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Nghién cibu - Ung dung

GIAI PHAP THANH LAP BAN PO PIA HIiNH TU DU LIEU UAV
VUNG CO PHU THUC VAT

HOANG THI THUY, PINH CONG HOA
Pai hoc Mo-Dia chat

Tom tit:

Viéc vng dung cong nghé bay chup bang mdy bay khong nguoi lai trong cong tdc xdy dung mé
hinh s6 bé mat va ban do dia hlnh aa dwoc thuce hién trong mot so nghién cieu. Tuy vdy, chua cé
nghién ciru ddy dil va hé thong vé do chinh xdc va gidi phap ndang cao do chznh xac, dac biét khi dia
hinh c6 thyc vdt che phi. Trong noi dung nghién ciru ndy, tac gia dé xudt gidi phap hiéu chinh mé
hinh phu thue vét (DSM) d6i véi dit liéu anh may bay khong nguoi li ( UAV), dea vao cdc diém kiém
tra do bang cong nghé GPS dong RTK (CORS) trong thanh Zap ban dé dia hinh. Két qua nghién citu
la phan mém tw dong hiéu chinh @6 cao diém do anh trén bé mdt I6p phii thuc vdt vé do cao diém
dia hinh. Sé liéu thuc nghiém da minh ching tinh chinh xdc cua thudt toan.

1. Mé dau

Nhitng nim gin day, truéc nhitg doi hoi cua nhu cau thyc tién ciia doi song kinh t& xa hoi va
an ninh qudc phong dé xuét hién nhitng mé hinh may bay khong ngudi 14i. Viéc img dung cong nghé
bay chup UAV trong cong tac xay dung mo hinh s6 bé mat (Digital Surface Model - DSM) va ban
dd dia hinh di duoc thyce hién trong mot ) nghién ciru. May bay khong nguoi lai MD-1000 da dugc
Xi nghiép bay chup anh hang khoéng - Cuc ban d6 Bo tong tham muu sir dung trong cong tac thanh
lap ban d6 3D cho khu vuc My Pinh va Thai Nguyén. Nam 2014, cac tac gia Vi Phan Long & Lé
Théng thong qua két qua thir nghiém tng dung két hop gitra hé thong UAV Swmglet CAM (Sensﬂy
- Thuy s§) va UX5 (Trimble -My) trong thanh 14p ban d6 3D hanh lang tuyén dién, da dua ra khang
dinh ring: UAV hoan toan c6 thé sir dung trong gidm sat pham vi hep, 1ap ban dd 3D va thanh lap
ban dd dia hinh 1:2000 [6]. Nam 2014, céc tac gia Vo Chi M va Dao Ngoc Long d3 thir nghiém
thanh c6ng tng dung may bay khong nguoi 14i trong do v€ ban do ty 18 16n va glam sat cac thanh
phdn tai nguyén va méi truong [5]. Trong mot nghién ctru nam 2016, tic gia Bui Tién Diéu va dong
nghlep da xay dyng quy trmh cong nghé st dung anh may bay khong nguoi 1ai, xay dung cac san
phdm ban d6 (md hinh s6 bé mat, md hinh s6 d¢ cao, ban dd truc anh, ban db 3D) [8]. Cac tac gia
Bui Ngoc Quy va Pham Vin Hiép ciing da thanh 1ap ban d6 3D bang cong nghe UAV khu vuc dong
bang [7]. Tac gia Mai Vin Sy va cong su da nghién ctru thanh 18p ban dd ty 18 16n tir dir liéu anh
bay chup UAV [9]. Trong mét nghién ctru khac cta tac gia Bui Tién Diéu va cic cong sunam 2017,
thiét bi UAV dugc st dung bay chup xdy dyng mé hinh s6 bé mat khu vyc b déec [10]. Tuy nhién,
cac nghién ciru nay chi gi6i han trong khu vuc ¢6 didu kién dia hinh don gian va bang phang. Bén
canh cac danh gia vé do chinh x4c khi thay ddi dd hinh va sé diém khong ché anh, chua dua ra dugc
mdt quy trinh bay chup dy du va rd rang cho cac dic diém dia hinh khac nhau. Kha ning tng dung
UAV can dugc danh gia chi tiét va toan dién.

Trong linh vuc thanh 1ap ban dd dia hinh ty 1& 16n, chua c6 nghién ciru vé d6 chinh xéc va giai
phép nang cao do chinh x4c, dc biét 1a khi dia hinh ¢6 16p thyc vét che phit. C6 thé nhan thiy rang:
s& lwong nghién ctru vé tmg dung cong nghé UAV két hop véi cong nghé CORS & Viét Nam con
han ché, cac nghién ctru cling chua dua ra duoc gidi phap k¥ thuat cu thé vé quy trinh va céc tiéu
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chudn k§y thuat thanh 1ap dugc ban dd ty 18 16n tir cong nghé CORS va UAV.

Trong ndi dung nghién ctru nay, tac gia dé xuit g1a1 phap hiéu chinh m6 hinh phu thuc vat d6i
v6i di liéu anh UAV dua vao céc diém do kiém tra bang cong nghé CORS trong thanh 1ap ban a6
dia hinh.

2. Giai phap hiéu chinh mé hinh 56 b& mit viing c6 phii thye vat tir dir li¢u UAV trong thanh
1ap ban dd dia hinh ty 1¢ 16n

2.1. Nji dung bai todan

Trong qua trinh bay chup bang cbng nghé UAV, d6i voi khu vire ¢6 phi thue vét che Kkhuét, ching
ta chi nhan duoc du lidu ciia bé mit phu thuc vat. Nhiém vu bai toan dit ra la hleu chinh dir lidu bé
mit phu thyc vat vé dit lidu bé mit dia hinh tai c4c vi tri twong tmg. Nhu vay, néu chiing ta xac dinh
duoc mo hinh phu thuc Vat tai khu vuc bay chup thi s€ xac dinh dugc d6 cao bé mit dia hinh. D&
giai quyét bai toan nay, can chia nhé khu do tai timg diém do anh véi ban kinh tiy ¥ (20m, 50m,
100m,...) dé xac dinh md hinh phi thuc vat tai d6, dya vao chiéu cao ctia 16p phi thuc vat hodc do

cao diém dia hinh, v6i sé diém vira du. P cao diém dia hinh (diém kiém tra) dugc xac dinh béng
cong nghé CORS hodc may toan dac dién tir.

Pé hiéu chinh d6 cao diém do anh béng cong nghé UAV, tai mdi diém can x4c dinh ham biéu
dién 16p phu thyuc vat doi véi bé mét dia hinh c6 dang:

Zi = F(Xi> yl) (1)
trong d6: Z; 1a d¢ day 16p phu thuc vt tai vi tri toa d (x;, y;)

Tuy theo timg khu vuc dia hinh, ham F duoc biéu dién duéi dang da thirc bac 1, bac 2 hodc béc
3. Cu thé:

Ham da thuc bac 1: Z = Zy+Ax+By (2)
Ham da thirc bac 2: Z = Zy+Ax+By+Cx*+Dy*+Exy
Ham da thire bic 3: Z=Z;+Ax+By+Cx*+Dy*+Exy+Fx*+Gy +Hx’y+Kxv*

Pé xac dinh céc hé s6 ciia ham da thirc ddi véi ting didm do anh sé UAV, cén thiét phai sir dung
cac diém kiém tra. S6 lugng diém klém tra nam trong khoang 3-10 tiy theo s6 béc clia ham s6. Khi
s6 diém kiém tra 16n hon sb cac hé so c6 thé ap dung nguyén 1y s6 binh phuong nhé nhat dé xac
dinh g1a tri x4c xuét nhit cia cac hé sb. Phuong trinh s6 hiéu chinh cac hé so tuong tng céc bac cla
ham s0 (2) nhu sau:

V,=1dZy+x.dA+y.dB+l,; 1,=-Z €)]
V, = 1.dZy+x.dA+y.dB+x2.dC+y>.dD+xy.dE+, ; 1,=-Z
V, = L.dZy+x.dA+y.dB+x>.dC+y*.dD+xy.dE+x’d 1,; l,=-Z

Béng bai toan binh sai gian tiép, x4c dinh dwoc cic hé s6 ciia mé hinh (3), tir @6 hiéu chinh do
cao bé mat phu thyc vat vé d¢ cao bé mdt dia hinh (4):

Ma trdn hé phwong trinh sai s: V=AX+L; 4)

Ma tran hé phuong trinh chudn: ATA.X +ATAL=0;hoic NX+B=0

TAP CHi KHOA HOC DO DPAC VA BAN DO SO 44-6/2020

Véc to
Higu ¢
2.2. Ou
Mat éé
trong khi «
thyc vat. 2
gan nhat.
mat phu
trinh cho |
hiéu qua &
trong hint

3. Két
3.1. S

TAP CHi



vat doi
ban do

_chung
lidu bé
ac dinh
nh. Dé
1, 50m,
oac do
h bing

m bi€u

(1)

ac bac

)

i dung
s6. Khi
dé xé4c
bac cua

A3)

1inh do

(4)

5/2020

 Nghién ctiu - Ung dung

Véc to 4n sb X=-N'B
Hiéu chinh d¢ cao phi thyc vat vé bé mit dia hinh (5):  Hy, = Hpgpg - Z 5)
2.2. Quy trinh thwc hién hiéu chinh

Mit d6 diém anh UAV trong qua trinh bay chup rét 16n, khoang cach céc diém tir 1m dén 2 m,
trong khi d6, diém kiém tra duoc phan b6 trén toan bo khu vuc, tai cac didm dic trung cua 16p phu
thuc vat. Tai ‘amg diém do anh, ting dan ban kinh khoanh ving dé xac dinh vi tri cac diém kiém tra
gan nhét. Khi s§ diém kiém tra vira du tity theo ham sé da thirc da chon, s& xdy dung mé hinh bé
mit pha thuc vat tai d6 va tinh s hiéu chinh. Dé thuc hién dugc bai toan nay, mot modul chuong
trinh cho viéc tw dong hoéa cong tac tinh toan di dugc xdy dung nhim dam bao tinh chinh xac va
hiéu qué kinh té. Giao dién chuong trinh dwoc thé hién trén hinh 1 va so dd khdi chuong trinh néu
trong hinh 2.

Hifu idhin Ban ¢
Chigdo 330 bin dd o3 da ik ¥ g

A A5 .‘:uw ab cheg s ;ﬁw

. L tn;*nbxm{dlahéuwwhmpmkfwwmw
SAN DY uf s -

s s;ngrghg m OEM DSM

S ——

Hinh 1: Giao dién modul chwong trinh hiéu chinh d¢ cao diém danh UAV

Caa™

[Nhép théng s6 thire hién ‘
Nhap dit liéu UAV Nh4p dit liéu CORS
Lam tron bé mat thyc phu (diém kiém tra)

Tim diém Kiém tra
I=1+1 Xac dinh hé s6
Hiéu chinh d6 cao

_t

Mt diém >

| Thanh lap bindd |

!

I

"8 > & Lo
(__ Két thic ,}
[

Hinh 2: So dé khoi thuc hién cia chuwong trinh
3. Két qua thye nghiém
3.1. 86 ligu mé hinh

TAP CHi KHOA HOC PO DAC VA BAN DO SO 44-6/2020




 Nghién citu - Ung dyng

D8 kiém dinh két qua tinh toan, chuong trinh thuc nghiém dugc tién hanh trén khu vuc c6 dién
tich 1 km? (hinh 3a). Bing thuét todn md hinh s6, x4y dung mé hinh phu thyc vat bac 3 (hinh 3b)
d4 x4y dung duge md hinh s bé mat (DSM) (hinh 3c). Trén ban dd gdc, 30 trong sé 1087 diém da
duoc lua chon bao dam phu déu trén khu do 1am diém kiém tra, két qua cta qua trinh hiéu chinh dya
vao diém kiém tra s& nhan duoc mé hinh s6 dia hinh (hinh 3d). Két qua danh gia do chinh xac hiéu
chinh d6 cao dia hinh duoc thé hién trong bang 1. Két qua thuc nghiém cho thiy rang: co so 1y thuyét K
va modul chuwong trinh 1a phu hgp va c¢6 do tin cay cao. Sai s6 d0 cao cac diém so voi tri thuc 12 Hinh 48

m=+0,2 mét. 2 <l
Pé kha

qua modul
mo hinh w
3 va bang

-Po ch
tra trong i«

- Dt I
thirc bac 2
do ket qua

ty 1€ 16m.
Hinh 3c: M6 hinh s6 liéu DSM Hinh 3d: M6 hinh s6 liéu DEM
KET QUA PANH GIA O CHINH XAC HIEU CHINH PO CAO DPIA HINH
No X K] H(thee) | Hlhiéuchinh) d=H-HI1 dd
1 2348165338 | 472156.141 | 75.00 75.00 0.00 0.0000
2 2348373.609 | 472157.908 | 55.00 54.99 -0.01 0.00010
1086 | 2348414.026 | 472506.895 | 90.00 20.00 0.00 0.0000
1087 | 2348390.707 | 472492209 | 90.00 90.00 0.00 0.0000
[dd]=92.1218451486419 | n=1087 x
- m=t [ =001 | m=t,[€7 =20.206m
4 sy
Bang 1: Két qua déanh gid @6 chinh xdc: M6 hinh thuc nghiém
3.2. 86 ligu thuec té 4
P4 kiém chimg két qua nghién ctru, chuong trinh thyc nghiém da duge tién hanh trén sd ligu thuc
té tai TP Lang Son. Trén co s& ban d6 dia hinh ty 1€ 1:1.000 thanh 1ap tir so liéu do truc tiep bang
phuong phép toan dac dién tir va m6 hinh s6 duge thanh 1ap bang cong nghé UAV, tién hanh so sanh |
két qua nhan duoc. Hinh 4(a,b,c) 1a m6 hinh 3D cua két qua do tryc tiép, m6 hinh DEM va DSM |
nhan dugec tir dir liéu UAV L
Ba
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Hinh 4a: M6 hinh sl do truc tiép Hinh 4b: M6 hinh DEM  Hinh 4c: Mo hinh DSM

Dé khao sat két qua nghién ctru, tién hanh do céc diém kiém tra bang cong nghé CORS, thong
qua modul hiéu chinh d¢ cao. Két qua nay dugc so seinh v6i ban do do tryc tiép va so sanh giita 2
mo hinh véi nhau duoc thanh 1ap bang cong nghe anh s6. Két qua dugc thé hién trong bang 2, bang
3 va bang 4. Tir két qua thuc nghiém, cho thiy ring:

- Do chinh x4c ctia md hinh cang cao khi s diém kiém tra cang 16n; Tir 350 dén 1000 diém kiém
tra trong tong so 35.000 diém do (tinh ra dugc ty 1€ 1:100).

- Dit liéu m6 hinh s6 bé mat (DSM) tir cong nghé anh s6 UAV can phai lam tron bing ham da
thirc bac 2 hodc bac 3 v&i ban kinh tir 20 m dén 100 m, tuy thudc vao bé mat 16p pha thue vat, khi
d6 két qua hidu chinh d6 cao tir dit liéu anh s6 s& dat d6 chinh xac khi thanh 14p ban dd sé dia hinh
ty 18 16m.

Ban KET QUA KHAO SAT MO HINH DEM

ink tam 150 diém kiém tra 350 diém kiém tra 1000 diém kiém tra

tron (m) | m=+ J‘@ m==+ |"af_7, m=x+ [|dd] m== [ldd] m=+ |ldd]
Y 2 n n 12

R=0 | 285777m | 2.02075m | 2.10068m | 148540m | 034218m | 024196 m
=20 | 261929m | 1.85212m | 1.82988m | 129392m | 0.27695m | 0.19583m
R=30 | 1.70805m | 120778 m 25556m | 0.88781m | 024959m | 0.17649m
R=70 | 1.84938m | 1.30771m | 1.29632m | 091663m | 025669m | 0.18151m
R=100 | 2.01114m | 142209m | 128005m | 090513m 25543 m | 0.18062m

Bdng 2: Két qua danh gia @ chinh xdc: Mé hinh sé dia hinh

Bén kinh KET QUA KHAO SAT MO HINH DSM
{am trom 150 diem kifm tra 330 diém kém tra 1000 diém kiém tra
(m) méxﬁ m== Jidd m== Jidd] m=+ jlad] | m=+ Jidd
" 2n F Y on 2n
R=0 413728 m | 292550m | 3.26195m | 230655m | 0.66301m | 046882 m
R=20 | 306931m | 2.17033m | 2.10725m | 149005m | 031197m | 022060 m
R=50 | 174692 m | 123526m | 124524 m | 088052m 25113m | 0.17758 m
R=70 1.80750m | 1.27810m | 1.24958m | 0.88339m | 025331m | 017912 m
R=100 | 191673m | 1.35533m | 1.24853m | 088284m | 024987 m | 0.17668 m

Bdng 3: Két qua danh gid dg chinh xdc: M6 hinh sé bé mdt

Piém BAN KINH LAM TRON MO HINH DEM VA DSM
kiém tra R=0m R=20m =50m R=70m R=100 m
130 diém 241986 m 1.38467 m 0.33938m | 048697m | 047078m
250 diém 236901 m 1.29053 m 047903 m | 0.65780m 0.43669 m
350 diem 232869 m 1.15845 m 038612m | 034649m 033662 m
1000 diém 193228 m 0.99312 m 0.38182m 031917 m 045482 m

Bdng 4: Két quad déanh giG dé chinh xdc gitta 2 mé hinh DEM va DSM khi lam tron

TAP CHi KHOA HOC PO DAC VA BAN DO SO 44-6/2020
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4. Két luan

Pé thyc hién duoc bai todn nay, trén co so ly thuyét bai todn md hinh s6 dang da thirc, modul
chuong trinh hd trg qua trinh ty dong hoa hiéu chinh d6 cao cac diém do x4c dinh bang cong nghé
anh s6 UAV da dugc xay dung, két hop diém do kiém tra bang cong nghé CORS, dam bao tinh chinh
x4c va hiéu qua kinh té.

Két qua ngh1en ctru da dugc minh chimg bang thyc nghiém cho thiy rang: viéc g dung cong
nghé anh so UAV két hop cong nghé CORS trong cong tac do dac thanh 1ap ban d sb dia hinh ty
1& 16n 1.2000 - 1.5000, khoang cao déu 1m dén 2 m, khu vuc thuc vat che pht hoan toan ddm béao
d6 chinh xac theo yéu cau quy pham hién hanh. Modul chuong trinh tyr dong hiéu chinh d¢ cao cac
didm x4c dinh bang cong nghé anh s6 UAV khu vuc co6 phit thyc vat che khuét, c6 ¥ nghia khoa hoc
va thue tién.Q
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Summary
UAV - Base data for topographical mapping of vegetation covered areas
Hoang Thi Thuy, Dinh Cong Hoa, Hanoi University of Mining and Geology

Recentrly, Unmanned Aerial Vehicle (UAV) has been applied popularly in generating Digital
Surface Model (DSM) and topographical map. However, there has been not much research to
improve accuracy of the generated map, especially when the terrain is covered by vegetation. This
study proposed a solution to adjust the UAV derived DSM based on test points measured by GNSS-
RTK to establishing topographical digital maps. The result is a software that automatically corrects
the height of the image measurement point on the surface of plant cover to the terrain elevation.
Experimental results have proved the accuracy of the algorithm, the research content can be applied
to actual production, achieving economic efficiency.Q
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Summary
Building equipment to improve the precision of old cadastral maps
Truong Song Hoa, Nguyen Manh Dung - Institute of Geodesy and Cartography

Nguyen Van Hiep - Center for Land Data and Information, General Department of Land
Administration

In the article, we introduce solutions to improve the spatial accuracy of the old cadastral maps,
which were measured and established before 2009 according to the old regulations. From analyzing
the factors affecting the accuracy of the old cadastral map compared to the current requirement, to
realize the extent of restriction by each measurement area in each administrative unit of
commune/ward, Since then, we have proposed an improved algorithm, a high-precision solution
solution for each measurement area and of the commune/ward in general based on the overlapping
control points, thereby creating a basis for VPAI software module development. Running on
MicroStation has the function of improving spatial accuracy. The improved data will be more con-
sistent with the cadastral data measured in recent years, ensuring the establishment of the land data-
base. The article is the result of a research project at the grassroots level “Research and propose tech-
nical solutions to improve the efficiency of the old cadastral map to meet the requirements of build-
ing a land database in the current period”.Q
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