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THUAT TOAN CHI TIET PHAN LOAI ANH VIEN THAM
BANG MANG NO RON NHAN TAO NHIEU LOP

NGUYEN DU KHANG, NGUYEN THI THANH BINH

Cuc Vién tham quéc gia
Tom tit:

Vi sw phat trién nhanh chong cia cdc phwong phdp thu nhdn va leu trie die liéu vién tham, ngay
nay, khoi lwong di liéu khong 16 can dwoc xit Iy va phan tich. Cac dit liéu nay qud I6n nén kha ning
cia cdc chuyén gia khéng con di nita, dan dén nhu cau vé cdc phwong phdap phan tich dit liéu tw
dong lién tuc tang. Ung dung mang no ron nhan tao la mét trong nhitng gidi phdp gidi quyét vin dé
trén. Bai bdo dé xudt thudt todn chi tiét hudn luyén mang no ron nhan tao nhiéu 1op va vmg dung
phdn logi anh vién tham. Két qud thuc nghiém, danh gia do chinh xac cho thay, phwong phap nay
hodn toan kha thi va don gian dé ban tw dong héa phan logi cdc doi tiegng thé hién trén anh vién
tham, phuc vu cho viéc thanh lap, cdp nhdt dir liéu khong gian dia ly quoc gia.

1. Pit van dé

Ngay nay, c6 rat nhiu tai liéu vé Vién tham duoc xuit ban trong va nude ngoai lién quan dén
van d¢€ tuy dong hoa phan loai anh vién tham, song, chu yéu trong cac linh vuc chuyén de. Cac cong
trinh lién quan dén ing dung cong nghé vién tham dé cap nhat dir liéu khong gian dia 1y theo hudng
ban ty dong hoa hau nhu thiéu vang. Nhitng kién thirc co ban vé mang no ron nhan tao trinh bay
trong Tai li€u hudng dan “Xu 1y va giai doan anh so vién tham” ctia cac tac gia (san pham d¢ tai ma
s0 TNMT.2018.08.08). Sau day trinh bay thudt toan chi tiét huan luyén mang no ron nhan tao nhicu
16p va ting dung phan loai anh vién tham, chua thay cong bo trong cac tai li€u trong va ngoai nudc.

2. CAu tric mang

Hinh 1 thé hién cdu triic mang no ron 3 16p (hai 16p 4n va 16p ra). P6i v6i mang no ron nhiéu 16p
khac, viéc nghién ctru hoan toan tuong tu.

Ky hi¢u 16p vao clia mang 1a X, céc 16p an 1a A, B va 16p ra 1a Y, vé6i s6 no ron (khong ké no ron
chuyén vi) tuong Ung 1a n, na, nb va m.

(Xem hinh 1)

Ky hiéu cdc ma trdn trong so giiva cdc ldp:
Lop vao X va lép an A: WA = (Way, Way . W )T )
We = (i, wiha o wieeny)., 1=1+na

Lop an A va lop an B: WB = (Wb, Wo, . Wt,;)T

|
’ 1
Wo; = (W8, WBa . WBeey), T=1+nb ' M
Lép an B va Idpra Y: WY = (W, Wra,.. ., Wv,)T
W= (¥, wia, .., 'H'Y(nb—l)i}._ i=1+m ]

Ngay nhan bai: 05/3/2021, ngay chuyén phan bién: 09/3/2021, ngdy chép nhan phan bién: 15/3/2021, ngay chip nhan dang: 18/3/2021
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Tap hop cac ma tran trong s6 ciia mang 1a W, = (W4, WE, W),
Véc to diu vao va dau ra ciia cdc l6p:

Ky hi¢u I* va O* 14 véc to dau vao va dau ra cua 16p A, I*; va O (i = 1+ na) 14 cac phan tir cia
chung. Tuong tu sir dung ky hiéu d6i véi cac 16p khéc.

Lopvao Xo K=0%=(x, x2..... Xn 1)T ™

Lépan A: TA=(Ia, 5., I3,)T, I3 =(W2).0X
04=(0%4,0%,...,0%,). 05=F(I8). i=1+na

LopanB: IB= (1%, I'..... ). It, = (W?,).04 f\ @
OF = (0P, Ob,..., Oby), O%=F(I%), i=1+nb

LoprayY: IV=(IFy, Fa..... %), Ir; = (Wy,).0B

OY=(0Ovy, O7,..., Ov,), OF; = F(Iry), =l+m

O day F 1a ham kich hoat. Trudng hop mang chi lién quan dén s6 dwong (+), F 1y ham sigmoid:
F(x) = 1/(1 + &), truong hop mang lién quan dén ca dau 4m (-) va dau duong, F 1ay ham tang hyper-
bol: (e — 1)/(e* + 1).

3. Thuét toan huin luyén mang perceptron 3 16p
Gia st cho cap mau (X5 Yy) gém vée to dau vao X= (X1, X,..., X, 1) va véc to dau ra Y, =01,

V2seees ¥yp)'s trong @6, n - 1a s6 tin hiéu dau vao, m - 1a s6 no ron cua 16p ra.

Huén luyén mang la qua trinh xac dinh tap hop cac ma tran trong sb W, sao cho véc to dau vao
X, xdc dinh véc to dau ra Y’ so voi Y thda man trong han sai cho phép.

Céc budc huan luyén mang (cho mot cip mau) tién hanh nhu sau:

Lop vao X Lop an A Lép an B LopraY

Hinh 1: Mang no ron nhiéu l6p
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Budée I: Xéc dinh dit ligu ban dau

- S6 no ron (khong ké no ron chuyén vi) cua 16p vao X, cac 16p an A, B va 16p ra Y, tuong tng
1a n, na, nb va m;

- Véc to dau vao Xs = (x1, X9,..., x,, 1)" va véc to dau ra Y= 0o yn)s

- Téc dd huén luyén a; moment f; gidi han sai sb ¢ va giéi han vong lip Epoch;

- Tap hop cic ma tran trong sb Wy lay ngiu nhién trong khoang [-0,5; 0,5].

Lay /=0.

Buéc 2: Tinh [ =1+ 1, néu [ > Epoch, chuyén dén budc 6.

- X4c dinh cac véc to dau vao va dau ra cua céc lop: 1*, O*, I®, O® va IV, OY theo cac cong thiic
(1) va (2).

- Tinh sai s6 theo cong thic:

M

MSE =(Z (y,— O%,2)/m, néu MSE < 6, chuyén dén buréc 6.
=1

Budc 3: Hidu chinh ma tran trong s6 WY giita 16p an B va 1op ra Y:
WY = (W, Wy,..., W )T,
W= Wiy W WY (1)) i=1=m.
Luu ¥, trong s6 diu ra cua cac no ron chuyén vi khong hiéu chinh.
- Xac dinh véc to delta: &Y = (8¥y, 8%1...., &), theo cong thirc:
8 =( 0% -v) FI(I") = (v;— O¥).(1 —O¥).0v. i=1=m, 3)
F°(P;) - 1a dao ham cua ham kich hoat F.
- Xéc dinh gradient ctia cac khop nbi giita 16p an B va 16p ra Y, theo cong thiic:
grad®; =&, 0%, j=l+nbi=1+m. 4)
- Xéc dinh gia s6 hiéu chinh:
AwYi=- a.grad®; + 5. AWV (I-1), j=1=nb, i=1+m, ®)]
trong do, AwYy(l-1) - la gia s6 hiéu chinh cua vong ldp trudc.
- Hiéu chinh cac véc to trong sb:

1_1,:_1,._.

A=wiy AwY, j=1+nb, i=1+m (6)
Budc 4: Hiéu chinh ma tran trong ) gitra cac lop 4n A va B:
- Xéc dinh véc to delta cua 16p an B: &8 = (&b, 8%..... 8%). , theo cong thic:
mw
8% =(1- O%).0%.Z(w¥;.8%). i=1+nb. (7)
=
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- Xac dinh gradient cta cac khép ndi gitra 16p 4n A va 16p an B:
grad®; =0%.0%, j=1=<+na i=1<+nb (8)
- Xac dinh gia s6 hiéu chinh:
AwBy;=- g .grad®; + . AwB; (I-1),  j=l+na, i=1=<nb 9)
trong d6, Aw3; (I-1) - 1a gia s6 hiéu chinh ciia vong ldp trude.
- Hiéu chinh céc véc to trong $6:
wBi=wB; + AwBy, j=1+na, i=1+nb. (10)
Budc 5: Hidu chinh ma tran trong so giira 16p vao X va 16p an A:
- Xac dinh véc to delta cia 16p an A: 34 = (8%, §%..... 8%a).
nb
5% = (1- 0%).0%.Z(wB; .3%), i=1+na. (11)
=1

- Xéc dinh gradient cua cac khép ndi gitta 16p vao X va 16p 4n A:

grad®; = 8% . x, j=l+ni=1+na. (12)
- Xéc dinh gia s6 hiéu chinh:
Awdi=- a.grad¥; + f. Aw?; (I-1), j=1=+ni=1+na, (13)

trong d6, Aw*; (J-1) - la gia sb hiéu chinh cta vong lap trudc.
- Hi€u chinh cac véc to trong $6:
whi =l + Awdy, j=l+n  i=1+na (14)
Quay lai buoc 2.
Buéc 6: Két thuc huan luyén mang.

) Nhu véy, dbi voi mot cip mﬁu: sau kh~1 huz?in luyén mang ta thu dugc tap hop cac ma tran trong
s0 Wg = (W*, W8, WY). Thudng s6 cdp mau bang so no ron cta 16p ra trong mang. Huan luyén cho
tat ca cac cap mau, ta thu dugc cac tap hop ma tran trong so ciia mang no ron nhicu lop.

4. Phén loai anh vién tham biang mang no ron nhiéu 16p

Gia sir can phan loai m 16p cac ddi tugng theo anh vién tham N kénh phd (hodc/va cac dau hi¢u
dan xuat). Dya vao tinh chat clia cac 16p doi tugng can phan loai, xac dinh 7 kénh pho (hodc/va cac
dau hiéu dan xuat) tuong thich dé sir dung.

Mbi 16p ddi tuong duoc cho mot bd mau huin luyén. Dua vao cac bd mau, tién hanh huan luyén
mang theo thuat toan trinh bay ¢ trén. Két qua ta thu duoc cac tap hgp ma tran trong s6 W,

Gia st mang no ron st dung ham kich hoat sigmoid, dau ra co gia tri tiém can dudi va ti€ém cén
trén bang 0 va 1 khi gid tri dAu vao cta no ron bang am vé cling (- < ) va duong vo cing (+ ).
Do vy, can phai dua ra gia tri ngudng muc thap va ngudng muc cao cho céc gi tri ctia cc no ron
16p ra gan véi 0 va 1, vi du nhu, lay ngudng dudi bang 0,05 va ngudng trén bang 0,95 (Hinh 2).
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Hinh 2: Ham kich hoat sigmoid voi dg chuyén dich 8
I —vée tor dau vao cia lép va; F(P) - véc to dau ra.

Pbi voi mang no ron nhidu 16p, ham kich hoat sigmoid dich chuyén di mot gia tri 6= 1w,y. 14
trong s ciia khép ndi tir no ron chuyén vi cua 16p an cudi cung dén cac no ron cua 16p ra (hiang sb
cho tat ca cac no ron 16p ra).

Ky hi¢u R, - 1a tp hop céac véc to co m phan tir, trong d6 ¢6 duy nhat mot phéan tir ¢6 gia tri ¢
muc cao va cac phan tr con lai déu c6 gia tri 6 murc thap.

Mbi pixel hodc mdi vung anh (néu anh da dugc phan tich cum) cho mot véc to mo rong dai dién
dau vao (Hinh 1): X = (x;, x5,..., x,,, 1), c4c phan tir x; (i = 1 = n) c6 thé 1a phan xa pho ¢ kénh i
hogc/va cac dau higu dan xuat.

Dua vao cac tap hop ma tran trong $6 W thu dugc sau khi huén luyén mang, xac dinh cac véc
to ddu ra theo véc to dau vao X, ta thu duoc m véc to dau ra Y; (i = 1+ m). Ky hiéu cac 16p phan
loai d6i tuong 1a w; (i = 1+ m).

Quy tic phan loai nhu sau:
Xew;(i=1zm) =Y, eRyvaYre Ry (k=1=-m, k=1). (15)
C6 thé md ta nhu sau: Véc to dau vao X thudc 16p ddi twong w; (i = 1+ m) khi va chi khi ton

tai duy nhat mot véc to dau ra Y, , xac dinh theo b mau huan luyén, thude tap hop cic véc to R,

Néu dau ra cia véc to X khong ton tai véc to Y; € R, (i = 1+ m), thi pixel X khong dugc phan
loai. Néu ton tai 16n hon hodc bang 2 véc to Y; € R, (i = 1+ m), phan loai khong x4c dinh. Truong
hop nay can danh gia lai mirc d6 phan biét cac mau huan luyén. Truong hop khac, pixel X nam trén
mat phan chia cac 16p doi tuong trong khong gian dau hiéu.

Thuat toan huén luyén mang no ron nhiéu 16p va phuong phap phan loai anh vién tham trén day
da dugc cac tac gia 1ap trinh modul phan mém bing ngén ngit Matlab.

Két qua phéan loai ddi tugng mat nudc va thuc phu béng tu liéu anh vién tham Landsat-8, sb hiéu
LC81270462020180LGNO0O d¢ phan giai 30m, thu nhén ngay 28-6-2020 khu vuc tinh Hoa Binh
(Hinh 3), dat d6 chinh xac £ =0,9.
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() (b)
I thucpho [ Nuse I chura phan loai
Hinh 3: Két qua phdn loai anh vién tham sur dung mang noron nhan tao hai l6p an
(a). Anh truoc phan loai, (b). Anh sau phdn logi

5. Két luan

Két qua thir nghiém thuat toan huén luyén mang no ron nhiéu 16p trén day va img dung dé phan
loai anh vién tham, cho thay tinh kha thi ciia viéc ban tu dong hoa cap nhat co so dir liéu khong gian
dia 1y, thay thé cho cac phuong phép gidi doan anh truyén thong. Dbi véi viéc phan loai cac 16p ddi
tuong kha tach tuyén tinh, c6 thé str dung mang no ron mot 16p don gian. Ddi véi trudng hop céc
16p ddi twgng khong hoan toan thoa man tinh chat kha tach tuyén tinh, nén stir dung mang no ron
nhiéu 16p trinh bay trén day, cho d6 chinh x4c cao.Q
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Summary

Detailed algorithm for remote sensing images classification by multi-layered artificial neu-
ral networks

Nguyen Du Khang, Nguyen Thi Thanh Binh
National Remote Sensing Department, MONRE

With the rapid development of remote sensing data acquisition and storage methods, today, a big
data need to be processed and analyzed. These data are so large that the capabilities of the experts
are no longer sufficient, leading to the continual increase in demand for automated data analysis
methods. Application of artificial neural networks is one of the solutions to solve the above prob-
lem. The paper proposes a detailed algorithm for training multi-layered neural networks and remote
sensing image classification application. Experimental results and evaluation of accuracy show that
this method is quite feasible and simple to semi-automate the classification of objects represented
on remote sensing images, for the establishment and updating of data national geospatial data. O

12 TAP CHi KHOA HOC PO PAC VA BAN DO SO 47-3/2021



