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TOM TAT

Phat hién, nhan dién bién bao va tin hiéu dén giao thong 1a mot phan quan trong cua xe
ty hanh nham ting cudng su an toan khi tham gia giao thong. Trong bai bao nay, nhém nghién
ctru st dung md hinh YOLOv4, mét trong nhirng kién tric phd bién cta hoc sau dé phat hién,
nhan dién bién bo va cac tin hiéu dén giao thong. Mot cach tong quat, mé hinh YOLOvV4 c6
nhiéu phién ban véi kién triic va tham sé khac nhau, nhém nghién ctru tap trung vao viéc so
sanh va danh gia dé lwa chon phién ban phu hop vé6i bd dit liéu. Ngoai ra, card dd hoa tich hop
(GPU) trong Jetson TX2 ciia NVIDIA duoc st dung lam nén tang phéan ctng v6i kha nang toi
uu thoi gian huén luyén. Trong do, dir liéu sir dung duoc tao doc 1ap bao gém 32 16p dé huan
luyén va kiém tra. Phuong phap sir dung da dat dugc chi s6 91% mAP va 31,2 FPS trén tap
dit li¢u kiém tra.

Tir khéa: Nhan dién, bién béo, tin hiéu dén, YOLOv4, Jetson TX2.

1. MO PAU

Trong nhitng ndm gan day, véi su phat trién cia cac phuong tién ty hanh va nhu cau str
dung xe 0 t6 tw hanh ngay cang tang, nhu cau phat hién cac bién bao va tin hiéu dén giao thong
da tré nén can thiét va ngay cang phd blen Viéc phét hién bién bao va tin hiéu dén giao thong
s€ gitip nguoi lai xe nhén thirc 16 hon vé moi truong xung quanh va gitp ho nhén ra cac bién
bao, dén tin hiéu & xa, khi thoi tiét x4u hodc vao ban dém khi tim nhin bi han ché. Va mot hé
théng phat hién tét 13 cén thiét dé 1am cho tat ca nhiing diéu dé trd nén kha thi. H¢ thong nay co
gia tri trong viéc duy tri an toan giao théng, ngan ngura tai nan va cac vén dé giao thong. Nhung
viéc nhén dién va phat hién van 1a mot van dé day thach thirc trong thé gi6i thuc vi nhimng van
dé nay sinh vé chét lwong hinh anh, 4nh sang, méi trudng xung quanh. Do d6, dé dbi pho véi tat
ca nhiing thach thirc nay, nhleu phuong phap va thuét toan hoc may moéi da dugc gioi thiéu.
Trugc day, hé thong chi yéu dua vao cac thudt toan phat hién d6i tuong truyen thong Duong
6ng cuia hé thong thudng sir dung céc tinh nang thu cong dé trich xuét cac dé xuat khu vuc va
sau d6 két hop cac bo phan loai dé loai bo cac vung khong chira d6i twong. Ngay nay, cac phuong
phap hoc sau dang gia tang va duoc ap dung dé nhan dang hinh anh va phat hién ddi twong, ngay
cang trd nén nhanh chong va chinh xac. Hau hét cac nghién ctru lién quan dén nhan dang hinh
anh va phat hién d6i twong xoay quanh mang no-ron tich chap (CNN) dé tang toc do va do chinh
xac. CNN sé hitu kha nang hoc cac dac diém tir mot lugng 16n dit liéu ma khong can xtr 1y trude,
diéu nay tranh dugc kho khin trong thiét ké ctia cac tinh nang thu cong va tim hiéu cac tinh ning
tong quat hon [1-3]. CNN da dong vai tro la mot cong cu phan loai trong hoc may va ciing da
dugc trién khai trong phan loai bién bao va tin higu dén giao thong.
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Gan day, cac thuat toan nhu SSD, Fast R - CNN, Faster R - CNN, R - FCN va YOLO la
nhitng tién bd trong viéc phat hién dbi tuong déu sir dung CNN. Trong bai bao nay, nhém
nghién ctru da sir dung kién triic "You Only Look Once" (YOLO) cu thé 1a YOLOvV4, 1a mang
phat hién mot giai doan va c6 do tré lan truyén thdp va hiéu suit phat hién tuyét voi. Nhiéu
mang no-ron hién dai chinh x4c khong hoat dong trong thoi gian thuc va yéu cau mot sb luong
16n GPU d dao tao. YOLO giai quyét nhimg van dé nhu vay bing cach tao CNN hoat dong trong
thoi gian thuc trén GPU thong thudng va dio tao chi yéu ciu mot GPU thong thuong [4, 5].

Ngoai su phat trién ciia cac thuat toan, mot yéu té quan trong khéc 1a yéu t6 phan cing.
Trong bai b4o nay, nhém nghién ctru lya chon phan cimg Jetson TX2 dé thuc hién mé hinh
nhén dién cac bién bao va tin hiéu giao thong. Jetson TX2 tich hgp nhan CUDA va h¢ théng
GPU dé dat toc d6 xir 1y cao [6]. Hon nita, Jetson TX2 dap tmg cac yéu cau khét khe nhit vé
thoi gian thyc nhung van nho gon va dé cai dit [7]. Nhém nghién ctru thuc hién mot mo hinh
phat hién va nhan dién cac bién bio va tin hiéu giao thong st dung YOLOv4 trén phan clng
nhung Jetson TX2. Muc tiéu la phat trién mot mo hinh ¢ kha nang nhan dién cac bién béo:
han ché tdc do, bién cAm, hiéu 1énh va 3 tin hiéu dén giao thong co ban: Xanh, vang, do, co
thé hoat dong dugc trong thoi gian thuc. M6 hinh dwoc nghién ctru va phat trién trén mot hé
thong nhiing riéng biét (Jetson TX2), mo hinh c6 thé dat dugc do chinh xac cao (hon 90% bao
gdm ca phat hién 1dn nhan dién dén giao thong va bién bao) véi toc d6 khung hinh nhanh nhat
1én dén 43 FPS.

2. TAP DU LIEU

C6 rat nhiéu tap dit liéu khac nhau c6 thé dung dé phat trién mé hinh phét hién, nhan dién
bién bao va cac tin hiéu dén giao théng nhu bo dit liéu phét hién bién bao giao thong cua Pirc
(GTSDB), b6 dit lidu bién béo giao thong LISA (LISATSD), bo dit liéu bién bao giao thong
Thuy Dién (STSD) va bd dir liéu bién bio giao thong Trung Qudc (CTSD), nhung cac tap dit
lidu ké trén rat 16n va phirc tap, cn tiéu tén mot luong 16n thoi gian dé xir 1y cho phu hop véi
mo hinh. Trong bai bdo nay, nhom nghién ctru tap trung thir nghiém véi tap dir liéu dugc tao
ddc 1ap v6i myc tiéu don gian nhung van mang lai d6 chinh xac cao cho mé hinh. Nhém nghién
ctru st dung tap dit lidu dugce thu thap tir cac bién bao va tin hiéu dén giao thong & Los Angeles
gbm c6 32 16p va hon 1500 anh dit lidu duong phd. Trong d6 c6 khoang 800 anh dir liéu dugc
thu thap va 700 anh dugc ting cuong tir 800 anh dir liéu d6 bang cach chén nhidu mudi tiéu
vao. Hinh 1 14 tong quan vé tap dit liéu va cach xir Iy dir liéu dé dua vao mé hinh.

Tap di¥ lieu bién béo
va dén giao théng da

chén mudi tiéu

Phan loai va Tép dir
Anh cét tir B + S| dannhande | > | rieuhoan
video ligu chinh

Tap dir ligdu bién bao

va dén giao thdng —
Anh thu thap thu thap duoc
tir Google

Image

Hinh 1. Tap dit liéu huan luyén

Hinh 2 1a 4nh cuda tung lop trong tap di liéu, trong do cé 3 16p thudc tin hi¢u den va 29
16p 1a cac bien bao.
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Hinh 2. Anh cac 16p trong tap dit lidu
3. PHAN CUNG JETSON TX2

Jetson TX2 véi ban chét 1a mot may tinh nhiing c6 hiéu quéa ning lugng cao ciia NVIDIA,
tuy nhé nhung n6é kha manh m¢, TX2 dugc st dung rong rai & cac linh vuc may tinh, tri tué
nhan tao, may hoc. Chiéc may tinh nhing nay dwoc trang bj 2 CPU gdm: ARM Cortext - A57
(4 16i) 2GHz va NVIDIA Denver2 (I6i kép) @ 2GHz [7], song song d6, GPU ma TX2 s¢ hitu
la Pascal 256 16i 1300 MHz - mot kién trac dugc ra mat vao 2016. Tét ca ‘nhimg tac vu tinh
toan c6 thé chi tiéu thu 7,5W nang lugng. Do d6, TX2 l1a mét phan cing t6t dé thuc hién cac
giai thuat hoc sdu trén nén tang hé thong nhing [8].

Hinh 3. Qua trinh phat trién kién tric GPU cua NVIDIA [9]

Hinh trén cho thay qua trinh phat trién 161 GPU cuia NVIDIA déc biét 1a sw dot pha cia NVIDIA
Pascal [9]. Kién tric nay co the dat gap 10 lan hiéu nang so vai kién tric trude d6 la Maxwell:

Pascal c6 hiéu sut diém ndi gép 2 1an Maxwell.
Pascal c6 dung luong bd nhé gap 2,7 1an Maxwell.

Pascal c¢6 do chinh xac gap 4 lan Maxwell.
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4. THUAT TOAN YOLOv4
4.1. Gigi thigu vé YOLO

YOLO 1a viét tit ctia "You Only Look Once", nghia 13 "Ban chi nhin mét 1an", tén goi
bét nguén tur cach hoat dong cua n6. Khi moi ra mét, YOLO d3 cho théiy mot toc do vuot trdi
va do chinh x4c cao hon so v6i nhitng d6i tha ciia minh. Mang YOLO ¢6 ciu tric tuong tu
nhu cdu trac cia mot mang no-ron tich chdp binh thudong, bao gdm mot sb 16p tich chap va
Max - pooling, két thic bang hai 16p Fully - connected. YOLO tuan theo mét cach tiép can rat
doc d4o, trong d6 né sir dung mot mang no-ron duy nhét dé xem toan b hinh anh chi mot lan,
vi diéu nay, né c6 nhiéu wu diém khéc nhau so véi cac hé théng dua trén bd phan loai. Dé dy
doan cho tirng hop gidi han, no st dung cac dic trung tir toan b hinh anh.

M® hinh YOLO chia hinh anh dau vao thanh S x S 6 Iu6i nhu trong Hinh 4. Mbi 6 lu6i
du doan k hop gi6i han va gid tri tin cdy ciia cac hop giéi han, ciing nhu xac suat 16p c6 didu
kién C [10]. Diém tin cay co nghia 1a mic do tin cdy ciia mo hinh vé ddi twong trong hop va
cling 1a do chinh xéac ctia hop ma n6 duy doan. Mdi hop giéi han dua ra 5 du doan: x, y, w, h va
do tin cay. Cac toa do (x, y) la toa d6 tam cia hop gioi han. W va h 1a chiéu rong va chiéu cao,
dugc du doan so v6i toan b hinh anh. Dy doan d6 tin cay (Confidence prediction - cfd) duoc
tinh toan bang:

cfd = P.(object) x QUL (1)

Khi mot 6 ludi chira mot phan ctia hop ground truth thi gié trj cua Pr(obj ect) bang 1 nguoc
lai bang 0 [11]. IOU la viét tit cua "Intersection Over the Union", 14 phin giao nhau gitra hop
gidi han du doan va hop ground truth. V&i su trg gitip cua cac du doén nay, cubi cung lay duoc
diém tin cdy theo 16p cu thé cua cac hop gidi han riéng 1 va chon cac hop gidi han co diém
tin cdy cao trong mdi 6 ludi dé dua ra du doan chung vé mot bién bao hodc dén tin hiéu giao
thong trong hinh anh. Nhu vy viéc chi sir dung mot bai toan hdi quy duy nhét cho toan bd
anh, thut toan YOLO giup giam s lugng phép toan, ting téc d6 xtr Iy khi d6 c6 thé dap tung
bai toan thoi gian thuc t5t hon so véi cac thuat toan R - CNN.

LTRSS -—!I
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S x S grid on input

Final detections

Class probability map

Hinh 4. Cach YOLO phat hién dbi tuong [12]
4.2. YOLOvV4
Alexey Bochkovskiy va cong su da phat trién YOLOv4 va phat hanh vao thang 4 ndm
2020. bay giugc coi la mot trong nhitng md hinh phat hién vat the thoi gian thuc hién dai nhat
vao thoi diem d6. So voi YOLOvV3, YOLOv4 nhanh hon 12% va chinh xac hon 10% [4].
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MS COCO Object Detection
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Hinh 5. So sanh tdc d6 xir 1y va d6 chinh ﬂxéc’cﬁa YOLOV4 véi cac thuat toan khac
trong cung tap dir liéu MS COCO. C¢ thé thay so véi YOLOV3 v6i cung mot FPS
(Frame per Second), YOLOv4 cho d6 chinh xac (AP) cao hon han [4]

Kién triic mdi ctia YOLOV4 duoc xy dung véi CSPDarknet53 lam xuong sdng, gitip ting kha nang
hoc tap clia mang no-ron tich chap. Mo hinh YOLOV4 ¢6 thé dugc dao tao trén mdt GPU duy nhat.

Backbone Neck
CSPDarknet53 SPP, Pan

Input
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Hinh 6. Kién trac mé hinh YOLOv4 co ban [11]

Kién triic cia YOLOV4 bao gdm [4]:
Bdng 1. Kién trac YOLOV4

Backbone Neck Head
CSPDarknet53 SPP, PAN, FPN, SSP... YOLOvV3

Cac tac gia da phat trién cac ky thuat nhu bag of freebies va bag of specials va ting dung
trong YOLO\{4 dé cai thién d6 chinh xac cua md hinh trong khi dao tao va trong qua trinh tién
xur 1y, gop phan lam cho YOLOvV4 tré thanh mt mé hinh hién dai va ding dau trong hoc sau.

Bag of Freebies (BoF): Bag of Freebies la tap hop cac ky thuat duoc sir dung trong quéa
trinh dao tao dé gitp ting do chinh xac ciia mo6 hinh ma khong ting thoi gian suy luan [13].

Bag of Specials (BoS): Bag of Specials la tap hop cac ky thuét dugc st dung trong qua trinh
dao tao nham thay ddi kién tric clia mang va ting thoi gian suy ludn mot chut nhung gitip cai thién
d6 chinh xac cia m6 hinh [13].

Bang 2. Cac ky thuat BoF, BoS cua Backbone va Detctor

Backbone Detector

DropBlock regularization. CutMix & |Cosine  annealing  scheduler, Mosaic  data
Bag of |Mosaic data augmentation, Class|augmentation, Optimal hyperparameters, Eliminate
Freebies | label smoothing. grid sensitivity, Multiple anchors for a single ground
truth, Random training shapes, ...

CSP - Cross - stage partial connections, | Spatial Pyramid Pooling SPP - block, PAN path -
MIWRC - Multi - input weighted |aggregation block, DloU - NMS, Mish activation,
residual connections, Mish activation. |Self Attention Module SAM - block.

Bag of
Specials
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5. KET QUA PANH GIA

Dé cung cép tap dir liu cho YOLOv4, chiing phai ¢ dinh dang ma YOLOv4 c6 thé sir
dung. Tap dit liéu ciia nhom nghién ciru da & dinh dang jpg. Tiép theo nhém nghién ctru tién
hanh gan nhan cho cac hinh anh va tao tép .txt cho mdi hinh anh. Sau d6 nhém nghién ctru tao
4 tép: yolo.names, yolo.data, train.txt, valid.txt. Tép yolo.names chira tit ca cac 10p cua tap dit
lidu, tép train.txt va valid.txt chira cac duong dan dén hinh anh duoc ding cho dao tao va thi
nghiém. Nhém nghién ctru chia tap dit liéu thanh cac tap huin luyén va thir nghiém, dong thoi
huin luyén mé hinh trén tap hudn luyén va xac thuc no trén tap thir nghiém.

Pbi v6i mdi méd hinh phat hién vat thé, sau khi dao tao can cd nhitng thang diém dé danh
gia sy chinh xac cua nd. Trong bai bao nay nhom nghién ciru danh gia mo hinh dya trén: loss
function, precision, recall, loU average, mAP, danh gia truc quan, FPS voi mAP 1a thudc do
chinh. Néu dit liéu dao tao c6 chi sb loss cao, diéu d6 c6 nghia 1a mé hinh dang hoat dong kém
hi€u qua va n6 can duoc dao tao 1au hon. Néu chi sb loss trén dit liéu dao tao thép nhung chi
s6 mAP trén dit liéu thir nghiém khong cao, diéu d6 co nghia la m6 hinh dang bi overfit va can
phai thém nhiéu dit liéu hon.

Hinh 7 biéu dién c4c thong s loss va mAP trong qua trinh huin luyén mé hinh va kiém
thir voi tap valid.txt. Trong qué trinh hudn luyén nhom nghién ctru sé theo ddi biéu do loss va
chi s6 mAP (s& dugc cap nhat sau mdi 1000 vong). Khi hai chi s6 ngirng c6 su thay ddi 16n thi
d6 1a luc dirng huén luyén mé hinh. C6 thé thiy & Hinh 7, tir vong thir 12800 tré di thi chi sb
loss dd ngimg giam, ludn gilt & mirc gin bang 0,1, con chi sé mAP luén dao dong trong khoang
91% dén 92%, dua theo nhitng thong tin co6 dugc tir biéu dd, nhom nghién ctru da quyét dinh
dirng huén luyén mé hinh.

AP

)i

- ﬁ?ﬂﬁf\?ﬁ?"%

0.0
[ 6400 12800 19200 25600 32000 38400 44800 51200 57600 64
current avg loss = 0.1079 iteration = 16700 approx. time left = 90.82 hours

Press 's’ to save : chart.png Iteration number in cfg max_batches=64000

Hinh 7. Biéu db thong s6 Loss va mAP khi huin luyén

Trong bai toan phat hién va nhan dién vét thé, cac chi s AP (Average Precision) va mAP
(Mean Average Precision) 1a cac thudc do danh gia dugc sir dung pho bién. Cac chi s6 gitp
xem xét ca vé do chinh xac va do bao quat cua cac du doan cho timg 16p. Trong phat hién
nhiéu loai bién bao giao théng, mdi loai bién bao giao thong c6 thé v& mot duong cong theo
d6 nho (Recall) va d9 chinh xac (Precision). Dién tich dudi duong cong d6 la AP va gia tri
trung binh AP ciia nhiéu 16p 1a mAP. Cach tinh nhu sau:

137



Bui Quéc Tu, Nguyén Huy Hoang, Trirong Quang Phiic, Lé Quang Binh, H6 Nhut Minh

TP
TP+FN (2)

recall =

precision = P 3)

Trong d6 chi sb TP (True Positive) thé hién s6 lugng bién bao giao théng dugc phat hién
chinh xéc, chi sb FN (False Negative) thé hién s6 lwong bién bao giao thong bi bo sot va chi
s6 FP (False Positive) thé hién s6 lugng bién bao giao thong dwoc phat hién 12 sai, ngoai ra
con c6 thém chi sé6 TN (True Negative) thé hién s6 luong anh dugc nhan dién khong cé vat
thé nao 1a ding. Hinh 8, bang 3 va bang 4 1a chi s6 AP ting 16p va cac thong sb dat dugc giira
cac phién ban cua mo6 hinh YOLOvA4.

AP (%)
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Hinh 8. Chi s6 AP cua cac 16p

Dua trén két qua thu dugc ¢ Hinh 8, Bang 3 va Béng 4 thi cac 16p c6 chi s6 AP twong
dbi t6t, dao dong tir 80 - 100%, vé6i 8 16p dat 100%. Riéng 3 16p Right Turn, Speed Limit 5 va
Speed Limit 100 c¢6 chi s AP thap tir 40 -70%. Cac chi sb ctia cac phién ban YOLOvV4 co ban
¢6 phan trim precision dat tir 91% dén 99%, phan tram recall tir 97% dén 100%, mAP tir 95%
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dén 99% va average ToU tir 72% dén 81%, rleng phién ban YOLOV4 - tiny c6 cac chi s6 thap
hon cac phién ban con lai v6i cac chi s6 precision, recall, mAP va average IoU lan luot dat
73%, 93%, 91% va 61%. Tuy nhién ¢ Bang 5 c6 thé thay chi s6 FPS cia YOLOV4 - tiny cao
hon han cac phién ban khac véi 31,2 FPS, cho thiy phién ban nay da trade - off giira d6 chinh
xé4c va toc d6 nhan dién dé co thé chay trén cac nén tang CPU va GPU co6 cAu hinh thép.

Bang 3. Chi s6 TP, FP, FN cua cac phién ban

Phién ban TP FP FN % precision % recall
YOLOv4 440 6 0 99% 100%
YOLOV4 — Leaky 432 28 8 94% 98%
YOLOv4 —Tiny 385 145 31 73% 93%
YOLOvV4 — Mish 420 40 12 91% 97%

Bdng 4. So sanh chi sé mAP, IoU va FPS giita cac phién ban YOLOv4

Phan ctng Phién ban Chi s6 mAP Chi s6 Average Iou
Jetson TX2 YOLOv4 0,99 0,8
Jetson TX2 YOLOV4 — Leaky 0,97 0,74
Jetson TX2 YOLOv4 —Tiny 0,91 0,61
Jetson TX2 YOLOV4 — Mish 0,95 0,72
Google Colab YOLOvV4 0,96 0,81

Nhom nghién ctru ciing thir nghiém cac mé hinh trén video va nhan dugc phan hoi tot
khi mé hinh c6 thé phat hién cac bién béo, tin hiéu dén giao théng va phan loai chiing. Bang 5
1a chi s FPS ma nhém nghién ciru da ghi nhan duoc khi thir nghiém trén GPU phan ctng
Jetson TX2 va GPU 12GB do Colab cung cép. Trén Colab, mé hinh c6 chi s6 FPS trong
khoéang 30 - 43 FPS, trén phan cimg Jetson TX2 dat khoang 3 - 4 FPS ddi véi cac phién ban
YOLOV4 co ban va 30 - 32 FPS ddi v6i phién ban YOLOV4 - tiny.

Bdng 5. So sanh chi sb FPS giita cic phién ban YOLOv4 trén Jetson TX2 va Colab

Phan ctng Phién ban Chi s6 Average FPS
Jetson TX2 YOLOv4 4
Google Colab YOLOvV4 36,2
Jetson TX2 YOLOvV4 — Leaky 4
Google Colab YOLOvV4 — Leaky 33,5
Jetson TX2 YOLOvV4 —Tiny 31,2
Google Colab YOLOvV4 —Tiny 42,5
Jetson TX2 YOLOV4 — Mish 3,8
Google Colab YOLOvV4 — Mish 31,7

Déi véi cac phién ban YOLOV4 co ban, mo hinh dat dugc thong s mAP tot tir 96% dén
98%, tuy nhién cac mo hinh nay c6 luong tham sb cao dan tdi dung lugng 16n va toc do phat
hién vat thé khong cao, khong phu hop véi cac bai toan nhung trén cac phuong tién tu hanh
von uu tién dung lwong thap. P6i v6i phién ban YOLOV4 - tiny tuy c6 lugng tham s6 thap nén
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d0 chinh xac sé khéng ba"mg’nhung cling dat yéu ”ce‘iu clia dé tai, tam 91%, bu lai YOLOV4 -
tiny c¢6 dung lugng thap va toc do phat hién vat thé cao, phu hgp ap dung trén cac phuong tién
tu hanh.
Ngoai ra, nhom nghién ctru con tinh toan thém chi sé F1, 1a chi s6 dé danh gia mot mo
hinh 1a tot hay khong. Chi s6 dugc tinh toan bang cong thurec:
Fl1=2x

Precision*Recall

Precision+Recall (4)

Precision va Recall 1a cac thong sé duoc sir dung dé tinh d6 chinh x4c cho qua trinh dénh

gia két qua cta hé thdng. Precision dai dién cho do tin cdy ciia mé hinh, théng sé cho biét ring

bao nhiéu dy doan ding dugc dua ra trong téng s6 cac du doan 1a that su dtng. Recall dai dién

cho d6 nhay ctia mé hinh, thong s cho biét mé hinh c6 thé du doan dung dugc bao nhiéu

trong téng ) dang trong dir li€u. Va chi s6 F1 duoc st dung dé can béng ca hai, m6 hinh cé
chi s6 F1 cang cao thi cang hiéu qua.

Bdng 6. S0 sanh chi s F1 khi thay di cac thong sb

Phan cimg Jetson TX2 | Jetson TX2 Jetson TX2 Jetson TX2 Google Colab
Phién ban YOLOv4 YOLOv4 | YOLOv4-Tiny | YOLOv4 —Tiny | YOLOv4
Learning rate 0,001 0,001 0,001 0,0001 0,001
Batch size 32 64 64 64 32
Subdivisons 16 64 64 32 16
Thoi gian train 102 h 110 h 32h 37h 21h
F1 Score 0,98 0,98 0,85 0,81 0,99
Loss 0,6 0,58 01 0,24 0,57

e) Green light f) Speed Limit 10

Hinh 9. Céc hinh anh nhén dién thyc té
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6. KET LUAN

Trong bai bao nay, nhom da nghién ctru va phat trién mé hinh nhén dién bién bao va cac
tin hiéu dén giao thong sir dung thuat toan YOLOv4. M6 hinh duoc trién khai trén phan cimg
Jetson TX2 dya trén tép dit liéu duoc tao doc 1ap. Mo hinh cia nhdm nghién ctru hoat dong tbt
trong viéc nhan dién thoi gian thuc vé6i chi s6 mAP va average FPS t6t nhat 1an luot 14 91% va
31,2 FPS thudc vé phién ban YOLOv4 — tiny. M6 hinh c6 thé nhan dién cac bién bao va tin hiéu
deén voi ty 1€ nhan dang chinh xac kha cao, riéng véi ba 16p Right Turn, Speed Limit 5 va Speed
Limit 100 c6 ty 1& nhan dang chinh xé4c thip. Nguyén nhan c6 thé do s6 lwong hinh anh trong tap
dit li€u co6 su chénh 1éch 16n gitra cac 16p, 16p Right Turn, Speed Limit 5 va Speed Limit 100 chi
¢6 sb luong lan luot 1a 34 anh, 24 anh va 8 anh trong tong s6 1500 anh dit liéu. Piéu nay dan
dén sy mt can bang dir liéu gitra cac 16p, tir d6 phan nao gy su anh hudng dén d6 chinh xac
ctia mo hinh. Trong twong lai, nhém nghién ctru s& xay dung mét tap dir liéu bién bao giao thong
gin lién véi thuc té & Viét Nam v6i s6 lugng hinh anh 16n, day du cac diéu kién thoi tiét, anh
sang va dong déu cho mdi 16p dé co thé cai thién thém mé hinh ciia nhom.

TAI LIEU THAM KHAO

1. Jianming Zhang, Manting Huang, Xiaokang Jin, Xudong Li - A Real-Time Chinese
Traffic Sign Detection Algorithm Based on Modified YOLOv2, Algorithms 10 (2017)
1-5.

2. Shuai Liu, Hongxin Li - Application of Chinese Traffic Sign Detection Based on
Yolov4, in: International Conference on Computer and Communications (ICCC),
Chengdu (2021).

3. Si Chen, Fang Lv, Ping Huo - Improved detection of yolov4 sunflower leaf diseases,
in: International Symposium on Computer Engineering and Intelligent
Communications (ISCEIC), Nanjing (2021).

4. Alexey Bochkovskiy, Chien-Yao Wang, Hong-Yuan Mark Liao - YOLOv4: Optimal
Speed and Accuracy of Object Detection, arXiv 2004 (2020) 1-16.

5. Jie Liu, Lizhi Liu - Helmet Wearing Detection Based on YOLOv4-MT, in:
International Conference on Robotics, Control and Automation Engineering (RCAE),
Wuhan (2021).

6. Xun Yin, Li Chen, Xiaoyun Zhang, Zhiyong Gao - Object Detection Implementation
and Optimization on Embedded GPU System, in: IEEE International Symposium on
Broadband Multimedia Systems and Broadcasting (BMSB), Valencia (2018).

7. Artiom Basulto-Lantsova, Jose A. Padilla-Medina, Francisco J. Perez-Pinal,
Alejandro . Barranco-Gutierrez - Performance comparative of OpenCV Template
Matching method on Jetson TX2 and Jetson Nano developer Kits, in: Annual
Computing and Communication Workshop and Conference (CCWC), Las Vegas
(2020).

8. Siizen, Ahmet Ali and Duman, Burhan and Sen, Betiil - Benchmark Analysis of Jetson
TX2, Jetson Nano and Raspberry Pl using Deep-CNN, in: International Congress on
Human-Computer Interaction, Optimization and Robotic Applications (HORA),
Turkey (2020).

9. NVIDIA - Unveils roadmap for 2015 - 2018, in NVIDIA GTC, San Jose (2014).

10. Chung Yu Wang, Royce Cheng-Yue - Traffic Sign Detection using You Only Look
Once Framework, Stanford University 263 (2016) 1-6.

141



Bui Quéc Tu, Nguyén Huy Hoang, Trirong Quang Phuc, Lé Quang Binh, H6 Nhut Minh

11. Rishabh Singh, Momin Danish, Vipul Purohit, Ashraf Siddiqui - Traffic Sign
Detection using YOLOV4, International Journal of Creative Research Thoughts 9
(2021) 1-6.

12. Joseph Redmon, Santosh Divvala, Ross Girshick, Ali Farhadi - You Only Look Once:
Unified, Real-Time Object Detection, arXiv 1506 (2016) 1-7.

13. Zhi Zhang, Tong He, Hang Zhang, Zhongyue Zhang, Junyuan Xie, Mu Li - Bag of
Freebies for Training Object Detection Neural Networks, arXiv 1902 (2019) 1-8.

ABSTRACT

IMPLEMENTATION OF TRAFFIC SIGNS DETECTION
USING YOLOv4 ON JETSON TX2

Bui Quoc Tu™*, Nguyen Huy Hoang?, Truong Quang Phuc*

Le Quang Binh', Ho Nhut Minh?

HCMC University of Technology and Education

2Posts and Telecommunications Institute of Technology, HCMC
*Email: tubui2263@gmail.com

Traffic signs and traffic lights detection is an important aspects of autonomous vehicles
to prevent and reduce accidents. In this paper, the YOLOv4 model, one of the popular
architectures of deep learning used to detect and recognize traffic signs and traffic lights has
been implemented on NVIDIA Jetson TX2 hardware. In general, the YOLOv4 model has
many variants with different structures and parameters, the author focuses on comparison and
evaluation to select the right variant for the data set. Specifically, the author chooses NVIDIA's
Jetson TX2 as a hardware platform to take advantage of the GPU's computing power to
optimize data training time. In particular, the usage data is generated independently including
32 classes for training and testing. The method used achieved 91% mAP and 31.2 FPS on the
test dataset.

Keywords: Detection, traffic signs, traffic lights, YOLOv4, Jetson TX2.
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