Khoa hoc va Cong nghé trong linh vuc An toan thong tin

Tang cuong do chinh xac trong viéc nhan
dién doi tuong trén cac thiéet bi
canh thong minh

T6ém tit— Nhan dién ddi tweng 1a mét trong
nhitng chi dé chinh cia linh vuc Al. C6 nhidu md
hinh (models) AI dwoc tao ra véi d§ chinh xac
cao, chay tét trén céc thiét bi c6 cau hinh cao. Tuy
nhién, céc thiét bi canh théng minh (Smart Edge
Devices - SED) dang dwgc sir dung rong rai trén
nhiéu linh vuc khac nhau béi tinh linh déng nhé
gon, dam bao chinh sach dir liéu ciaa ca nhan.
Nhuwoe diém cia céc thiét bi canh thong minh nay
chinh 1a giéi han vé phan cieng, ching chi chay
dwgc cac model 8bits 16bits hodc 32bits. Do doé,
cac mo hinh khi chay trén cac SED phai trai qua
buée hoan dbi (“quantization”). Pidu nay ciing
khién cac mo hinh nhan di¢n sé bi giam d¢ chinh
xac dang ké. Bai bao nay, chiing téi dé xuit giai
thuit tén 1a “GreedyPlus” - nham tim kiém céc
ddi twong nhé trong anh bing cach chon lwa
khung anh c6 chét lweng tot (khdng bi nhoe). Sau
dé, chia cac khung hinh (frame) thanh céc 6, rdi
phong to, nhan dién ddi tweng trong céc . Budéc
cudi cung 1a ghép cac ddi twong trong cic 6 dé tao
ra két qua nhan dién tét nhat. Phwong phap nay
don gian nhung dat hiéu qua cao, cai thién két
qua nhan dién cho md hinh mt cach ro rét khong
can phai training lai mo hinh véi dataset méi. Két
qua dwoc thuc nghiém trén cac bé dataset KITTI,
CrownAl, Autti.

Abstract—Object recognition is one of the
main topics in the Al field. There are many Al
models with high accuracy running well on high-
configuration devices. However, smart edge
devices (SED) are being widely used in many
different fields because of their compact flexibility,
ensuring personal data policy. Their limitation is
hardware that only runs or supports 8bits 16bits
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or 32bits models. Therefore, running the model on
SED must do the swap step (“quantization”). This
also causes the recognition models to be
significantly reduced in accuracy. In this paper,
we propose the solution “GreedyPlus” —to capture
high resolution frame (skip blur frame) and search
for small objects in the image by cutting frames
into small windows. Then, the solution zooms in
and identifies objects. The last step determines the
number of objects in the frame exactly. The
method is simple but highly effective, improving
the recognition results for the model significantly
without the need to retrain the model with a new
dataset. The results are tested and demonstrated
on the datasets KITTI, CrownAl, and Autti.

Tir khéa— m6 hinh Al, thiét bi cgnh, nhdn dién déi
twong, thoi gian thuc

Keywords—DL model; edge device; real time detection;
object detection.

I. GIGI THIEU

Ngay nay, cac ung dung Al ngay cang tro
nén phé bién hon trong ca doi séng hang ngay
va cbng nghiép. Mot vai nam tré lai day, co
nhiéu nghién ciru tap trung vao cac hé thong ML
(machine learning — hoc may) va hé théng DL
(deep learning — hoc sau) truyén théng. Cac hé
théng nay st dung 32bit hoic 64bit float trong
cac md hinh ML hozc DL. Cac md hinh truyén
théng phai chay trén céc thiét bi c6 kha ning
tinh todn manh nhu may tinh, may chu hoac
trung tam ddm may. Trong Hinh 1 chung to1 dua
ra bang so sanh gitra mot sé thiét bi canh théng
minh (SED) va thiét bi c6 kha ning tinh toan
manh (may tinh c& nhan). Viéc chay cac mo
hinh ML, DL truyén théng trén céc thiét bi co
cAu hinh cao, kha ning tinh toAn manh van con
mot sé han ché nhu kich thudce va gia thanh.
Nhiéu cong ty da thiét ké va san xuat cac SED
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Hinh 1. Théng s6 cac SED théng dung

c6 thé trién khai c4c thuat toan Al nhu may hoc
(ML) hoic hoc sau (DL). Mac dii chiing van co
mot s6 diém yéu lién quan dén kha ning tinh
toan thap chi chay dugc cac mé hinh nhe. Tuy
nhién, ching nho, linh hoat, d& di chuyén, tiéu
thu it nang luwong va ré hon may tinh, may cha
hodc trung tdm dam may. Bén canh d6, viéc
chay cac thuat toan Al ngay trén cuc bo ma
khdng can két ndi Internet gidp dir lidu dugc
luwu trit cuc bo trén thiét bi, bao toan va riéng
tu. Do d6, viéc nghién ciru cac thiét bi canh Al
dang nhin dugc Sy quan tdm cua nhiéu nha
nghién cuu.

Mic di ¢é nhiéu wu diém ndi bat nhu trén,
mot mo hinh khi chay trén cac SED bit bugc phai
trai qua budc quan trong l1a “quantize” — mot
budc nén mo hinh trén cac may tinh ¢6 cau hinh
cao c6 kha niang chay trén céc thiét bi bit thap (8
bits hozc 16 bits). Qué trinh ndy, c6 thé giam do
chinh xac caa md hinh géc rat nhiéu. Do do, tac
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gia Kim va cac cong sy [1] di dua ra dé xuat toi
wu viéc huin luyén tay thudc vao vi tri cua vec to
trong s6 (weight vector) d&& nén md hinh. Trong
khi trude do, Li [2], Krishnamoorthi [3] va cac
cong su tap trung vao viéc bat chudc
(mimicking) ham kich hoat (activation) dua vao
binh quan (mean) va phuong sai (variance) dé
phan bd lai ham kich hoat cua tap dit liéu huan
luyén (training dataset). Tuy nhién, véi viéc st
dung md hinh Al chon bit thip hon cac tham sb
ph hop Vi su phan bé trong s6 (weight) va do
léch (biases), lam md hinh tro 1€n qua manh vai
tap dit liéu huan luyén. Tuc 12 kha nang tong quét
caa mo hinh kém.

Néu dau vao la toan bo anh (chiéu rong x
chiéu cao), mot tap hop pham vi nén
(quantization) c6 thé vé nguyén ban dudi dang
ludi 255x255 dé suy luan 8 bit. Khi d6 cac dinh
ctia khung khoanh ving dudi tugng c6 thé diéu
chinh da dang dé phi hop vai dit liéu dugc gan



nhan Vi du: sau khi nén, néu mot gia tri dinh chua
dugc chuyén hoan toan dén mot giao diém méi
trén ludi, nd s& bi budc quay lai giao diém trudce
d6 rat nhiéu, diéu nay gay ra su dich chuyén trong
toan bo khung khoanh ving ddi tugng. Mot diém
anh (pixel) dich chuyén nho cé thé khong anh
hudéng dén cac ddi tugng Ién, nhung nd c6 thé
gay ra su sai léch cho cac d6i tuong c6 kich thudc
vira va nho trong anh (Hinh 2), lam giam hi¢u
suat md hinh sau quéa trinh nén (quantization).
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Hinh 2. Khung mau do la khung khoanh ving
doi twgng chuan, khung mau xanh la khung
khoanh vung doi twgng cta mé hinh sau khi nén

Chinh vi thé mot phuong phap mai duoc goi
la GreedyPlus duoc d& xuét, giai quyét cac van
dé trén mot cach linh hoat trong pham vi duy tri
su tong quat hoa tét cho mé hinh va tich hop dé
dang trén SED. Trong GreedyPlus, ching toi liy
dau ra cia mod hinh duoc dao tao dé khai thac
mirc do higu qua ctia mé hinh, kham pha mau di
liéu 4n va han ché caa né khi tdng quét hda. Sau
d6, phuong phap sé& thyc hién chinh séch cira s6
truot tham lam (GreedyPlus) dé quét qua hinh
anh thu duoc cac khung, vi tri dinh cua khung
trong hinh anh va so sanh véi cac két qua dau ra
hién tai dé chon cac khung chung cho toan bo
hinh anh. Chi tiét vé chinh sach s& duoc giai thich
trong phan 111. Biang cach quét qua hinh anh thay
vi sir dung mét hinh anh duy nhat dé phat hién,
phuong phap nhan manh kich thuéc tét hon cho
cac dbi twong c6 quy md thap hon va tao pham
vi phu hop phu hop véi kich thuée dao tao cua
mo hinh trong qua trinh nén. Do d6, n6 c6 thé bo
qua viéc nén qua khaop(overfitting) khi giam suy
luan bit.
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Il . CAC NGHIEN CUU LIEN QUAN

Céc phuong phap hién c6 cho xac dinh ddi
tuong sir dung CNNs c¢é thé chia thanh: 2 ting
xéac dinh hoic 1 ting xac dinh. Cac phuong phap
2 tang nhu FasterRCNN, R-FCN cua céc tac gia
Ren cung cong sy [4], Dai cung cong su [5], Lin
cling cong sy [6] s& khoanh viing va phan loai di
tuong qua tang thi nhat: dé bat ving d6i tuong
(region proposal). Trong khi d6 cac phuong phap
1 ting nhu Yolo, SSD-Mobilenet cua cac tac gia
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Hinh 3. Lya chon viing dién tich pha I6n nhat
(Greedy Selection)

Redmon cung cong su [7], Liu cung cong su [8]
loai bo tang trén va thyc hién thang tién doan va
phan loai. Téng quan, sir dung 1 tang s& dem lai
vu diém vé toc d6 nhung s& dem lai két qua voi
d6 chinh xac thap hon khi st dung 2 tang. Tuy
nhién, néu danh gia d6 chinh xac dua trén do so
khop (intersection of union (loU) = 0.5), thi két
qua thu duoc trén 1 ting gan nhu ngang bang vai
2 tang. Vi vay, cac nghién ctu cua Sandler [9]
hay Howard [10] da tap trung t6i wu phan trich
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Hinh 5. Miéu ta tryc quan viéc chon khung téi uu cho dbi tugng

Xuét dic trung nho hon cho phuong phap 1 ting
dé dam bao ng dung chay téc do thuc véi do
chinh xé&c cao trén céc thiét bi bién

Tuy nhién, mic du dat toc d6 cao, kién tric 1
tang t6i wu trén van gap phai rat nhidu van dé véi
d6i tugng nho do dic diém nhan dang cua ching
thudng bién mat & cac I6p CNN cubi cung. Chinh
vi vin dé nay, cac phuong phap phd théng nhu
phdng to anh dé tang sb lwong diém anh di duoc
hudng téi ciing nhu thém vao céc 16p déc trung
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ctia nhirng ting dau dé cai thién kha nang khoanh
vung va nhan dién. Trong khi tang kich c& anh s&
anh huong toi téc d6 xu ly va tham sd, sir dung
da ting dic trung s& khién cho mang nhan dién
tré thanh mang 2 tang. Do d6, mang 1 ting gap
rat nhiéu van dé vai déi twong nho va khi thuc
hién cac budc nén dé hoat dong trén thiét bi bién
khién ching tro' thanh mét thach thic. Phuong
phép trong bai bao, chiing t6i két hop hai y tuong
ké trén. Thay vi tang kich thuéc anh dau vao



huan luyén, phuong phap sir dung cira 6 truot
tap trung vao khu vuc c6 nhiéu dbi twong nho
nhiam phong to ddi twong

I11. GIAl THUAT GREEDPLUS

Nhu d3 dé cap ¢ Phan I, phuong phap dé
Xuat tap trung vao téi vu cho mé hinh sau khi
duoc huan luyén hon 1a tich hop vao trong qua
trinh huan luyén. Sau qua trinh huin luyén,
thuat toan cho phép tng dung véi nhiéu loai mo
hinh khac nhau véi nhiéu dai bit khac nhau, phu
hop cho tinh phd quan cia md hinh. Bé thuc
hién thuat toan GreedyPlus, ching td6i chia
thanh 3 budc chinh: xac dinh dbi twong qua cira
sb truot, nén/khic ché sb lwong 6, va lya chon 6
t6i wu nhu mo ta tai Hinh 3 (anh 1 1a hinh anh
thu duoc khi chay SSD-MobilenetV2 dugc nén
(luong tir héa) ¢ dau hiéu léch 6 do gia tri sau
khi nén bi xé& dich. Anh s 2 tai Hinh 3 1a cac 6
thu duoc sau khi cho cira s6 trugt chay qua va
chia nho khung hinh & cac khu vyc tiém tang dbi
tuong nho. Anh sé 3 1a két qua thu duogc sau khi
gom céc 6 va thuc hién lya chon vung dién tich
phu tot nhat).

Phuong phap st dung thuat todn GreedyPlus
dugc mo ta gdbm 3 budc:

Thugt toan GreedyPlus.
Pau vao: khung dnh duot cdt ra tir camera.

Pau ra: khoanh ding danh sdch cdc doi
twong trong khung anh

Bt dau

Buéc 1: Chon lira khung dnh c6 chdt heong
anh cao (khéng bi nhoe)

Bur6c 2: Xde dinh doi twong qua cira So trueot.
Bueéc 3: Khdc ché sé lieong 6 cho déi twong
Buréc 4: lyra chon 6/viing khoanh téi téi wu
Két thuc

Céc budc dugc thé hién truc quan thong qua
Hinh 4, 5 va duoc giai thich chi tiét trong cac muyc
A,B,C,D cua phan IlI.
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A. Chon lya khung dnh cé chat lwong dnh cao
(khéng bi nhoe)

Viéc nhan dién dbi tuong thuong bi anh
huong bai cac yéu td nhu 1a anh mo, anh téi va
khong du sang. Dé giai quyét van dé nay, voi moi
khung anh, giai phap dé xut sir dung céc bo loc
anh nham danh gia chat lugng cua anh. Ching toi
sir dung cac thu vién xir Iy anh nhu opencv dé
loai bo anh ma& va nhoe dé dang hon. Ngoai ra
opencv giup cac khung anh sang hon tuy thudc
vao thoi gian trong ngay.

B. Xdc dinh doi twong qua cua so triot

Thay vi sir dung toan bo hinh anh, budc dau
cua thuat toan la chia nhé khung hinh thanh ca
céc cira 6 W ¢6 kich thuéc (1,1) nam chong I1én
nhau va két hop vai hinh anh géc 1. C6 hai budc
chinh cho phuong phap nay. Thir nhat, bang viéc
chdng cac cira so 18n nhau véi ti 1é chong gamma-
8, chling ta c6 thé tranh duoc cac vat thé trung
binh va I6n bi xé nho. Vi mdi cira s6 duoc dua
qua cung mot mang ludi CNN nén ching s€ duoc
xac dinh ma khong can phan tich tir hinh anh
chinh. Nhimng d6i tugng dwoc tim s& duoc coi
nhu nhing két qua géc cho md hinh. Buéc thi
hai, do dai cua ctra $6 nén co kich thudc twong
duong voi hinh anh géc dugc huan luyén, tir d6
gilip qué trinh co d&n anh dwoc 6n dinh va phi
hop véi kién thic cia cac mé hinh da dugc lugng
tr hda. Viéc chia nho anh tranh cac hién tuong
xé dich 6 cling nhu dam bao moé hinh dugc van
hanh tét nhat véi nhan thuc huan luyén

SLW (W,1,1,8) = w1’ 1)

Phuong phap nay tuy don gian nhung cho
phép hinh anh dau vao dwoc danh gia nhidu lan
va ki ludng vai nhiéu do phan giai khéc nhau. Do
chia nho ving anh trude khi tién doan ving ddi
tuwong, hinh anh caa ddi tuong sé rd dé biéu hién
cho khoang bit thip hon ciing nhu tap trung cho
céc ddi tuong nho tdt hon.

C. Khdc ché sé luong 6 cho doi tirong

Budc nay duoc goi 1a khic ché sb luong la
do s& c6 rat nhiéu ving anh nhé duoc hinh thanh
khi thuc hién cira sd truot va cdc manh cua hinh
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anh d6i tuong 16n cd thé bi xé nho. Bac tinh nay
c6 thé duoc danh gia twong dwong khi mot vat co
thé dugc biéu didn va bao bai lusi bao quanh
(anchor grid) véi nhiéu do phan giai khac nhau.
Tuy nhién khac vai thuat toan Non-maxima
Suppression [11], phwong an khéc ché sé lugng
& day nham ghép cac 6 lién di mot vat thé thanh
6 rong nhat bao quanh. Dé khic ché, tai budc
nay, cac 6 s€ duoc danh gia dua trén d6 phu caa
cac 6 Ién cung mat vi tri va so sanh vai cac 6 ¢
hinh anh géc (chua bi chia ra thanh cac 6). Céac 6
nho s& duoc danh gia 13 hiém c6 thé xuat hién va
dugc bao chinh xé&c & hinh anh gbc va chi cé thé
thu dugc tir cc ving anh cira s6. Trong khi do,
cac vat I6n sé c¢6 xu hudng bi chia nho do céc 6
ctra s6 khdng thé bao tron hozc nam trong viing
giao gitra C4c cira So.

Duya vao gia thiét trén, GreedyPlus nhan vao
2 tham s6 dé khic ché s6 6 nay. Alpha duoc dung
dé lra chon 6 cho tirng cira $6 nho va beta 1a tham
s6 dé lya chon cho hinh anh géc. Thong thuong,
hai 6 s& dugc danh gia 1a cing mot vat néu hé s6
giao loU cao (Intersection over Union la chi s6
danh gia dwoc sir dung dé do do chinh xac cua
Object detector trén tap dir liéu cu thé). Tuy
nhién, do céc 6 lay tir ctra s6 ¢6 kich thudc bao
mot phan cua vat thé hon nén chiing s€ thuong
nho hon 6 thyc té cua vat, phuong phap sir dung
phép noi giao (self-intersection) dé danh gia bao
nhiéu phan traim mot 6 hién tai 18 thuoc 6 tir hinh
anh gdc. Phép noi giao duoc tinh boi dién tich
giao gitra 2 6 chia cho chinh cac 6 (2).

intersection

f_

- bounding box area

> epsilon (2

Ky hiéu intersection la dién tich giao cua hai
6 va bounding box area I tong dién tich hai 6. Dé
t6i wu tinh toan, ta dwa phép noi giao giira cac 6
vé dang ma tran. MGi hang caa ma tran 1a phép
tu giao f cua mot dbi twong véi cac & & hinh anh
gbc. Cac 6 duoc danh gia cung thuéc mot ddi
tuong néu c6 chung cot va gié tri Ién hon epsilon.
Chon epsilon la quan trong vi gia tri nho c6 thé
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khién cho viéc khac ché khong téi wu va dé lai
nhiéu 6 lap trong khi d6 qua 16n s& khé hop nhat
cac 0.

D. Lwa chon 6 téi wu

Sau khi loai bo cac 6 nho ¢6 ti 1€ cung la mot
vat thé 1on cao, s& van con cac 6 khac cé kich
thude vira va nhé nam rai rac trong khung hinh
do khong c6 6 dé noi giao véi 6 & canh toan. Do
do, trong budc cudi, GreedyPlus s& thuc hién so
sénh giita cac 6 nay véi nhau. Céc 6 cling nham
t6i mot vat sé duoc nhém lai thanh mot nhém G
dai dién cho mot ddi twong va 1a giai phap cudi
cung dé loai bo mét vat co thé bi lap nhiéu d.

Tu mdi nhom 6 G, GreedyPlus s& chon mot
6 dai dién bang cac chon toa d6 dinh cao nhit va
toa do day xa nhit va c6 do tin cay duoc danh gia
1a trung binh cua cac 6. Li do budc nay goi 12 ti
vu 12 vi n6 s& lay vat thé 16n nhat c6 thé tir nhém
cac 6 va tranh liy chi mot phan caa déi tuong dya
theo d¢ tin cay thong thuong.

x1 =miny G,yl = min, G,

x2 =maxy G,y2 = maxy G
1
c=1Yg¢, 3)

IV. THUC NGHIEM

A. Cai dat moi trwong danh gia (Benchmark
settings)

Muc tiéu cua phuong phéap 1a cung cap mot
phuong phap c6 thé gidp cai thién hiéu suat phét
hién d6i twong cho cac mé hinh da dwogc bién
dbi thich hop chay trén céc thiét bj bién va duy
tri tong quat hoa tét cho cac mé hinh d6. Do do,
phuong phap da thuc hién hai thyc nghiém dé
x&c minh hiéu suit caa phuong phép: chay thuc
nghiém so sanh phuong phap cua chdng toi voi
cac phuong phap khac trén cung mot dir liéu
(cing mot dataset) va trén nhiéu dir liéu khac
nhau (trén nhiéu dataset). Chdng t6i chon
Google Coral Board (chi hd trg int8) va Jetson
Nano (cho FP16 va FP32) 1 hai thiét bi bién pho
bién nhat hién nay cho cac thir nghiém. Luu ¥
rang, véi viéc chay thuc nghiém trén cac tap di
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BANG 1. COCO BENCHMARK CUA HAI MO HINH (SSD-MOBILENETV2, RETINA) VOI PHIEN
BAN GREEDY CUA NO VGI PO CHINH XAC KHAC NHAU

300x300-80 doi tuong-Int§ | 640x640-80 doi tugng-Fpl6 | 640x640-80 doi tuong-Fp32
w Mobinet S{g;ﬂi Retina Gre ?dy Retina Gregdy
Ma trin 58D SSD Retina Retina
AP(0.5) - (S,M,L) 0.21 0.24 0.35 0.41 0.39 0.41
AP(0.5) -8 0.02 0.06 0.11 0.22 0.14 0.21
AP(0.5)-M 0.13 0.25 0.39 0.45 0.44 0.46
AP(0.5)-L 0.45 0.42 0.35 0.54 0.55 0.54
AR(0.5) - (SM,L) 0.21 0.26 0.37 0.46 041 0.45
AR(0.5)-8§ 0.02 0.06 0.11 0.23 0.15 0.23
AR(0.5)-M 0.14 0.27 0.41 0.51 047 0.51
AR(0.5)-L 0.49 0.47 0.60 0.62 0.60 0.62
AP(0.5:0.95) - (S,M.L) 0.14 0.16 0.23 0.26 0.28 0.28
AP(0.5:095)-§ 0.01 0.03 0.07 0.13 0.09 0.13
AP(0.5:095)-M 0.07 0.16 0.25 0.29 0.30 0.31
AP(0.5:095)-L 0.31 0.29 0.39 0.38 0.41 0.39
AR(0.5:0.95) - § 0.01 0.03 0.07 0.14 0.10 0.14
AR(0.5:0.95)-M 0.08 0.18 0.29 0.35 0.34 0.36
AR(0.5:095)-L 0.36 0.35 0.46 0.46 0.48 047
Tong diém 4/15 11/15 3/15 13/15 315 12/15

BANG 2. COCO VOI TAP POl TUQNG LIEN QUAN DEN GIAO THONG. N: NON-

GREEDYPLUS. G: GREEDYPLUS

Ma wn Doiwgng | o Xe hoi Xe tai xe buyt Xe méy Xe dap
NTG | NG| NJ[G|[NJG  NJG|[NTG
SSD-Mobilenet V2
AP(05)- (SML) 037 [ 043 [ 0.16 | 029 [ 023 | 027 | 0.50 | 057 | 034 | 0.4 [ 0.19 | 0.30
AP(0.5:0.95) - M 0.18 [ 028 | 0.IT | 0.28 | 0.03 | 0.13 | 0.03 | 021 | 0.05 | 0.14 | 0.08 | 0.9
AP(05:0.95)-L 0.53 | 051 | 0.49 | 045 | 040 | 037 | 0.65 | 062 | 0.47 | 0.44 | 047 | 0.49
AR(0.5:0.95) - M 021 | 031 | 0.15 | 0.34 | 0.04 | 0.17 | 0.03 | 023 | 0.07 | 0.18 | 0.09 | 0.22
AR(05:095)-L 0.60 | 059 | 0.57 | 053 | 046 | 043 | 0.69 | 067 | 0.53 | 0.50 | 0.54 | 0.56
Overall Score 25 |35 |25 |35 | 25 |35 | 15 |35 |25 |35 |05 |55
Retina
AP(0.5)- (SML) 0.57 [ 057 | 043 | 0.46 | 031 | 0.37 | 0.64 | 0.68 | 0.52 | 0.53 | 038 | 0.40
AP(0.5:0.95)- S 0.15 | 0.18 | 0.17 | 0.20 | 0.05 | 0.09 | 0.14 | 024 | 0.1 | 0.15 | 0.06 | 0.1T
AP(0.5:0.95) - M 0.47 | 046 | 0.46 | 0.45 | 0.16 | 025 | 037 | 040 | 0.25 | 0.24 | 0.29 | 0.8
AP(0.5:0.95)-L 0.67 | 061 | 0.54 | 048 | 042 | 037 | 0.72 | 068 | 0.52 | 051 | 052 | 051
AR(05:0.95)-S 0.17 [ 020 | 0.18 | 0.2 | 0.06 | 0.12 | 0.15 | 028 | 0.11 | 0.18 | 0.06 | 0.12
AR(05:0.95) - M 0.52 [ 050 | 0.53 | 0.53 | 021 | 033 | 039 | 044 | 0.32 | 029 | 033 | 0.33
AR(05:095)-L 0.73 | 069 | 0.62 | 0.58 | 051 | 050 | 0.74 | 0.73 | 0.57 | 0.55 | 0.58 | 0.58
Tong diém 5 | 37 | 47 |47 | 277 |47 | 27 |5 | 47 | 37 | 47 | 57

liéu khac nhau, chiing tdi nhan manh tam quan
trong cua phuong phap cia chung téi Ia mo hinh
Al chay trén mai truong hd tro cac dai bit thap.

Lwa chon mé hinh va tap dit liéu: Dé kiém
tra hiéu suat phat hién, ching to6i dua
GreedyPlus so sanh vagi cac md hinh COCO:
SSD-MobilenetV2 (6M tham s6) va mé hinh
Retina (32M tham sb) trén tap dit liéu COCO.

Pay 1a nhitng md hinh c6 nhiing kién trdc tot
nhat vé kha nang phat hién d6i tugng canh voi
kha nang nhanh va nhe. Hon nira, viéc so sénh
nay ciing nhidn manh tinh linh hoat trong cac
phuong phép tiép can cua ching ti.

Ngoai COCO, tap dix liéu chung téi sir dung
la: KITTIL, CrownAl va Autti, dé Iam tiéu chuan
xuyén suét khi dua cac bo phat hién chung tir bo
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BANG 3. KET QUA MAP GIUA GREEDY-SSD SO VOI SSD-MOBILENETV2 VA BUGQC AP
DUNG TREN TAP DU LIEU KITTI. CROWNAI VA AUTTI

Mo hinh | dé (0.5) | trung binh (0.5) ] kho (0.5) | dé (0.7) ] trung binh (0.7) | khé (0.7)
KITTI

Greedy-SSD 0.5425 0.6421* 0.5924 0.5162 0.5244 0.4204

SSD-MobilenetV2 0.1632 0.1519 0.1517 0.1566 0.1176 0.1191

CrownAl

Greedy-SSD 0.6791%* - 0.5672 0.5244 - 0.4019

SSD-MobilenetV2 0.1877 - 0.1549 0.1172 - 0.0943
Autti

Greedy-SSD 0.6123* - 0.5772 0.5342 - 0.4446

SSD-MobilenetV2 0.1784 - 0.1612 0.1123 - 0.1003

dir liéu COCO vao nhiém vu pham vi hep nhu
(phat hién xe / phat hién ngudi di bd). Doi voi
cac yéu cau cua tap dit liéu KITTI, chling t6i theo
ddi danh gia cua ho vé ba mirc o kho: d& (to va
r0), trung binh (kich thudc trung binh / hoi che
khuat) va kho (nho va che khuat nhiéu) véi ty 18
IoU khac nhau. DBé &p dung cai dat do vao
CrownAl va Autti, chung t6i xac dinh muc dé
cho cac d6i tuong c6 do rong hoac dai Ién hon
100pixel va dugc danh gia 1a kho néu c6 do phu
nho hon 100 pixel.

Lua chon siéu tham sb (Hyperparameters
Selection): khi danh gia trén tap dir li¢u KITTI,
chung t6i da tim ra: kich thude 1y tudng k cho
ctra s truot 1a khoang 1/3 chiéu rong cua hinh
anh; Do tin cay cho mdi cira s6 phai 13 0,4 va
gamma -8 cho toan bo hinh anh 1a 0,7 dé dat do
chinh xac cao nhét cho viéc phat hién. Ngoai ra,
ly do chung t6i chon 0,7 1a dé can bang giira 0,6
va 0,8 két qua dé tong quat hoa. Hon nira, cai
dat nay ciing cho phép phuong phap cua ching
t6i bét kip tdc do 70 % caa cac md hinh géc. Do
d6, chung t6i sir dung cau hinh nay trong sudt
cac thi nghiém cua minh. Chuan cua két qua
phat hién duoc tién hanh va do mAP & dinh dang
Pascal VOC.

B. Hiéu sudt trén cung tdp di# lieu COCO

Trong cai dat nay, ching téi thuc hién danh
gia xuyén sudt trén md hinh tap dir lieu COCO
dugce dao tao trude duoc xuat ban trong kho luu

trit mo cua Google Coral va Jetson Nano. Chung
t0i bo qua cai dat SSD-Mobinet v2 thir nghiém
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trong Jetson Nano do két qua tuong tu trén
Coralboard. Chiing t6i ciing loai bo tiéu chuan
ciia md hinh Retina trén Google Coral vi toc d6
xtr ly cham trén thiét bi nay.

Nhin chung, két qua tai Bang 1 (COCO
diém chuan cho phép khoang gi4 tri cua loU tur
0,5 dén 0,95 va ugc tinh hiéu suat trén kha ning
thu hdi (recall) va d6 chinh xac (precision).
SSD-Mobilenetv2 duoc thuc hién trén Google
Coral Board, trong khi Retina dugc do trén
Jetson-Nano) cho thay hiéu suit ting 1én cho mé
hinh bién bat ké lugng tu hoa int8, giam xubng
FP16 hay gir nguyén dinh dang 32bit trén ca
Jetson va Coralboard. Tuy nhién, phuong phap
lam mét di mot chit hi¢u suat déi véi cac doi
tugng 16n nhung lai cai thién manh hiéu qua cua
cac d6i tugng nho va kich thuée trung binh.
Diéu nay c6 thé hiéu 1a ching ta phan manh bic
tranh dé giai quyét, lam cho cac ddi tuong nho
tré nén chic chin hon nhung lai vo tinh chia cac
d6i twong 16n thanh nhiéu manh.

Khi kiém tra mot sb 16p cu thé trong Bang 2,
chiing t6i c6 thé nhan thay rang ton tai 16p c6 thé
duy tri kha niang phat hién tét & kich thuéc 16n
nhu “xe mdy” hoac “xe buyt”, trong khi cac 16p
khac c6 thé giam chat luong. Tuy nhién, két qua
cho thay hra hen V& hiéu suat do chinh xéac khi
thu thap cac diém tot gitra AP (46 chinh xéc trung
binh) va AR (d6 thu hdi trung binh) ma
GreedyPlus tang cudng md hinh gdc (gan gap ba
lan hiéu suat ~ 12/15 cho céc 1op tong thé va 5/7
trén cac I6p cu thé). Ngoai ra, no ciing cho thay



tinh linh hoat ctia phuong phap cua ching téi trén
cac loai mé hinh khac nhau (SSD va Retina) va
cau hinh bién. N6 ciing ching minh rang phuong
phap cua ching tdi ¢d thé hd trg md hinh ¢ nhiéu
dai bit cau hinh khéc nhau.

C. Hiéu sudat phat hién tdp da lidu bén ngoai

Trong thi nghiém nay nay, chung toi chi giai
quyét SSD-Mobilenet nhu dwoc gidi thiéu trong
thiét 1ap & muc A. Bang 3 tom tat két qua danh
gia tir ba tap dit liéu. Nhu duoc hién thi, Greedy-
SSD d3 hoat dong t6t hon so véi md hinh géc.
Do chinh xac cua mAP ting khoang nam lan.
SSD-MobilenetV2, thong qua lugng ti hoa, da
giam dang ké d6 chinh xé&c cua né xudng sau lan
so voi két qua gbc trén danh gia dir lisu mo
KITTI (tr 0,61). Hon nira, Greedy-SSD dam bao
hoat dong 6n dinh hon bat ké quy mé ddi tugng
trong hinh anh khi khoang céch giira tac vu dé va
kh6 1a gan nhu tuvong dwong. Do d6, mot trong
nhitng yéu té quan trong nhit dbi véi phuong
phap nay la né cé thé giip md hinh gbc SSD-
MobilenetV2 téng quat hda két qua tét hon ma
khong can thiét ké lai cAu tric mé hinh hoc sau
méi va cai thién luong tir hoa nhu cac cach tiép
can khéc.

IV. KET LUAN

Viéc dao tao cac mo hinh cd thé chay trén cac
thiét bi bién 12 do tinh bao mat. Khi AI dugc chay
trén thiét bi canh, dit liéu va thong tin nhay cam
khong can phai dugc truyén qua mang hoic luu
trir trén cac may chu trung tim. Diéu nay gilp
giam nguy co bi tin cdng mang va ro ri di liéu.

Ngoai ra, chay Al trén thiét bi canh cho phép
ngudi ding c6 quyén kiém soat hoan toan dit liéu
cua ho. Thay vi gui dit liéu ca nhan dén cac dich
vu dam may, nguoi ding c6 thé gitr dir lidu trén
thiét bi cua ho va quyét dinh néu mudn chia sé,
diéu nay bao vé quyén riéng tu ctiia nguoi ding.

Trong nghién ctu nay, chang toi da gioi
thiéu phuong phap GreedyPlus vé viéc t6i wu
hoa hiéu suat phat hién trén nhiéu thiét bi bién.
Phuong phap chirng minh rang khoang céch vé
hiéu suat phat hién déi twong c6 va khéng co
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GreedyPlus 1a dang ké va dam bao kha ning
tong quat hoa duoc cai thién tét hon. Str dung
GreedyPlus c6 thé giam do phic tap va nd luc
t6i vu hoéa mé hinh bang téi wu lugng tir hda va
thay d6i cau trdc mo hinh. Trong twong lai,
chdng t6i s& cb gang tich hop phuong phap nay
vao quéa trinh huan luyén mé hinh tinh ning da
quy mo dé c6 mot giai phap tét hon va nhé gon
hon cho thiét bi bién.

LOI cCAM ON

Nhom tac gia xin chan thanh cam on Truong
Dai hoc Cong nghé Giao thdng van tai da ho trg
kinh phi va trang thiét bi thi nghiém dé thuc hién
cbng trinh nghién cau nay.
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