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Tom tit:

Trong linh v vién tham, phan logi mém dwoc coi la c6 dé chinh xdc cao hon phan logi cing.
Péi véi bai todn siéu phan gidi, mang neuron Hopfield di dwoc sir dung dé thwe hién bai todn t6i
wu hod trong xdc dinh vi tri ciia cac 16p phii trong méi pixel. Nghién ciru nay danh gi sw hiéu qua
ciia thudt todn méi voi anh 4 va khdng dinh rang phwong phdp méi c6 thé tang dg chinh xdc cua tat
cd cdc 16p phii, dac biét la nhdn dang céc doi twong c6 kich thuée nhé hon hodc twong dwong 1pixel

trén anh pho.
1. Gié6i thiéu chung

Déi voi cac phuong phap phan loai cting hay
cac phuong phap phan loai thong thuong dua
trén gia thiét ring mdi pixel chi ¢6 thé thudc vé
mot 16p phu. Tuy nhién, trén thuc té thi trong
cing mot pixel ¢ thé chira nhiéu 16p phu khac
nhau (Fisher va cong su., 1997)[7]. Trong mdi
tam anh vién tham, s luong cac pixel chira
nhiéu 16p phii khac nhau s& chiém da s6, vi du:
cac pixel nam trén duong bién cua hai 16p dbi
tuong khac nhau hay cac pixel chira cac dbi
tugng hinh tuyén c6 kich thude nho hon 1 pixel,
tam goi cac pixel nay la cac pixel pha tron (hinh
1). Do vay, viéc phan loai dua trén nguyén tic
mdi pixel chi thudc vé mot 16p phu s& dan dén
sai s6 nhét dinh va khong thoa mén cac yéu cau
thyuc té vé do chinh xéac. (Xem hinh 1)

Dbi voi cac phuwong phap phan loai mém, mdi
pixel s& khong chi thudc vé mot 16p phii ma co
thé thuoc vé nhiéu 16p phu va mdi 16p phu sé
chiém ty 1 phan tram trong mdi pixel. Phuong

phéap nay duogc chung minh 1a cho d¢ chinh xéc
cao hon cac phuong phép phan loai ciung
(Foodyva cong su., 1996) [8]. Cach tiép can nay
cho phép mdi pixel s& mang mot gia tri thanh
phan giita 0 va 1 cho mdi 16p thay vi chi mang
cac gia tri 0 hodc 1 nhu trong phén loai cung.
Nhu vay dau ra ciia phan loai mém khong phai
12 mot ban d6 16p phu ma 1a mot tap cac 16p anh
raster khac nhau, mdi 16p dai dién cho mét 16p
phu va gia tri cua 16p thé hién dién tich (hodc
phan trim) ctia 16p pha d6 trong mdi pixel (Hinh

Hinh 1: M6 ta hinh anh cdc pixel pha tron
(nguon tir [4])
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Hinh 2: (a) Két qua cuia phan logi cirng,
(b) Két qua ciia phéan logi mém (nguon tir [5])

2. Noi dung, phwong phap nghién ciru

2.1. Phwong phdp phén logi mém sir dung
neuron Hopfield

Mang neuron Hopfield l1a mang duoc két ndi
hoan toan c¢6 hoi quy va chiing phan 16n duoc sir
dung cho viéc lién Kkét tu dong va tdi wu hoa.
Nhiing trang thai can bang cuia mang dat duoc
khi ham nang luong (E) 1a cuc tiéu. Nhitng ham
ning luong E c6 thé dugce don gian hoé sao cho.

E:_lz Z“'a'"'é"]‘ —Z";L m

O day: Wi 1a trong s ket ndi tir neuron j t6i i

v; va v 1a cac dau ra clia neuron i va j

I; 1a duong chéo bén ngoai hudng vé phia
neuron 1i.

Nhiing thir nghi€ém nghién ctru cla céc tac gia
trude day cho thay chi khoang 60% két qua dua
ra la gan dGng véi vi tri thyc t€ ctia cac tiéu pixel
hinh anh. (Xem hinh 3)

Pé khic phuc nhugc diém ctia mot sb phuong
phap néu trén, Nguyen Quang Minh, 2006[9] da
dua ra phuong phép siéu phan giai ban dd sur
dung mang neuron (cu thé 14 mang neuron
Hopfield) két hop anh toan sic tuong tmg c6 do
phan giai khong gian trung binh dé tao ra ban do
lop phil mit dat tiéu pixel & mirc siéu phan giai.
Két qua cua phuong phap nay cho thiy do chinh
xéc dat duoc cta ban dd 16p phu cao hon so vé6i
cac phuong phap siéu phan giai thong thuong.

2.2. M6 hinh cua phwong phdp phdn logi
mém s dung neuron Hopfield

Phuong phép nay sir dung anh toan sic nhu 1a

thong tin bd sung ¢ do phan giai khong gian
trung binh dé tao ra mot ban do do phu mat détco
d6 phan giai cao hon d phan giai gdc ctia anh.
bpé thuc hién diéu nay, co thé su dung anh toan
sdc cho ban do 16p phu mat dat, mot mé hinh
thuan, moét moé hinh téng hop phd va mot mo
hinh dao duogc dua vao tao thanh mot ham diéu
kién cua anh toan sic trong mang neuron
Hopfield phat trién boi Tatem va cong su., 2001a
[13]. Ham didu kién cua anh toan sic duwa trén
nguyén tic su khac biét vé do xam tao ra boi cac
tiéu diém anh va do chinh xé4c trén anh toan séc
12 nho nht.

Phuong phap két hop anh toan sic vao qua
trinh 14p ban d6 siéu phéan giai 16p phu sir dung
mang neuron Hopfield dugc minh hoa tai hinh 4.
M0 hinh dugc thuc hién nhu sau: Tiwr cac anh phé
gbc do phan giai khong gian (vi du: d6 phan giai
20m), st dung phuong phap phan loai mém ta
thu dugc ban do 16p phu voi do phén giai khong
gian 1a 20m. Tur két qua phan loai mém, st dung
thuat toan siéu phan giai mang neuron Hopfield
¢6 thé tao ra ban d6 16p phu voi do phan giai
khong gian 5m. Tir ban d6 16p phu nay sir dung
thudt toan trong mo hinh thuén dé tao ra ban do6
16p phu anh da phd téng hop c6 do phan giai
khéng gian 5m, qua qua trinh tong horp pho ta s€
nhan duge ban d6 16p phu anh da pho tong hop
co do phan giai khong gian 10m, tiép tuc qua
trmh tong hop pho két qua 14 tao ra anh toan sic
tong hop co do phan giai khong gian 10m. Sau
d6 str dung phép so sanh giita anh toan sic goc
c6 d6 phan giai khong gian 10m vé6i anh toan sac
tong hop duoc, khi d6 két qua sé dwa ra cac sai
s6 anh trén ban do 16p phu anh toan séc thu nhan,
st dung thudt toan mo hinh dao dé giam bdt cac
sai s6 anh.Tiép tuc st dung mang neuron
Hopfield cho qua trinh t6i vu hoa d6 dén khi nao
sai sO anh 12 t6i thiéu thi qua trinh s& dimg va két
qua dua ra 1a ban d6 16p phii siéu phan giai tai do
phan g1a1 khong gian Sm cho phép tao ra anh
toan sac tong hop gan gidng nhu anh toan sic
gbc thu duoc. (Xem hinh 4)

2.3. Thuc nghiém swr dung dnh SPOT4 khu
viee Lang Son

28 TAP CHi KHOA HOC PO DAC VA BAN PO SO 40-6/2019



Nghién ctiu - Ung dung

Pé kiém nghiém thuat toan trinh bay trong
phan trude, ching t6i di tién hanh thuc st dung
anh SPOT4. Dé danh gia thudt toan mot cach
chinh x4c, can c6 cac dit liéu nhu sau: Ban d6
16p phu mat dat voi do phan giai cao, anh phd.
Trong truong hop s dung anh 4, thi d§ phan
giai khong gian cua ban do 16p phu ding dé danh
gia thudt todn phai cao hon 20m vi anh SPOT4
c6 d6 phéan giai 1a 20m (ddi voi nhing pixel ¢
tam ciia anh). Chung t6i tién hanh thir thuat toan
siéu phén giai str dung anh da phd giam do phan
giai tir 20m xudng con 60m dé tao ra ban dd 16p
phu ¢ do phan giai 60m, sau d6 tién hanh phéan
loai mém dé tao ra anh ty 1& thuc va qua siéu
phan gidi bang mang neuron Hopfield tao ban d6
anh tiéu pixel (20m). Ban dd 16p phu nay dugc
so sanh véi dit liéu kiém tra di c6 & do phan giai
20m nham déanh gia kha ning tmg dung cua thuat
toan. D¢ so sanh voi cac phuong phap khac, két
qua cua thuat toan cling duoc so sanh vé do
chinh xac dat dugc véi cac phuong phap nhu

Anh MS gée

phan loai cing, ddi v6i anh 20m, phan loai mém.

Viée st dung anh giam d¢ phan giai con cho
phép danh gia anh hudng cua sai sé dinh vi (geo-
referencing) dén két qua ciia qua trinh siéu phan
gidi sir dung anh toan sic bang mang neuron
Hopfield. Vi thuit todn mdéi st dung mot loai
anh 1a anh phd nén viéc sai s dinh vi anh c6 anh
huéng rat 16n t6i két qua. Voi anh Spot4 giam do
phan giai, thuc nghiém duoc thuc hién theo bon
budc nhu sau: (a) Dir liéu kiém tra va huin
luyén, (b) Giam d¢ phan giai anh (c) Qua trinh
tién xir 1y (Phan loai mém), va (d) Siéu phan giai
ban dd (hinh 5).

2.3.1. Dir liéu kiém tra. (Xem hinh 6)

Dir liéu thé: Anh 4 voi phan giai khong gian
20m (da phd) duoc thu nhan trén mot dién tich
cua khu vyc tinh Lang Son. Khu vuc thyc
nghiém duoc thyc hién dién tich nho 480 x 480
pixel ctia anh ctia anh da pho (hinh 6). Qua khao

Anh MS ti 1

Phan loa
mém

Lép 1: 80%
Lop 2: 40%

Si1éu phan gidi han do
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Hinh 3: Mgt s6 két qua ciia siéu phdn gidi
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Hinh 4: Siéu phan gidi ban do mang neuron Hopfield sir dung anh toan sdc (nguon tir [9])
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sat, co nam lop phu trén khu vyc nay dugc nhan
dang la duong, d6 thi, nudc, nong nghi¢p va dat
rung.

Dir liéu: Dé thuc hién qua trinh phan loai
mém can phai c¢6 dit liéu mau. Trong nghién ctru
nay, phan loai mém da thyc hién & anh phé véi
do phan giai khong gian 1a 60 m véi dir liéu mau
dugc sir dung 12 ban dd 16p phu ¢ d6 phan giai
120m duoc tao ra bang cach giam do phan giai
anh 16p phu 20m xubng 6 lan. (Xem hinh 7)

2.3.2. Giam do phan giai

Anh da phé (20 m): Anh da phé 4 & d6 phan
giai khong gian 20m da duoc lam giam d¢ phan
giai xudng ba 1an nham tao ra mot anh da pho ¢
d6 phéan giai khong gian 60m. Anh da phd nay
sau d6 dugc dung dé tao ra cac ban do 16p phu ¢
d6 phan giai khong gian 60m bang phuong phap
phan loai mém (Hinh 8).

2.3.3. Phan loai mém

Mot truong hop phan loai k-nn dung cho
phan loai mém véi k = 5, anh ty 18 16p phu duoc
tao ra vai ty 1€ sai s6 dién tich téng thé 1a P =
0.0101% va 15i sai sé trung phuong tong thé
1.4477% pixel. Két qua phan loai mém ciia 5 16p
phu duoc thé hién tai hink 9, 10, 11, bang 1, 2

2.4. Két qua, danh gid

bé danh gia sy hi€u qua cua thuat toan moi
v6i 4 giam d6 phan giai, cac két qua dat duoc
cua hai phuong phap: phan loai cing véi siéu
phan giai st dung mang neuron Hopfield thong

i Bidw tha
Dor Tidu il gl

thuong so sanh mot cach truc tiép. Ban do 16p
phu dugc thanh lap tr phuong phdp phan loai
cing c¢6 do phén giai 20m duogc trinh bay trén
hinh 10. Két qua ap dung siéu phan giai ban d6
st dung mang neuron Hopfield theo phuong
phap cua Tatern va cac cong su., (2001a) [13],
cho cac ban d6 16p phu v6i do phan giai khong
gian trén hinh 11. Ban d6 nay 1a két qua dat duoc
tir cac két qua phan loai mém & do phan giai 60m
v6i ty 16 phong 1a 3 14n, cac hang sb trong sd k,
=100, k, = 100 va k3 = 150, va 1000 vong lap.

Céc phuong phap dugc dénh gia bang cach so
sanh dya trén c4c ma trin sai sb cling nhu cac
tham sé nhu Kappa Index Agreement (KIA), va
sai s6 tong hop duoc trinh bay trong cac Bang 1
va Bang 2.

Uu diém cua thuat toan méi dugc chung
minh boi cac s6 liéu théng ké vé do chinh xac.
Do chinh xéac tong thé ciia ban do 16p ph ting
tr 62.99% vai phan loai cing 1én 67.37% trong
siéu phan giai ban do.

Do chinh xac caa két qua dugc danh gia dya
trén ma tran sai s6 va cac tham sé thudng duoc
sit dung dé danh gia d6 chinh xac nhu gia tri
KIA, d6 chinh xac tong thé, cac sai s6 bo sot va
sai s6 doc nham.

Két qua danh gia dinh tinh va dinh lugng déu
khang dinh rang phuong phap méi c6 thé ting do
chinh xé4c cta tt ca céc 16p phu, ddc biét 1a nhan
dang cac ddi twong cé kich thude nho hon hodc
twong duong 1 pixel trén anh pho.

Hinh 5: Bon buéc trong thiee nghiém:(a) Dit liéu kiém tra va hudn luyén, (b) Giam dé phén gidi,
(c) Qua trinh tién xu ly, (d) Siéu phan gidi ban do
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Hinh 6: Cdc anh da phé véi 4 kénh (a) Luc, (b) D6, (c) Hong ngoai, va (d) Hong ngoai
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Hinh 7: Nam I6p hudn luyén c¢é dé phdn gidi 120 m
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Hinh 8: Nam 16p hudn luyén cé dé phén gidi 60m
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i

()6ng ng uef; “(e) Dit n‘rzg )

(a) Buong (b) P6 thi . (c) Nuédc
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Hinh 11: Két qua ciia siéu phdn gidi sir dung mang neuron Hopfield
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Bdng 1: S6 liéu thong ké dg chinh xdc cia két qua phan loai anh da phé 4
giam do phan gidi tinh tir ket qua phan logi cung

Ma trin sai sé tinh tir két qua phén loai ciing

~_Anh tham Nong ’ Téne Sai s6
) “~chiéu | DBuong | P thi | Nude al = bat ring ixel doc
Anh phan loai. neniep e nham
Budng 1743 1229 24 5544 17 8557 0.1773
Do thi 277 6356 7 6680 6 13326 0.1960
Nurde 0 1 2668 741 1557 4967 0.1242
Néng nghiép 147 649 1081 60320 10259 72456 0.3391
Dit rimg 2 0 144 1388 129560 131094 0.2409
Tong pixel 2169 8235 3924 74673 141399 KIA trung binh
Saisd bosét | 0.0314 | 0.0384 | 0.0154 | 0.1150 0.0580 62.99

Bdng 2: 86 liéu thong ké dé chinh xdc cia két qua phan loai danh da phé 4
giam do phan giai tinh tw két qua siéu phan gidi

Ma trin sai so tinh tir két qua siéu phan giai

'\Anh tham Nong ) Téng Saisd
~.chiéu | Duong | Pothi | Nude .o | Patring L= doc
Anh hm ) nghiép ) pixel nham
p ]
Pudng 4340 947 13 3218 39 8557 0.1585
Bo thi 695 9742 8 2880 1 13326 0.1557
Nudc 12 1 3521 737 696 4967 0.0018
Nong nghiép 859 1053 204 66441 3809 72456 0.2600
Pt nimg 5 1 179 2724 128185 131094 0.1799
Tong pixel 5911 11744 4015 76000 132730 KIA trung binh
Saiso basét | 0.0251 | 0.0242 | 0.0084 | 0.0676 0.0324 67.37

Két luan

Mang neuron Hopfield thuc sy 1a mot cong
cu htru ich trong viéc thuc hién bai toan tdi wu
hoa trong viéc xac dinh vi tri cua cac 16p phﬁ
trong moi pixel theo ket qua cua phan loai mém
va da cho cac két qua tot.

Mang neuron Hopfield cho phép dé dang dua
vao nhitng thong tin bo sung dé tang do chinh
xac va do phan giai khong gian ciia ban do 16p
phu. Ban dd 16p pht ¢ dang raster dat duoc
thong qua siéu phan giai st dung mang neuron
Hopfield cho két qua véi d6 chinh xac cao hon
hén so Vi cac phuong phap phén loai cling.

Két qua thuc nghiém ciing cho thiy sai s6 nin
chinh hinh hoc (dinh vi) anh toan sic ¢ anh
huong dén két qua siéu phan giai sir dung mang
neuron Hopfield. Tuy nhién, & muc d sai s6
trung phwong nan chinh hinh hoc nhé hon hoic
bang 1 pixel, phwong phap méi van cho két qua
cao hon so v6i cac phuong phap truyén thong.

Qua khao sat thuc té, ching toi nhan thiy
rang cac diém anh nay hau hét 1a cac diém anh
pha tron. Néu ap dung thuét toan siéu phan giai

c6 thé ting do phan giai khong gian ciing nhu
xac dinh duong bién cta cac dia vat mot cach
chinh xac, do d6 cho phép nan chinh hinh hoc
v61 do chinh xac cao hon.Q
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Using the Hopfield neuron network enhances the accuracy of identifying objects smaller

than 1 pixel in the spectral image
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In the field of remote sensing, soft classification is considered to have higher accuracy than hard

classification. For the super-resolution, the Hopfield neuron network was used to perform an opti-
mization problem in determining the position of the layer in each pixel. This study evaluates the
effectiveness of the new algorithm with the 4 image and the new method can increase the accuracy
of all layers, especially those of smaller 1 pixel.O
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