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ANH MAY BAY KHONG NGUOI LAI (UAV)
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Tém tit
May bay khéng ngwoi ldi (UAV) la mdt tién bé ky thudt xudt hién khodng nira thé
ky tré lai ddy, né dwoe dp dung rong rai trong moi linh viee quéc phong, linh vuec kinh
té quoc dan trén thé giGi ciing nhu ¢ nudc ta va da thu dwoc nhiéu két qua daing ké
nho nhitng wu diém ciia nd. Bai bdo nghién ciru cdc anh huéng dén dé chinh xdc cia
do anh UAV nhie: anh huong ciia d cao bay chup; anh hwéng cia tham sé mdy chup
anh; anh huong ciia do phit chup dnh; anh hwéng ciia phan mém va thudt todn ing
dung khi xir 1y anh UAV; anh hieong cuia mét dé va swe phan bé diém kiém tra mat dat;
anh hwéng cia ddc diém dia hinh khu do. Két qua bai bdo da phan tich anh hiong cdc
yéu té trén va dé ra gidi phdp thich hop nham ndng cao dé chinh xdc va tinh kinh té
khi iing dung UAV trong cong tac do vé ban do.
Twr khoa: Mdy bay khong nguoi 1ai (UAV); Ban dd; Do cao; Tham sb may anh
Abstract
Accuracy in building maps using Unmanned Aerial Vehicle (UAV) data

Unmanned Aerial Vehicle (UAV) is the technological advancement that invented
about half a century ago. It is widely applied in defense and other sectors, obtaining
many remarkable results in the world as well as in Vietnam. This study evaluates
the accuracy of UAV image measurement with influence factors, including shooting
altitude, camera parameter, photographic coverage, software and application
algorithms for image processing, density and distribution of ground checkpoints, and
topographical features of the measurement area. This paper presents results of the
influence of the above factors on UAV image analysis, and then proposes appropriate

solutions for improving the accuracy and cost-effective use of UAV in building maps.
Keywords: Unmanned Aerial Vehicle (UAV); Map; Altitude; Camera parameter.
1. Pit van dé thé tiép can dugc & d6 cao thap va gan véi

Trong khoang nira thé ky tré lai day, cac doi twong ma hé thong cd nguoi lai

cong nghé do anh bang may bay khong
nguoi lai (UAV) di dugc tmg dung nhiéu
vao trong moi linh vuc qudc phong, san
Xuat va doi song trén toan thé giGi va
d3 thu duoc nhiéu két qua dang ké nho
nhimng uvu diém caa nd. UAV 1a c6 thé sir
dung trong cac truong hop khu vuc nguy
hiém cho con ngudi va cac khu vue khong
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khong thé st dung. Vi du cac ving dong
bang ngap lut, dong dat va cac khu vuc
sa mac. Hon nira, trong diéu kién thoi tiét
nhiéu may va mua, vi¢c thu thap dir li¢u
bang UAV van c6 kha nang thyc hién khi
khoang céch t6i d6i tuong cho phép bay
duéi may. Cac diéu kién thoi tiét nhu vay
khong cho phép thu thap dir li€u vdi cac

Tap chi Khoa hoc Tai nguyén va Moi truong - S6 37 - nam 2021



may anh c¢ Ién dugc tich hgp vao may
bay c6 ngudi 1ai do yéu ciu do cao bay
cao hon. Ngoai ra, mot loi thé co ban cua
vi€éc su dung UAV la nhanh chong, gia
thanh ha.

Hau hét cac hé thong UAV thuong
mai sin co trén thi trudng déu tip trung
yéu t6 chi phi vi UAV ré hon va cé chi
phi hoat dong thip hon may bay c6 nguoi
14i. Do d6, cac UAV ¢6 thé dugc xem nhu
bd sung hodc thay thé cho phép do anh
hodc do dac trén mat dat trong mot pham
vi ing dyng nhat dinh.

Dé viéc ing dung cong nghé do anh
UAV mét cach hiéu qua hon trong cong
tac trac dia ban d6 va trong cac cong tac
khac, ching ta hdy nghién ctru cic yéu
t6 anh huong dén do chinh xic do anh
UAV va céc giai phap han ché anh huong
cua chung. O day, do chinh xac dugc
dinh nghia 1a d¢ léch chuin (Standard
Deviation - SD) cua chénh 1é€ch d6 cao
gitra diém kiém tra (Check Point - CP) va
mo hinh sé bé mat (Digital Surface Model
- DSM). Ngoai ra, truong hop nay do
chinh xac do anh UAV duogc coi nhu do
chinh x4c mé s6 bé mat DSM xay dung tir
cac anh UAV.

2. Két qua nghién ctru
2.1. Anh hwéng ciia dp cao bay chup

Nhu ta dd biét, vi kich thudc clia cam
bién thu nhan anh trong moét méy anh s6
1a ¢6 dinh, do d6 do phan giai diém anh
(kich thudce cua pixel) phu thuoc vao do
cao bay chup. P9 phan giai diém anh anh
huong dén d6 chinh xéc cia ban do. Mbi
quan h¢ gitta d§ cao bay chup va do phan
giai diém anh [3] dugc thé hién trong
cong thuc:

H, = (d *K*)/d *100 (1)

Nghién ciru

Trong do:

H, - dd cao bay chup (m),

d_ - chiéu dai cta dnh chup (pixel),

K - d6 phan giai diém anh (cm),

f - tiéu cy cia may anh (mm ),

d, - d6 dai cua mang CCD (mm).

T cong thite (1) ta cé thé suy ra:

K =H, *d *100/d *f (2)

Qua day ta thiy do chinh xac ctia ban
dd (kich thudce diém anh can chup K) ty 18
nghich v6i dg cao bay chup H, . Khi giam
d6 cao bay chup H,_thi d¢ chinh xac do
anh UAV sé€ tang, tuy nhién sé kéo theo
tang sO lugng anh chup 1am giam tinh
kinh té. Do vdy, khi thiét ké bay chup phai
can cr vao do chinh x4c yéu ciu dé xac
dinh d6 cao bay chup hop ly.

2.2. Anh hwong ciia tham sé6 mdy
chup danh

Ciing tir cong thic (2), ta thdy do
chinh x4c cua ban d6 (kich thudc diém
anh can chup K) con phu thudc vao tham
s6 f ctia may anh s dung. Qua day ta
théy, d6 chinh xac do anh UAV khong chi
phu thudc vao do cao bay chup ma con
phu thudc vao tham sb cua may anh. Do
chinh xac do anh UAYV s¢ tang khi chup
anh st dung may chup anh co6 ti€u cy dai
hon. Trong cdng tac san xudt, cin clr vao
diéu kién trang thiét bi ma lya chon may
chup anh c6 tham sé pht hop.

2.3. Anh hwéng ciia dp phii anh
chup

Do phu cia anh 1a d6 chdng phu 1én
nhau cta hai anh ké canh. Khi do v& anh,
ngudi ta chi do trong ving chdéng phu do.
Viéc tang d6 phu cuia anh 1a ta da tang s6
1an do 1én, diéu d6 c6 nghia 1a 1am tang d6
chinh xdc do anh lén.
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Trong cong nghé do anh UAV, viéc
bay chup anh thuong duoc tién hanh 70 x
90%, liéu c6 thé dya vao dic diém nay dé
nang cao dd chinh xac duoc khong? bé
trd 101 cho cau hdi nay ta lam thuc nghiém
sau: Trén bai thuc nghiém Cong vién Hoa

Binh - Ha No6i, nhdm tac gia dung may
chup anh Phantom 4 Pro bay chup 2 lan
véi d6 phu 70% va 80% trén cung mot
d6 cao bay chup. Sau khi xtr ly két qua
bay chup ta cé két qua nhu ¢ Bang 1 va
Bang 2.

Bing 1. Két qud chup anh Phantom 4 Pro véi dp phii 70%

. Toa d¢ diém kiém tra Toa d anh Phantomd4, d9 phii 70% Do léch

TT dle::l X Y H X Y H dX | dy | dH

(m) (m) (m) (m) (m) (m) (m) (m) (m)
1| Po | 2330590.984 | 581506.006 | 7.000 | 2330590.962 | 581506.044 | 6.943 | 0.022 | -0.03 | 0.057
2 | P1 | 2330579.833 | 581456.203 | 7.713 | 2330579.864 | 581456.218 | 7.714 | -0.031 | -0.01 | -0.001
3 | P4 | 233044137 | 581464.148 | 12.638 | 2330441.319 | 581464.222 | 13.047 | 0.051 | -0.07 | -0.409
4 | P6 |2330205.114 | 581519.408 | 6.995 | 2330205.08 | 581519.412 | 7.019 | 0.034 | -0.00 | -0.024
5 | P8 |2330196.581 | 581706.535 | 7.106 | 2330196.595 | 581706.527 | 7.111 | -0.014 | 0.00 | -0.005
6 | P10 | 2330340.387 | 581780.828 | 6.367 | 23303404 | 581780.866 | 6.381 | -0.013 | -0.03 | -0.014
7 | P12 | 2330442.021 | 581663.008 | 7.185 | 2330442.031 | 581663.036 | 7.253 | -0.010 | -0.02 | -0.068
8 | P14 |2330480.539 | 581588.403 | 7.306 | 2330480.536 | 581588.437 | 7.353 | 0.003 | -0.03 | -0.047

Bing 2. Két qud chup anh Phantom 4 Pro véi dp phii 80%
Tén Toa dd diém kiém tra Toa d anh Phantomd, d9 phi 80% P léch

TT | gidm X Y H X Y H dX dy dH

(m) (m) (m) (m) (m) (m) (m) (m) (m)
1 | P0 | 2330590.984 | 581506.006 | 7.000 | 2330590.986 | 581506.014 | 7.011 | -0.022 | -0.008 | -0.011
2 | P1 | 2330579.833 | 581456.203 | 7.713 | 2330579.86 | 581456.202 | 7.734 | -0.027 | 0.001 | -0.021
3 | P4 | 233044137 | 581464.148 | 12.638 | 2330441.348 | 581464.186 | 12.647 | 0.022 | -0.038 | -0.009
4 | pPe |2330205.114 | 581519.408 | 6.995 | 2330205.094 | 581519.426 | 7.024 | 0.020 | -0.018 | -0.029
5 | P8 |2330196.581 | 581706.535 | 7.106 | 2330196.602 | 581706.522 | 7.114 | -0.021 | 0.013 | -0.008
6 | P10 | 2330340.387 | 581780.828 | 6.367 | 2330340.397 | 581780.834 | 6365 | -0.010 | -0.006 | 0.002
7 | P12 | 2330442.021 | 581663.008 | 7.185 | 2330442.036 | 581663.036 | 7.218 | -0.015 | -0.028 | -0.033
8 | P14 | 2330480.539 | 581588.403 | 7.306 | 2330480.522 | 581588.434 | 7338 | 0.017 | -0.031 | -0.032

Qua day ta thiy khi tang d6 phu doc
1€n thi d§ chinh x4c do anh UAV s€ tang.
Diéu ndy cang c6 y nghia khi do v& ¢ khu
vuc dia hinh ¢6 do déc 16n.

2.4. Anh hwéng ciia phan mém va
thudt toan ung dung

Dé nghién ciru anh hudng nay trong
qué trinh thyc nghiém & khu do tai Cong

vién Hoa Binh - Ha No6i, nhém tac gia
da st dung cung mdt dit liéu anh chup
vdi cung sb liu diém kiém tra mat dat
(Ground Control Point - GCP) (Hinh
1) dé xir ly bang phan mém Agisoft
PhotoScan Ver.1.4.1 va phian mém
Pix4Dmapper Ver.4.2 khac nhau (Bang
3 va Bang 4).

Bing 3. Két qud xir I bang phian mém Agisoft PhotoScan Version 1.4.1

( Phin mém xir Iy Agisoft PhotoScan Version 1.4.1
Tén Toa df diém kiém tra Toa do diém kiém tra ldy tir do anh D6 lich
TT| ,.z UAV M
diém
X Y H X Y H dX dY dH
(m) (m) (m) (m) (m) (m) (m) (m) (m)
PO | 2330590.984 | 581506.006 | 7.000 | 2330590.971 | 581506.008 | 7.038 | 0.013 | -0.002 | -0.038
2 P1 | 2330579.833 | 581456.203 | 7.713 | 2330579.841 | 581456.198 | 7.700 | -0.008 | 0.005 | 0.013
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Phin mém xir Iy Agisoft PhotoScan Version 1.4.1
Tén Toa d9 diém kiém tra Toa d9 diém kiém tra ldy tir do anh Do léch
TT| .. UAV o
diém
X Y H X Y H dX dy dH
(m) (m) (m) (m) (m) (m) (m) (m) (m)
3 P6 | 2330205.114 | 581519.408 | 6.995 | 2330205.125 | 581519.372 | 6.996 | -0.011 | 0.036 | -0.001
4 P8 | 2330196.581 | 581706.535 | 7.106 | 2330196.596 | 581706.534 | 7.118 | -0.015 | 0.001 | -0.012
5 | P10 | 2330340.387 | 581780.828 | 6.367 | 2330340.429 | 581780.835 | 6.387 | -0.042 | -0.007 | -0.020
6 | P12 | 2330442.021 | 581663.008 | 7.185 | 2330442.022 | 581663.019 | 7.195 | -0.001 | -0.011 | -0.010
7 | P14 | 2330480.539 | 581588.403 | 7.306 | 2330480.544 | 581588.413 | 7.302 | -0.005 | -0.010 | 0.004
Badng 4. Két qua xir ly bcing phéin mém Pix4Dmapper Ver.4.2
Phéin mém xik Iy Pix4Dmapper Ver.4.2
X Toa d9 diém kiém tra Toa @9 diém kiém tra lay tir do anh -
T ’l:fn UAV Do léch
diém X Y H X Y H | dX | aY | aH
(m) (m) (m) (m) (m) (m) (m) (m) (m)
1 PO | 2330590.984 | 581506.006 | 7.000 | 2330590.960 | 581506.033 | 6.963 | 0.024 | -0.027 | 0.037
2 Pl | 2330579.833 | 581456.203 | 7.713 | 2330579.857 | 581456.224 | 7.727 | -0.024 | -0.021 | -0.014
3 P6 | 2330205.114 | 581519.408 | 6.995 | 2330205.080 | 581519.409 | 7.009 | 0.034 | -0.001 | -0.014
4 P8 | 2330196.581 | 581706.535 | 7.106 | 2330196.599 | 581706.520 | 7.132 | -0.018 | 0.015 | -0.026
5 | P10 | 2330340.387 | 581780.828 | 6.367 | 2330340.414 | 581780.848 | 6.404 | -0.027 | -0.020 | -0.037
6 | P12 | 2330442.021 | 581663.008 | 7.185 | 2330442.033 | 581663.028 | 7.233 | -0.012 | -0.020 |-0.048
7 | P14 | 2330480.539 | 581588.403 | 7.306 | 2330480.531 | 581588.443 | 7.380 | 0.008 | -0.040 | -0.074

& Control points

s g

100 m

Hinh 1: Cdc anh chup UAV khu do Céng vién Hoa Binh va cdc diém GCP

Két qua thyc nghiém trén, ta thiy ring viéc xur ly bang phan mém Agisoft

PhotoScan Ver.1.4.1 chinh xac hon viéc xtr Iy bang phan mém Pix4Dmapper Ver.4.2.

Diéu d6 ching t6 13 d6 chinh xac do anh UAV phu thudc vao phan mém st dung.
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2.5. Anh hwéng ciia mat dp va sw
phén b6 diém kiém tra mdt dit

S6 lwgng va vi tri phan bd khac nhau
clia cac diém kiém tra mit dat (Ground
Control Point - GCP) ciing anh hudng téi
dd chinh x4c do anh UAV. Nhom tac gia da

thuc hién mot sb thir nghiém khac nhau vé
s6 luong va vi tri ciia cac diém GCP va da
phat hién ra rang mo hinh s6 bé mat DSM
duogc tham chiéu nhiéu diém kiém tra GCP
chinh xac hon DSM duoc tham chiéu dia
ly it diém hon (Hinh 2 va Hinh 3).
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Hinh 3: Do thi biéu dién SSTP d¢ cao phu thujc vao sé lwong diém GCP

Céc nghién ctru cia Tahar cling nhu
ctia Rosnell va Honkavaara ciing két luan
ring d6 chinh xac cia DSM tang 1én khi
sO lwong cac diém GCP ting 1én. Mot két
luan tuong ty da dugc thuc hién trong
nghién ctru cia Tonkin va Midgley, nguoi
ta cling cho thay thém rang khi dat duoc
mot sé lugng diém GCP nhit dinh, do
chinh x4c DSM khong tang nita hay noi
khéc di, d§ chinh xdc cia DSM tang tiém
can voi su tang 1én cua sb lugng cac diém

GCP. Theo Dr. Qassim Abdullah khi su
dung GPS trong viéc chup anh, dd hinh b
tri cac diém GCP theo phuong 4n 4 diém
4 gbc va 1 diém gitra khoi anh 1a t6i wu
nhat vé tinh kinh té va d6 chinh xéc [5].

2.6. Anh huwéng cia dic diém dia
hinh khu do

Pac diém dia hinh khu do khong chi
anh huong do chinh xac do anh UAV ma
con anh huong dén do chinh xac tit ca
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cac phuong phap do khéc, ta phai biét anh
hudng d6 dé lua chon cac giai phap thich
hop dé han ché anh huéng d6 nhu giam
dd cao bay chup, ting d0 phu cua anh,
chon phan mém xr Iy anh thich hop,...

3. Két ludn

Qua nghién cuu va thuc té san xuit,
nhom tac gia rat ra mot s6 két luan sau:

- Viéc giam chiéu cao bay chup s&
lam tang d6 chinh x4c do anh UAV, tuy
nhién phai tinh toan sao cho hop ly vi khi
giam chiéu cao bay chup s& lam ting s6
luong anh chyp dan dén ton nhiéu thoi
gian xur ly trén may tinh.

- Do chinh xdc do anh UAV khong
chi phu thudc vao dd cao bay chup ma con
phu thudc vao tham sb cua may anh.D§
chinh x4c do anh UAVs€ tang khi chup
anh st dung may chup anh co6 ti€u cy dai
hon.Trong cong tac san Xuét, cdn ctr vao
diéu kién trang thiét bi ma lya chon may
chup anh cé tiéu cu phu hop.

- Tang do phu doc 1én thi d chinh
xac do anh UAV sé tang. Khi do vé ¢ khu
vuc ¢6 do déc 16n thi viée tang do phu khi
chup anh cang cd y nghia.

- Phan mém va thudt toan tmg dung
ciing anh hudng dén d6 chinh xac do anh
UAV. Tuy theo yéu cau do chinh xac doi
hoi ma lya chon phan phi hop.

- B§ chinh xéac do anh UAV ting 1én
khi s6 luong cac diém GCP ting nhung
luu y rﬁng khi dat duoc mot sd lugng
diém GCP nhit dinh, d6 chinh x4c do anh
UAV khong tang thém nita hay noi khac
di, d6 chinh xac do anh UAV ting tiém
can vdi sy tang 1én cua sb luong céac diém
GCP. Ngoai ra do chinh xdc cua xac do
anh UAV con phu phu thudc vao sy phan
bd céc diém GCP trong khu do.

Nghién ciru

- Tinh chat bé mit dia hinh ciing anh
huong kha 16n dbi v6i do chinh xac do
anh UAV, bé mit dia hinh cang phtc tap
thi 4nh hudng cang 16n.

Trén déy 1a cac yéu t6 anh huong dén
dd chinh xdc do anh UAV, trong thyc té
san xuat phai can ctr vao yéu cdu clia cong
viée, tinh hinh cu thé clia dia hinh khu do,
tinh hinh trang thiét bi c6 sin dé lya chon
cac giai phap cho thich hop.
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