hop vdi cac tmg
dung thoi gian thyc nhay cam nhu gidm sat va van hanh hé thng lai cho xe ty l4i, trong
d6 toc do xir Iy cao hon 1 rat quan trong.

V& d6 chinh x4c, YOLOv7 hoat dong tdt so voi cac thuat toan phat hi¢n ddi
tugng/vat thé khac. No dat duoc do chinh xé4c trung binh 1a 37,2% & ngudng IoU
(intersection over union - giao diém trén lién két) 12 0,5 trén bo dit liéu COCO phd bién,
c6 thé so sanh véi cac thuat toan phat hién d6i tugng tién tién khac. Su so sanh dinh luong
ctia hiéu suét dugc hién thi trong hinh 2 phia trén.

Cubi cung, ta nén hiéu YOLO (You Only Look Once) 13 mét thuat toan phat hién
d6i twong/vat thé phd bién va da cach mang hoa linh vuc ky thuat thi giac may tinh.
YOLO nhanh chong va hi¢u qua, khién no tré thanh su lya chon tuyét voi cho cac tac vu
phat hién dbi tugng/vat thé theo thoi gian thuc. N6 di dat duoc hiéu suét tién tién trén
nhiéu tiéu chuan khac nhau va da duoc 4p dung rong rii trong nhiéu ng dung thuc té
khac nhau. Mot trong nhitng vu diém chinh ciia YOLO 1a téc d6 suy luan nhanh, cho
phép né xir Iy hinh anh theo thoi gian thyc. YOLO rat phu hop cho cac ung dung nhur
giam sat video, xe tu lai. Ngoai ra, YOLO c6 kién trac don gian va yéu cau dit liéu dao
tao t6i thiéu, giup d& dang trién khai va thich tng vé6i cac nhiém vu méi. Bat chip nhiing
han ché nhu kho nhan biét cac vat thé nhé va khong c6 kha nang thyc hién phan loai dbi
tuong chi tiét, YOLO da ching to 1a mdt cong cu cb gia tri dé phat hién ddi tugng/vat thé
va mé ra nhiéu kha nang ma&i cho cac nha nghién ctru va thye hanh. Khi linh vuc K¥ thuat
Thi giac May tinh tiép tuc phat trién, s& rt thu vi khi xem YOLO va céc thuat toan phat
hién dbi tugng khac phat trién va cai tién nhu thé nao.

3. Phwong phap thiét ké hé thong nhan dang

Heé thong Nhan dang bién bao giao thong dugc dé xuit thiét ké trong dé tai nghién
ctru ndy nhu hinh 3, gdm 2 phan chinh: Phan cimg gdm may anh (camera) va mdy tinh;
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va Phan mém 14 thudt toan YOLOv7. Mdy anh duoc lip trén xe dé thuc hién chyp bién
bao giao thong trén dwong. Hinh anh thu thip dwoc s& duoc xtr 1y bang thuat toan
YOLOV7 chay trén may tinh c4 nhan. Hé thong duoc thiét ké sao cho phai nhin dang
duoc chinh xéc 9 loai bién bao giao thong bao gém cAm ré trai, cAm ré phai, cAm ré trai-
phai, cAm d6, cAm dimg-dd, cam 6 t6 & trai, cAm 6 to 1& phai, va cdm di thang. Hé thong
nhéan dang véi thoi gian tinh toan thép va dat duge d6 chinh xac tot duge dé xut.

3.1. Thiét ké phan cirng

Xilink KV260:
Thuat todn nhan dién
bién bao giao thong

Hinh 3. H¢ thong Nhén dién bién bdo giao théng.

Phan cing cua Hé thong bao gom mdy anh (camera) va may tinh Nhung
(development kit KV260 Vision). Cac phan cting c6 cac thong sb ki thuat 1an luot duoc
mo ta liét ké trong bang 1 cho may anh va bang 2 cho may tinh Nhung.

Bing 1. Théng sé ky thudt ciia mdy dnh.

Tén san pham

Webcam Xiaomi Xiaovv HD USB 6320S

Kich thudc 100x25%50mm

Trong lugng 115¢g

Chiéu dai cap 1.5m USB 2.0

Goéc rong 150 @6

Do phan giai HD 1920x1080

Tc d6 khung hinh 30 fps

Hé diéu hanh hd tro Windows7 / 8/10, Linux2.4.6 trd 1én, MacOS10.5 tré 1€n
Dinh dang video H.264 H.265 MJPG NV12 YUY?2

Bing 2. Thong s6 ky thudt ciia mdy tinh Nhiing

Tén san pham

Xilinx Kria K\V260 Vision Al

Kich thudc 119mm x 140mm x 36mm
Giai phap 1am mat Quat + tan nhiét

Céc 6 logic hé thong 256K

Block RAM blocks 144
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UltraRAM blocks 64

DSP slices 1.2K

Ethernet interface One 10/100/1000 Mb/s

DDR memory 4GB (4 x 512Mb x 16 bit) [non-ECC]
Primary boot memory 512Mb QSPI

Secondary boot memory SDHC card

Image sensor processor OnSemi AP1302 ISP

3.2. Thiét ké gidi thudt
3.2.1. Luru do gidi thudt

Hé théng phan cing duoc thiét ké nhu trong phan 3.1 duoc van hanh bsi phdn mém
c6 thiét ké nhu luu d6 giai thuat hinh 4.

Tap dir liéu da gan Huén luyén Pugc trong 2
nhin va chia theo ti ¢ [EESSSSSE) mo hinh trén D sb ot nhit [ [ tTPa?} df]‘hl
Train 70% - Val 30% I tap Train best.pt t ren tap Va

YOI7‘ Ov Metrics

Hinh 4. Luu do gidi thudt Hé thong Nhén dién bién bdo giao thong
3.2.2. Phurong phdp hudn luyén
Ta sé& st dung tmg dung Roboflow dé thuc hién viéc upload ciing nhur gdn nhan cac
anh cho qué trinh huan luyén. Sau khi upload anh 1én, Roboflow s& loai bo cac anh tring
1ap va hién thi tong s6 anh da dugc upload 1én man hinh. Sau d6 ching ta s& “assign” dé
tién hanh thyc hién viéc gan nhan anh nhu mé ta trong hinh 5.

B Group: Traffic-sign

No Tags Applied

Hinh 5. M6 ta ddn nhan anh
Sau khi viéc gan nhan cac hinh anh d4 hoan thanh thi ching ta ¢6 thé kiém tra lai cac
anh da gan nhan va sira lai néu sai. Tiép theo ta s& chia dit liéu thanh 70% cho tap huén
luyén va 30% cho tap thuc nghiém kiém chung. Chung ta chuén bi hinh anh va dit liéu cho
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viéc hudn luyén H¢ théng béng cach bién dich chung thanh mét phién ban méi. Thir nghiém
v6i cac cau hinh khac nhau dé dat két qua tap luyén t6t hon. Céac budc tién hanh nhu sau:

e Thay d6i kich thuéc (Resize) anh thanh 640x640.

e Ting cuong hinh anh bing cch tao thém mau huin luyén cho mé hinh. O day ta
str dung 5 tuy chon ting cudng nhu hinh dudi gdm: Cit anh, kéo anh qua trai phai, do
sang, 1am mo va thém nhiéu.

e Khoi tao (Generate): Xem lai cac lya chon va chon kich ¢& phién ban dé tao anh
chup nhanh cho bé dit liéu vé6i cac phép bién d6i da ap dung. Phién ban 16n s& huén luyén
1au hon nhung sé& cho ra két qua tét hon.

e Sau khi khéi tao thi ching ta da c6 7946 tdm anh trong d6 gom 6945 hinh anh
cho tap hudn luyén va 1001 hinh anh cho tap thuc nghiém kiém tra. S6 lwong tim anh
ding cho huén luyén dugc liét ké nhu hinh 6.

Cam dirmmg va do 752
Cam ré trai 735
Cam ré phai 713
Cam dé 629
Cam oto ré phai 191
Cam ré trai va phai 177
Cam gquay dau xe 171
Cam oto ré trai 143
Cam di thang 109

Hinh 6. S6 liwong cdc logi dnh hudn luyén

e Xuat hinh anh vé may tinh dé huan luyén véi mé hinh YOLOv7. Chon format
cho hinh anh 1a YOLOvV7 Pytorch cho mo hinh.

Viéc huan luyén Hé théng duoc thuc hién trén Google Colab Pro vi co thé sir dung
duoc GPU cao cép. Ban c6 thé nang cép ché do cai dat GPU cua s6 tay trong muc Thoi
gian chay > Thay doi loai thoi gian chay ctia trinh don dé bat Trinh ting tdc cao cap. Tuy
theo tinh trang san c6, khi chon GPU cao cip, ban s& c6 quyén ding GPU V100 hoic
A100 cua Nvidia. Trong bai nay s& ding A100 dé c6 RAM nhiéu hon, cu thé 1a 40GB
cho mdi epoch huén luyén. Cac budc tuan tu nhu sau:

e Clone YOLOV7 repo.

e Truy cip GG Colab va cai dit cac requiments. O trong thu muc yolov7, ta s& thiy
thu muc tén la “requiments.txt”. M¢ thu muc 1én va remove dong 11 va 12 ghi la torch va
torchvision. Tao mot thu muc méi vdi tén 1a “requiments _gpu.txt” trong thu muc yolov7.

o from google.colab import drive
o drive.mount(‘/content/drive’)

e Chuan bi dir liéu: Tao 2 thu muc: “images” va “labels”. Thu muc “images” chtra
cac hinh anh va thu muc “labels” chira cac nhan nhu trén.

e Thiét lap thu muc config: M¢ file “coco.yaml” trong thu muc data va x6a 4 dong
dau tién.
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o Thiét 14p “train: data/train”

o Thiét lap “val: data/train”

o Thiét 1ap “nc: 97 (s6 1p)

o Thiét lap “names: ['Cam do', 'Cam dung va do', 'Cam re phai', 'Cam 0 t0 re trai']”

e Tiép theo md yolov7/cfg/training va mé thu muc “yolov7.yaml”. Thay doi & dong
thir 2; thay d6i nc: 9. “nc” 1a viét tit ctia tir number of classes.

e Tai trong s pre-trained ctia md hinh YOLOv7. Chiing ta sé& str dung trong sd pre-
trained yolov7-.pt va dé & thu muc yolov?7.

e Bit diu huin luyén trén mo6 hinh YOLOV7 véi tap dit liéu da tao & trén. Chay céc
cau lénh dé cai dat cac thu vién yéu cau.

4. Két qua thue nghiém va danh gia két qua

4.1. Thiét lap diéu kién thwe nghiém

Hé thdng duoc dé xuét thiét ké da duoc tién hanh kiém thir thuc té trong giao thong
tai thanh phé H6 Chi Minh, Viét nam nhu md ta trong hinh 7. Céac hinh anh cé chira 9
loai bién bao giao thong, ma hé théng duoc dé xuat thiét ké dé nhan dién, dugce trich xuat
tir cac doan video dai tir 240 gidy dén 360 giay.

720 %

Hinh 7. Hinh anh kiém thir thuc nghiém

Dung cdu 1énh dé kiém tra hinh anh test da duoc up 1én drive. Ta s& sir dung trong
s6 best.pt sau khi da huin luyén (dwa best.pt ra thu muc yolov7) nhu sau:
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Ipython detect.py --weights best.pt --conf 0.4 --img-size 640 --source File_test 5.jpg
4.2. Két qud thwe nghigm va danh gid két qud
4.2.1. Két qua thire nghiém

Sau khi chay hudn luyén v6i phién ban yolov7.pt thi ta thu dugc két qua dau tién
nhu hinh 8.
!python train.py --workers 8 --device 0 --batch-size 8 --
epochs 25 --img 640 640 --hyp data/hyp.scratch.custom.yaml
--name yolov7-custom --weights yolov7.pt

Class Images Labels P R mAPE.5 mAP@.5:_95:

all 1861 1132 @.885 6.898 a.,oc44 B.778

Cam di thang 12881 38 ©.903 8.789 @.,888 8.712
Cam do 12881 211 8.922 8.80932 8.23 8.722

Cam dung va do 1861 267 8.926 6.941 a.g861 B.846
Cam oto re phai laal 56 a.873 8.893 a.e32 B.743
Cam oto re trai laal 39 e.784 8.949 a.o44 B.772
Cam quay dau xe 1861 43 @.835 8.736 a.891 B.738
Cam re phai 1881 288 8.952 8.986 a.288 8.824

Cam re trai 12881 211 @.972 8.972 a.,291 8.824

Cam re trai va phai 1861 54 a.882 8.926 a.969 B.887

Hinh 8. Két qud hudn luyén

Sau khi chay huan luyén véi phién ban yolov7.pt thi ta thu dugc trong s tot nhat va
tiép tuc tinh chinh cac tham so va ting epoch dé cho ra két qua cudi cung da duoc cai
thién nhu hinh 9.

Class Images Labels P R mAP@.5 mAP@.5:.95:

all lae1l 1132 8.967 6.927 8.966 8.886

Cam di thang 1881 38 8.9867 6.921 G.034 B8.745
Cam do lae1l 211 8.976 8.773 8.953 8.765

Cam dung va do 1881 267 8.9865 8.925 8.256 B8.846
Cam oto re phail lae1l 56 a.961 8.877 a.937 8.764
Cam oto re trai 1881 30 8.021 6.940 G.045 8.749
Cam quay dau xe 1a81l 42 @.047 6.97% @.086 B8.854
Cam re phai 1881 283 @.99 6.964 6.093 8.827

Cam re trai 1281 211 8.985 8.974 8.094 8.847

Cam re trai va phai la8l 54 @.989 8.931 8.995 8.853

Hinh 9. Cdc trong s6 da dige cdi thién
Hinh 10 mo ta sy so sanh d¢ chinh xac ctia cac phién ban YOLO khac nhau:

Model Parameters GPU_mem P R mAP@.5 mAP@.5:.09 Ghi chi
YOLOvT 37248560 7.34G 0.885  0.89%8 0.944 0.778 25 epoch, batch size §
YOLOvT 37248560 142G 0.948 0.95 0.966 0.781 thém 10epoch, batch size 816, loss_ota 10
YOLOvT 37248560 11.9G 0.9067 0927 0.966 0.806 thém 10epoch, batch size 8-->16, k0 0.01-->0.001, kf 0.1-->0.01
YOLOvT 37248560 2426 0909 0943 0.956 0.792 thém 10epoch, batch size 8-->16, k0 0.01-->0.001, iou_t 0.2-->04
YOLOvT 37248560 242G 0907 0905 0.945 0.78 thém 10epoch, batch size 8-->16. 10 0.01-->0.001, fou_t 0.2-->0.4, fl_gamma 0-->1.5
YOLOvT 37248560 2426 0904 0942 0.954 0.793 batch size 8-->16, Ir0 0.01-->0.001, Irf 0.1-->0.001
YOLOvT 37248560 211G 0947 0934 0.965 0.807 thém 23 epoch, batch size 32, 110 0.01-->0.001, Irf 0.1-->0.01
YOLOvIx | 70866630 9.33G 0933 0948 0.954 0.774 25 epoch, batch size §
YOLOvT-w6 69850104 5.16G 0906 0899 0.829 0.731 25 epoch, batch size §
YOLOvS-s 7039792 209G 0935 0921 0.948 0.765 25 epoch, batch size §

Hinh 10. So sanh do chinh xac
4.2.2. Phwong phap danh gia

Phuong phap danh gia ddi voi mdi class s& duoc st dung thang do F1, Precision va
Recall va ddi voi toan class s& dugce sit dung thang do mAP.5 va mAP.5:.95.
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e Dé phat hién, mot cach phé bién dé xac dinh xem mot dé xuét caa ddi tugng co
dung hay khong 1a Intersection over Union (IoU, IU). Viéc nay ly tap A gom cac pixel
d6i tuong duoc dé xuit va tap hop cac pixel dbi twong thuc B va tinh toan:
area(A NB)
area(AUB)

loU(A,B) =

e Hinh anh bén dudi chi rd IOU giira hop gidi han thuc té co ban (mau xanh |4 cay)

va hop gidi han dugc phat hién (mau do).

area of overlap
10U — o P

area of union

e Mot sb khai niém co ban duge sir dung bdi cac s6 lidu:

o True Positive (TP) : Phat hién chinh xac. Phat hi¢n voi IOU > threshold

o False Positive (FP): Phat hién sai. Phat hi¢n véi IOU < threshold

o False Negative (FN): Khong phat hién dugc ground truths

o True Negative(TN): Khong 4p dung. N6 s€ dai dién cho mdt phat hién sai da dugc
stra chita. Trong tac vu phat hién ddi tuong, c¢6 nhiéu hop gidi han c6 thé khong duogc phat
hién trong anh. Do d6, TN s& 1a tt ca cac hop gidi han co thé khong duoc phét hién chinh
xéc (rat nhidu hop c6 thé c6 trong mot hinh anh). D6 1a 1y do tai sao né khong dugc st
dung boi cac sb lidu.

o thres(nguong): tuy thudc vao s6 liéu, nd thuong dugce dat thanh 50%, 75% hoac
95%.

e D¢ chinh xac (Precision): B¢ chinh xac 1a kha nang cia mot mé hinh chi xac dinh
duoc cac d6i tuong c6 lién quan. Do 1a ty 1€ phén tram du doan tich cuc chinh xac va
duoc dua ra boi:

~ , , TP TP
Do chinh xac = = — —
: TP+FP Tat ca cac mau nhan dién dwoc

e Thu hoi (Recall): Thu hoi 1a kha nang cia mot mo hinh dé tim tat ca cac trudng
hop ¢6 lién quan (tat ca cac hop gidi han trong ground truths). D6 1a ty 1& phan trim cta
két qua True positive thuc su dugc phat hién trong sd tat ca cac ground truths c6 lién quan
va dugc dua ra boi:

TP TP

Thu hoi = = —
TP+FN Tat ca ground truths

Puong cong (Precision x Recall) 1a mot cach hay dé danh gia hiéu suat ctua bo phat
hién ddi twong vi do tin cdy duoc thay ddi bang cach v& dudng cong cho ting 16p dbi
tuong. Trinh phat hién ddi tuong thudc mot 16p cu thé duoc coi 1a tot néu d6 chinh xéac
ctia n6 van cao khi murc thu hdi ting, diéu d6 c6 nghia la néu ban thay d6i ngudng tin cay
thi d6 chinh x4ac va muc thu hoi s& van cao. Mot cach khac dé xac dinh mdt trinh phat
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hién d6i tugng tt 13 tim kiém mot trinh phat hién chi c6 thé xac dinh cac ddi tuong co
lién quan (O False Positives = @6 chinh xac cao), tim tat ca cac dbi tuong thuc té co ban
(0 False Negatives = thu hdi cao).

Trinh phat hién déi twong kém can ting s6 lwong dbi twong duoc phat hién (ting
False Positives = d6 chinh xac thdp hon) dé truy xuét tit ca cac dbi twong ground truths
(c6 kha ning thu hdi cao). D6 1a 1y do tai sao dudng cong Precision x Recall thuong bét
dau voi cac gia tri c6 do chinh xac cao va giam dan khi mtrc thu hdi ting.

Mot cach khac dé so sanh hiéu suat cua may do ddi twong 1a tinh dién tich dwéi
dwong cong cua duong cong Precision x Recall. Vi cac duong cong thuong la nhitng
dudng cong ngoan ngoéo di 1én va di xudng, nén viée so sanh cac duong cong khac nhau
(cac bo do khac nhau) trong cung mdt dd thi thuong khong phai 1a mdt nhiém vu dé dang
- boi vi cac dudng cong c6 xu hudng giao nhau rat thuong xuyén. D6 1a 1y do tai sao Pd
chinh xac Trung binh (Average Precision — AP), mot thude do bang s, ciing c6 thé
gitip chung ta so sanh cic may do khac nhau. Trong thuc t& AP 1 d chinh xac duoc tinh
trung binh trén tit ca cac gi tri thu hdi trong khoang tir 0 dén 1.

Thong thuong, IoU > 0,5 ¢ nghia 1a da thanh cong, néu khong thi 1a that bai. D6i
v6i mdi 16p, ngudi ta ¢6 thé tinh toan:

e True Positive (TP(c)): mot dé xuat duoc dua ra cho 16p ¢ va thuc su c6 mot doi
tuong thudc 16p ¢

e False Positive (FP(c)): mot dé xuat dugc dua ra cho 16p ¢, nhung khong co dbi
tugng nao thude 16p

#TP(c)

e D{ chinh xac trung binh (Average Precision-AP) cho 16p c: #TP©) + FP©

Vi thé ta c6 MAP (d6 chinh xac trung binh trung binh)
1

#TP
= JCE class #
|class]| #TP(c) + #FP(c)

Diém mAP@.5:.95 c6 nghia 1a mAP trung binh trén cac ngudng IoU khac nhau, tir
0,5 dén 0,95, budc 0,05 (0,5, 0,55, 0,6, 0,65, 0,7, 0,75, 0,8, 0,85, 0,9, 0,95).

5. Két luan

Bai bao nay dé cap dén viéc dé xut thiét ké mot hé th@)ng nhén dién bién bao giao
thong trong moi truong giao thong do thi tai thanh phd HO Chi Minh, Viét nam. Hé thong
ung dung hoc sau, tri tu¢ nhan tao voi giai thuat YOLO, phién ban thir 7. Thong qua cac
két qua thuc nghiém, hé théng duoc dé xuat thiét ké trong bai bao nay da chung to kha
ning nhéan biét dugc 9 loai bién bao giao thdng bao gdm bién bao cAm ré trai, bién bao
cAm ré& phai, bién cAm ré& trai-phai, bién bao cdm dirng-cidm dd, bién béo cAdm dd, bién bao
cAm 6 t6 1& phai, bién b4o cim 6 t6 ré trai, bién bao cAm quay dau va cudi cing 1a bién
béo cim di thing; v6i do chinh x4c lan lugt 1a 99.4%, 99.3%, 99.5%, 95.6%, 95.3%,
93.7%, 94.5%, 98.6% va 93.4%.
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Loi cam on

Bai nghién curu nay dwoc tai tro boi Truong Dai hoc Cong nghé Thong tin — Dai
hoc Quéc gia Thanh pho Ho Chi Minh.
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