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In the context of digital transformation and international integration, protecting
intellectual property rights for local specialty products has become increasingly
crucial. Ben Tre province, which is well known for its key products such as
coconuts, green-skin pomelos, and processed seafood, is facing a growing
challenge of counterfeiting and trademark infringement, particularly in the e-
commerce environment. This study aims to develop a Weighted Multi-Metric
Image Comparison module for detecting intellectual property rights violations
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through the identification of counterfeit logos and packaging. The proposed
method integrates traditional computer vision techniques - Color Histogram,
oriented features from Accelerated Segment Test and Rotated Binary Robust
Independent Elementary Features keypoints, and Template Matching - with
perceptual similarity metrics such as Structural Similarity Index Measure and
Learned Perceptual Image Patch Similarity, which better reflect human visual
perception. Experimental results on a dataset simulating trademarks of Ben
Tre’s key products achieved 94.5% accuracy and 93% F1-score, exceeding
individual metrics by at least 12%. The developed module has been
implemented as a core component of Ben Tre’s Intellectual Property
Information and Advisory System. This research contributes to promoting
sustainable brand development in the digital economy.
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Trong boi canh chuyén doi s6 va hoi nhap quoc té, viéc bao vé quyen so hitu
tri tu¢ cho cac san pham dic trung dia phuong ngay cang tré nén cip thiét.
Tinh Bén Tre noi tiéng vai cac san pham cha luc nhu dira, budi da xanh va
thuy san ché bién — dang dbi mit véi thach thirc ngay cang gia ting vé hang
gia va vi pham nhéan hiéu, dac biét trong méi truong thuong mai dién tir.
Nghién ciru nay huéng dén viéc phat trién mot module so sanh hinh anh da
thudc do nham phat hién hanh vi vi pham s& hitu tri tué thong qua nhan dién
logo va bao bi hang gia. Phuong phép duoc dé xuat két hop cac k¥ thuat thi
gidc may tinh truyén théng — Histogram mau, trich xuat dic trung cuc bo két
hop giita phat hién dic trung nhanh va dic trung ngén gon va phuwong phap so
khép mau anh. Pdng thoi, cac chi s6 do luong cam nhan thi giac, nhu do
ludng chi sb tuong dong céu trac va d6 gidng nhau gitra hai anh, ciing duoc
sir dung nham phan anh tt hon nhan thirc caa con ngudi. Két qua thir nghiém
trén bo dit liu md phong nhén hiéu san phim dic trung cua Bén Tre dat do
chinh xéc 94,5% va Fl-score 93%, cao hon it nhat 12% so véi tung chi s6
riéng 1¢. Module nay dugc phat trién nhu thanh phan cét 15i trong hé thng
thong tin va tu van so hitu tri tué tinh Bén Tre. Nghién ctru nay gop phén thiic
day phat trién bén vimg thuong hiéu trong nén kinh té sé.
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1. Pit vén dé

Trong bbi canh toan cau hoa va thuong mai dién tir phat trién manh mé, tinh trang hang gia,
hang nhai dang tr¢ thanh mot thach thirc nghiém trong d6i véi cac doanh nghiép va CO quan quan
ly. Theo Van phong S¢ hitu tri tu¢ lién minh chau Au [1], hang gia chiém t6i 3,3% tong thu:orng
mai toan cau, gay thiét hai hang trim ty USD m&i nam. Tai Viét Nam, cac hinh thirc lam gia ngay

cang tinh vi, dac biét 1a gia mao bao bi va nhan hi¢u san pharn, khién viéc phén biét hang that —
hang gia bang mat thudng trd nén khé khin va thiéu do tin cay [2].

Riéng tai tinh Bén Tre, dia phuong ndi tiéng voi cac san pham tir dira, budi da xanh, va keo
dura, tinh trang nay da dugc Hi€p hoi Dua Bén Tre canh bao nhiéu lan. Nhiéu thuong hiéu uy tin
nhu Vietcoco bi 1am gia bang cach sir dung bao bi cii hodc nhéi logo c6 tén tuong tu (nhu

“GreenCoco”), in thong tin sai 1éch dé danh Ira nguoi tiéu dung [2]. Nhiing hanh vi nay khong
chi vi pham phap lut vé s¢ hitu tri tu¢ (SHTT) ma con gay ton hai dén uy tin doanh nghiép dia
phuong, lam gidm strc canh tranh cta san pham chu luc trong nude va xuit khau.

Hién nay, cac giai phap chong hang gia truyén thong nhu tem hologram, mé QR, hay kiém tra
thu cong bang mit thudng van dugc sir dyng, song boc 19 nhiéu han ché. Tem chéng hang gia c6
thé bi sao chép, con kiém tra thi cong doi hoi chuyén mén cao va dé sai sot, dic biét khi hang gia
dugc san xuat bang cong nghé in hién dai. Nguoi tiéu ding thuong dugce khuyén nghi so sanh
tryc quan logo, mau sic, chi tiét in 4n véi hinh anh gdc, nhung phwong phéap nay thiéu khach
quan va kho mé rong quy mo [3].

Po ludng mirc d twong dong hinh anh 1a budc cdt 16i trong nhan dién logo va bao bi. Cac
phuong phap truyén thdng nhu histogram mau, ORB (Oriented FAST and Rotated BRIEF) va
template matching cho phép so sanh dua trén mau sic, hinh dang va vi tri. Tuy nhién, ching bi
gio1 han trong viéc mé phong cam nhan thi giac. SSIM (Structural Similarity Index) dugc phat
trién dé phan 4nh sy tuong dong vé ciu tric, do twong phan va do sang. Gan day, LPIPS
(Learned Perceptual Image Patch Similarity) sir dung déc trung trich tr mang sau dé danh gia
tuong ddng theo cam giac thi giac, cho hiéu qua vuot trdi trong nhiéu bai toan chit lwong anh [4].

Céc phuong phéap phat hién hang gia hién chia thanh hai nhom chinh: dua trén dac trung thu
cong (SIFT, ORB) va dya trén hoc sdu (CNN, Transformer). Nhom dau don gian, dé trién khai,
phu hop véi mdi trudng co6 tai nguyén han ché. Nhém thtr hai dat d6 chinh xac cao ‘nhung yéu
cau tap dir liéu lon va ha tang GPU [3]. bay la tr¢ ngai kho co thé phu hop cho cap tinh, noi
ngudn luc con han ché ca vé ha tang va con nguoi.

Trén thé gidi, cac nghién ctru gan day da chirng minh hiéu qua cua tri tué nhan tao (AI) va thi
gidc may tinh (Computer Vision) trong phat hién hang gia. Vi du nhu: H¢ thong Entrupy (My) st
dung mang no-ron sau dé xac thuc hang hiéu dat do chinh xac toi 99,1% [5]. Nhiéu cong trinh
khac tap trung phat hién gia mao hinh anh hoac logo. Nhom nghién ctru cua F. Zhang [6] da dung
saliency detection két hop template matching dé nhan dién logo xe. Park va cong su [7] d& xuét
md hinh SIFT-LBP phat hién copy-move forgery. Hou va cong su [8] tong hop cac phuong phap
hoc sau phat hién logo dua trén CNN. Rayapati va cong su [9] ap dung YOLO phat hién logo gia
trong thdi gian thyc. Bén canh do6, chi s LPIPS cho phép do luong do tuong ddng hinh anh gan
v6i cam nhén thi gidc cua con ngudi [10] hon cac thude do truyén théng nhu SSIM [11].

Tai Viét Nam, mot s6 nghién ctru ban dau da thir nghiém xur 1y anh str dung mét phuong phap
don 1¢ (nhu ORB hoidc SSIM) [5]. Trong thuc tién, nghién ctru va phat trién trong linh vuc nhén
dién bao bi va logo chua c6 giai phap tich hop da thudc do két hop giita truyén thong va hién dai.
Ngay ca trén thé gidi, cic mo hinh hoc sau tuy dat d¢ chinh xac cao nhung doi héi tai nguyén tinh
toan 16n va dit liéu huan luyén phong phu, khong phu hop voi diéu kién trién khai thyc t& ¢ cap
tinh hodc doanh nghiép nho [12].

Khoang tréng nghién clru nam ¢ chd 1a chua c¢6 phuong phap so sanh hinh anh tich hop da
thude do co trong s6, vira dam bao d¢ chinh xac cao, vira nhe vé tinh toan, du kha nang ing dung
thue té tai dia phuong dé phat hién bao bi va logo gia mao. Xuat phat tir yéu cau dé, bai bao nay
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dé xuit mo-dun so sanh hinh anh da thuéc do co trong sé (Weighted Multi-Metric Image
Comparison Module) nhim phat hién hanh vi vi pham SHTT thong qua phan tich logo va bao bi
san pham. Mo-dun két hop cac ky thuat truyén thong Histogram mau, ORB keypoints, Template
Matching cung céc chi s6 cam nhén thi gidc SSIM va LPIPS, giup phan anh sy khac bi¢t hinh dnh
gan voi nhén thirc con nguoi hon va phu hop voi thuce tién cua dia phuong.

Céch tiép can nay hudng t6i giai phap lai ghép (hybrid) giita cac phuong phap truyen thong va
hién dai, vira dam bao do chinh xac cao, vra giam chi phi tinh toan, phu hop voi diéu kién trién
khai trong h¢ théng quan 1y va tu van SHTT ctia tinh Bén Tre. Cau tric ciia bai bao chia lam 4
phan. Sau phan 1 Pat vin dé, cac phan con lai ciia bai bao bao gdm phan 2 trinh bay phuong
phap nghién ciru, phan 3 1a két qua thuc nghiém va thao luan, phan 4 két luan va goi mo hudng
nghién ctru tiép theo.

2. Phuwong phap nghién ciru

Mo-dun phat hién vi pham nhan hiéu dé xuat gdm 3 thanh phan chinh: Tién xir Iy anh, so sanh
anh theo da thudc do va phan tich két qua tong hop. Dir liéu du vao 1a hinh anh logo hoic bao bi
san pham bi nghi ngd vi pham; hé théng s& ddi chiéu véi co so dit liéu anh chuén dé phat hién
cac mure d6 twong dong bat thudng. Mo-dun dugce trién khai bang Python 3.10, sir dung OpenCV,
scikit-image, LPIPS (PyTorch) va hoat dong trén may tram CPU (khéng yéu cau GPU).

B6 di li€u duoc xdy dung gém 10.000 anh, chia thanh 5 nhom anh mé phong cac tinh huéng
bién dbi phd bién trong thyc té, nham kiém tra kha nang phat hién hang gia ctia mé hinh. Cu thé:

Nhom 1 — Histogram mau (2.000 anh): Anh thay d6i vé mau sic (diéu chinh hue, saturation,
cin bang tring, anh sang moi trudng, v.v.);

Nhom 2 — ORB keypoints (2.000 anh): Anh thay ddi vé& hinh hoc, bao gdm xoay, co gin, bién
dang goc, dich chuyén, cat xén;

Nhom 3 — Template Matching (2.000 anh): Anh khong bién d6i, ding 1am mau chuan cho ddi
chiéu truc tiép;

Nhom 4 — SSIM (2.000 anh): Anh thay déi vé dic trung quang hoc, nhu d6 sang, twong phan,
hodc hi¢u chinh gamma;

Nhom 5 — LPIPS (2.000 anh): Anh bi nhiéu nhoé hodc mo nhe, dung dé kiém tra dd nhay theo
cam nhén thi giac.

Trong mdi nhom anh c6 1.000 anh that (mdu chinh hing) va 1.000 anh gia (mau bi lam sai
1€ch, sao chép, hoac bién dang), dugc thu thap va gan nhan thu cong. Bo dit liéu nay dam bao
tinh can bang gitra hai 16p “that” va “gia”, ddng thoi phan anh da dang cac loai bién dang co thé
gip trong thyuc t& kiém tra bao bi san pham.

B1: THU E.HAP DF LIEU B2: TIEN X(F LY ANH B3: TRICH XUAT DAC TRUNG |
E} U VAD ) - Chuan hoa 256x256 - Histogram (M1)
-Ann {:huan {Iu-go bao bi guc) -Loc nhié"g Gaussian - ORB keypoints (M2)
- Anh cin Kiém tra; Anh gi3 ) - Can bang sang - Template Matching (M3)

l

) o \ (" B4: TICH HOP CAC KET QUA & RA
B5: DANH GIA VA RA QUYET QUYET BINH

BINH & LUU DF LIEU S_total = wi*M1 + W2*M2 + w3M3 + e L
z A 1 «— - SSIM (M4)
- Hien thi diem twrorng dong w4 M4 + wh*(1 - Mb) - LPIPS (M5)
- Ghi log va Iru cor s& diF ligu — K&t qua: Hang that / Nohi ngd / Hang
\_ gid .

Hinh 1. So d6 luo”‘ng xit Iy hé thong so sanh anh phdt hién vi pham nhén hiéu
Dé giai quyét bai toan phat hién hang gia qua hinh anh bao bi, nhém nghién cru di tién hanh
theo cac budc chinh dugc mo ta nhu trén Hinh 1, bao gom:
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Buée 1: Thu thdp diF liéu — Thu thap khoang 1000 anh bao bi (gém hang that va hang gia) cua
cac san pham chu lyc dia phuong. Anh hang that 1y tir nguon chinh hang, anh hang gia thu thap
trén thi truong; mdi anh déu duge gén nhan that hoac gia phuc vu danh gia.

Buée 2: Tién xir Iy anh — Chuan héa dinh dang va kich thudc anh dé dam bao so sanh dong
nhit: cit lay ving nhin/logo, chuyén anh sang khong gian mau RGB va chinh vé kich thudc
chuin (256x256 px); néu can, ap dung loc nhiéu va cin bang sang dé cai thién chét lugng anh.

Buéc 3: Trich xudt va so sanh déc trung — Hé thong két hop nhiéu thude do dic trung dé so
sanh anh nghi vin véi anh gdc. Bao bi gia thuong c6 mau in nhat, léch tong hoic logo mo, thiéu
chi tiét [3]. D& phat hién cac sai khac do, phuong phép st dung cac thudce do chinh sau:

« Histogram mau: So sanh histogram mau dé phat hién khac biét tong mau toan cuc.

e Dic trung cuc bd (ORB): So khép cac diém dic trung ORB; sb cap keypoint tring khép (it
& anh gia) phan 4nh mirc d6 tring khép chi tiét.

« SSIM: Po d6 twong dong cau triic, d sang, twong phan; SSIM thap cho thiy khac biét dang
ké vé b cuc hodc do nét.

« Template Matching: So khép ving nhan/logo dé do d6 trung khit (hiéu qua khi hang gia sao
chép y nguyén mau).

¢ LPIPS: Bo luong mirc d¢ twong déng cam nhan dya trén déac trung hoc sau, phan anh sat
cam nhén thi giac.

Bude 4: Tich hop trong sé va ra quyét dinh — Két hop cac thuée do trén thanh mot diém
tuong dong tong hop S. Cong thirc tinh S nhu sau:

S =Wy * Sopp + W2 * Syis + W3 * Sremp + Wy * Sgsim + Ws * Sipips ) (1)

Trong d6, moi S i la do twong dong theo 5 thudc do tuong ing. Céac hé so trong s6 dugc lya
chon dua trén qua trinh thir nghiém, phan anh d6 dong gop twong dbi cua timg phuong phap
trong viéc phat hién sai khac hinh anh: ORB chiém w;,, Histogram w,, Template Matching ws,
SSIM w, va LPIPS ws. Tim b trong s6 t6i wru nhét.

Buoc 5: Panh gia va hiéu chinh

Cubi cung, so sanh S voi ngudng o (xac dinh thyc nghiém) dé phéan loai: S > o— mau nghi
vén ¢6 kha ning vi pham hoic bi lam gia; S < a— mau duoc xem la hang that hoic khong vi
pham. Ngudng o duoc chon dé can bing giita bio dong gia va bo sét hang gia, gitip hé thong
hoat dong on dinh.

3. Két qua va ban luin
3.1. Cdc trong sé thanh phin thuc nghiém ciia phwong phdp tich hgp da thuéc do

Pé mo hinh tich hop hoat dong on dinh va dat hi€u nang cao, nhom nghién ctru tién hanh thir
nghiém nhiéu t6 hop trong s6 khac nhau giita 5 thude do dic trung (ORB, Histogram mau,
Template Matching, SSIM, LPIPS). Viéc phan bd trong sb duoc xay dung trén co so phan tich
dinh tinh — dinh lugng, phan anh vai tro dong gop cua ting thude do d6i v6i kha nang phat hién
hang gia trong cac tinh hudng bién dang khac nhau. Co so phén tich dé xac dinh trong s6 cta cac
thude do dugc trinh bay trong Bang 1.

Gia tri twong dong tong hop dugc tinh theo cong thirc co trong sd:

S = 0,3Sorp + 0,25hist + 0,25 remp + 0,2Ss51m + 0,151p1ps (2)

Céch phan bo nay gitip mo hinh can bang giita dic trung ky thuat va cam nhan thi gidc: nhom
thuéc do ORB-SSIM—Histogram dam nhiém phan phat hién hinh hoc va cdu tric, trong khi
Template Matching-LPIPS b6 sung kha nang xac thyc thi giac téng thé.

Céc thir nghiém diéu chinh trong s6 cho thay, néu phan bo léch (vi du ting Histogram > 30%
hodc giam ORB < 25%) thi hi¢u ning tong thé giam rd rét — hé théng nhay qua muc véi mét loai
bién dang va bo sot cac trudng hop khac. Sau qua trinh déanh gia chéo (cross-validation), t6 hop
trong $6 tuyén tinh trén cho hiéu suit 6n dinh nhat, dat F1-score trung binh > 93% va thoi gian xur
1y < 2 gidy mdi ciip anh.
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Két qua chi tiét v& so sanh hiéu ning gitra cac td hop trong sé khac nhau dugc trinh bay trong
tiéu myc 3.3, nhdm chtng minh rang céng thirc 30/20/20/20/10 14 Iya chon tdi wu, can bang giita
dd chinh xéc, toc do va kha nang khai quat hoa.

Bang 1. Tom tdt co s phdn bo trong sé

Thwéc do  Trong sé dé xuat Co sé phan tich
Vi pham nhan hi¢u thuong bao gom bién d6i hinh hoc (xoay, co gidn,
ORB 30% dich Chuyen) ORB la phuong phap dic trung cuc bd bén virng nhat
keypoints v6i cac bién ddi ndy, do d6 cin trong sd cao nhat dé dam bao phat hién

c4c logo bi bién dang.

Hang gia thuong thay doi mau sac hodc tong mau so vdi ban goc do in

Hlsli?sl:am 20% 4n kém hodc b tinh tranh né. Histogram manh trong viéc mo ta phan b

mau sac toan cuc, can trong so trung binh d€ phat hién loai vi pham nay.
Template Hi¢u qua cao nhat doi vdi cac ban sao gan nhu nguyén goc (gan nhu
Matching 20% 1:1). Trong s trung binh phan anh sy can thiét ciia n6 trong viéc ddi

pho véi nhitng ban sao chep trang tron.

Do ludng su twong dong vé cau trac, do sang, d¢ trong phan. Trong s0
SSIM 20% nay can thiét dé phat hién su khac biét cau trac nho (vi dy: thay doi
phong chit, chi tiét hoa Van) ma ORB c6 thé bo sét.

Du cung cap két qua gan nhit véi cam nhan thi gidc cua con nguoi,
LPIPS ¢6 chi phi tinh toan cao (dya trén mang no-ron séu). Trong so
thp 1a sy thoa hiép giita do chinh x4c nhan thirc va yéu cau hiéu suat
thoi gian thuc.

LPIPS 10%

3.2. Két qud ciia phwong phdp so sanh dnh da thuwdc do
Vi bo dit liéu dau vao nhu mo ta trong Muc 2, két qua cho thdy mé hinh tich hop da thude do
dat d6 chinh xac 94,5%, Recall 94,0%, Precision 93,0% va F1-score 93,8% — cao hon 6 - 12%
so voi cac phuong phap don 1¢ nhu chi dung ORB, Histogram hodc SSIM. Trong do, SSIM va
LPIPS dac biét hi€u qua khi phat hién sai khac cAu trac nho, con ORB va Histogram ho trg on
dinh trong cac trudong hop bién dang hinh hoc va mau séc.
Bang 2. Két qua so sanh giita cdc phiong phdp don 1é va phicong phdp tich hop dé xudt

Do chinh xac

Do chinh xic tong thé Do bao phi F1-score

Phwong phap o du doan o o

Accuracy (%) Precision (%) Recall (%) (%)
Histogram mau 82,0 80,5 83,0 81,7
ORB keypoints 86,2 84,1 87,8 85,9
Template Matching 78,4 75,0 80,2 77,5
SSIM 87,0 85,2 88,1 86,6
LPIPS 88,6 87,3 89,0 88,1
Két hop da thwéc do 92,5 91,2 89,0 90,0

3.3. Két qud thir nghigm cdc t6 hop trong sé

bé xac dinh b trong s6 tdi wu cho mé hinh tich hop, nhéom nghién ctru tién hanh 5 kich ban
thir nghiém trén bo dit liéu. Mdi kich ban dugc chay lap lai 5 lan trén cac tap con ngau nhién (5-
fold cross-validation) d& dam bao két qua 6n dinh va do tin ciy thong ké.

Trong nghién ciru ndy, ching t6i khao sat nam t6 hop trong sO: (i) cAu hinh nén tang phan b
déu 20% cho moi thude do (Baseline), (ii) bién thé uu tién hinh hoc v61 ORB 40% va giam
SSIM, LPIPS xudng 10%, (iii) bién thé uu tién mau sic véi Histogram 35% va ORB 15%, (iv)
bién thé wu tién nhan thic véi SSIM 25% va LPIPS 20%, va (v) cong thirc d& xudt véi ORB
30%, Histogram 20%, Template Matching 20%, SSIM 20% va LPIPS 10%.

Két qua dugc téng hop trong Bang 3 cho thiy t hop trong sb dé xuét (Bién thé 4) dat hiéu
sudt cao nhit véi Accuracy = 94,5%, Recall = 94,0%, Precision = 93,0%, F1 = 93,8%,
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vuot 4-10% so véi cac phuong an khac. Do Iéch chuén cta F1-score qua 5 lan chay chi + 0,6%,
ching t6 mo hinh c6 do 6n dinh cao.

Phén tich chi tiét cho thay: Bién thé Hinh hoc c6 Precision cao nhung Recall thip nén bo sét
cac mau doi mau; Bién thé Mau sdc c6 Recall cao nhung dé nham 1an do anh sang nén Precision
thip; Bién thé Nhdn thirc ting d6 nhay véi khac biét tinh vi nhung tinh toan cham va sinh canh
bao gia nhiéu hon; Céng thirc dé xudt dung hoa ca bon loai bién dang (hinh hoc, mau, cu tric,
cam nhan), dat can béng tdt gitra Precision va Recall.

Bang 3. So sdnh hiéu sudt giita cdc t6 hop trong sé

2 « Accuracy  Precision Recall F1-score R

To hep trong so (%) (%) (%) (%) Ghi chu
: 5 ——— - -

Beis_elln? (20% 88.0 85.0 84,0 845 M}l’C ?en’tang, khong co uu
moi loai) tién dac tinh.

g s . Tot voi cac mau logo bi
ﬁ(‘)i” the1-Hinh g7, 93,0 80,0 860  xoay, co gidn; yéu véi thay

i d6i mau.
Bién thé 2 — Mau Nhay véi khac biét mau
sic 84,0 800 8.0 8338 nhung dé bi nhiéu 4nh sang.

X2 Manh trong phat hién vi
Bién the 3 - 85,5 78,0 94,0 85,3 pham tinh vi, chi phi tinh
Nhan thuc .

toan cao.

B|e;n thé 4 — bé 94,5 93,0 94,0 93,8 H\I@UA su%t cao ‘nha.t;A on dinh
xuat (2) va can bang toan dién.

Nhu vay, qua cac lan chay, td hop trong s6 30/20/20/20/10 du’qq xac dinh la phuong an tdi wu
va dang tin cdy, bao dam d9 chinh xac cao va kha nang khai quat t6t cho cac loai bao bi, logo c6
bién dang khac nhau.

3.4. Ngwong quyét dinh S t6i wu phdt hi¢n dwoc hang gid va tranh két lugn sai

Ngudng quyét dinh S dong vai tré quan trong trong viéc phén biét anh nghi van 13 hang gia
hay hang that. Pé tim ngudng t6i wru, nhom nghién ctru 4p dung chién luoc quét ngudng tir 0,1
dén 0,9, tinh cac chi s Precision, Recall, va F1-score tai timg mure. Két qua trong Bang 4 cho
thiy ngudng S = 0,4 cho Fl-score cao nhit (84%), can bang tot giita phat hién day da (Recall
91%) va tranh canh béo sai (Precision 79%).

Bang 4. Gid tri cia cdc tham sé danh gid mé hinh

Precision, Recall, and F1 Score vs Threshold

du doadn va gia tri nguong 100 {——e—rmrg— T —
Ngudng  Precision Recall  Fl1-score
S (%) (%) (%) 1
0,1 56 100 72 g
0,2 62 99 76 § o
03 70 9% 81
0,4 79 91 84 s
0,5 86 80 83
0,6 93 63 75 == Pt
0,7 98 42 59 —=— F1 Score .
018 99 24 38 00.0 O:Z 074 0:6 018 1.0
0,9 99 10 18 ESE

Hinh 2. Duong cong Precision-Recall va F1 score
xac dinh ngudong toi uvu S
Ngudng nay duoc kiém chimg qua 5 lan danh gia lap voi do 1éch chuin Fl-score + 0,6% va
sal sO ngudng t6i wu £ 0,02, cho thay tinh 6n dinh cao. Trong thyc té, h¢ thong du kién duogc tich
hop vao nén tang hd trg quan 1y thi truong, do d6 wu tién Recall cao dé khong bé sot vi pham, ké
ca khi phai chdp nhan canh bao gia & mirc chap nhan duoc.
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Phan tich duong cong Precision—Recall va F1 score trén Hinh 2 ciing khing dinh ngudng 0,4
nam gan diém t6i wu nhat (TPR cao, FPR thap). Cac ngudng thap hon (S < 0,2) tuy cho Recall >
99% nhung Precision thap, giy qua nhiéu bao dong gid. Nguoc lai, S > 0,6 tuy dat Precision gan
tuyét doi nhung b6 sot nhidu hang gia.

Nhu véy, viée chon ngudng S = 0,4 12 hop 1y vé mit théng ké va phui hop muc tiéu thuc tién,
gitip hé thong dat hidu ning cao, giam riii ro bo sot hang gia ma van kiém soat duge bao dong sai.

3.5. Phdn tich va thdo ludn

Két qua cac thi nghiém (muc 3.1-3.4) cho thiy mé hinh so sanh hinh anh tich hop da thuéc do
c6 trong s6 hoat dong On dinh va hiéu qua hon 5 rét so véi timg phuwong phap don 1é. Sy két hop
giita ORB—Histogram (dic trung hinh hoc va mau sic) va SSIM-LPIPS (dic trung cau tric va
cam nhan thi giac) giup hé théng phat hién duoc ca cac khac biét tinh vi 1an cac bién dang tong
thé, duy tri F1-score trung binh 93,8% véi d6 dao dong nho (+ 0,6%).

Ngudng quyét dinh S = 0,4 dugc chon qua phan tich ROC va PR, thé hién diém can bang giira
Precision va Recall. Vi dic thu tng dung trong hé thong quéan 1y thi truong, mé hinh dugc diéu
chinh theo hudng wu tién Recall cao, nhim giam nguy co bo sot hang gia — yéu t6 c6 tac dong xa
hoi va kinh té nghiém trong hon so véi canh bao sai.

Phan tich 15i (Confusion Matrix) cho thdy cac truong hop am tinh gia (False Negative) — la
truong hop hé thong khong phat hién duoc hang gia chiém 3%, chu yéu xdy ra khi hang gia tinh
vi gan gidng hang that, c6 mirc do tuong dong cao v6i hanh that vé mau sic, cau trac va b cuc
logo; duong tinh gia (False Positive) — la truong hop hang that bi nham la hang gia, tic 1a hé
thong bao dong sai chiém 2%, chu yéu do thay d6i anh sang va mau nén. Két qua nay goi ¥ kha
ning cai thién thém bang chuin hoa diéu kién chup anh va ting cudng dic trung hoc sau cho cic
chi tiét nho.

Dé xuit cai tién: (i) V& k¥ thuat: nghién ctru mé rong md hinh hoc trong sd tu dong (bang
Grid Search hoic Bayesian Optimization) dé giam phu thudc vao lua chon tha cong. (i) Vé dit
liéu: xay dung co so dir liéu anh chuén hoa cho ting san phém chu lyc, cép nhat dinh ky nham hd
trg tra ctru nhanh va tai hudn luyén mé hinh. (iii) V& phat trién hé théng: tich hgp mé hinh vao
g dung di dong hodc nén tang truc tuyén dé hd tro ngudi tiéu dung va co quan quan 1y kiém tra
hang hoéa tirc thoi. (iv) V& mé rong hoc thuat: két hop phuong phép tich hop hién tai véi mang
hoc sau nhe (Siamese CNN, MobileNet) nham ting d¢ chinh xac trong truong hop hang gia 1:1
hodc bi chinh stra tinh vi.

C6 thé thiy, phuong phap de xuit d4p tmg t6t muc tiéu nghién ctru: dat hiéu ning cao, d& trién
khai, phu hop dleu kién thuc té cia cac doanh nghi€p va co quan tai tinh Bén Tre. Dong thoi,
hudng phat trién néu trén s& gitp hé thdng tién téi tu dong hoa va hoc thich tng, dap ung cac
kich ban nhan dién hang gia ngay cang phurc tap trong tuong lai.

4. Két luan

Két qua nghién ctru da dép tmg tron ven muc tiéu dé ra, chimg minh ring mé hinh tich hop da
thudc do c6 trong s mang lai hidu qua vuot trdi trong phat hién hang gia qua hinh anh logo va
bao bi san pham, so v6i cac phuong phép so sanh don 1¢ truyén thong. Phuong phap c6 tinh kha
thi cao, dic biét phu hop véi diéu kién trién khai tai dia phuong nhu tinh Bén Tre, noi cac doanh
nghiép vira va nho co6 thé dé dang ap dung dé bao vé thuong hiéu va quyén so hitu tri tug.

Giai phap d3 duoc tich hop thir nghiém vao Hé théng Tu vAn va Quan 1y Sé hitu tri tué tinh
Bén Tre tai dia chi: https://shttbentre.girc.edu.vn/. Viéc (mg dung nay khong chi gop phan tang
cuong nang luc quan 1y thi truong va xac thuc san phiam, ma con minh ching cho vai tro thiét
thuc cta cong ngh¢ thi giac may tinh va tri tu¢ nhan tao trong cong cudc chuyén déi s6 va chéng
hang gia ¢ cap dia phuong. Nhiing cai tién nay ky vong s& ning cao hon nita hiéu qua cua hé
thdng va gop phan lan téa mo hinh ra cac dia phuong khéc.
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Loi cam on

Nhom téc gia xin trén trong cam on S¢ Khoa hoc va Cong nghé tinh Bén Tre (nay la tinh
Vinh Long), Trung tam Nghién ctru dia tin hoc, Trudng Dai hoc Nong Lam - Dai hoc Thai
Nguyén di hd trg kinh phi, co s dit liéu va ha tang k¥ thuat trong qua trinh trién khai dé tai. Su
ddng hanh va hd tro quy bau nay di gop phan quan trong giup cong trinh hoan thanh va c¢6 kha
ning tmg dung thuc té cao.
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