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TOM TAT: Théng qua bai todn nhin dang cdc mdt hang trong siéu thi, bai bdo ndy trinh bady két quda viéc dp dung tri thike ngit
nghia vao phwong phdp phat hién doi twong dua trén kj thudt hoc sau. Nghién ciru dugc tién hanh trén mét tip dit liéu nho gom hinh
danh cac mat hang mudc gidi khat trén cac ké hang trong mot 6 siéu thi. Bai bdo sir dung phwong phdp phat hién moi twong quan vé ngir
nghia ciia cdc doi tirgng va nhém doi tiwong mdt hang thong qua mé hinh théng ké tan sudt xudt hién va dp dung né vio ham muc tiéu
cua mang hoc sau Faster R-CNN.

Tir khoa: Object detection, semantic consistency, frequency-based knowledge.

I. GIOI THIEU

Bai toan phat hién dbi twong (object detection) 1a mot tmg dung cta ky thuat thi giac may tinh, trong d6 dir liéu
hinh anh dau vao s& dugc xir ly dé du doan xem c6 sy xudt hién cua cac dbi tuong da biét hay khong, déng thoi cho biét vi
tri ciia chung thong qua khung danh dau (bounding box). Bén trén mdi khung danh dau cia ddi twgng phat hién duoc cd
thé ghi chu 16p dbi tugng kém confidence score ciia phan doan do.

Bai toan nhén dang mat hang ap dung phuong phap phat hién dbi tuong ndi chung duoc thé hién ¢ Hinh 1. Pau
vao cuia hé thdng 1a anh don hodc chudi anh l4y tir camera, tiy vao mdi hé thong anh dau vao c6 thé 1a anh mau, anh murc
x4m hay cac loai anh da phd (multi-spectral) nhu anh kém d6 siu, anh hdng ngoai,... Sau qué trinh pre-processing, hé
théng s& tién hanh rut trich céc feature cua anh dau vao, sau d6 dua vao bd phén 16p dé xéc dinh loai ddi tugng cling nhu
tim ra vi tri ctia né trong anh. Sau qua trinh hau xur 1y, Kkét qua dau ra duge thé hién béng cach danh dau trén anh géc vi tri
va gan nhin dbi twong da phat hién dugc.
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Hinh 1. So dd bai toan nhan dang mit hang théng qua phuwong phép phat hién dbi tugng

Hién nay cac phuong phap phat hién déi twong phé bién déu sir dung k¥ thuat hoc sau (deep learning) thong qua
mang no-ron tich chap CNN (Convolutional Neural Network) nho hi¢u nang vuot trdi so vdi cac phuong phép may hoc cil,
tiéu biéu nhu Faster R-CNN [1], YOLO [2], DETR [3]. Tuy nhién cic phuwong phap hién nay deu thuc hién thuat toan dya
trén phan tich feature cua anh ma khong xét dén cac thong tin ngir nghia. Nhiing thong tin nay rat co ich dé giup phat hién
céc d6i tugng lién quan trong anh. Cu thé bang mat, ta co thé quan sat thiy mot s loai d6i tugng thuong xuyén xudt hién
cung nhau nhiéu hon céc loai khac. Chang han xe hai banh chay trén duong phai ludn c6 nguoi diéu khién no, boi thé khi
phat hién ddi twong xe hai banh chay trén duong thi di twong kém theo kha niang cao s& 1 ngudi.

Bai béo nay trinh bay mot phwong phap nhan dang mot s6 nhan hang nudc giai khat dugc bay ban trén cac ké
hang trong mot sb siéu thi bang cach ap dung mé hinh ngit nghia & dau ra cia mang hoc sdu trén tap dit liéu nho gdm hinh
anh cac mat hang trén ké siéu thi. M6 hinh ngit nghia dwoc chon 1a thdng ké tan suit xuat hién cua cac ddi twong hay nhom
dbi twong lién quan trong tap dir liéu. Phuong phap c6 thé 4p dung voi dau ra ciia mot mang hoc sau bit ky, cu thé ching
toi thir nghiém véi mang Faster R-CNN. Két qua dat dugc s€ dugc so sanh, danh gia véi giai phap chua ap dung mo hinh
ngit nghia.
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II. CONG TRINH LIEN QUAN

Thanh phin co ban cua tit ca cac phuong phap hoc sau phat hién abi tuong 1a mang xuong song (backbone) CNN,
dugc dung dé rut trich feature cta anh dé tao ra ma trén cac tham so biéu dién mé hinh tinh toan. Trén co s& d6, mdi
phuong phap phat hi¢n d6i tuong s& bd sung thém hay sira d6i cac tang thich hop, 4p dung cdc mé hinh tinh toan khac
nhau dé tang hi¢u nang hay cai thién d6 chinh xac cua phuong phap. Chang han mé hinh phd bién hién nay la Faster R-
CNN [1] bd sung mang d& xuét ving RPN (Region Proposal Network) dé ra soat va chon loc ra cac khung déi twong tiém
nang trén anh, sau d6 mai ra soat anh theo cac khung d6 dé dua vao mang CNN phan 16p. Mot ho phuong phap khac dang
dugc dung rong réi la YOLO [2], phuong phap nay trai qua nhiéu phién ban khac nhau, gdm ca phién ban chinh thire va
nhiéu ban khéng chinh thirc. YOLO khong tién hanh ra soat anh theo 2 giai doan nhu Faster R-CNN ma chi tién hanh ra
soat mot lugt theo nhiéu khung mau tai cting vi tri (anchor box). Gan day dang phd bién mé hinh bién dbi (transformer) c6
xudt xtr tir phuong phép hoc sau trén mé hinh ngén ngi, duoc ap dung cho bai toan phat hién dbi tuong voi dai dién la
phuong phap DETR [3]. Phuong phap nay tao dung mang xuong song CNN c6 tich hop bd bién d6i ma hoa va giai ma
gitip giam s chiéu cia CNN.

Mo hinh ngir nghia p dung cho bai toan phat hién d6i twong ciing méi xuat hién gan day, chang han nhu cia
nhom tac gia Liu (2021) [4] vé viéc ding mang twong tu (similarity network) dé tinh mirc trong dong ngir nghia gitra cac
cap ddi tuong cho trude. Mot cong trinh khac cua Nies (2023) [5] thi tinh d6 nhit quan ngir nghia (semantic consistency)
giita hai d6i twong bat ky dwa vao viéc théng ké tin sudt xuat hién dong thoi ciia chung trong tap dit liéu huan luyén. Bai
béo ctia chung t6i s& phat trién dua theo ¥ twdng nay.

Ngoai ra con ¢6 cic phuong phap nhu xay dung knowledge graph mé ta quan hé ngit nghia dé thiét 1ap trong sb
quan hé giita cac dbi tuong [6], phuong phap xay dung knowledge graph da mé hinh gdm hinh anh va vian ban duoc dua
vao chung mot ciu trac [7], phuong phép tich hop thong tin ngit nghia va vi tri khong gian ciia di twong dé ting do6 chinh
xéc [8], phuong phap van dung thong tin metadata trong anh gém vi tri va thoi diém chup anh dé dénh gia xac suat xuat
hién dong thoi cia cac dbi tugng [9].

Céc thur nghiém trong bai bao nay duoc ap dung trén tap dit liu ching tdi da tao ra ¢ bai bao trudce [10].

III. BAI TOAN NHAN DANG MAT HANG
A Mo ta

Bai toan nhan dang nhan hang trén ké hang trong cac siéu thi phuc vu cho nhu cau kiém tra, théng ké cac mat
hang nude giai khat dang duoc bay ban trén ké. Dt liéu d4u vao 1a cac anh chup tir nhitng ké hang, sau khi xur 1y s& tra vé
moi loai san pham kém sé lwong wdc tinh trén mdi ting cua ké hang. Bai toan s€ dugc xur 1y qua hai giai doan bao gom:
phat hién cac ddi twong va dic tinh lién quan; nhan dang san phdm va wdc doan sb lugng trén mdi ké. Hinh 2 trinh bay vi
du minh hoa quy trinh nay. Anh dau vao duge dua vao bd phat hién ddi tuong va déc tinh s€ tra vé cac khung danh diu
nhitng loai san phdm, nhin hang, hinh anh trén do.

N3p chai tring Nap chai xanh

Loai dbi
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dinh diu

Phat
hién doi
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K&t qua nhan dang

Anh d3u vao

S Nhan “Satori”
Nhan “Vinh Hdo”  Cac chai nwdc Ké hang

Hinh 2. Quy trinh nhan dang mat hang trén ké

B. Tap dii liéu

Tap dit liéu sieuthi bao gdm cac anh chup cac ké hang nuéc giai khat tr nhiéu siéu thi khac nhau. Sau d6 chon loc
lai va xu 1y phén tach thanh cac anh nho hon kich thu6e khoang 350x350 dén 500x500 nham tang s6 luong mau huén
luyén va kiém tra. Ngoai ra, kich thudc nay cling phu hgp khi huan luyén trén mang xuwong song CNN.
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S6 lwong anh trong tap dir lidu sieuthi dugc phan bo nhu sau:
- Tap huan luyén (training set): 1103 anh + chu giai (annotation).
- Tap kiém tra (validation set): 271 anh + chu giai (annotation).

- Téap thir nghiém (test set):

nghiém va danh gia d6 chinh xac ctia phuong phap.

Bang 1. Danh muc cac 16p dbi tuong va s6 luong anh c6 chira d6i trong twong tng

STT Tén l6p M0 ta S0 anh tap huin luyén | Sb anh tap kiém tra
1 Kehang Mot tang ciia ké trung bay hang 797 194
2 | Hop Nuée giai khat loai hop gidy 38 7
3 Thung Thuing cac-tong dung sdn phdm 57 14
4 Chai Nudc giai khat dong chai 194 46
5 Chai-cam-nho Chai nudc cam loai nho 16 4
6 Chai-cam-lon Chai nudc cam loai 16n 22 4
7 Chai-coca-nho Chai coca loai nho 40 7
8 Chai-coca-lon Chai coca loai 16n 51 15
9 Chai-nuoc-nho Chai nudc loc loai nho 40 13
10 | Chai-nuoc-lon Chai nudc loc loai 16n 25 4
11 Chai-soda-nho Chai soda loai nho 16 9
12 | Chai-soda-lon Chai soda loai 16n 18 11
13 Chai-sua-nho Chai stra loai nho 13 7
14 | Chai-sua-lon Chai stra loai 16n 21 5
15 Binh-5L-nuoc Binh nudc loc 5L 2 1
16 | Binh-5L-dau Binh dau 5L 4 1
17 | Ly Ly thuy tinh 2 1
18 | Loc-hopsua Léc cac hop sita 15 5
19 | Loc-lon Léc céc lon (bia/nude ngot) 95 20

20 | Loc-chai Ldc cac chai 107 27
21 Loc-voboc Léc céc san phém duoc boc kin 70 21
22 | Lon Lon (bia/nudc ngot) 261 57
23 | Lon-lon Lon (bia/nude ngot) loai 16n 11 4
24 | Nap-chai-den Nép chai mau den 27 9
25 | Nap-chai-do Nép chai mau do 75 18
26 | Nap-chai-trang Nép chai mau tring 275 71
27 | Nap-chai-vang Nép chai mau vang 59 10
28 | Nap-chai-xanh Nép chai mau xanh duong 33 8
29 | Nap-chai-xanhla Nép chai mau xanh 14 83 28
30 | Nap-lon Nép chai 16n 127 28
31 | Label-do Nhén dan mau do 57 15
32 | Label-xanh Nhan dan mau xanh duong 40 8
33 | Label-xanhla Nhan dan mau xanh 14 41 17
34 | Brand-333 Nhan hang bia 333 15 3
35 | Brand-7up Nhan hang 7up 44 16
36 | Brand-Cocacola Nhan hang Coca Cola 73 18
37 | Brand-Dasani Nhén hang Dasani 2 2
38 | Brand-Fanta Nhan hang Fanta 35 9
39 | Brand-Heineken Nhan hang bia Heineken 22 7
40 | Brand-Larue Nhan hang bia Larue 16 4
41 | Brand-Mirinda Nhan hang Mirinda 45 10
42 | Brand-NutriBoost | Nhan hang NutriBoost 25 5
43 | Brand-Pepsi Nhan hang Pepsi 73 19
44 | Brand-Sprite Nhan hang Sprite 24 12
45 | Brand-Tiger Nhan hang bia Tiger 46 15
46 | Brand-Crystal Nhan hang Crystal 25 8
47 | Brand-Vfresh Nhan hang Vfresh 13 5
48 | Brand-Vinhhao Nhan hang Vinh Hao 9 2
49 | Image-atiso Anh atiso trén san phim 1 1
50 | Image-cachua Anh ca chua trén sdn phdm 5 1
51 | Image-cam Anh cam trén san phim 18 6
52 | Image-dao Anh dao trén san phdm 17 5
53 | Image-dau Anh dau trén san phdm 4 1
54 | Image-nho Anh nho trén san phim 6 2
55 | Image-oi Anh i trén san phdm 6 4
56 | Image-tao Anh to trén san phim 14 1

Thuc té tap kiém tra s& bi bo bot ngau nhién dé lam dung lam tap thu
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Thong tin chu giai di kém mdi anh duoc bién soan thii cong, bao gdm tén va toa do, kich thude cia mdi ddi twong
ma mét ngudi c6 thé chii quan phan biét duge. Sau d6 cac chu giai nay dwoc chuyén sang dinh dang COCO annotation
(file .json) dé twong thich véi chuong trinh Faster R-CNN duya trén ban Cafe ma chung t6i sir dung. Bang 1 thdng ké tit ca
céc 16p dbi tuong trong tap dit lidu sieuthi bao gdm 56 loai.

IV.PHUONG PHAP TRI THUC NGU NGHiA

Bai b4o nay tham khéo y tuéng cta phuwong phap nhat quan ngit nghia (semantic consistency) [11] ma céc tac gid
da ap dung trong linh vuc xe ty l4i dé ting tinh chinh x4c phat hién ddi twong dua vao tri thirc ngit canh khi tham gia giao
thong. Khai niém tri thirc ngit nghia gdm nhiéu khia canh nhu ngit canh, cha dé,... nhung ¢ day ching t6i chi khai thac &
khia canh mbi quan h¢ gitra cac déi tuong trong anh, cu thé 1a thé hién cac loai doi tugng nao thuong xuét hién déng thoi.
Véi hai 16p d6i tugng bat ky, s& co mot gia tri nhat quan ngit nghia thé hién kha ning chung s& xuat hién dong thoi trong
khung canh. Gia tri nay ciing dung dé biéu dién kha nang xuat hién lap lai cta chinh 16p ddi twong d6 trong anh nhiéu hon
s0 voi cac 10p ddi tuong khac. Phuong phap nay con goi 1a qua trinh tai tdi uu (re-optimization) tir két qua ctia mang hoc
sau dé cai thién do chinh xac dwa vao tri thirc da biét, ma cu thé 1a mot ma tran nhat quan ngit nghia dugc xay dung san.

Két qua phat hién ddi tuong tir cac mang hoc siu bét ky s& két hop v6i ma tran nhit quan ngir nghia dé ting lén
hay giam di confidence score ctia cac két qua phat hién duoc tir mang hoc sdu. Dé phat hién mdi quan hién dong xuét hién
ctia cac ddi tuong trong anh, ¢6 hai mo hinh: thir nhat 1a mo hinh dya trén tin sut xuat hién (frequency), thir hai 1a mo
hinh dwa trén knowledge graph. Dua vao két qua nghién ctru tir tac gia [5], phuong phap knowledge graph ldy tir
ConceptNet thyc té chua phat huy hiéu qua véi tap dir licu COCO va VOC hon so v6i phuong phap dua trén tan sudt (xem
Bang 2). Nguyén nhén c6 thé do cac tap dir liéu nay khong phu hop véi knowledge graph qua khai quat nhu ConceptNet.
Vi vay trude mat trong pham vi nghién ctru nay, chung tdi chi lya chon tién hanh thir nghiém v&i md hinh nhat quan ngir
nghia dua trén tan sut xuét hién.

Bing 2. Hiéu nang Faster R-CNN (Baseline) so véi ding Frequency (Freq), Knowledge Graph (KG), két hop (Hybrid) trén COCO

Phwong AP @ 100 Recall @ 100

phap Baseline KG Hybrid Freq Baseline KG Hybrid Freq
Person 25,29 24,92 24,42 23,32 33,51 33,78 33,94 33,48
Rider 29,76 29,40 29,73 29,75 41,31 40,26 40,18 41,25
Car 44,28 43,74 42,73 44,26 49,87 50,67 50,76 49,82
Truck 19,36 19,45 19,46 19,49 31,51 32,58 32,37 32,69
Bus 36,83 36,86 36,90 36,86 46,37 46,84 46,63 46,73
Train 12,14 12,15 11,82 12,15 23,48 2391 23,91 23,91
Motorcycle | 14,87 15,00 15,11 15,04 27,65 27,99 27,99 27,72
Bicycle 20,28 20,26 19,95 20,33 31,35 31,19 31,19 31,14

A. Mé hinh tri thirc ngiv nghia dwa trén tin suit

Dau tién ta tién hanh khao sat tap dir liéu huén luyén (da danh diu) dé thong ké s6 1an xudt hién cta cic 16p dbi tugng (hay
con goi la concept) trong moi anh va trén toan tap dir liéu, ket qua thu dugc ma tran semantic consistency S.

Faster R-CNN E>

Consistency

R
requency-base 0.3 0.7 D — 0.5 0.6
u D | e | Pz[o.s 0.1] = P‘[o.s 0.2

K&t qua Faster R-CNN K&t qua ap dung tri thirc
Hinh 3. Quy trinh phét hién mat hang trén ké siéu thi dung Faster R-CNN két hop tri thuc ngit nghia dya trén tan suit

Sau d6 tién hanh nhan dang anh tir tap dit liéu thong qua mé hinh Faster R-CNN thu dugc danh muc cac 16p dbi
tuong da dy doan duoc L va tép cac khung vi tri B cua ching trong anh. Xac sudt (chinh 1a confidence score) cuia mdi
khung dbi twong b thugce vé 16p du doan / duge thé hién trong ma trdn P. Hinh 3 thé hién qua trinh tich hgp ma trn nhat
quan ngir nghia theo tan sut S véi ma tran confidence score P tir dau ra ciia Faster R-CNN dé thu dugc ma tran da hiéu
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chinh  1a két qua phén 16p sau cung. Quy trinh nay con goi la tai tbi uu (re- optimization) két qua nhén dang dé uu tién
chon céc 16p co tan suat xuat hién chung cao véi cac 16p khac trong tap dit liéu anh huin luyén. Cu thé mdi phan tir cia ma
tran S thé hién tan suat xuat hién cta 16p / so voi 16p I’ md ta nhu cong thie (1):

— ) )
©=ma ——=,0 1
, X ( OO o
trong do: n() va n(l’) tuong mg 1a sO lan xudt hién cua 601 tuong 16p / va 16p [’ trong tap dir liéu anh, n(l, I’) ki hiéu sO lan
ddng xudt hién cta dbi tugng thudc ca hai 16p do, N 1a tong s tat ca cac ddi tuong. Neu céc ddi tuong 16p 1 va I’ xuat hién
ddc 1ap hay it khi cung luc thi S, s& bang 0, néu dong xuét hién cang nhiéu thi Sy, 1a s duong cang 16n.
Trudng hop nhidu dbi twong cta cing mot 16p ddng thoi xuét hién thi gid tri n(l, 1) s& dugce tinh theo kiéu “bit tay”
nhu sau:

-1
()= O )
B. Céng thirc tdi toi wu theo tri thivc ngit nghia

Sau khi thiét 1ap ma tran nhat quan ngl nghia S, ta s& thuc hién budc tai t6i wu (re- optimization) bang cach tim cuc
tiéu cho ham muc ti€u (ham loss) gom 2 50 hang duong ¢ cong thuc (3). So hang déu tién nham cuc tiéu phan nhét quan
ngit nghia néu hai ddi twong ddng xuat hién va sd hang thtr hai nham cuyc tiéu sai sd két qua dyu doan.

2
()=a-) 4 = 4 o .-+ L L 1L -0 o
4
trong do: { : , } 1a xac suat két qua tir Faster R-CNN du doan khung danh diu b thudc 16p 1. Con {
, } va { , } 12 hai x4c suét tai t6i wu thé hién khung ddnh diu b ¢6 nhan 16p 1a , b’ c6 nhan 16p 1a 7.

Néu / val thuo’ng xuyén ddng xudt hién thi S, s& c6 gia tri 16n hon, khi d6 hai x4c suit nay budc phai gin bang nhau dé
cuc tiéu soO hang thur nhat.

S6 hang thi hai rang budc két qua tai t6i wu khong dugc qua sai khac so v6i két qua dy doan tir Faster R-CNN. Hé
sO || ' || 1= tich s6 lugng khung dénh dau B voi d6 16n tong nhét quan ngit nghia cta 16p [ dbi véi cac 16p con lai nham
muc dich can bang s6 phép tinh téng & sb hang thtr hai so v6i sb hang thtr nhit. Ti 16 danh ddi (trade-off) gitta sé hang thr
hai va s6 hang thtr nhat duoc diéu chinh boi hé s6  (0,1).

C. Phin déng gép ciia bai bdo

MO hinh tri thure nglt nghia dya theo tan suat dugc biéu dién béi ma tran S thé hién tinh déng xuét hién cia mdi cap
16p ddi tuong trong tap dit liéu. Ma tran S duoc tao ra thong qua viéc thong ké s6 1an xuat hién cua cac 16p ddi tuong trén
tap dir liéu da co. Vi vay két qua cua phuong phap nay phu thudc vao timg tap dir liéu duoc chon ma it mang tinh tong
quat voi cac dir liéu moi. Dé cai thién véan dé trén, ching t6i nhén thy rang cac 16p ddi twong cung loai thudng co gia tri S
tuong tu nhau, vi du mdi 16p hinh anh trai cdy (cam, tdo, 0i, ...) trén cac hop nude ép twong Gmg déu xuat hién dong thoi
cung vé6i 16p dbi twong hop nude ¢p. Do vdy néu ta gom cac lop hinh anh trai cdy vao mt nhom va dém tan suit xuat hién
chung cho ca nhom d6 thi co thé d& doan hon mot hinh anh khac trén hop nude ép du nd it xuét hién. Dua trén tiéu chi nay,
chung t6i gom nhém moét sb 16p ddi twong trong tap dir liéu va dinh nghia thém ma tran G dé thé hién tan sudt xudt hién
ctia mdi nhom dbi tuong so véi cac nhom ddi tugng khac. Cong thire (3) thanh:

()=a-) (- Pra-Ha-) =)

=1l '=1 =1 ' =1 '=1 =1 '
E= %

+ Cloll+a=o lpe =2 )

=1 =1

trong d6: vector M c6 kich thude L + 1 thé hién chi sé nhom cua cac 16p ddi twong, véi quy wéc gia tri 0 khi 16p dbi tuong
khong duoc gom nhém gi4 tri duong 1a chi s6 nhom cua lép dbi twong twong ing. Nhu vay M; 1a chi sé nhom cua lc'yp dbi
tuong [ va My 1a chi sé nhém cua l6p dbi twong [”. Hé s6 B < [0,1] 1a ti 16 dénh dbi (trade-off) giita s6 hang tht nhat, thé
hién nhat quan ngir nghia theo 16p ddi twong va sé hang thir hai, thé hién nhat quan ngir nghia theo nhom 16p ddi tuong
trong cong thurc (4).

D. Thuec hién t6i wu héa

Pé cuc tiéu ham muc tiéu (4), ta tinh dao ham cuané theo | nhu sau:
L a-y o o[ ora- O = 0+ [ a0l L) C - D6
’ E ]

Ta tim diém cyc tri bang cach giai phuong trinh tir biéu thirc (5) bang 0, Vb € B, [ € L. Tir d6 tinh dugc
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=1, 2 ':1[ A= ]
,'+(1_ )

=)

St (©6)
]

=1, 'z ':1[
Nhdn xét ring 16 gidi cho (6) 14 tim gioi han cia chudi (7) véi i € {1, 2,...}. Pic biét, véi ¥ duoc khoi gan bét
ky thi © vn luon hoi tu vé cling mot 10i giai khi i > o.

v ™
]

=1, % ':1[

O=a-)
' =1, 2 '=1[ ,'+(1_)

Mic du do phiec tap ciia gidi thuat vé 1y thuyét la O(B’L?I) v6i I 1a s6 1an 13p, tuy nhién ta c6 thé diéu chinh v& thoi
gian da thire nhu sau. Qua trinh héi tu thuong dién ra nhanh, trong khoang 50 dén 100 lan 1ap doi voi tap dir liu sieuthi.
bé tiet kiém thoi gian tinh todn s0 hang nhét quan ngir nghia, ta 6 the gidi han so lugng khung dénh dau lai con Bi khung
gén doi tuong dang xét nhat thay vi phai tinh toan tat ca cac khung danh dau co6 trong anh. Tuong tu ta cling gi6i han so
16p d6i tuong can xét chi con Lk 16p ¢6 gia tri nhat quan ngir nghia cao nhat véi doi tuong dang xét. Khi d6 d6 phire tap
thuc té chi con O(BLI) v6i gia st B, Lk la cac hang s6 nho.

V. THU NGHIEM VA PANH GIA
A. Thir nghiém
1. Tép di ligu

Chting t6i tién hanh tht nghiém trén tap dir liu sieuthi dugc nhu da gidi thi€u va trinh bay cach phan hoach & ph?ln
trude. Tap dit liéu dugc dinh dang theo tiéu chuén cta dir lieu MS COCO dé thuan tién cho chuong trinh truy xuét. Trude
khi ap dung cac phwong phap tri thirc ngit nghia, tap dit lidu s& dwoc thdng ké tinh toan tan suat xudt hién cta cac cap 16p
dbi twong va cac cap nhom 16p dbi twong. Sau d6 luu cic ma trdn nhat quan ngit nghia S va G thu dugc vao file dé bude
danh gia st dung.

2. Hién thyc chuong trinh

Chuing t6i str dung va hié}l chinh va cai tién dua trén mé hinh hoc sau Faster R-CNN. Mo hinh nay dugc cai dat dya
trén ban Python Caffe stra d6i d¢ tich hop tri thuc nglt nghia va dugc cong bo tir bai bao [11][5].

Tap dir liéu sieuthi dugc huén luyén ban dau tir bd tham sd pre-trained cua COCO trén mang ResNet50 dé co bod
tham s6 két qua dua vao thir nghiém. Huén luyén st dung thuat toan SGD (Stochastic Gradient Descent) véi momentum =
0,9, kich thudc mini-batch = 1, learning rate = 0,001, learning rate decay = 0,0001, weight decay = 0,00005. Qua trinh
huén luyén dién ra trong 100 epoch véi epoch decay = 6.

Qua trinh thir nghiém hién thuc cong thire tai t6i wu (7) dé tich hop tri thirc ngir nghia tir ma tran S va G vao két qua
thtr nghiém cta Faster R-CNN. Thir nghiém dién ra trong 50 lan 1dp véi cac thong so co dinh sau:

e S dbi twong téi da/ anh = 100.

e Diém sb tdi thiéu (threshold) cua khung danh ddu = 0,00005.
o B;y=40,L:=15.

e S nhan dang t6i da (top k) = 100.

Thir nghiém tién hanh va danh gia 4 phuong phap sau day theo tiéu chi mAP (d6 chinh xac trung binh) va Recall
(d0 bao phu cia cac du doan dung) trén cung tap dit li¢u sieuthi:

e Baseline: Chi st dung Faster R-CNN.
e Freq: Faster R-CNN 4p dung tri thirc ngir nghia dua trén tin suat xuat hién cac 16p dbi tugng.
e GroupFreq: Faster R-CNN ap dung tri thirc ngir nghia dya trén tan sut xuat hién cac nhom 16p d6i tuong.
e Hybrid: Két hop 2 phuong phap Freq va GroupFreq.
O phuong phap nhém 16p @i teong (GroupFreq), chiing t6i dinh nghia cic nhém 16p sau déy:
e ORANGE = {Chai-cam-nho, Chai-cam-lon}.
e COCA = {Chai-coca-nho, Chai-coca-lon}.
e  WATER = {Chai-nuoc-nho, Chai-nuoc-lon}.
e SODA = {Chai-soda-nho, Chai-soda-lon}.
e MILK = {Chai-sua-nho, Chai-sua-lon}.
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e IMAGE = {Image-atiso, Image-cachua, Image-cam, Image-dao, Image-dau, Image-nho, Image-oi, Image-tao}.
e Cacnhom con lai 1a nhém don, mdi nhém chira duy nhat 16p chinh né.
Céc trudng hop danh gia tiy theo 2 hé sé:
e epsilon ={0.8,05,02}.
e betaf={1.0,0.5,0}.
B. Két qua
1. Mot s6 hinh 4nh

Hinh 4: M6t sb hinh anh nhan dang mit hang nuéc giai khat trén ké siéu thi

2.S4 liéu thir nghiém

Két qua so sanh danh gia cac chi s6 mAP va Recall ctia 3 phuong phap Baseline, Freq va GroupFreq theo cac hé sb
epsilon va beta khac nhau dugc trinh bay ¢ Bang 3. Trong d6, khi gan epsilon = 1,0 nghia la chon giai phap Faster R-CNN
nguyén ban (Baseline). Néu géan beta = 1,0 nghia 1a chon phuwong phép tich hop tri thirc ngit nghia dya trén tan suat cac 16p
dbi twong (Freq) vao Faster R-CNN. Néu chon beta = 0,0 nghia 1a chon phuong phap tich hop tri thirc ngit nghia dua trén
tan sudt cac nhom 16p ddi twong (GroupFreq) vao Faster R-CNN. Néu chon beta = 0,5 nghia 1a chon phuong phap két hop
(Hybrid) ca Freq va GroupFreq cho Faster R-CNN.

Bang 3. Két qua so sanh Faster R-CNN tru6c (Baseline) va sau khi 4p dung tri thirc ngit nghia loai Freq, GroupFreq va két hop

epsilon beta mAP @ 100 Recall @ 100
1,0 (Baseline) 44,80 54,27
1,0 (Freq) 44,86 54,57
0,8 0,5 (Hybrid) 44,89 54,55
0 (GroupFreq) 44,89 54,55
1,0 (Freq) 44,82 54,98
0,5 0,5 (Hybrid) 44,84 54,92
0 (GroupFreq) 44,84 54,92
1,0 (Freq) 44,58 54,98
0,2 0,5 (Hybrid) 44,70 54,93
0 (GroupFreq) 44,70 54,93

VI. BAN LUAN

Cin cir vao s6 liéu Bang 3, trude hét ta nhan thay cac giai phap tich hop tri thire ngir nghia déu cho két qua tot hon
khi chua tich hop. Tuy nhién diéu nay chi hiéu qua voi hé s6 epsilon khong dud6i 0,5, diéu ndy c6 nghia so hang duy tri két
qua nhan dang ciia Faster R-CNN vén phai 12 yéu t6 chi dao dé phéan 16p nén can c6 trong sb cao hon sd hang nhan dang
theo tri thirc nglt nghia.

Trong 3 phuong phap tich hop tri thirc nglr nghia - Freq, GroupFreq va Hybrid thi Freq cho két qua Recall nhinh
hon, trong khi GroupFreq va phuong phap ket hgp cho két qua mAP nhinh hon. Pic€u nay cho thay viéc taing cudng nhan
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dang theo nhom 16p dbi tuong gitp tang kha nang nhan dang chinh xac nhu mong doi. Tuy nhién van can phai cai tién dé
tranh bo sot cac ddi tuong, ting chi sé Recall.

Do han ché vé kich thuéc tap dir liéu nén kha nang téng quat cua giai phap con han ché, dan dén két qua chua cai
thién nhi¢u nhu mong dgi. Viéc thong ké va thir nghiém vdi nhiéu tap dit liéu khac s€ hira hen cac két qua tha vi.

VII. KET LUAN

Thong qua bai toan nhan dang nhan hang trén ké hang trong siéu thi, ching t6i da thir nghiém va danh gia viéc ap
dung tri thirc ngit nghia loai thong ké theo tan sudt vao mot mang nhan dang ddi twong phd bién hién nay la Faster R-CNN.
Két qua cho théy viéc ap dung giai phap nay trén tap dir liéu do ching tdi tao ra hay tép dir licu chuan nhu MS COCO hay
VOC déu cho thay ludn tang hiéu qua nhan dang. D01 v6i phuong phap thong ké tan suat theo nhom do chiing toi bo sung,
mac du ¢6 tang d6 nhan dang chinh xac hon nhung van can cai tién thém dé tang chi s6 Recall. Viéc thir nghiém va cai tién
phuong phép nhan dang sir dung d6 thi tri thirc van con nhiéu hira hen.

Bai toan nhan dang véi hd trg ciia tri thirc ngit nghia con dit ra mot s6 bai toan can thiét khac nhu van dé nhan dang

két hop véi cac thong tin ghi ch, thong tin dinh vi. Ngoai ra van d¢ dém hay wdc tinh sé lwong ddi tuong théng qua tri
thire ngit nghia cling ¢6 nhi€u ti€ém nang.
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IDENTIFYING ITEMS USING DEEP LEARNING WITH SEMANTIC KNOWLEDGE

Loc Le Phuoc, Hung Tran Cong, Tuyet Dao Van, Huy Ngo Hoang,
Lam Chung Tan, Phong Pham Dinh, Quyen Nguyen Van, Y Nguyen Thanh

ABSTRACT: Through the problem of identifying items in a supermarket, this paper presents the results of applying semantic
knowledge to object detection methods using deep learning. The research was conducted on a small dataset consisting of images of
beverage items on shelves in several supermarkets. We use methods of discovering semantic relations of item classes and groups of item
classes through the statistical model of co-occurrence frequency and applies them to optimization function of Faster R-CNN network.
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