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TOM TAT

Trong bdi bdo ndy, mét phwong phdp phén 16p hinh danh diwa trén cau tric KD-Tree Random
Forest duoc dé xudt nham thuwe hién phdn lop anh bcfng nhiéu cdu tric KD-Tree doc ldp. Trong do,
méi cdu triic KD-Tree dwoc sir dung phdn 16p nhiéu lan cho mét danh dau vao theo mé hinh phdn I6p
da tang. Qud trinh phdn I6p dnh dwa trén cau tric KD-Tree Random Forest thic hién theo phiong
phap xdy dung cau triic KD-Tree Random Forest va hudn luyén b vector phén I6p. Vi vy, cdc thudt
todn phén 16p hinh anh diea trén cdu triic KD-Tree Random Forest, hudn luyén b véc-to phén 16p
va mé hinh phdn I6p dnh dwoc dé xudt. Duwa trén co s6 | thuyét nay, thiee nghiém dwoc xdy dung
trén bé anh Clatech256 va so sanh véi cdc cong trinh khdc ciing bg dir lidu dé minh ching tinh kha
thi ciia phwong phdp d@é xudt. Theo két qua thuc nghiém cho thdy phwong phdp ciia ching t6i la hiéu
qud va co thé ap dung duoc cho cdc hé phan logi hinh dnh thuoc cac linh vuc khac nhau.

Tir khéa: phan 16p anh; hiéu suat phan 16p; KD-Tree Random Forest; hinh phan 16p

1.  Giéi thiéu

Phan 16p anh 14 bai toan dugc ung dung trong nhiéu linh vuc nhu nhan dang mau,
nhan dang ddi tuong trén anh, nhan dang Ki tu, phan loai bénh nhan va chan doan y khoa
qua hinh anh... nhim tan dung ngudn dir liéu da phuong tién dang phat trién nhanh chong
trong bdi canh hién nay (Sawant Shrutika, 2017; Ouni, 2020). Dit liéu anh sd ting 18n theo
cap s6 nhan trong mdi gidy thong qua cac thiét bi da phuong tién; didu nay cho thay su can
thiét phai c6 mot phuong phap phan loai ddi tugng bang hinh anh trong khoang thoi gian
cho phép dé dap ung nhu cau ngudi ding. Bai toan phéan loai hinh anh 13 mét trong nhing
bai toan quan trong ctia nhidu hé tra ciru dit lidu da phuong tién dugce nhidu nhém nghién
ctru quan tam (Ouni, 2020). Dé thuc hién bai toan phan loai hinh d4nh can xay dung mot mo
hinh va d4nh gia tinh diing dén ctia mé hinh dé xuat. Mot mo hinh phan 16p c6 thé dugc xay
dung bﬁng cac thuat toan rung ngﬁu nhién, cay quyét dinh, mang hoc sau va nhiéu ki thuét
khac. Ngay nay, su da dang ctia anh s6 1am cho qué trinh nhan dang ddi twong qua hinh anh
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gap nhiéu kho khan, dic biét 1a cac bd anh da ddi tugng. Vi vay, nang cao hi¢u suét cho mé
hinh phan loai ddi tuong bang hinh anh 14 can thiét. Trong bai bao ndy mé hinh phan loai
d6i tuong bang hinh anh dwoc danh gia qua cac giai doan: xay dung, huin luyén mé hinh,
kiém thtr va chon tham sb dé két qua phan loai tir mé hinh dat hiéu qué cao.

Hién nay, c6 nhiéu bai toan phan 16p dit liéu duoc thyc hién boi nhiéu phuong phap
khac nhau nhu st dung mot trong cac thuat toan k-NN (k-Nearest Neighbors) (Dang, 2018),
SVM (Support Véc-to Machines) (Chaganti, 2020), CNN (Convolutional Neural Networks)
(Ortac, 2021), DNN (Deep Neural Networks) (Rashid, 2020)... Trong bai bao nay, mdt
phuong phap phan 16p ddi tuong bang hinh anh dya trén cu tric KD-Tree Random Forest
duoc dé xuét. Qua trinh phan 16p nay dugc thuc hié¢n trén nhiéu KD-Tree déng thoi cho mdi
anh dau vao; sau d6 tong hop két qua phéan 16p theo co ché phiéu bau cao nhét.

Dong gop cuia bai bao gdm: (1) Mo ta qua trinh phan 16p anh bang cau trac KD-Tree
Random Forest; (2) xdy dung thuat toan phan 16p hinh anh dua trén ciu tric KD-Tree
Random Forest; (3) huin luyén b vector phan 16p trén KD-Tree Random Forest; (4) dé xuét
mo hinh phan 16p anh dua trén cdu trac KD-Tree Random Forest; (5) danh gid mé hinh bang
thuc nghiém trén cac bo anh Clatech256.

Phan con lai ctia bai bao gdm: phan 2 khao sat va phan tich wu nhugc diém ciia mot
s6 cong trinh lién quan dé minh chimg tinh kha thi cho mé hinh phén 16p anh dé xuét; phan
3 trinh bay mé hinh phéan 16p anh bang KD-Tree Random Forest, phuong phap xay dung va
huén luyén KD-Tree Random Forest; phén 4 trinh bay két qua thuc nghiém dugc danh gia
trén bo dir liéu anh; Két luan va hudéng phat trién tiép theo dugc trinh bay trong phan 5.

Céc cbng trinh nghién cwu lién quan

Deepak Ranjan Nayak va cong su (2016) (Nayak et al., 2016) da thuc hi¢n mot phuong
phap phan loai hinh anh MR n#o bang cach sir dung phép bién ddi wavelet rdi rac hai chiéu
va ki thuat AdaBoost bang rimg ngiu nhién. Bai bio nay, nhom tac gia di trinh bay mot hé
théng chan doan co su hd tro cua may tinh (CAD) tu dong va chinh xac cho viéc phan loai
ndo bang hinh anh cong hudng (Hamreras). Hé thong dau tién sir dung phép bién ddi wavelet
roi rac hai chidu (2D-DWT) dé trich xuét dic trung hinh anh. Sau khi chuin hoéa vecto dic
trung cho timg ddi twong, phén tich thanh phan chinh bang phuong phap giam chiéu dir liéu
PCA dé giam kich thudc ctia d6i tuong. Cac tinh nang rit gon dugc ap dung cho trinh phan
loai dé phan loai hinh anh MR thanh hai loai binh thuong va bat thuong. Luge dd nay sir
dung thuat toan AdaBoost két hop rimg ngiu nhién 1am bo phén loai co so ciia nd. Trong
cong trinh nay, ba tap dit liéu hinh anh ding cho chuidn MR 1a Dataset-66, Dataset-160 va
Dataset-255, da dugc st dung dé xéc thuc hé théng dé xuét. So dd xac thue chéo phan tﬁng
dugc st dung dé nang cao tinh tong quat va kha nang phan loai hinh anh ctia phuong phap
dé xuét. Két qua mo phong dugc so sanh véi cac luge dd hién c6 cho thdy rang chuong trinh
dugc dé xuat hoat dong t6t hon cac chuong trinh khéc trong ca ba tap dir liéu thuc nghiém.
Nhu vay, viéc két hop giira phép bién d6i wavelet roi rac hai chiéu két hop thuat toan phan
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loai hinh anh dugc danh gia 1a kha tot trong chian doan bénh bang hinh anh MR.

Wijayanti Nurul Khotimah va cong su (2015) (Khotimah et al., 2015) da thuc hién
mot phurong phap phan loai ca ngir dai duong bang thuat toan cdy quyét dinh Decision Tree
dua trén déc trung hinh anh duogc trich xuét gém két cAu, hinh dang ti 1€ gitta dién tich dau
va dién tich hinh tron, ti 1 hinh tron cta dau ca ngur. Két qué thuc nghi¢m déanh gia trén 60
mau anh ca ngir loai mét to, viy vang va ca van. Két qua danh gia voi d6 chinh xac phéan 16p
la 0.88. Tuy nhién, cong trinh nay chi dirng lai & mtc phan loai c4 ngr dai dwong va tap anh
thuc nghi¢m chua 16n.

Junshi Xia va cong su (2017) (Xia et al., 2017) da sir dung rimg ngiu nhién dé phan
loai hinh 4nh. Trong cong trinh nay, nhom tac gia da thuc hién mot phuong phap phan loai
hinh anh bang rimg ngiu nhién mo rong nham nang cao hidu suit phan loai hinh anh. Hiéu
qua ctia phuong phap dé xuit dugc nghién ciru boi Pai hoc Pavia va Indian Pines. So sanh
danh gi4 thir nghiém cho thdy hiéu suat vuot trdi ctia cac phuong phép nay, dic biét 1a nhiing
phuong phép sir dung dua trén luan phién va ting cudng cac phuong phap tiép can dua trén
su xoay vong cua cau triic rimg ngau nhién. Mot loi thé trong phuong phap nay 1a rang thoi
gian xtr If ciia CPU ¢6 thé chap nhan duoc.

Tir cac cong trinh nghién ciru nay cho thay bai toan phan 16p hinh anh duoc thyc hién
theo nhiéu phuong phap khac nhau va c6 nhiéu quan tdm cta nhiéu nhom tac gia. Hon nira,
mo hinh phén 16p anh bang rimg ngiu nhién da c6 nhiéu két qua kha quan, theo danh gia thi
phan loai hinh anh bang rimg ngau nhién 1a mot hudng tiép can co tinh kha thi va nhiéu
thach thirc. Trén co so ké thira tir cac cong trinh da c6 va khic phuc nhitng han ché cua cac
phuong phéap phan 16p hinh anh tir cong trinh (Nguyen, 2021); trong bai bao nay mdt mo
hinh phan 16p hinh dnh bang cach x4y dung rimg ngau nhién trong d6 két hop nhiéu céu triic
KD-Tree di nang cao hiéu suat cho qua trinh phan 16p hinh anh.

2. No¢i dung
2.1. M0 hinh phan Iép danh bang KD-Tree Random Forst

Dé danh gia tinh ding dan ctia phuong phap dé xuit ap dung cho bai toan phan 16p
hinh anh, mdt mo hinh phéan 16p anh dya trén KD-Tree Random dugc minh hoa nhu Hinh 1.
M® hinh phan 16p anh bang KD-Tree Random duoc chia thanh hai pha: pha huan luyén KD-
Tree Random Forest va pha phan 16p anh, cu thé cac budce nhu sau:

Pha huan luyén KD-Tree Random Forest

Buoc 1. Trich dac trung cho tap anh thuc nghiém Caltech256;

Buoc 2. Xay dung KD-Tree Random Forest dua trén ki thuat Bagging;

Buéc 3. Huan luyén trong sé trén KD-Tree Random Forest; két qua thu dugc 12 bo
vector phan loai va mé hinh phan l6p KD-Tree Random Forest.

Pha phén lép anh

Buréc 1. Trich xuét dac trung cho anh dau vao;
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Bueéc 2. Thuc hién phan 16p anh dau vao biang md hinh KD-Tree Random Forest theo
co ché phiéu bau, tirc 1a mi anh duoc phan 16p trén nhiéu KD-Tree thudc rirng ngau nhién
s& thu dugc nhiéu két qua phan 16p khac nhau;

Bueéc 3. Trich xuat phan 1p cudi ciing cua anh dau vao dwa trén s6 phiéu bau cao nhat.

/" Trich xuat "\
\. Hdéc trung J/

e . _
KD-Treie Ra;ndomAForest (Husin luyén ) Bo Avecfor
da huan luyen N phan lop

A

Anh dau vao

. Pha phan I6p dnh ﬁ

(Phén I6p anh )

AN fi= (X1 Xi } Y
e n Két qua phén Iép
anh dau vao

Hinh 1. M hinh phan 16p dnh bang KD-Tree Random

2.2. Céu tric KD-Tree Random Forest cho phan 16p hinh anh

Rimg ngiu nhién 13 mot trong nhitng mo hinh phan 16p hinh anh c6 hiéu suit cao boi
su két hop cac két qua danh gia khach quan tir nhiéu mé hinh phan 16p doc lap. Hién nay,
viéc xay dung va phan 16p hinh anh bang rimg ngiu nhién dya trén cac ki thuat Bagging,
Boosting... va mot sb ki thuat khac di mang lai hiéu suit phan 16p anh khac cao (Wang,
2019; Amini, 2018). Trong bai bao nay, mot mé hinh phéan 16p anh bang rimg ngiu nhién
trong d6 mdi bod phan 16p 12 mot cau trac KD-Tree theo ki thuat Bagging nham thyc hién
phan 16p anh dau vao dugc dé xuat. Minh hoa cdu trac rimg ngau nhién KD-Tree Random
Forest nhu Hinh 2.
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Hinh 2. Cdu triic KD-Tree Random Forest
2.3. Xdy dung KD-Tree Random Forest

Trén co s cdu trac KD-Tree dugc mé ta va xdy dung dugc ké thira tir cong trinh
(Nguyen, 2021) trong d6 mdi tap dir liéu Data; duoc st dung cho xay dyng mot cau
trdc KD-Tree riéng biét. Cau truc KD-Tree dugc xdy dung 13 cdy da nhanh can bang,
xéac dinh chiéu cao va s6 nhanh tai mdi nut trén cay dé hinh thanh sé nut 14 can xay
dung chtra tap dit liéu véc-to dac trung hinh anh tai nat 4.

Tu nhitng cong trinh (Nguyen & Le, 2022; Nguyen, 2021) viéc phan 16p hinh
anh bang ciu tric KD-Tree 1a thuc hién phan 16p cho anh dau vao bang mot céu trac
KD-Tree riéng 1¢ nén hiéu suit phan 16p chua cao. Do d6, ki thuat phan 16p anh bang
nhiéu cady KD-Tree dé dam bao tinh khach quan cho ngudi dung va nham nang cao
hiéu suat phan 16p anh 13 thuc su can thiét. Bé thuc hién diéu nay, mot cau trac KD-
Tree Random Forest dugc xay dung bsi nhiéu cdy KD-Tree dé thuc hién phan 16p
dé)ng thoi cho anh dau vao duge thue hién. Sau khi thuc hién phan 16p trén tung ciu
trdc KD-Tree, phuong phap bo phiéu bau theo sé dong cho két qua phén loai dé tong
hop két qua cudi cung. Rimg ngau nhién duoc xay dung 13 tap hop nhiéu ciu tric
KD-Tree doc lap nham thuc hién phan 16p nhiéu 14n cho mot anh du vao dua trén
cac mo hinh phan 16p riéng biét va thuc hién song song bang ki thuit Bagging. Minh
hoa rimg ngiu nhién KD-Tree Random Forest két hop ki thuat Bagging duoc minh
hoa trong Hinh 2 gém céc budce: (1) Xay dung cac bo dit liéu Data; ngiu nhién; (2)
Xay dung KD-Tree cho timg bd Data;; (3) Tong hop n cdy KD-Tree hinh thanh KD-Tree
Random Forest. Viéc chia bo dit liéu thanh cac tap dir liéu con ngiu nhién c6 sé phan tir nho
hon duoc thuc hién theo phuong phap Bagging va cac mau dir liéu Sampling Data; 1a co
giao nhau. Qua trinh 14y ngiu nhién gitip cho viéc xdy dung cac cau trac KD-Tree ngiu
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nhién va tang tinh khac quan cho két qua phan 16p anh dau vao.
Thuat toan 1 thuc hién xay dung nhiéu KD-Tree, mdi KD-Tree thtr i goi 1a h; dugc
xay dung tir mot tap dir liéu Data; co sd phan tir 1a S; trich tir tap dit lidu gbc ban dau 1a S
la tap dix liéu huan luyén. M&i KD-Tree ¢ chiéu cao h = 3, sb nhanh tdi dala b = 6; Wi,
1a bo trong s6 khai tao ngéu nhién ban dau.
Thuit toan 1. Xay dung c4u trac KD-Tree Random Forest
1. Input: Traning set S, Number of KD — Tree N;
2. Output: KD — Tree Random Forest
3. Function RFKDT (S, b)
4. Begin
5. KD — Tree Forest = @;
6
7
8
9

For (i innumber of KD — Tree N) do
h; = CKDT (S;, Wk, h,b);
KD — TreeForest = KD — TreeForest Y h; ;
. EndFor
10. Return KD — Tree Random Forest;
11. End.

2.4. Hudn luyén KD-Tree Random Forest
Sau khi xay dung ciu tric KD-Tree Random Forest véi bo trong s6 ngdu nhién ban

dau thi hiéu suit phan 16p anh chua cao. Vi vy, qua trinh huén luyén trong sé trén KD-Tree
Random Forest can dugc thuc hién. Huan luyén mo hinh phan 16p anh bang KD-Tree Forest
chinh 13 qué trinh huin luyén trong s6 phan 16p trén nhiéu cu trac KD-Tree (Nguyen Thi
Dinh, 2021). M&i cay KD-Tree duoc huin luyén theo phuong phap giam sai sb trung binh
clia qua trinh phan 16p anh. Qua trinh nay duoc thuc hién bang cach diéu chinh vector trong
s6 luu trit tai cac nat trong trén KD-Tree va duogc ké thira tir cong trinh (Dinh & Le, 2022).
Hiéu suét phan 16p tai mdi KD-Tree dugc tinh theo cong thirc (1); sau d6 tong hop theo
nhiéu KD-Tree cho rimg ngau nhién.
P1:AVG(Z(fki)) 1)
2 (fmi)

Trong do: > (f,;)la tong sd véc-to cling nhan thudc nut 14 leaf;

X (fpi)1a téng s6 véc-to cung nhan 16p thudc tap dir liéu ban dau
Sau khi tinh hiéu suit phan 16p v6i bo trong s6 khoi tao ngiu nhién trén cau trac KD-
Tree Random Forest, qua trinh diéu chinh trong s6 dé nang cao hiéu suit phan 16p trén timg
cAu trac KD-Tree riéng 1¢ dugc thuc hi¢n br:ing cach diéu chinh trong s6 theo dao ham nguoc
huéng Gradient theo cong thire (2) tai mdi nut trong trén KD-Tree.
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d(o(W.*f)
W, =W, —o (Wi * ;) *n* ———— =W, —a(W,* ;) *n* o (W;* f;) *(1— o (W;* f;) )
oW.)
Thuit toan 2. Huan luyén trong s6 trén KD-Tree Random Forest
Input: KD — Tree Random Forest;
Output: Result training KD — Tree Random Forest
Function TWRF (KD — Tree Random Forest)
Begin
Khéi tao bod trong s6 ngau nhién cho moi KD — Tree[i];
Foreach (KD — Treeli] in Forest N) do
Traning weight for KD — Tree(i],
EndFor
Return Result training KD — Tree Random Forest;
. End.
2.5. Phdn l6p dnh bang KD-Tree Random Forest
Sau khi xay dung va huén luyén KD-Tree Random Forest; két qua thu duoc 1a bd trong
s6 tot nhét trén KD-Tree Random Forest va md hinh nay duoc str dung tai pha phan 16p hinh
anh. Thuit toan 3 mo ta qua trinh phan 16p anh bang KD-Tree Random Forest theo co ché

© XN O ODN -

[N
o

phiéu bau véi sd phiéu cao nhét vi mdi anh thu dugc nhiéu két qua phan 16p tir mdi cau trac
KD-Tree doc lap.
Thuit toan 3. Phan 16p anh bang KD-Tree Forest Bagging va co ché phiéu bau

Input: vetor f; of Image I; KD — Tree Random Forest da huan luyén
Output: Final class name of image I;

Function CKDFV (f;, KD — Tree Random Forest)

Begin

Khoitao N KD — Tree Forest;

Foreach (KD — Treelilin KD — Tree Random Forest ) do

EndForeach;

NN R~

10. Return FinalClass(I);
11. End.
3. Thuc nghiém
3.1. Moéi trwong va dir liéu thuc nghiém
Pé ching minh tinh dung dan ctia mé hinh dé xuét, thuc nghiém duoc xay dung trén

nén tang dotNET Framework 4.8, ngdn ngit 1ap trinh C#. C4u hinh may tinh cua thuc nghiém
pha kiém thu: Intel(R) CoreTM i7- 5200U, CPU 2,50GHz, RAM 16GB va hé diéu hanh
Windows 10 Professional. C4u hinh may server dung dé huan luyén mé hinh phan 16p anh
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s6 dua trén chu tric KD-Tree: CPU Xeon(R) Gold 6258R CPU 2.70Ghz, O cling SSD
1024GB, RAM 16GB, h¢ diéu hanh Server Datacenter 2019.
Bdng 1. M6 ta phan chia bo anh Caltech256 trong thuc nghiém

Tong s6 anh S6 anh Training S6 anh Testing S6 phén 16p
30,607 21,424 9,183 257

3.2. Két qud thuc nghiém va ddnh gid

Thuc nghiém xay dung ciu tric KD-Tree Random Forest theo phuong phap phan 16p
dugc minh hoa bai Hinh 3. Trong thuc nghiém nay, bo anh Caltech256 duoc xay dung ciu
tric KD-Tree Random Forest véi chiéu cao va sb nhanh khac nhau dé phu hop véi s6 phan
I6p trén bo anh nay. Hinh 3, minh hoa thuc nghiém xay dung KD-Tree Random Forest
(Create KD-Tree Random Forest) trén bo anh Caltech256 c6 257 phan 16p nén chiéu cao
bang 3 va s6 nhanh tbi da tai mot node trén cay 1a 6. Sau khi xay dung ciu tric KD-Tree
Random Forest, thuc hién huan luyén trong sb trén KD-Tree Random Forest dé tinh hiéu
suit phan 16p tng vai bo tirng vector huan luyén (Training Weight). Két qua kiém thir md
hinh phan 16p anh sé duoc minh hoa bai Hinh 4.

17 Create KD-Tree Random Forest = O X

0.855411764705882, 0.867176470588235, 0.874156B62745098.
0.889882352941177, 0.889882352341177, 0.883058823525412,
0.899176470588235, 0.458313725450196, 0.885411764705882,
0.9085693359375, 0.435447701263636, 0.502038733710073,
0.5308959840457109, 0.458226517280721, 0. 0, 0, 0, 0.889882352941177,
| |0.889058823529412, 0, 0.498313725490196, 0.885411764705882,
0.855411764705882, 0.867176470588235, 0.874156862745098,
0.889882352941177, 0. 0. 0.899176470588235, 0. 0. 0.0625,
0.0439249674479167, 0.342376708984375, 0.4375, 0.0915301529947917,
0.1875, 0, 0, 0, 0, 0.898705882352341, 1, 0, 0.322313725450136,
0.896117647058823, 0, 0. 0. 0. 0.881176470588235, 0.796901960784314, 0.

A AMAAY FAREAT AR A AT A CRAARARSY F

Height of KD-Tree 3 Classification Peformance 58.02%
Number of Branch g | Training Classification Peformance  84.50%

Create KD-Tree Random Forest | Set Label | Traning Weight |

Hinh 3. Giao dién xay dung KD-Tree Random Forest
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1% Image Classification — O X

0.117271122083848, 0, 0, 0.0072130883347685, 0, 0, 1.56257324562089E-05,
3.12514649124178E-05, 0, 0.0455396534212541, 0.001156304201755946, 0. 0,
0.000109380127193462, 0.00230638623685485, 0.0874884760223135,
1.56257324562089E-05, 0, 0.0040470647061581, 0.00135943872369017,
0.000250011719299342, 0, 0, 0, 0.732190571433036, 1, 1,1, 1, 1,
0.0627058823529412, 1, 0.006, 0.264352156862745, 0.658058103575535,
0.495707351204793, 0.484220881579681, 0.504894424673784,
0.529425356060245. 0. 0.0.0.1.0.0.0.0. 1,1, 1. 1. 0, 0.0627058823529412. 1.
0.006, 0.264392156862745, 0.0625, 0.0483445541284404, 0.345220183486239,
0.3125, 0.169464831804281, 0.1875, 0. 0. 0. 0, 1, 0.378980392156363. 0.

N NNANTRAI137254902 N3 0 0 0 0 0 AIN1IKNTRA31373

butterfly

Result

Classffication Performance (%) 100 Load Image || Classfication on KD-Tree Random Forest
Times of Classifier Performance (ms) 139.05

Classffication on KD-Tree Random Forest Testing

Hinh 4. Két qua phdn I6p anh bang KD-Tree Random Forest
Bing 2. Hiéu sudt phan 16p anh bang KD-Tree Random Forest trén by anh Caltech256

S6 anh S6 . Thoi gi
Tap énh >oant 2% Higu suét phan lop of gian
kiém thi phéan l6p trung binh (ms)
Caltech256 9,183 257 0.8450 118.25

Két qua phan 6p anh trung binh trén theo chi dé trong bo anh Caltech256 nhu sau:

Hiéu suat phan 16p trén bd anh Caltech256

12

08 ° ® @

0.6

Gid tri

0.4
0.2

0

O & £ & (s ] ] [P Q (3]
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Chis d2 anh
Hinh 5. Hiéu suat phan 16p trung binh theo chu dé anh bg Caltech256
Dé minh chung tinh hiéu qua caa md hinh truy van anh da dé xut; cac két qua nay
dugc so sanh véi mot s cong trinh cing linh vyc trong nhitng nam gan day dugc thé hién
trong Bang 3. Diéu nay cho thiy phwong phap phan 16p hinh anh bang cau tric KD-Tree
Random Forest dugc danh gié 1a kha thi va hi¢u qua.

131



Tap chi Khoa hoc Trwong BPHSP TPHCM Nguyén Thi Dinh va tgk

Bing 3. So sanh hiéu sudt truy vin gitta cdc phirong phdp trén bé dir liéu Calterch256

P9 chinh xac

Céng trinh B0 dir liéu Phuwong phap trung binh
Yu Zheng, etal. 2017 Caltech256 Enhanced visual tree 0.6120
(Zheng, 2017)
Qing Li, 2018,
Caltech256 k-NN 0.6890
(Zheng, 2017) aee
CLKDF Caltech256 KD-Tree Random Forest 0.8450

Mo hinh phén 16p anh bang KD-Tree Random Forest (CLKDF) mat mét chi phi huan
luyén ciu trac KD-Tree Random Forest 1a kha 16n; tuy nhién, chi phi huén luyén chi thuc
hién mot luot & pha tién x I va sir dung nhiéu 1an & pha phan 16p anh. Bén canh d6 Bang 3
so sanh voi cac cong trinh khac cho thy hiéu suat phan 16p anh thu duoc cao hon cac phuong
phap khac cung bo dir liéu bai cac li do:

1) M hinh CLKDF két hop nhiéu cau tric KD-Tree phan 16p doc lap; mdi ciu triic KD-
Tree dugc thuc hién phan 16p mét 1an cho mdi hinh anh dau vao;

2) M6 hinh CLKDF thuc hién huan luyén bd vector phan 16p nhiéu lan cho mdi ciu tric
KD-Tree;

3) Két hop ki thuat xay dung KD-Tree Random Forest voi ki thuat Bagging nén tinh
khach quan trong phan 16p hinh anh kha cao, tir d6 hiéu suat phan 16p anh téng hop duoc tht
hon cac phuong phép khac.

4.  Kétluan va kién nghi

Trong bai bao mot md hinh phan 16p anh st dung ciu trdc KD-Tree Random Forest
trong d6 két hop nhiéu cau tric KD-Tree nhiam nang cao hiéu suit phan 16p anh. Mot s6
thuat toan dé xuét bao géom: xay dung cau tric KD-Tree Random Forest; huan luyén trong
s6; phan 16p anh bang cau tric KD-Tree Random Forest. Két qua thuc nghiém vé hiéu suat
phan 16p anh trén b anh Caltech256 1a 0.8450; dong thoi phan tich va so sanh vai mot sé
cong trinh khac da cong bé trén cling bo anh thuc nghiém. Pinh hudng phat trién tiép theo
cua ching t6i 1a két hop mot s6 ki thuat hoc may vao KD-Tree Random Forest dé nang cao
hiéu suat phan I6p anh va thuc nghiém trén cac bo anh thudc cac linh vuce khac dap ang nhu
cau nguoi dung.

% Tuyén bé vé quyén lgi: Céc tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.

% Loi cam on: Tréan trong cam on Trwong Dai hoc Sw pham TPHCM; Khoa Cbéng nghé
thong tin — Trwong Pai hoc Khoa hoc — Dai hoc Hué da gép y chuyén mén cho nghién ctu
nay. Chung téi xin trén trong cam on Trwong Pai hoc Céng nghiép Thuc phdm TPHCM,
Truong THPT Chuyén Lé Quy Bén, Ba Rja — Ving Tau da tao diéu kién vé co sé vét chét
giup chung téi hoan thanh bai nghién cteu nay.
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ABSTRACT

This paper proposes a model of image classification based on a KD-Tree Random Forest
structure. Each KD-Tree structure is used to classify multiple times for an input image according to
the multi-layer classification model. The image classification process based on the KD-Tree Random
Forest structure follows the method of building the KD-Tree Random Forest structure and training
the classifier vector set. Therefore, image classification algorithms based on the KD-Tree Random
Forest structure, a training set of classification vectors, and image classification models are
proposed. Based on this theory, the experiment was built on the Clatech256 image set and compared
with other works with the same data set to demonstrate the feasibility of the proposed method. the
experimental results show that the approach is effective and can be applied to image classification
systems in different fields.

Keywords: image classification; image classification performance; KD-Tree Random Forest;
model of image classification
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