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Abstract: Machine learning applies predominantly to the classification of the satellite images, aerial
photo, unmanned aerial vehicle (UAV) data, point clouds with considerable achievements.
However, the dynamic and complex structures of land surface prevent accurate land cover
segregation through built-in models, and there is a crucial need to investigate novel ones. This study
integrates Catboost into a Convolutional neural network for land cover classification from UAV
images, with a case study in Hanoi. The combination of these images and Digital surface model to
form the input datasets. The results show that the overall accuracy reaches 91,5%, which is relatively

higher than other comparing methods. The proposal model can be used as an alternative method for
land cover classification.
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Tich hop DSM va anh chup UAV véi md hinh no-ron tich
chap trong phan loai 16p phu mat dat

Bui Quang Thanh*, Vii Phan Long?, Nguyén Xuan Linh?, Pham Vin Manh!
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Nhén ngay 26 thé}ng 7 nam 2021
Chinh sira ngay 11 thadng 9 nam 2021; Chap nhan dang ngay 16 thang 9 nam 2021

Tém tit: Cac phuong phap hoc may da va dang duogc thir nghiém véi dit liéu vién tham da d6 phan
giai nhu anh vé tinh, anh hang khong, dir liéu tir thiét bi bay khong nguoi lai (UAV), tép hop dir licu
dam may diém va dem lai két qua kha quan. Tuy nhién, v6i cau trac phie tap cua cdc loai hinh 16p
phi va véi dac diém ngudn dir liéu 16n, cac md hinh dung sin d6i khi khong dat duge do chinh xéac
mong doi trong phan loai. Nghién ctru nay tich hop mang no-ron tich chap va thuét toan Catboost
trong phan loai 16p phi mat dat tir dit liéu UAV. Dir liéu déu vao cia md hinh 14 anh chup UAV tai
Ha ndi, két hop voi mo hinh s6 bé mat (DSM). Két qua cho thdy mé hinh dé xuat c6 do chinh xéac
phén loai = 91,5%, cao hon so véi cac phuong phép phd bién khac va c6 thé sir dung tai cac khu vure

d6 thi khac tai Viét Nam.

Tir khoa: UAV, Mang no-ron tich chap, Catboost, Ha N¢i.

1. Mé dau

Trong cac mo hinh hoc sdu, mang no-ron tich
chap (Convolutional neural network - CNN) la
phuong phép duogc sir dung rong rdi nhat va da
¢6 nhiéu tng dung thanh cong trong nhan dang
khudn mat, xu 1y ngdn ngir tu nhién, phan loai
hién trang sir dung dat, xur 1y dir liéu dam may
diém. Véi uu diém trong xtr ly dir liéu 16n, CNN
v6 cung hitu ich d6i v6i cac nghién ciru co sir
dung dir lidu vién tham va céc dit liéu khong gian
khac. Vi dy, CNN da dugc sir dung rong rai dé
phan loai dit liéu anh vién tham c6 do phan giai
cao [1-3], bao gom phan loai hién trang sir dung
dat, phan loai canh quan va xac dinh dbi tuong
[2-7], hodc cho nhan dang ddi tuong tir dit lidu
dam may diém [8].
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Pé nang cao dd chinh xac phan loai, nhiéu
nghién ciru da tich hop tu liéu anh voi mot sb dir
liéu b trg khac nhu mé hinh s dia hinh (DTM),
mo hinh s6 bé mat (DSM), dit liéu tir ddm may
diém [9, 10]. Céc dix liéu bo trg d6 thuong duoc
tron (fusion) voi anh chup vé tinh (cac bang phd)
hodc anh UAV (anh t6 hop mau 3 kénh do, xanh
luc, xanh lam). Trong d6 di liéu DTM, DSM
cung cip thém nhiéu thong tin vé d0 cao tir d6 co
thém suy luan chinh xac vé loai dbi tugng trong
mdi tuong quan v6i cac dbi twong xung quanh
[1]. Véi cau truc phire tap cua cac loai hinh 16p
phu va véi dic diém ngudn dit liéu 16n, cac mod
hinh dyng san d6i khi khong dat dugc d6 chinh
xac mong doi trong phan loai, do d6 viéc nghién
ctru cac m6 hinh méi, thuat todn méi 14 can thiét.
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Nghién ctru nay dé xuét tich hop md hinh
CNN trong d¢6 tich hop thudt toan Catboost thay
thé cho 16p phan loai (dense layer) dé ning cao
dd chinh xac phan loai anh. Anh chup tur thiét bi
bay khong ngudi 14i, két hop voi md hinh s bé
mit (duoc xay dung tu dong tir khbi anh chup
bang phan mém Pix4D mapper) dugc tich hop
dé thanh 1ap bo dit liéu ddu vao cho mé hinh. Két
qua phan loai dugc so sanh vdi cac phuong phap
pho bién khac di dugc sir dung voi ngudn dit liéu
dau vao tuong tu.

2. Dir liéu va phwong phap
2.1. Di¢ liéu

Dir li€u th nghiém tai khu vyc Thuong
DPinh, Ha N6i dugc bay chup vao ngay 8/5/2017
voi thiét bi bay IDJ Phantom 3, Camera FC6310,
tiéu cy 9 mm, d6 cao bay chup khoang 191 m,
dao dong tuy timg tAm anh. Dai bay chup duoc
thiét ké voi d6 phi1 ngang, doc dam bao cac diém
anh cung tén xuét hién trén nhiéu tdm anh. Cac
tam anh duogc luu trir trong khuén dang tép jpg,
v6i cac thong sd bay chup cua ting tdm anh. Khu
vuc bay chup c6 tong dién tich 0,627 km2. Tong
cong 515 tdm anh jpg voi cac thong s nhu toa
do tam chup, d6 cao bay chup, d0 phan giai
khéng gian trung binh 2,64 cm dugc luu tri.
Thém vao d6, 4 diém khéng ché mat dat duoc st
dung nham nin chinh toan b khdi anh vé hé toa
d6 duoc su dung, va 2 diém duoc st dung dé
kiém tra, danh gia d6 chinh xéc.

2.2. Phuong phap

Tién xit Iy dnh, thanh ldgp DSM

Qua trinh tién xur 1y anh duoc thuc hién brfmg
phan mém Pix4D mapper. Phin mém nay cho
phép tu dong lay thong tin tir cac anh chup va
ghép thanh khdi anh dya trén ciac diém anh.
Théng qua 3 bude xir Iy chinh nhu: khoi tao khbi
anh véi cac thong sb vé dinh huéng tdm anh, xac
dinh diém anh cung tén (tie-points), tao dam may
diém (point cloud), tao binh db anh (orthophoto)
va thanh 1ap DSM. Sau qua trinh khoi tao, xac
dinh cac thong s6 camera, phan mém ty ty dong

Xéc dinh cac diém anh cung tén (key points) dé
khép anh. Cac diém khéng ché mat dat duoc st
dung sau d6 dé nan chinh toan bo khéi anh. Céc
diém khéng ché mat dat dugc do trong h¢ toa do
VN2000, mdi 3°, va duoc chuyén vé hé toa do
WGS84-UTM mui 48 cing véi toa do duoc thiét
1ap trén UAV. Nghién ctru nay tap trung vao xay
dung thuat toan phan loai anh, do d6 viéc chuyén
d6i dir liéu sang hé toa do qudc té s& thuan tién
hon trong viéc so sanh véi cac mo hinh da dugc
xdy dung tir trudc trén thé gidi va tai Viét Nam.

M6 hinh Convolutional Neural Network két
hop voi Catboost

Hién tai cac mo hinh hoc sdu dua trén céu
truc mang no-ron tich chap co thé duoc st dung
cho nhiéu muc dich khac nhau nhu: tach loc may
tir chudi anh da phé, tach loc may tur anh don,
nang do phan giai anh, phan loai 16p phu dya trén
cip trac mang U-net, cdu tric Generative
Adversarial Network (GAN). Day 1a cac cong
cong doan nham ting do chinh xac trong phan
loai anh. Trong nghién ctru nay, mo hinh tich hop
thuat toan phan loai Catboost dugc tich hop voi
md hinh CNN, trong d6 16p cudi cting ciia CNN
dugc thay thé boi Catboost, nham nang cao do
chinh x4c phan loai. Cu triic cia CNN bao gém
2 16p tich chép, két hop véi ham kich hoat ReLU
cung voi Dropout (dé han ché over-fitting). Dit liéu
dau ra tiép tuc dugc bién ddi (flatted) trude khi dua
vao 16p Fully Connected Layer. L6p cudi ciing
ndy sau d6 s& dugc thay thé bai Catboost.
Trong do, Catboost 1a mdt thuét toan phén loai
dua trén cay quyét dinh. Thuét toan dang duoc
st dung rong rii trong cong dong nghién ciru
rmg dung hoc may. Thuat toan nay ¢ thé manh
trong phén loai ditr liéu dang bang (tabulated
data), va xir 1y t6t nhom dit liéu phan nhém
(categorial data).

M0 hinh CNN véi cac ciu trac méi s& duoc
thuc hién sir dung nén tang TensorFlow va thu
vién Keras. TensorFlow 1 mdt nén tang ma
nguén mé dugc phat trién béi Google véi muc
dich xur Iy cac bai toan hoc sau va rat manh mé
trong viéc xay dung cAu trac cho cac bo dit lidu
cling nhu 1am viéc voi cac mang da chiéu (hay
con goi 1a Tensor) — mot don vi co ban trong viéc
xay dung cac mang no-ron.
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Hinh 1. Mé hinh tich hgp CNN va Catboost trong phan loai anh.

Bang 1. Thong s6 mo hinh CNN va s6 luong tham sé mé hinh

Céc 16p (Layers) Céu truc (Output Shape) Tham s6 (Param #)
conv2d_6 (Conv2D) (None, 9, 9, 8) 296
batch_normalization_6 (Batch (None, 9, 9, 8) 32
leaky re_lu_6 (LeakyReLU) (Nong, 9,9, 8) 0
conv2d_7 (Conv2D) (None, 9, 9, 8) 584
batch_normalization_7 (Batch (None, 9, 9, 8) 32
leaky re _lu_7 (LeakyReLU) (Nong, 9,9, 8) 0
max_pooling2d_3 (MaxPooling2 (None, 4, 4, 8) 0
dropout_5 (Dropout) (None, 4, 4, 8) 0
conv2d_8 (Conv2D) (None, 4, 4, 16) 3216
batch_normalization_8 (Batch (None, 4, 4, 16) 64
leaky re_lu_8 (LeakyReLU) (None, 4, 4, 16) 0
max_pooling2d_4 (MaxPooling2 (None, 2, 2, 16) 0
dropout_6 (Dropout) (None, 2, 2, 16) 0
flatten_1 (Flatten) (None, 64) 0
my_dense (Dense) (None, 32) 2080
dropout_7 (Dropout) (None, 32) 0
dense_1 (Dense) (None, 32) 1056
dropout_8 (Dropout) (None, 32) 0
visualized_layer (Dense) (None, 5) 165

Tong tham s (Total params): 7525

Tham s6 huan luyén (Trainable params): 7461

Tham s6 khong huan luyén (Non-trainable params): 64
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Xdy dung bo dir liéu hudn luyén mo hinh

Dé chuan bi dir liéu cho qua trinh phén loai
anh bang CNN, tong cong 1000 mau kiém chimg
thuc dia dugc lura chon ngﬁu nhién (dam bdo cac
loai hinh 16p phii ¢6 s6 luong mau dép tmg yéu
ciu 1am dai dién cho ca khu vuc) trén toan bo
khu vuc nghién ctru. Kich thudc mau giao 9 x 9
pixels, tong cong 81000 pixels (1000 miu x 81
pixels). Mdi mau dugc gan thu cong 1 loai hinh
16p phu (DPat tréng, Nha, Tham co, Ciy, Pudng,
Bé mit bé tong, Mit nudce). Qua trinh gan nhan
duoc thyc hién dya trén giai doan anh (vi anh
UAV dugc chup voi do phan giai khong gian
16m, nén co6 thé nhan dién chinh xac duoc tung
db6i twong mau anh).

3. Két qua va thao luin
3.1. Nén chinh khéi anh va thanh lip DSM

Trong nghién ciru nay, 6 diém khéng ché
(trong d6 ¢6 2 diém dung dé kiém tra) duoc st
dung nham nin chinh toan b khdi anh (Hinh 2).
Trong d6 thé hién khdi anh gbc (xanh 14 cay -
green) va khdi anh sau khi nan chinh s dung
diém khéng ché (Mau xanh da troi — blue).

Bang 2 cung cap thong tin sai s0 cla diém
khdng ché va dlem kiém tra Ve cac gia tri (X, Y
va do cao). Sai s6 mit phang nam trong gidi han
cho phép dé thanh lap ban db ty 18 1:2000, trong
d6 RMSE vé mat phang nhé hon 2 cm [11]
(Bang 2), do d6 co thé tiép tuc thuc hién ghép

anh, nan anh tryc giao va tao DSM (Hinh 3).
DSM sau d6 duge ghép voi anh RGB thu thap tur
UAV dé tao ra dit liéu diu vao cho mo hinh CNN
gdm 4 bang phé (R, G, B va DSM).

Hinh 2. Kh6i anh sau khi dugc nan chinh dya vao
diem khong ché mat dat.

3.2. Phan logi 16p phii mdt dat

Mau thuc dia duoc sir dung dé huén luyén
md hinh CNN-Catboost, cu thé 80% dugc st
dung dé huin luyén, hiéu chinh md hinh va 20%
dung dé danh gia do chinh xac mé hinh. Cac
tham sd ciia md hinh CNN duoc x4c dinh nhu
sau (ham Kich hoat = ReLU va Softmax, thuét
toan tdi wu = Adam, kich thuéc mdi manh = 9 x
9, va ty I¢ dropout = 0.15). M6 hinh dugc hoc 200
1an (epoch), véi kich thudc goi dau vao (batch size)
14 64, ham t6i wu (loss function) dugc st dung 1a
catergorial_logloss (do déy la bai toan phan loai
nhiéu 16p dau ra — ‘muiltple classification). Hinh 4
thé hién sy thay ddi cua gia tri log-loss sau 200 lan
1ap ctia mo6 hinh CNN-Catboost.

Bang 2. Biém khong ché mat dat, diém kiém tra va sai s6 nan chinh

TT | X Y Do cao (H) | Loaidiém | SaisbX | SaisdY | SaiséH

1 584451,890 | 2321623,210 6,512 KC -0,0141 -0,0110 0,0214
2 584601,590 | 2321370,949 6,397 KC 0,0230 -0,0230 -0,0290
3 585466,351 | 2322094,702 5,300 KC 0,0230 0,0190 -0,0260
4 585289,306 | 2322315,152 5,073 KC -0,0170 0,0212 0,0310
Mean [m] 0,0037 0,0016 -0,0007
RMS Error [m] 0,0193 0,0190 0,0271
5 584907,451 | 2321711,471 6,078 KT -0,0190 -0,0210 0,0579
6 585165,601 | 2321981,898 6,778 KT 0,0179 0,0180 0,0014
Mean [m] -0,0006 -0,0015 0,0296
RMS Error [m] 0,0185 0,0195 0,0283
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Hinh 3. Binh d6 anh va mé hinh s6 bé mat (DSM).
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Hinh 4. Thay ddi ciia ham muc ti€u sau 200 epoch, tir m6 hinh CNN-Catboost vai tap dir liéu bao gém anh R,G,

Mo hinh dugc thir nghiém trén 2 goéi dir liéu
(1) bao gom ca DSM, tuong duong 4 16p R,G,B
va DSM (2) khong bao gdm DSM, dit lidu chi c6
3 16p R,G, va B tur anh chyp UAV. Dya trén
thong s6 danh gia tir Bang 3, c6 thé nhan thay
mo hinh dé xuat cung véi dir lidu tich hop gitra

Bt UAV va DSM.

anh chyp UAV va DSM c¢6 d§ chinh xac cao
nhét, trong ¢6 DSM bo sung thong tin va nang
cao chit luong phan loai anh. M6 hinh CNN-
Catboost cho do chinh xac tong thé cao nhat (OA
= 91,5%), va md hinh nay duoc sir dung dé phan
loai 16p phu cho khu vuc nghién ctru (Hinh 5)

Bang 3. Sai s6 m6 hinh trong twong quan vé&i cac mé hinh ding dé so sanh

Cac mo hinh dugc thir nghiém

] CNN-Catboost CNN véi dense layer | CNN-Catboost | CNN voéi dense layer
Chi so danh gia
Khoéng c6 DSM Khoéng c6 DSM C6 DSM C6 DSM
Gia tri Loss 1,5873 1,6087 1,4569 1,5374
D6 chinh x4c tong thé 88,4 87,6 91,5 89,8
(OA) %
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D4 c6 mot s6 nghién ctru thuat toan tich hop
(ensemble), vi du nhu [12-14] trong d6 khang
dinh kha nang nang cao do chinh trong phan loai
16p pht mat dat. Bén canh d6, mé hinh hoc sau
duoc st dung rong rai trong phan tich anh noi
chung va anh vién tham néi riéng (nhan dién dbi
tuong, phan loai 16p phu, phan manh dbi tuong,
tron anh) véi dit liéu dau vao co do phan giai cao.
Nghién ctru gan nhét cua [15] sir dung mo hinh
CNN v6i thuat toan gradient boosting da thi
nghiém d6 chinh xac phéan loai theo dinh hudng
dbi tugng (segmented image objects) tir anh
SPOT 7. Bai bao nay danh gia kha nang phan
loai ctia mo hinh tich hgp tuong tu nhu nghién
ctru cua [15] va dir liéu dugc xay dung tir anh
UAV tuong ty nhu trong cong trinh [9], thu
nghiém tai khu vuc Thuong Pinh, thanh phé Ha
Noi. Do chinh x4c phan loai tong thé dat (91,5%)
va cao hon so Vi cac phuong phap ding dé so
sanh d6i voi cung tap dit liéu. Nhin chung, khi
so sanh v&i nhiéu nghién ctru tai cac khu vuc
khéac nhau [16, 17], d6 chinh xac cia mé hinh
CNN-Catboost dat dugc 1a kha quan, va c6 thé
dugc st dung trong cac nghién ctru tiép theo.

105°49'0"E 105°49'15"E 105°49'30"E
L ! !

Lop phii [ | pAttréng
B \ha [ mat nwoc
[ cay [ eusng

4[] 7ham co [ B& mat bé tong

20°59'30"N

20°59'15"N
f

20°59'0"N
!

Hinh 5. Két qua phan tai khu vuc nghién ciru véi dir
liéu tich hop tir anh chup UAV va DSM.
Két luan

Nghién ctru nay tich hgp thuat toan phan loai
Catboost cung voi mo hinh mang no-ron tich

chap nham nang cao d6 chinh xéac phén loai 16p
pha mit dat tir dir liéu anh UAV. Duya trén két
qua thu nghiém, viéc sit dung md hinh tich hop
CNN-Catboost va véi sy bo sung DSM trong dit
liéu dau vao cho do6 chinh xac tong thé = 91,5%,
cao hon so véi cac moé hinh dugc st dung dé so
sanh. M6 hinh d& xuét co6 thé duogc st dung nhu
lya chon khac trong nang cao d6 chinh xac phan
loai tir anh v¢ tinh d6 phan giai cao, anh UAV.
Viéc thtr nghiém cac thuat toan mai hay tich hop
céc 16p dir lidu gia tang tir ngudn tur 1idu anh chup
UAV la can thiét va dang 1a xu hudng nghién ciru
hién nay.
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