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SO SANH THUAT TOAN SSD VA YOLO
TRONG PHAT HIEN POI TUQONG

COMPARE SSD ALGORITHM AND YOLO IN OBJECT DETECTION
TRA VAN PONG®, NGUYEN THU NGUYET MINH"") va HUYNH CHI NHAN®?

TOM TAT: Phat hién doi twong cé thé chia thanh hai nhém la: 1) Phét hién mét doi twong cu thé
va 2) Phadt hién ching logi doi twong. Hau hét cac phirong phdp déu dua trén ho R-CNN (Regions
with Convolutional Neural Network Family) nhuw R-CNN, Fast R-CNN [4], Faster R-CNN [2],
Mask R-CNN,... gom mét chudi tién trinh nhiéu 1op xen ké nhau rdt phirc tap va chi phi cao. Nam
2016, Joseph Redmon va dong sw dé xudt phirong phdp phdt hién doi twong YOLO (You Only Look
once) [1] va Wei Liu va dong sw dé xudt phwong phdp phat hién déi twong SSD (Single Shot
Detector) [3] diea trén cdch tiép cin khdc.

Tir kh6a: phdt hién doi tuwong, deep learning; mang neuron tich chdp CNN; YOLO; SSD.

ABSTRACT: Object detection can be divided into two groups: 1) detecting a specific object, and
2) detecting categories of the object. Most of methods based on R-CNN family (Regions with
Convolutional Neural Network Family) such as R-CNN, Fast R-CNN, Faster R-CNN, Mask R-
CNN, ... it comprises of a sequence of processing of alternated layers which is very complex and
expensive. In 2016, Joseph Redmon et al. proposed a method of object detection named YOLO (You
Only Look Once), and Wei Liu et al. proposed a method of object detection named SDD (Single
Shot Detector) based on a different approach.

Key words: object detection; deep learning; convolutional neural network; YOLO; SSD.

1. PAT VAN PE

Thuit toan SSD va YOLO déu thudc
nhom single shot detectors. Ca hai déu sir dung
convolution layer dé rut trich dic trung va mot
convolution filter dé dua quyét dinh va déu
dung feature map c6 d6 phan giai thip (low
resolution feature map) dé do tim déi twong,
chi phat hién dugc cac dbi tuong co kich thudce
16n. Phat hién dbi twong véi muc tiéu 1a phat
hién d6i tugng c6 hay khong trong mot hodc
nhiéu anh, dinh vi dbi twong d6 trong anh, 1a
mot trong nhitng bai toan co ban va thur thach
nhét trong thi gidc mdy tinh. Cac k¥ thuat deep
learning [8] phat trién gan day dugc xem nhu 1a
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nhitng phuong phap hoc kha hitu hi€u cac dac
trung duoc rat trich truc tiép tir dir lidu.

Khi ching ta mudn phat hién ra object
trong mdt birc anh, sau d6 danh nhan cho
object d6, cac phuong phap cii qua cham dé
phuc vu trong real-time, hoac doi hoi thiét bi
phai manh cho dén khi YOLO va SSD ra doi,
c6 kha nang gan nhan cho toan bd object trong
khung hinh véi chi duy nhat mét operation va
md hinh sir dung mot mang neural duy nhét. C6
thé no6i YOLO, SSD di xdy dung mot hudng
tiép can dau tién gitp dwa Object detection thuc
su kha thi trong cudc song. Trong bai viét nay,
chang toi xin trinh bay hai thuat toan noi trén
dé 1am rd hon vén dé tim kiém déi tuong.

) ThS. Truong Pai hoc Van Lang, Md so. TCKH22-10-2020
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2. NOI DUNG
2.1. Thuat toan YOLO [5]

YOLO la mot m6 hinh mang CNN cho viéc
phat hién, nhan dang, phan loai dbi tuong. YOLO
dugc tao ra tir viée két hop gitta cac convolutional
layers va connected layers. Trong do, cac convolutional
layers s& trich xuit ra cic feature cta anh; full-
connected layers s& du dodn ra xac sudt va toa do
cua d6i tugng. YOLO dugc dé xudt tir ¥ tuong con

ngudi ¢6 thé phat hién va dinh vi duoc mot ddi
twong nao d6 khi da nhin qua mét 1an. Do d6 kién
triic mot hé thong phat hién dbi twong YOLO tuong
ddi don gian nhu minh hoa trong hinh 1.

1, Diku chinh kich thude anh,
2, Chay mangtich ehip,

3. Loaihidu (ron max suppression
Hinh 1. Hé théng phéat hién déi twong YOLO don gian
Ghi chti: 1) Anh dwoc diéu chinh thanh dnh cé kich thiéc

phtl hop (chdng han 448x448); 2) Chay mgét mang tich
chép dé rit trich dic trung; 3) Két qua phéat hién dua trén
ngudng rit ra tir @é tin cdy ciza md hinh, cé thé xir Iy va
phét hién doi nrong 45 frames/s vdi d@ chinh xac cao.

2.1.1. Vector dw dodn (The Predictions Vector)
Pay 1a vector dau ra cia YOLO. Anh dau vao

dugc chia thanh mot ludi gdm SxS 6. Voi mdi dbi

tuong la mot 6, mot 6 trong ludi dugc xem la ting

vién dé dy doan dbi tuong. Mdi 6 nhu vay du doan
cho B bounding box (goi tit 1a box) va C xéc xuét
cho 16p cua déi trong. Mdi box co 5 thanh phan:
(x,y,w,h,conf). Trong do (x,y) 14 toa do twong ddi gita
tAm ctia box so voi 6 (diéu do co nghiia 1a néu tim ctia
box khong roi vao trong 6 thi 6 d6 khong dugc xem
14 6 img vién). Cac toa do ndy dugc chuin héa [0,1].
(w,h) 1a chiéu rong va chiéu dai trong ddi ciia box va
ciing duoc chuén hoéa [0,1]. Thanh phan conf dugc
goi 12 do tin cdy ctia box. conf duge tinh nhur sau:
conf = Pr(Object) = 10U (pred, truth) (1.1)
Trong d6: TOU la chi s6 IOU [7] (Intersect
Over Union). Néu dbi tugng khong c6 trong box thi
conf = 0, nguoc lai conf = 10U(pred, truth). Biéu
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ndy c6 nghia 1a Pr(Object) = 0 néu ddi tuong khong
c6 trong box va Pr(Object) = 1 néu ddi tuong co
trong box. Chi s conf phan anh ¢ hay khong mot
dbi tuong thudc mot chung loai (16p) trong box.IOU
la ty 1€ gilra dién tich ving giao nhau va dién tich
ving hop nhit cta 2 box, thong thudng néu IOU >
50% thi duoc xem la box du doan do co dbi tuong,
Truong hop muén dy doan xac xudt doi tuong
thudc ching loai nao thi str dung thém xac xuét co
diéu kién Pr(Class(i) | Object).
2.1.2. Mang neuron tich chdp

YOLO xay dung mdt mang CNN dé du
doan céac tensor kich thudc (7,7,30). Mang
CNN nay c6 tac dung lam giam kich thudc
khong gian mdi vi tri thanh 7 x 7 véi 1024 mot
kénh diu ra. Hinh 2 minh hoa kién triic mot
mang YOLO. Kién trac mang CNN trong
YOLO c¢6 24 16p tich chap két hop véi cac 16p
max pooling va 2 16p fully connected. Lan luot
mdi 16p tich chap sé giam kich thudc khong
gian déc trung tir 16p trude do.
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Hinh 2. Kién trac mang CNN trong YOLO

Bang 1. Liét ké 16p trong mang CNN (goi la mang CNN
déy du - full CNN) ctia mot hé théng YOLO

Tén B loc Kich thuéc du ra
Conv 1 7 X7 X 64, stride=2 224 x 224 x 64
Max Pool 1 2 X 2, stride=2 112 x 112 x 64
Conv 2 3x3x192 112 x 112 x 192
Max Pool 2 2 X 2, stride=2 56 x 56 x 192
Conv 15 1x1x512 28 x 28 x 512

Mot mang CNN trong mot hé thong YOLO
khong nhét thiét phai day da 24 16p ma tiy timg
ddi twong c6 thé diéu chinh giam s6 16p cho phu
hop vi s6 16p cang it, toc @ YOLO cang nhanh.
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L6p cubi cing sir dung ham kich hoat tuyén tinh,
trong khi cac 16p khac str dung ham leaky RELU:

() = {Oj.clx nr‘;:f()'); Zlio 12)

2.1.3. Ham chi phi (Loss function)

Ham chi phi duoc dung dé t6i uu hoa
trong qua trinh hudn luyén va c6 cong thirc

Acoord Zf:zo Z?:O ﬂ?jbj (xi - fi)z +
i =99 (13) o

Trong d6: Acoora & hang so cho trudc.

(x,y) latoa do tuong ddi ciia box
1° dugc dinh nghia nhu sau;

1, néu mot ddi twong co trong 6 thar i va
box tht j, ma box nay la box tng vién. 0, doi
Vai cac treong hop khéc.

2.1.4. Quy trinh phdt hi¢n doi twong

Qua trinh phat hién ddi tuong trong mot hé
thong YOLO c6 thé tém lugc trong cac budc sau:

YOLO nhén anh dau vao, ching han nhu hinh 3

o -

100

100

Hinh 3. Anh dau vao cho YOLO
Hé théng thuc hién chia anh dau vao thanh
luéi, dé don gian chang han 3x3.

100 §

100

Hinh 4. Hé théng ludi dugc YOLO chia cho anh dau vao

Phan l6p va dinh vi anh dugc thuc hién
cho mdi 6 trong ludi. Khi d6 YOLO du doén
cac box va xac suit thudc ching loai nao cho
dbi twong (néu c6). Dir liéu di gan nhédn s&
dugce dua vao mo hinh dé huan luyén. Trong
hinh 4 hé théng di chia anh dau vao thanh ma
tran 3 x 3, va gia st trong hé théng c6 3 1op la
ngudi di bg, xe hoi va xe may. Do d6 mdi &
trong ludi, nhin y s& 1a mot vector 8 chiéu.

Bang 2. Bang thé hién nhan y khi phat hién va khong phat hién déi tuong

y pc 0 y 1
bx ? bx
by ? by
bh ? bh
bw ? bw
cl ? 0
c2 ? 1
c3 ? 0

Vector 8 chiéu Khi khong phat hién déi tugng trong 6 Khi 6 c6 ddi tuong

Trong do6: pc: xac dinh mot ddi tuong co
hay khong trong 6 (xac suét); bx, by, bw, bh:
cac chi s cua box; cl, ¢2, ¢3: tuong trung cho
cac 16p. Néu dbi twong 1a xe hoi thi c2=1,
c1=c3=0.
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Xét 6 dau tién trong vi du trén: Vi khong
c6 ddi twong nao trong 6 nay, pc=0 va nhin y
s& la: Dau? ham y cac gia tri bx, by, bw, by...
khong c6 ¥ nghia khi khong c6 dbi tuong nao
trong 0.
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Xét 6 ¢6 doi tugng xe trong d6: Nhéan y sé
la: Nhu vay v6i mdi 6 trong 9 6 s& c6 mot
vector 8 chi€u la dau ra. Pau ra sé 1a mot ma

tran c6 dang 3 x 3 x 8.

100X 100X3
Hinh 5. M6 hinh huan luyén trong YOLO

Tinh toan cac chi s§ cho box: trong YOLO
toa do tuong dbi cua dbi tuong trong 6 va loai bot
cac box bang phuong phap Non-max Suppression.

Truong hop ddi tugng nam trong nhiéu 6.
Céc 6 trong YOLO khong du doan ddi twong
c6 trong 6 mdt cach doc 1ap nhau ma coé sy lién
két giira cac 6 do khong chi str dung dir liéu co
trong 6 ma con st dung dir liéu 6 1an cén khi
trong mang CNN.

Anchor box: truong hop chi c6 mot dbi
tugng trong 6 thi viéc tinh toan cac chi sd box

tuong dbi don gian nhung mot 6 chira nhidu dbi
tugng thi viéc tinh chi s6 box phtc tap hon. Do
do6 phat sinh ra khai niém anchor box. Xét hinh
sau day:

Hinh 6. Vi du vé& anchor box

Anchor box 1: Anchor box 2:

Hinh 7. Hai loai anchor box

Bang 3. Nhin y duoc thé hién khi c6 2 anchor box

bx | by | bh | bw | ¢l | c2

pc

c3

pc | bx | by | bw | ¢l | ¢2 | c3

y

YOLO s& liy tam cua dbi tugng va dwa
trén vi tri ctia tim s& gan doi twong dé thude 6
nao. Trong vi du ndy tdm ca 2 ddi tuong déu
nam chung mot 6. Truong hop nay YOLO sé&
tinh chi sb box cho ting ddi twong nhu sau:
YOLO dinh nghia 2 loai anchor box nhu minh
hoa trong Hinh 7. Khi d6 nhan y s& c6 dang
nhu sau: 8 dong trén thudc anchor box 1, 8
dong duéi thudc anchor box 2. Bdi twong dugc
gan cho anchor box nao la dya trén tinh tuong
déng hinh dang cua anchor box véi box
(bounding box). Mot cach tong quat sd anchor
box s& bang véi s6 ddi tuong cb trong 0.

2.2. THUAT TOAN SSD [3]

Tuong ty nhu YOLO, viéc phat hién d6i
tuong hodc nhiéu dbi tugng trong anh chi can
luét qua anh mot 1an, do d6 SSD phat hién ddi
tuong nhanh hon so véi cach tiép can dua trén
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ho R-CNN. Hoat dong SDD gém 2 giai doan:
Rut trich cac anh xa dac trung; Str dung bo loc
tich chap dé phat hién dbi tuong.
2.2.1. Rut trich dic trung

SSD sir dung mang tich chap dé rut trich
dac trung, cu thé 1a st dung 16p Conv4 3. Hinh

8 truc quan hoa két qua rat trich 16p Conv4 3
bang mot ma tran 8x8 (thyc té 1a 38x38). Vai
mdi vi tri s& co 4 ddi twong duge du doan.

E,

Hinh 8. Anh trai: anh gbc. Anh phai: 4 bounding box
duogc dung du doan tai mdi diém
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Hinh 9. SSD str dung ma trin nho dé phat hién
doi tuong trong ma tran 16n hon

2.2.2. Bj dir dodn tich chip ding dur dodn déi trong

SSD tinh cac chi sd cho vi tri va 1op bang
cach su dung bo loc tich chap. Sau khi c6 céc
ma tran dac trung, SSD st dung bd loc tich chap
3x3 dé du doan. Cac b loc nay thyc hién dy
doan tuong tu nhu cac bd lopc CNN. M&i bo loc
s& cho 25 kénh dau ra bao gdm: 21 chi sé cho
mdi 16p va mot bounding box cho mdi vj tri.
2.2.3. Sir dung nhiéu ty 1¢ cho dnh xa dic
trung dé phdt hi¢n déi twong

SSD sir dung cac 16p c6 do phéan giai thap
hon dé phat hién di tugng co ty 18 16n. Viée st
dung ma tran dac trung nhiéu ty 1€ cai thién
dang ké do chinh xac cua thuat toan. Bounding
box mac dinh;
2.2.4. Lwa chon box mdc dinh

Cac box mac dinh dugc chon thu cong, sau
d6 SSD dinh nghia mot gia tri ty 1€ anh (scale)
cho mdi 16p dic trung. Di tir trai sang, 16p
Conv4 3 bit diu phat hién dbi tuong tir ty 16
nho nhét 0.2 (d6i khi 1a 0.1) va tang tuyén tinh
cho dén 16p tan cung bén phai s& dat ty 1¢ 1a
0.9. Két hop gia tri ty 18 scale voi ty 1& khung

hinh, cong thtrc (2.1a) va (2.1b) tinh chiéu dai
w va chiéu cao h cua box mic dinh.

w =
ty 1€ scale. \/tjr 1é khung hinh (2.1a)

ty lé scale

h= Jty lé khung hinh
2.2.5. Phdt hi¢n déi twong
Cac du doan cua SSD dugc phan loai so

(2.1b)

khop duong va so khop am. SSD chi st dung
so khop duong dé tinh toan chi phi dinh vi. Néu
chi sb IoU 16n hon 0.5, so khop 1a duong,
ngugc lai & &m. Hinh 8 minh hoa ty 1¢ IOU
gitta bounding box vdi cac box médc dinh va chi
mdt bounding box dugc chon cho dbi tuong.
2.2.6. Box mdc dinh va ma trgn ddic trung
nhiéu ty 1¢

Hinh 9 minh hoa cach SSD két hop cac ma
tran dic trung theo nhiu ty 1& véi cac
bounding box mic dinh dé phat hién d6i tuong
theo nhiéu ty 1&. Piéu nay ching to 16p ma tran
dac trung c6 do phan giai cang cao thi cang phu

hop cho viéc phat hién cac déi twong co kich
thudc nho.

) L"L,,:‘ ‘|OC:‘.\<r f'lr,‘w.?"-
4 conf i (¢, ¢o, -

L Cp)

Hinh 10. C&c ma tran ty I€ khé&c nhau
duoc dung phat hién dbi twong khac nhau

2.2.7. Kién triic mang SSD

No. of
3x3 Conv 4 boxes
VGG-16 T — T
through ConvS_3 laryer

55D

Classes 4 offsets Extra Feature Layers

=1

w3 1024 Coow Tuini024 Con

o Corw Yk Classesed

74.3mAP
SOFPS

Detections 8732 per Class
Non-Maximum Suppression

Hinh 11. Kién triic mang SSD
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Dé viéc thuc hién duoc chinh xac, cac 16p
anh xa dic trung khac nhau déu phai di qua 16p
tich chap 3x3, dugc sir dung dé phat hién dbi
tugng. Nhu vay mdi bounding box s& c6 (c+4)
dau ra. Khi qua bo loc 3x3 16p Conv4 3 s& ¢
38x38x4x(21+4) = 144.400 déu ra.

Néu tinh riéng bounding box, s6 luong
bounding box s& 1a 38x38x4 = 5776.

Tuong tu cho cac 16p khac:

Lép Conv7: 19x19x6 = 2166 bounding
box (6 box cho mdi vi tri).

Lop Conv8 2: 10x10x6 = 600 bounding
box (6 box cho mdi vj tri).

Lop Conv9 2: 5x5x6 = 150 bounding box
(6 box cho mdi vi tri).

Lop Conv10 2: 3x3x4 = 36 bounding box
(4 box cho mdi vj tri).

Lép Convll 2: 1x1x4 = 4 bounding box
(4 box cho mdi vi tri).

Néu cong lai s& co tat ca: 5776 + 2166 +
600 + 150 + 36 +4 = 8732 bounding box.

2.2.8. Ham chi phi (Loss Function)

Ham chi phi trong SSD c6 cong thure sau:

L0, 6,1, g) = 1 (Leons (6, ©) + aline(x, 1, 9)) (22)

Nhur vy ham chi phi trong SSD gom 2 yéu t6 Lare VA
L, trong d6 N 1456 box miéic dinh diing dé so khop.

Lioc cia cac box méac dinh 1a khop 1a chi phi
dinh vi cho ham smooth; dé box du doan duoc
(1) véi box mic dinh (g) gan tring khép nhau.

Llnc(xl L g) = Z?]EPns Zme{cx,cy,w,h} xikjsmOOthLl (ZL"L - g\;n)(23)
Trong do:
I s
e

Cic tham sb (cx, cy) 14 toa do tim ctia bounding
box, wva h 1a chiéu rong va chidu cao ciia bounding box.

Lcont 1a chi phi cho d6 tin cdy ctia ham softmax
trén ¢ 16p. (.= 1 trong truong hop kiém tra chéo).
Leons (%, ¢) = = Xlepos xi; 108(¢]') — Xien log (67)(2.4)

exp(cf)
Tpexp(cl)

xf = {10} la yéu t6 chi thi khép hay khong gitta
box miic dinh thir i va box thuc té thir j ctia 16p p.

A- AP —
Trong do: ¢ =

67

2.2.9. Ty I¢ co giin va ty ¢ khung hinh cua
box mdc dinh

Ty 1€ co gian box mac dinh dugc tinh nhu sau:

Sk = Smin + PE=BE (o — 1), k € [1,m](2.5)

Gid st c6 m anh xa déc trung dé du doan,
sk duge ding dé tinh cho dic trung k. Smin VA
Smax lan luot 1 0.2 va 0.9, nghia 1a ty 1¢ co gian
ti thiéu 12 0.2 va t6i da 1a 0.9.

Véi mdi ty 1é co gian sk, ¢6 5 ty 1é khung:

ar € {12353} Wi = siV@) (b = 25) (26)

Do d6 c6 thé tinh toi da 6 bounding box
v6i ty 18 khung khac nhau. Dbi vé6i cac 10p chi
¢6 4 bounding box, SSD bo 2 ty 1¢ 3 va 1/3.

2.3. SO SANH YOLO VA SSD
2.3.1. Vé phwong phdp

Ca SSD va YOLO déu chung ¥ tudng du
doan d6i tugng chi cin qua mot 1an quét anh,
déu dua trén mang CNN trong deep learning
dé rat trich dic trung anh, déu chia anh thanh
ludi gdbm nhidu ma trén ty 1¢& khac nhau. Su
khac nhau chinh gitta 2 thuat toan nay la cach
thirc xay dung cac box dé dinh vi va xac dinh
vung bién cua cac ddi tugng trong anh (2.2).
Néu YOLO sir dung anchor box%hi SSD st
dung box mac dinh. Cach thuc do tim cling
khéc nhau, YOLO xét sy twong quan gitra cac
ving anh bang cach gan nhan con SSD sur
dung box v&i nhiéu ty 16 khac nhau va ty 18
khung anh cho cac ddi trong c6 box cung hinh
dang. Két qua 1a SSD t6 ra kém hon YOLO
trong viéc phat hién nhiing dbi twong co kich
thude nho va anh c6 d6 phan giai kém.

2.3.2. Vé thwe nghiém

Thyc nghiém so sanh dugc thyc hién cho 2
thuat toan: YOLO, SSD [3], trén may Jupyter
Notebook chay trén Google Cloud c6 GPU
Nvidia Tesla K80 14Gb. Chi sé danh gia duoc
st dung la AP (Average Precision) trén bg dir
liéu COCO.

Bing 4. So sanh chi sé AP giira 2 thuat toan YOLO va SSD

YOLO SSD
33 31.2
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So sanh vé thoi gian phat hién ddi twong  duong nhau, vé téc do cling chénh 1éch khong

trén 3 anh. dang ké. Giita YOLO va SSD tdc d nhanh gin
Bang 5. So sanh thai gian phat hién dbi twong nhu tvong duong nhau nhung YOLO t6 ra vuot
gifra 2 thuat toan YOLO va SSD troi hon SSD vé ddi tuong dugc phat hién trong
YOLO SSD anh nhat 13 d6i tugng c6 ty 1& nho.
3. KET LUAN

Mic du ¢6 han ché vé do chinh xac so véi
Faster RCNN nhung trong nhiing truong hop
can phat hién twong d6i mot ddi twong nao doé
mdt cach tirc thoi (theo thoi gian thyuc) hodc sd
dbi twong can phat hién tuong ddi it, YOLO va
SSD thyce sy 1a mot thudt toan dang st dung.

0:00:02.204303 0:00:03.170221

Qua thuc nghiém trén nhédn thay chi sé6 AP
gitta 2 thuat toan YOLO va SSD la tuong
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