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Trong nhitng nam ddy céng nghé do dnh UAV dworc ttng phd bién trong nhiéu
linh vwre nhor tinh kinh té'va tinh phd dung ctia né. Bai bao nay dé cdp dén cdc
Yéu td dnh hwdng dén do chinh xdc xdy dung mé hinh sé bé mdt tir div liéu
dnh UAV nhw dnh hwéng ctia dé cao bay chup, ciia tham s6 mdy dnh, ctia dd
phti dnh, ctia phdn mém va thudt todn ttng dung ddng thoi dé ra nhitng gidi
phdp nhdm han ché cdc dnh hwéng dé. Chiing toi da tién hanh bay chup trén
khu virc cong vién Hoa Binh, Ha N§i béi hai thiét bi bay khong ngwoi Idi la
Phantom 3 Pro va Phantom 4 Pro trong nhiéu trudng hop dé tim ra dwoc sw
dnh hwéng ctia cdc yéu té da dé cdp ¢ trén téi dé chinh xdc thanh Igp mé
minh s6 bé mdt. Trén bdi thuc nghiém nay, chiing téi xdy dwng 16 diém
khéng ché, dé dwoc xdc dinh toa do trdc dia chinh xdc bdng phwong phdp do
RTK.

© 2018 Trwdong Dai hoc Mo - Dia chit. Tt ca cic quyén dwoc bao dam.

1. Mé dau

2012), nghién ciru dia chit (Bemis et al, 2014),
cling nhw trong nghién ctru moi trwong (Diaz-

Trong khodng ntra thé ky tré lai diy, cong
nghé do anh bang anh chup tir may bay khong
ngudilai (UAV) dé tao ramo hinh s6 bé mat (DSM)
hay mo hinh sé d6 cao (DEM) ciing nhw binh d6
truc anh da dwoc ng dung trong nhiéu linh vuc
nhuw thanh 14p ban d6 (Hugenholtz et al., 2014;
Uysal et al., 2015; Siebert, 2014; Pao, 2011; Phan,
2011), &ng dung trong giao thong (Diaz-Vilarifio
etal, 2016), (Nguyén et al., 2018), IAm nghiép va
néng nghiép (Grenzdorffer etal., 2008; Costa et al.,

*Tdc gid lién hé
E-mail: phamhathai@humg.edu.vn

Vilarifio et al, 2016; Haas et al,, 2015)... Véi sy
phat trién nhanh chdéng ctia c6ng nghé nay, thiét bi
bay khéng nguwoi 1ai ¢ thé sir dung trong cac
trwong hop khu viee nguy hiém cho con ngwoi va
cac khu virc khong thé tiép cin dwoc & do cao thip
va gin véi cac déi twong ma hé thong c6 nguoi lai
khong thé str dung. Vi du cac viing ddng bang ngip
lut, dong dat va cac khu vuwc sa mac. Hon nira,
trong diéu kién thoi tiét nhiéu may va mua, viéc
thu thip dir liéu bang UAV van c6 kha ning thuc
hién khi khoang cach téi d6i twong cho phép bay
dwéi may. Cac diéu kién thoi tiét nhw vy khong
cho phép thu thap dir liéu véi cac may anh c& 16m
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duoc tich hop vao may bay c6 ngudi 1ai do
yéu ciu do cao bay cao hon. Ngoai ra, mot loi thé
co ban cda viéc st dung UAV la nhanh chéng, gia
thanh ha. Hau hét cac hé thdng UAV thuwong mai
san c6 trén thi trudmg déu tip trung vao cac hé
thong chi phi thip va do d6 loi thé 1én cta viéc st
dung UAV ciing la yéu t6 chi phi vi UAV ré hon va
c6 chi phi hoat déng thap hon may bay c6 nguoi
14i. Do d6, cac UAV c¢6 thé duwgce xem nhw b sung
hodc thay thé cho phép do anh hoic do dac trén
mat dit trong mot pham vi 'ng dung nhat dinh.

Do chinh x4c ctia DSM bat ngudn tir do 4nh
UAV bi anh hwdng béi nhiéu yéu t6 khac nhau da
dwocnghién ciru doclap, vi du nhw anh hwéng cia
thay d6i d6 dai tiéu cw (Clapuyt et al., 2016), anh
hwdng cta d6 cao bay chup, thong s6 dinh hwéng
cia may chup anh (Rocketal,, 2011), (Leitdo et al.,
2016), cling nhw chat lwong dnh (Nouwakpo etal,,
2015), (Smith etal., 2015). Ngoai ra, s6 lwong cling
nhw sy phin bo cta nhitng diém khong ché anh
dwoc st dung cho viéc dinh hwéng tAm anh trong
hé hoa dd tric dia ciing dwoc coi 1a mot trong
nhitng yéu t6 anh hwdéng dén do chinh xac thanh
lap DSM (Kaab etal, 2014).

Dé viéc irng dung cong nghé do anh UAV mot
cach hiéu qué hon trong cong tac Trac dia Ban do
va trong cac cdng tac khac, ching ta hdy nghién
clru cac yéu to anh hwdng dén do chinh xac thanh
lap DSM tir di¥ liéu anh UAV va cac giadi phap han
ché& anh hwdng ctia chiing. b6 chinh xac thanh 14p
DSM c6 thé dworc dinh nghia la d6 1éch chuin

(Standard Deviation - SD) cta gitra d6 cao diém
kiém tra CP va d6 cao diém twong &ng clia mo
hinh s6 bé mat DSM (Saskia et al., 2017). Trong
pham vi bai bdo nay, d6 chinh xac m6 s6 bé mat
DSM x4y dung tir cac anh UAV dwoc tinh bang sai
sO trung phwong ctia dd chénh d6 cao gitra d6 cao
diém kiém tra va d6 cao diém twong (ng trén mo
hinh s6 bé mait trén tong s6 diém kiém tra
(Morgan and Falkner, 2001), (Bui et al., 2016).

2. Khu virc nghién ctru va dir liéu str dung

Cong trinh cong vién Hoa Binh (Hinh 1) da
dwockhdi cong vao ngay 20/2/2009, véi ng mire
dAau tw 282 ty. Cong vién c6 dién tich dat xdy dung
la 20,3431ha, trong dé: 19,8772 ha la dat xay
dwng cong vién; 0,465%ha 1a dat giao thong Thanh
pho. Piém khéng ché mit dat da dwoc bd tri déu
trén khap khu do v6i s6 lwongla 16 diém (Hinh 2),
duoc xac dinh toa do tric dia chinh x4c bang
phuong phap do RTK véi dd chinh xac dat dwoc
1cm vé mat phang va 2cm vé do cao.

D€ tién hanh khao sat tat ca cac trweong hop
trong bai bio nay, chiing t6i st dung hé thdng may
bay khéng ngwdi 1ai Phantom 3 Pro va Phantom 4
Pro (Hinh 3).

K& hoach bay d3 dwoc thiét k€ bang phin
mém Map pilot (Hinh 4) d8i véi ca hai thiét bi bay
l1a Phantom 3Pro va Phantom 4 Pro lan lwot & do
cao 80m va 120m twong rng v&i 2 treong hop do
phtila 70% va 90%.

Hinh 1. Céng vién Hoa Binh.
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Hinh 2. So' do bé tri diém khdng ché mdt ddt.

—

PHANTOM 3 PROFESSIONAL C

PHANTOM 4

PRO

Hinh 3. Hé théng mdy bay khéng ngwoi ldi Phantom 3 Pro va Phantom 4 Pro.

P Connected | Range: 6761t @ 296°  34%[] 87%B 100%E 100%F 103%
\ o - . L
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Hinh 4. D6 hinh bay dworc thiét ké bdng phdn mém Map pilot.

¢
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3. Phwong phap nghién ctiru

3.1. Phwong phdp thanh Idp mé hinh sé bé
mdt DSM tir di¥ liéu UAV

Dir liéu anh thu nhén tir UAV d3 dwoc x ly
bang thuat to4n tw ddng xtr Iy anh va khoi phuc mo
hinh ba chiéu (Bui et al., 2016; Saskia et al., 2017).
Nhing ki thuét nay cho phép giai quyét dong thoi
cac van dé vé hinh hoc cia hudng, vi tri may chup
anh va cac diém khéng ché trén nhirng tim anh cé
dd pht trum théng qua mot quy trinh xr ly tw
dong bang phin mém Agisoft PhotoscanPro
(Agisoft, 2017)

Cong tac chuln bi va thiét ké bay chup

!

B& tri va do diém KCA

v

Bay chup anh phuc
vu tao DSM

'

Khai bao khong ché anh va khép anh tw dong

!

Chiét xuat va xdy dung CSDL diém dam may

'

No6i suy mo6 hinh s6 bé mat (DSM)

'

banh gia do chinh xac DSM

Hinh 5. So’ do quy trinh thanh Idp mé hinh s6
bé miit.

3.2. Cdc yéu té anh hwdong dén do chinh xdc
thanh lap DEM tir dir liéu UAV

Tr quy trinh cdng nghé & hinh 5, ta thiy c6 rat
nhiéu cic yéu t6 anh hwdéng dén do chinh xac
thanh 14p mo hinh s6 bé mat tir dir liéu UAV. Ngoai
viéc xét dén tinh chit clia bé mat dia hinh cling
nhu phin mém s dung dé xir ly anh tw dong thi
s0 lwong va vi tri phin b6 khac nhau cta cac diém
GCP cling anh hwdng téi do chinh xac do anh UAV.
Shahbazi, M. va nnk (Shahbazi et al.,, 2015) da thuc
hién mét s6 thtr nghiém khic nhau vé s6 lwong va
vi trf cda cac diém GCP, ciing nhw s6 lwong hinh
anh noi cadc GCP dwoc hién thi. Ho phat hién ra
rang DSM dwoc tham chiéu nhiéu diém kiém tra
GCP hon chinh xac hon DSM dwoc tham chiéu dia

ly it diém hon va mang cac diém GCP phin bo
déng déu tao ra DSM c6 d6 chinh xac cao hon
mang GCP dwoc nhom lai. Ho cling cho thdy do
chinh xac DSM cao hon khi cac GCP dwoc bo trisao
cho ching dwgc hién thi trén nhiéu anh hon. Cac
nghién ctru cta Tahar, K.N. va nnk (Tahar et al.,
2012) cling nhu ctia Rosnell, T. va Honkavaara, E.
(Rosnell and Honkavaara, 2012) ciing két ludn
rang do chinh xac ctia DSM ting 1én khi s6 lwong
cac diém GCP ting lén. Mot két luan twong tw da
dworc thue hién trong nghién ctru ctia Tonkin, T.N.
va Midgley, N.G (Tonkin and Midgley, 2016) nguoi
ta cling cho thdy thém rang khi dat dwoc mot s6
lwong diém GCP nhat dinh, d6 chinh x4c DSM
khong tang nira hay n6i khac di, do chinh xac cta
DSM ting tiém cin véi sy tang l1én clta sé lwong
cac diém GCP. Trong pham vi ctia bai bao nay, tac
gia dé cip dén va lam ro thém mot s6 yéu t6 khac
nhw: anh hwéng cia do cao bay chup, anh hwéng
cta tham s6 may chup anh va dnh hwdng cia do
pht anh.

3.2.1. Anh hwéng ctia d cao bay chup

Nhuw ta da biét, vi kich thwdc ctia cam bién thu
nhin anh trong mdt may anh sé la cé dinh, do do6
d6 phan gidi diém anh (kich thudc cta pixel) phu
thudc vao do cao bay chup. P phan giai diém anh
anh hwdéng dén dé chinh xac ctia ban d6. Theo
Morgan, D. va E. Falkner (Morgan and Falkner,
2001) thi mai quan hé gitta do cao bay chup va do
phan gii diém anh dwoc thé hién & cong thire (1).

Hee = (dy *K*6)/ds*100 (1)
Trong do6: Hyc - D6 cao bay chup (m); d, - Chiéu

(cm); f- Tiéu cw cia may anh (mm ); d;- B0 dai caa
mang CCD (mm).
Tir cong thirc (1) ta c6 thé suy ra (2).

K = Hp*ds*100/d,*f (2)

Qua day ta thay d6 chinh xac ctia ban do (kich
thuéc diém anh can chup K) ty 1& nghich véi do
cao bay chup Hj.. Khi giam do cao bay chup Hj.thi
dd chinh xac do anh UAV sé tang, tuy nhién sé kéo
theo ting s6 lwgng anh chup lam gidm tinh kinh té.
Do véy, khi thiét ké bay chup cin c vao do chinh
xac yéu cau dé xac dinh dd cao bay chup hop ly.

3.2.2. Anh hwéng ctia tham s6 mdy chup dnh

Cling tir cong thirc (2) ta thiy do chinh xac cia
ban do (kich thwéc diém anh cin chup K) con
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phu thudc vao tham so f cia may anh st dung.
Qua day ta thiy, d6 chinh xac do anh UAV khong
chi phu thudc vao do cao bay chup ma con phu
thudc vao tham s ciia may anh. P9 chinh xac do
anh UAVsé tang khi chup anh st dung may chup
anh c6 tiéu cw dai hon. Trong cdng tic san xuit,
cdn ctr vao diéu kién trang thiét bi ma lya chon
may chup anh c6 tham s6 phu hop.

3.2.3. Anh hwémg clia do phii dnh chup

Trong cong nghé do anh UAV, viéc bay chup
anh thuwong dwoc tién hanh 80x90%, liéu co6 thé
dwa vao dac diém nay dé nang cao do chinh xac
dwoc khéng ? Dé tra 1oi cho ciu hdi nay ta lam
thuc nghiém sau. Trén bai thuc nghiém Coéng vién
Hoa Binh, chiing t6i may chup dnh Phantom 4 Pro
bay chup 2 lan véi dd phti 90% va 70% trén dung
mot do cao bay chup.

3.2.4. Anh hwéng ciia phiin mém va thudt todn ting
dung

Do chinh x4c ctia san cdc phdm ban d6 thanh
14p tir c6ng nghé UAV phu thudc vao phdn mém va
thudt toan SfM (Structure - from - Motion) xt ly
anh dwoc str dung (Sona et al,, 2014). D€ c6 thé lwa
chon dwoc cdc phadn mém phu hop, cin phai c6
thong tin chi tiét vé cac phan mém xt Iy anh chup
UAV. Hién nay c6 rat nhiéu cac phan mém xt ly
anh UAV, k€ ca mién phi 14n thwong mai Bemis,
Micklethwaite (Bemis et al.,, 2014). Bac diém cia
cac phan mém tich hgp cac thuit toan SfM 1a qua
trinh x&r ly anh thanh 13p cac san pham ban d6
dwoc tw dong & mirc cao. Co ché hoat dong ctia cac
thuit toan SfM co ban gom cac buwédc chinh nhw
sau: Budc 1, cac diém “khoa” (key point features
con goi la tie point) trén cac anh dwoc tw dong
phathién va chiét xuit, sau d6 bd co s& dirliéu (3D
point cloud) dwoc xay dwng; Buéc 2, qua trinh
khép anh tw dong dwoc thuc hién gitra cac cap
anh, dwa vao cac diém cac diém “khéa” ndm trén
phan phu doc va pht ngang (Snavely et al., 2008);
Buwéc cudi cing qua trinh binh sai khoi tam giac
anh khéng gian duwoc tién hanh d€ xac dinh cac
tham s6 dinh hwdéng trong, dinh hwéng ngoai, va
ndi suy toa d6 3D cho cac diém trén anh (Snavely
etal,, 2008; Clapuyt et al.,, 2015; Gini et al,, 2013).

4. Két qua va thao luan

Chung t6i khao sat trén tirng trwomg hop cu
thé theo tirng anh hwdng da phéan tich & phén 3.

Dwa vao mo hinh s6 bé mat dwoc thanh 14p trong
moi phan tich, ching t6i danh gia d6 chinh xac cia
né dwa vao sai s6 trung phwong cia do cao giira
gitta d6 cao diém kiém tra va d6 cao diém twong
tng trén mo hinh s6 bé mat trén tong s6 diém
kiém tra dwoc tinh theo cong thirc (3).

; (3)
A2 .
VAR = Zdhi ;dh =hgep —hpgy

i=1

2
RMsQ = |41

Trong dé: hecp - Gia tri d cao cia diém khong
ché; Hpsy - Gia tri dd cao trén DSM; RMSQ - Sai s6
trung phwong; n - S6 diém kiém tra.

4.1. Anh hwéng ciia dé cao bay chup

Chung t6i dung mot may anh Phantom 3 tién
hanh chup 2 Ian trén bai thwc nghiém Cong vién
Hoa Binh vé&i 2 d6 cao bay chup khac nhau H;=
80m va H> = 150 m. Sau khi xtr ly ta c6 két qua nhw
Bang 1 va Bang 2.

Qua Bang 1 va Bang 2, ta thy rang, khi giam
dd cao bay chup Hycthi do chinh xac do &nh UAV
sé ting, tuy nhién sé kéo theo tang s6 lwgng anh
chup lam giam tinh kinh té. Do vay , khi thiét ké
bay chup phai can ctt vao do chinh xac yéu ciu dé
xac dinh do cao bay chup hoply.

4.2. Anh hwéng ciia théng s6 mdy chup dnh

bé&lam rd hon van dé nay ta tién hanh chup 2
lAn bing may anh Phantom 3 Pro véi tham s6
f=3,61mm, do phan giai 4000 x 3000pixel, kich
thuérc pixel 1,56 x 1,56 mm va may Phantom 4 Pro
v&i tham s6 f=8,8mm, dd phan giai 5472 x 3648
pixel, kich thwéc pixel 2,41 x2,41mm bai thuc
nghiém Cong vién Hoa Binh véi cing mot dd cao
bay chup Hp. = 150m . Sau khi xtr 1y, ta ¢ két qua
nhw Bang 3 va Bang 4.

Tir két qua Bang 3 va Bang 4 ta thiy, d6 chinh
xac do anh UAV khong chi phu thudc vao do cao
bay chup ma con phu thudc vao tham sé clia may
anh. Trong céng tac san xudt, can cir vao tinh trang
thiét bi ma lwa chon may chup anh c6 tham s6 phu
hop.

4.3. Anh hwéng ciia dé phii anh chup

Qua Bang 5, Bang 6 ta thiy khi ting d6 phu
doc 1én thi d6 chinh xac do dnh UAV sé tang. Khi
do vé & khu vure dia hinh c6 d6 doc1én thi viéc ting
dd pht khi chup anh cang c6 y nghia.
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Bdng 1. D) léch cua cdc truc toa dd gitra toa do diém kiém tra GCP va toa dj dnh chup tir Phantom 3 Pro &

dé cao bay chup 80m.

Tén Toa d diém kiém tra GCP (1) Toa dd anh Phantom 3, ( 2) (dd cao bay chup 80m) b léch (1)- (2)
diém X (m) Y (m) H (m) X (m) Y (m) H (m) dX (m) | dY (m) |dH (m)
PO | 2330590.984 |581506.006| 7.000 | 2330591.035 581505.953 6.956 -0.051| 0.053 | 0.044
P1 | 2330579.833 |581456.203 | 7.713 | 2330579.887 581456.24 7.756 -0.054 | -0.037 | -0.043
P4 | 2330441.37 |581464.148(12.638| 2330441.334 581464.162 12.669 0.036 | -0.014 | -0.031
P6 | 2330205.114 |581519.408 | 6.995 | 2330204.986 581519.529 6.975 0.128 | -0.121 | 0.020
P8 | 2330196.581 |581706.535|7.106 | 2330196.517 581706.419 7.111 0.064 | 0.116 |-0.005
P10 | 2330340.387 |581780.828 | 6.367 | 2330340.391 581780.826 6.38 -0.004 | 0.002 |-0.013
P12 | 2330442.021 |581663.008 | 7.185 | 2330442.078 581663.002 7.169 -0.057| 0.006 | 0.016
P14 | 2330480.539 |581588.403 | 7.306 | 2330480.642 581588.407 7.298 -0.103 | -0.004 | 0.008
0.028

Bdng 2. Dj léch cua cdc truc toa dd gitra toa do diém kiém tra GCP va toa do dnh chup tir Phantom 3 Pro &

dé cao bay chup 150m.

Tén | Toa dd diém kiém tra GCP (1) [Toa d6 4nh Phantom 3, ( 2) (d6 cao bay chup 150m)| Do 1éch (1)- (2)
diém X (m) Y (m) H (m) X (m) Y (m) H (m) dX (m)|dY (m)|dH (m)
PO [2330590.984 |581506.006|7.000 | 2330591.083 581505.949 6.958 -0.099|0.057 | 0.042
P1 [2330579.833|581456.203|7.713 | 2330579.833 581456.189 7.727 0.000 |0.014 |-0.014
P4 | 2330441.37 |581464.148|12.638] 2330441.405 581464.134 12.647 -0.035]0.014 |[-0.009
P6 |12330205.114|581519.408|6.995| 2330205.168 581519.342 6.917 -0.054(0.066 | 0.078
P8 |12330196.581|581706.535|7.106 | 2330196.652 581706.468 7.033 -0.071/0.067 | 0.073
P10 |2330340.387 |581780.828|6.367 | 2330340.349 581780.841 6.322 0.038 |-0.013| 0.045
P12 |2330442.021|581663.008|7.185 | 2330441.941 581663.089 7.183 0.080 [-0.081| 0.002
P14 |2330480.539 |581588.403|7.306 | 2330480.576 581588.436 7.398 -0.037]-0.033|-0.092
0.047

Bdng 3. Bé léch ctia cdc truc toa do gitra toa d diém kiém tra GCP va toa dé dnh chup tir Phantom 3 Pro &
tiéu cw mdy dnh f=3,61mm.

Tén Toa do diém kiém tra GCP (1) Toa d6 do anh Phantom 3, f=3,61mm (2) bo1éch (1)-(2)
diém X (m) Y (m) H (m) X (m) Y (m) H(m) |dX(m) | dY(m) | dH (m)
PO | 2330590.984 |581506.006 | 7,000 | 2330591.083 | 581505.949 | 6.958 |-0.099 | 0.057 0.042
P1 | 2330579.833 |581456.203 | 7.713 | 2330579.833 | 581456.189 | 7.727 | 0.000 | 0.014 -0.014
P4 2330441.37 |581464.148 [12.638| 2330441.405 | 581464.134 |12.647 | -0.035 | 0.014 -0.009
P6 | 2330205.114 |[581519.408 | 6.995 | 2330205.168 | 581519.342 | 6.917 | -0.054 | 0.066 0.078
P8 | 2330196.581 |581706.535 | 7.106 | 2330196.652 | 581706.468 | 7.033 | -0.071 | 0.067 0.073
P10 | 2330340.387 |581780.828 | 6.367 | 2330340.349 | 581780.841 | 6.322 | 0.038 | -0.013 0.045
P12 | 2330442.021 |581663.008 | 7.185 | 2330441.941 | 581663.089 | 7.183 | 0.080 | -0.081 0.002
P14 | 2330480.539 |581588.403 | 7.306 | 2330480.576 | 581588.436 | 7.398 | -0.037 | -0.033 | -0.092
0.055

Bdng 4. BJ léch ctia cdc truc toa do gitka toa do diém kiém tra GCP va toa dd dnh chup tir Phantom 4 Pro &
tiéu cy mdy dnh f=8,8mm.

Tén Toa d§ diém kiém tra GCP (1) Toa d6 do anh Phantom 4, f=8,80mm (2) boléch (1)-(2)
diém X (m) Y (m) H (m) X (m) Y (m) H(m) |dX(m) | dY(m) | dH(m)
PO | 2330590.984 | 581506.006 | 7.000 | 2330590.962 581506.044 6.963 | 0.022 | -0.038 0.037
P1 | 2330579.833 | 581456.203 | 7.713 | 2330579.864 581456.218 7.714 |-0.031 | -0.015 | -0.001
P4 | 2330441.37 |581464.148 |12.638| 2330441.319 581464.222 |12.707 | 0.051 | -0.074 | -0.069
P6 | 2330205.114 |581519.408 | 6.995 | 2330205.08 581519.412 7.019 | 0.034 | -0.004 | -0.024
P8 | 2330196.581 | 581706.535 | 7.106 | 2330196.595 581706.527 7.111 | -0.014 | 0.008 -0.005
P10 | 2330340.387 | 581780.828 | 6.367 2330340.4 581780.866 6.381 | -0.013 | -0.038 | -0.014
P12 | 2330442.021 | 581663.008 | 7.185 | 2330442.031 581663.036 7.253 |-0.010 | -0.028 | -0.068
P14 | 2330480.539 | 581588.403 | 7.306 | 2330480.536 | 581588.437 7.353 | 0.003 | -0.034 | -0.047

0.041
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4.4. Anh hwéng cita phiin mém va thudt todn
trng dung

Chung t6i khao sat anh hwéng nay trén hai
phin mém xt ly anh UAV phé bién hién nay la
Agisoft PhotoScan Professional Version 1.4.1 va
Pid4Dmapper Pro Version 4.2.26.

Qua két qua thé hién & Bang 7 va Bang 8, ta
thiy, mac du véi cing mot s6 liéu dau vao cta
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cung mot khu vire véi cing mot may bay & do cao
nhat dinh vé&i d6 phi nhw nhau thi viéc xay dung
mo hinh sd bé mat thu dwoc c6 d6 chinh xac khac
nhau khi ta stt dung phdn mém khéc nhau.

5. Két luin

Qua nghién ctru, lam thuwc nghiém va san xuit,
7 A 7 A ~ N "
chuing t6i rat ra mot sé két ludn.

Bdng 5. D§ léch ctia cdc truc toa do gitra toa do diém kiém tra GCP va toa dé dnh chup tir Phantom 4 Pro &

dé pht la 70%.
Tén Toa d0 diém kiém tra Toa d6 4&nh Phantom 4, d6 pht 70% bo léch

diém X (m) Y (m) H (m) X (m) Y (m) H(m) |dX(m)|dY (m) |dH (m)
PO | 2330590.984 | 581506.006 7 2330590.962 | 581506.044 | 6.943 |0.022 |-0.038| 0.057
P1 | 2330579.833 | 581456.203 | 7.713 | 2330579.864 | 581456.218 | 7.714 |-0.031|-0.015| 0.001
P4 2330441.37 | 581464.148 | 12.638 | 2330441.319 | 581464.222 | 13.047 | 0.051 |-0.074 | 0.409
P6 | 2330205.114 | 581519.408 | 6.995 | 2330205.08 | 581519.412 | 7.019 |0.034 |-0.004 | 0.024
P8 | 2330196.581 | 581706.535 | 7.106 | 2330196.595 | 581706.527 | 7.111 |-0.014| 0.008 | 0.005
P10 | 2330340.387 | 581780.828 | 6.367 2330340.4 | 581780.866 | 6.381 |-0.013|-0.038 | 0.014
P12 | 2330442.021 | 581663.008 | 7.185 |2330442.031 | 581663.036 | 7.253 |-0.010|-0.028 | 0.068
P14 | 2330480.539 | 581588.403 | 7.306 | 2330480.536 | 581588.437 | 7.353 |0.003 |-0.034 | 0.047
0.149

Bdng 6. B§ léch ctia cdc truc toa do gitra toa do diém kiém tra GCP va toa dd dnh chup tir Phantom 4 Pro &

doé phti la 80%.
Tén didm Toa dd diém kiém tra Toa d6 anh Phantom 4, 46 pht 80% Do léch

X (m) Y (m) H (m) X (m) Y (m) H(m) |dX (m) |dY (m) |dH (m)

PO 2330590.984581506.006 7 2330590.986 | 581506.014 | 7.011 |-0.002 |-0.008 | 0.011
P1 2330579.833|581456.203| 7.713 | 2330579.86 | 581456.202 | 7.734 |-0.027 | 0.001 | 0.021
P4 2330441.37 |581464.148|12.638 | 2330441.348 | 581464.186 |12.647 | 0.022 |-0.038 | 0.009
P6 2330205.114|581519.408| 6.995 | 2330205.094 | 581519.426 | 7.024 | 0.020 |-0.018 | 0.029
P8 2330196.581|581706.535| 7.106 | 2330196.602 | 581706.522 | 7.114 |-0.021 | 0.013 | 0.008
P10 |2330340.387|581780.828| 6.367 | 2330340.397 | 581780.834 | 6.365 |-0.010 | -0.006 | 0.002
P12 |2330442.021|581663.008| 7.185 | 2330442.036 | 581663.036 | 7.218 |-0.015|-0.028 | 0.033
P14 |2330480.539(581588.403| 7.306 | 2330480.522 | 581588.434 | 7.338 | 0.017 |-0.031 | 0.032
0.021

Bdng 7. Bé léch ctia cdc truc toa db gitva toa dé diém kiém tra do bdng RTK va toa dé diém kiém tra ldy tir
dnh true giao véi mé hinh DSM dworc xir ly bdang phdn mém xi Iy Pix4Dmapper Pro Version 4.2.26,

Phin mém xtr ly Pix4Dmapper Pro Version 4.2.26
Tén | Toa dd diém kiém tra do bang RTK |Toa dd diém kiém tra ldy tir dnh truc giao A
diém v m hinh DSM Do lech
X (m) Y (m) H (m) X (m) Y (m) H(m) |dX (m)|dY (m) |dH (m)
PO | 2330590.984 | 581506.006 | 7.000 | 2330590.971 | 581506.008 | 7.038 | 0.013 |-0.002 |-0.038
P1 | 2330579.833 | 581456.203 | 7.713 | 2330579.841 | 581456.198 | 7.700 |-0.008| 0.005 | 0.013
P4 | 2330205.114 | 581519.408 | 6.995 | 2330205.125 | 581519.372 | 6.996 |-0.011| 0.036 |-0.001
P6 | 2330196.581 | 581706.535 | 7.106 | 2330196.596 | 581706.534 | 7.118 |-0.015| 0.001 |-0.012
P8 | 2330340.387 | 581780.828 | 6.367 | 2330340.429 | 581780.835 | 6.387 |-0.042|-0.007 |-0.020
P10 | 2330442.021 | 581663.008 | 7.185 | 2330442.022 | 581663.019 | 7.195 |-0.001|-0.011 |-0.010
P12 | 2330480.539 | 581588.403 | 7.306 | 2330480.544 | 581588.413 | 7.302 |-0.005|-0.010 | 0.004
P14 | 2330590.984 | 581506.006 | 7.000 | 2330590.971 | 581506.008 | 7.038 | 0.013 | -0.002 |-0.038

0.022
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Bdng 8. B4 léch ctia cdc truc toa dd gitva toa dd diém kiém tra do bang RTK va toa dé diém kiém tra ldy tir
dnh truc giao véi mé hinh DSM dworc xtk ly bdng phdn mém xir Iy Agisoft PhotoScan Pro Version 1.4.1.

-1.83m

*19.8m

Phin mém xir ly Agisoft PhotoScan Pro Version 1.4.1
Tén | Toa dd diém kiém tra do bang RTK | Toa dé diém kiém tra ldy tir anh truc A 1a
i . N Ay bo léch

diém giao va mo6 hinh DSM T
X (m) Y (m) H (m) X (m) Y (m) H(m) | dX(m) | dY(m) |dH (m)
PO | 2330590.984 | 581506.006 | 7.000 | 2330590.960 | 581506.033 | 6.963 | 0.024 | -0.027 | 0.037
P1 | 2330579.833 | 581456.203 | 7.713 | 2330579.857 | 581456.224 | 7.727 | -0.024 | -0.021 [-0.014
P4 | 2330205.114 | 581519.408 | 6.995 | 2330205.080 | 581519.409 | 7.009 | 0.034 | -0.001 [-0.014
P6 | 2330196.581 | 581706.535 | 7.106 | 2330196.599 | 581706.520 | 7.132 | -0.018 | 0.015 |-0.026
P8 | 2330340.387 | 581780.828 | 6.367 | 2330340.414 | 581780.848 | 6.404 | -0.027 | -0.020 |-0.037
P10 | 2330442.021 | 581663.008 | 7.185 | 2330442.033 | 581663.028 | 7.233 | -0.012 | -0.020 |-0.048
P12 | 2330480.539 | 581588.403 | 7.306 | 2330480.531 | 581588.443 | 7.380 | 0.008 | -0.040 |-0.074
P14 ] 2330590.984 | 581506.006 | 7.000 | 2330590.960 | 581506.033 | 6.963 | 0.024 | -0.027 | 0.037
0.040

Hinh 6. M6 hinh sé bé mdt khu vwrc Cong vién Hoa Binh dworc thanh Idp tir di liéu chup béi mdy Phantom 4
Pro dé phti 70% & dé cao 120m.
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- Viéc gidm chiéu cao bay chup sé lam ting do
chinh xac do anh UAV, tuy nhién phai tinh toan sao
cho hop ly vi khi gidm chiéu cao bay chup sé lam
ting s6 lwong anh chup din dén t6n nhiéu thoi
gian xi¥ ly trén may tinh.

- Bo chinh xac do anh UAV khong chi phu
thudc vao do cao bay chup ma con phu thudc vao
tham sd ctia may anh. P9 chinh xac do anh UAVsé
tang khi chup anh st dung may chup anh c6 tiéu
cw dai hon.Trong cong tac san xudt, cin ck vao
diéu kién trang thiét bi ma lwa chon may chup anh
¢6 tiéu cuw phu hop.

- D6 phti doc 1én thi do chinh xac do d&nh UAV
sé tang. Khi do vé & khu virc c6 d6 doc 16m thi viéc
tang do pht khi chup anh cang c6 y nghia.

- Phén mém va thuit toan rng dung cling anh
hwdng dén d6 chinh xac do anh UAV. Tuy theo yéu
ciu do chinh x4c doi hdi ma lwa chon phan mém
cho phu hop.

Trén day la cac yéu t6 anh hwdng dén dé
chinh xac do anh UAV, trong thuec té san xuat phai
cén clr vao yéu cau cuia cdng viéc, tinh hinh cu thé
ctia dia hinh khu do, tinh hinh trang thiét bi ¢4 san
dé lwa chon cac giai phap cho thich hop.
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ABSTRACT

Investigation of effects of various factors on the accurary of DSM
generated from UAV data

Pham Ha Thai 1, Tran Trung Anh 1, L& Thu Trang 1, Nguyén Thi Anh 2

1 Faculty of Geomatics and Land Administration, Hanoi University of Mining and Geology, Vietnam
2 Survey and Mineral Company, Ministry of Natural Resources and Environment, Vietnam

Recently, unmanned aerial vehicle (UAV) photogrammetry has been applied widely in many fields;
however, this is still a relatively novel technology in Vietnam. There are no specific regulations on the
application of UAV technology in surveying and mapping, as well as in environment and natural resource
study. In this paper, we aim at surveying the effects of various factors on the accuracy of DSMs/DEMs
generating based on UAV photogrammetry, such as: flight altitude, camera parameters, overlap, applied
algorithms and software. We then propose some measures to limit these effects.The experimental works
have been conducted over Hoa Binh Park, Ha Noi using two UAVs: Phantom 3 Pro and Phantom 4 Pro
with the changes of different factors in order to investigate their effect to the accurary of generated DEMs.
There are 16 ground control points at the study area, the geodesy coordinates of GCPs were determined
by RTK technique.



