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Unmanned aerial vehicles (UAV) are widely used for establishing large
scale topological maps. Recently, drones have been integrated with high-
quality GNSS receivers which allows real time kinematic positioning
(RTK), so are called UAV/RTK. This technology is beneficial to surveyors
as they do not need to establish many ground control points in mapping
such a complex terrain as open-pit mines. D]l Phantom 4 RTK (P4K) is a
UAV/RTK which is of much interest due to its small size and low cost. For
open-pit mines, the takeoff position of P4K needs to be seriously
considered because of its influence on the accuracy of the digital surface
model (DSM) and safety of survey flights. This article presents the method
of determining the optimal takeoff positions for UAV in large scale
mapping for open pit mines. To evaluate this method, a site of steep and
rugged terrain with an area of 80 hectares at the Coc Sau coal mine was
chosen as the study area. The results indicate that two optimal locations
with altitudes of +50 m and +160 m could be used for taking off the P4K.
The accuracy of DSM generated from UAV images using the optimal
positions satisfied the accuracy requirement of large scale topological
maps at the deepest area of the mine (the altitude of -60 m).
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Nghién ctru lwa chon vi tri cat canh cho thiét bi bay khéng nguoi
1ai tich hop GNSS ddng phuc vu do vé thanh 14p ban do6 dia hinh
ty 1€ 16mn cho cac mo 16 thién
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Thiét bi bay khong ngwoi lai (UAV) dang dugc ting dung réng rai trong cong
tdc do vé thanh ldp bdn do dia hinh. Gan day, UAV dworc tich hop thém thiét
bi dinh vi tdm dnh bang cong nghé GNSS ddng ( UAV/RTK) da glup tdng
cwong khd ndng do vé thanh Idp bdan do dia hinh bing cong nghé nay. Hién
nay, trong thuec té sdn xudt, DJI Phantom 4 RTK (P4K) la UAV/RTK dwoc
quan tdm nhiéu do thiét bi nay nhé gon, gid thanh thdp. Poi véi cdc dia hinh
¢ chénh cao thay d6i I6n nhw cdc mo 19 thién thi viéc xdc dinh dworc vi tri cdt
cdnh ctia mdy bay sé quyét dinh dén d chinh xdc ctiia mé hinh s6 bé mdt
(DSM) va an toan cta hoat dong bay chup. Bai bdo ndy sé gidi thiéu phwong
phdp xdc dinh vi tri cdt cdnh phu hop cho P4K khi bay chup phuc vu do vé
bdn do dia hinh ty I¢ Ion cho mé 16 thién. D€ thuc hién muc tiéu nay, tai mo
than Coc Sdu, khu vwc réng khodng 80 ha cé chénh cao dia hinh Ién
(~300m), duoc khdo sdt dé xdc dinh vi tri cdt cdnh cho P4K. Mdy bay dugc
chon cdt cdnh tai hai vi tri c6 do cao +50 m va +160 m, véivi tri sdu nhdt ctia
dia hinh mé (- 60 m) van ddm bdo dj chinh xdc thanh Iap ban do dia hinh ty
1é I theo qui pham trdc dia mé. DSM dwoc thanh Idp tir dnh bay chup P4K
két hop véi 02 diém khdng ché dnh mdt dét cé dé chinh xdc & mire dé cm.

© 2020 Truwong Dai hoc M6 - Dia chit. Tt ca cac quyén dwoc bao dam.

1. Mé dau

(V6 Chi My, 2016). Theo qui pham trac diamd, ban
d6 do vé cip nhat dinh ky & mé 16 thién thanh lap

Ban do dia hinh 1 tai liéu quan trong phuc vu
cho cong tac 14p ké hoach khai thac, tinh toan khoi
lwong xic béc (Nguyén Dinh Bé va nnk., 1998). Po
vé chi tiét thanh l4p ban d6 dia hinh la cong tac
dworc thyc hién thwong xuyén tai cac mé 10 thién

*Tdc gid lién hé
E - mail: levancanh@humg.edu.vn
DOI: 10.46326/JMES.2020.61(5).06

& ty 1é 1/1000 do6i véi cong trueong co giGi va
1/500 déi véi cong trueong thu cong (Tap doan
Cong nghiép Than - Khoang san Viét Nam, 2015).

Hién nay, cong tac do vé chi tiét thanh 14p ban
d6 tai cadc mo 16 thién chi yéu str dung mdy toan
dac dién t& (Lé Van Canh va nnk, 2020). Tuy
nhién, phwong phap nay dwoc danh gia 1a cé chi
phi cao, ton nhiéu thoi gian va cong sirc; gap khé
khan khi thwc hién trong diéu kién dia hinh va moi
trwong phite tap, c6 thé gdy mit an toan lao dong
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(Bui Tién Diéu va nnk., 2016; Nguyén Qudc Long
va Lé Van Canh, 2020), va ngay cang kh6 khan hon
khi cAc md 16 thién Khai thac xuéng siu, véi chénh
cao dia hinh va cic goc doc bo ting ngay cang 16m.

Gan day, cac thiét bi bay khong nguoi lai
(UAV) da dwoc rng dung trong céng tac do vé
thanh 14p mé hinh s6 bé mat, ban do dia hinh mo
16 thién (Dieu Tien Bui va nnk., 2017; Lee va Choi,
2015; Nguyen Quoc Long va nnk., 2019). Cac tac
gia da chi ra rang cong nghé UAV hoan toan dap
g dugc yéu ciu vé do chinh xac, gidam thoi gian
va strc lao dong so vGi phwong phéap do dac truyén
thong tai cAc moé. Gan day, viéc tich hop cong nghé
do GNSS dong 1én thiét bi UAV (UAV/RTK) dwoc
biét dén nhw mat gidi phap nang cao d6 chinh xac
dinh vi tAm anh khi bay chup va thay thé cho cac
diém khéng ché dnh mat dat (Dinkov & Kitev,
2020). Thiét bi bay khong ngudi 1ai c6 tich hop
RTK (Real time kinematic - do dong thoi gian
thwc) mang lai sy hiéu qua va co dong trong linh
vic do dac dia hinh chinh la Phantom 4 RTK
(P4K), day la loai may bay nho gon bay & d6 cao
thap ctia hang DJI. Tuy nhién, d€ dat dwoc d6 chinh
xac theo yéu cau, can thiét phai thiét ké dwoc chiéu
cao bay chup phu hop.

Viéc tinh toan chiéu cao bay chup cho may
bay c6 gin may anh phé thong nhuw Phantom 4
Pro, P4K dwoc nhic dén trong nghién ctru cta tac
gia Jacobsen (Jacobsen, 2005). Trong nghién ctru
nay, tac gia da tinh toan dwoc dé phan giai anh mat
dat can thiét phu hop véi ty 1€ badn d6 can thanh
1ap (Jacobsen, 2005). Tac gia Tran Trung Anh va
nnk. (2019) da dwa ra dwoc hé s6 twong quan giira
sai s6 trung phwong vi tri diém trén mé hinh s6 dia
hinh (DSM) véi d6 phan gidi anh mat dat (GSD).
Trong mdt nghién ctru khdc, Jing He va cong sw da
tinh toan d¢ cao bay chup cho may bay, mirc do
phu trum anh va GSD can dat dwoc (He va nnk,
2012). Tuy nhién, d6i vi dia hinh phixc tap, chénh
cao va goc doc dia hinh 1é6n nhw & mé 16 thién, dé
dat dworc GSD theo yéu cau va chiéu cao bay chup
nhu trong cac nghién ctru trén, can phai lwa chon
vi tri cit canh phu hop cho thiét bi UAV. D€ dam
bdo hai yéu td 1a an toan cho mdy bay, dat GSD
theo yéu ciu, déng thoi ddm bao yéu t6 kinh té.
Trén thuc té, chwa c6 nghién clru nao vé lwa chon
vi tri cit canh cho UAV gia ré phu hop véi diéu
kién dia hinh mé. Do vay, nghién ctru nay sé gi¢i
thiéu phwong phép xac dinh vi tri cit canh phu
Ky thudt may anh str dung di kem.

hop cho thiét bi bay UAV/RTK, mot thiét bi dang
dwoc dung phé bién trong san xuit, khi do vé
thanh 14p ban d6 dia hinh ty 1& 16n cho cac mo 16
thién.

2. Phwong phap xac dinh vi tri cat canh cho
may bay

2.1 Tinh dj phdn gidi anh mat ddt

Do phéan gidi anh mat dat (GSD) can tinh toan
dé mé hinh DSM dat dwoc d6 chinh xac phu hop
v&ity 16 ban d6 can thanh 14p vé c thanh phin toa
do matbang (X, Y) va do cao (H). Tinh toan theo ty
1é ban d6 can thanh 1ap, GSD dwoc xac dinh c6 kich
thwéc pixel trong khoang (0,05+0,1)M (mm)
(Jacobsen, 2005), d€ dam bao déng thoi yéu té ky
thuit va kinh té thi GSD khong vwot qua 0.1M
(mm), v&i M 1a mau s6 ty 1é ban d6 can thanh 1ap.

Xét vé thanh phén sai s6 trung phwong vi tri
diém trén ban d6 can thanh lap, sai s6 vi tri diém
mp = (1+2)GSD va sai s6 thanh phan d6 cao do
chinh xac d6 cao my = (2+3)GSD (Tran Trung Anh
va nnk,, 2019), dé€ ddm bao dong thoi yéu td ky
thuat va kinh t€ thi nén chon:

m

GSDp = =2 @
2
m

GSDy = =" 2

Can tinh todn GSD theo ca hai cong thirc (1) va
(2), GSD dwoc chon hay GSD cho phép (GSD.,) sé
la GSD nh¢ nhét tinh dworc tir hai cong thirc nay vi
GSD cang nhé do chinh xac cang cao.

2.2 Tinh chiéu cao bay chup

Chiéu cao bay chup ctia may bay dwoc tinh la
khodng cach tir difm may bay cit canh dén vi tri
may bay bay chup anh theo dai bay da thiét ké.
Chiéu cao nay duoc tinh theo cong thikc sau:

_ Wi .GSD. ¢ 3)
be T W, 100

Trong d6: W, - 46 rong tim anh (pixel); GSD
- d6 phan giai anh mat dat (cm); £, - Chiéu dai tiéu
cw may anh (mm) va Ws - d6 rong cam bién may
anh.

Dé c6 dwoc cac thdng s6 Wi, £F va Wy can
biét dugc loai may bay st dung va théng s
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2.3 Xdc dinh vi tri cdt canh

Vi tri may bay cat cinh phai dworc chon tai khu
vuc bang phang, thong thoang, it phwong tién va
ngwdi qua lai, khéng dudi dwdng day dién.

Xét dén yéu t6 vi tri mat bang, UAV nén dugc
cét canh trong khu vuc do vé, trong tim quan sat
ctia ngwoi diéu khién dé dam bao an toan cho may
bay va tiét kiém pin (Stocker va Stdcker,
2017;Velava nnk,, 2018).

D6 cao cla diém UAV cat canh lién quan dén
chiéu cao bay chup (hy), chiéu cao nay dwoc tinh
ttr vi tri cat canh. Mat khac, hyc1a mot trong cac yéu
t6 quyét dinh dén do phan giai anh mét dat GSD va
né duoc tinh toan tw dong trén phan mém bay
chup. D€ toan bd DSM dat dod chinh xac, can xac
dinh dworc hye sao cho moi diém yéu nhit trén DSM
c6 GSD dat d6 chinh xac theo yéu cau cia ban d6
can thanh 1ap.

Trén Hinh 1, néu may bay cit canh tai vi tri c6
d6 cao trung binh ctia mo thi d6 cao diém cat canh
duorc tinh theo cong thirc (4).

Hmax —H min (4)
2

PO cao bay chup cia may bay dwoc xac dinh
theo cong thirc (5).

Hpe = Hp + hy, 5)

HF:

2.4. Chia khu bay theo dia hinh

Chiéu cao bay chup tai noi c6 dia hinh thip
nhat dwoc xac dinh theo cong thixc (6).

hmax = Hpe — Hmin 6)

Do phin gidi khong gian mat dat tai diém cé
d6 cao thap nhat trén dia hinh dwoc xac dinh theo
cong thirc (7).

Romas- Ws. 100 )

GSD, =
y Wi

P& ddm bao do chinh xac ban do theo ty 1€ can
thanh 1ap thi GSD,, < GSD,,, (tinh theo ty 1& ban
d6 can thanh 14p muc 2.1).

Ngoai ra, dé€ ddm bao an toan cho may bay, vi
tri diém cat canh ciia may bay phai dwgc chon sao
cho may bay phai bay cao hon diém cao nhit cda
dia hinh, chiéu cao bay chup t6i thiéu théa man
diéu kién (8).

hbc = (Hmax - HF) + hmin (8)

Chiéu cao bay chup tai noi c6 c6 cao 1ém nhit
trén dia hinh hmin (Hinh 1) dwoc xac dinh theo
(Aerotas, 2020) la hmin 215 m d€ dam bao an toan
cho UAV, va véi dia hinh c6 cac dinh cao hmin = 30
m dé tranh duwoc sw thiéu hut vé dd phi trium anh
(Hinh 2)

H / Vi tri UAV bay chup anh

(m)

o
(o]

max

H min [

I

h min

4 H max

=
o
(9]

T
13

Hinh 1. Vi tri cdt cdanh bdy bay theo dia hinh mé.
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Néu dia hinh c6 chénh cao 16m, khoang chénh
cao 16n nhat (Ahyy, 4, ) 16m hon chiéu cao bay chup
cho phép (hbccp), thi khu vure do vé can phai duorc
chia nhé thanh nhiéu khu vuc. Tai mdi khu vuc
nho cin tinh todn dé chon vi tri cit canh cho may
bay phu hop véi diéu kién dia hinh cta tirng khu.

S6 lwong khu vue do vé can phai chia nho,
dwoc tinh todn dwa trén chiéu cao bay chup t6i da
va chénh cao dia hinh 1én nhit cia khu vue do vé.
S6 khu bay dworc xac dinh theo cong thirc (9).

Ahmax

N= 1% 9
e ©

Trong do: hbccp - chiéu cao bay chup cho phép
dwoc tinh theo cong thirc (3) véi gia tri GSDcp,

Ahpmax = Hpax — Hmin-

Thiéu phu trim anh

Lwu y N ludn dwoc lam tron lén.

3. Thwc nghiém

3.1. Khu vwrc nghién ctru

Khu vuec c6 dién tich khoang 80 ha, tai canh
Pong cda mo than Coc Sau (Hinh 3). Khu vyc c6
dia hinh tAng bc phic tap, chénh cao dia hinh 16n
nhit theo hwéng duwdng phwong cia bo tang la
khoang 100 m va theo hwéng doc cta bo ting 1a
khoang 300 m.

e e I

\\45m
:

Hinh 2. Thiéu dé phu trim dnh do chiéu cao bay chup thdp (Aerotas, 2020)

107°19'34"

107°19'55"

21°1'48" 21°2'6"

21°1'30"

107°19'34" 107°19'55"

Mo than Coc Sau

107°2017" 107°20'38"

W81 lo1T W9TlT

208 161T

107°2017"

107°20'38"

Hinh 3. Khu vwrc nghién ctru tai mé than Coc Sdu.
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3.2. Thiét bi st dung

May toan dac dién t& Topcon ES 105 c6 do
chinh xac do goc + 5” va do chinh xac do chiéu dai
2 mm + 2 ppm da dwgc st dung dé do ndi toa do
cho cac diém khéng ché anh (GCP) (Trac dia
Hoang Minh, 2020); May GNSS Comnav T300
dwoc str dung lam tram co s& mat dat (base), day
12 loai may do GNSS 2 tin s0, do chinh xac dinh vi
mit bang va dd cao lan IAn lwot 13 10 mm+ 0,5
ppm va 20 mm + 0,5 ppm (SinoGNSS,2020). Thiét
bi bay khong nguoi 1ai P4K dwoc st dung dé bay
chup dia hinh (Hinh 4).

P4K dwogc trang bi may anh véi do phan giai
20 Mb/pixel, v6i chiéu dai tiéu cw £ = 2,4 mm, do
rong kich thwéc sensor (13,2 x 8,8), kich thuéc
anh chup 4864x3648 (anh 4:3) (DJI, 2020). Tir
thong s6 ndy c6 thé thiy rang chiéu rong anh 1a
Wim = 4864 va Kich thwéc 1 pixel trén sensor 1a Ws
=2,7 mm.

3.3. Xdc dinh vi tri cdt canh cho mdy bay

Tai bé than Quang Ninh, cAic mo than khai thac
16 thién dwoc co gidi hoa toan bd, nén viéc do vé
cip ban d6 dia hinh & mo thanh lap & ty 1€ ty 1é
1:1000 v&i khodng cao déu dwong dong mirc 1 m
(Tap doan Cong nghiép Than - Khoang san Viét
Nam, 2015). Vé&i ban d6 ndy, sai s6 vi tri mat bang
khong vwot qua 0.1xM = 10 cm, vé do cao khong
vuot qua % khoang cao déu 1a 25 cm.

bE dat dwoc dod chinh xac trén, d6 phan giai
anh mat dat t6i thiéu dwoc tinh todn theo cong
thirc (1) va (2) co két qualanlwotla GSDp = 5 cm
vaGSDy = 12,5 cm. Nhu vay, d6 phan giai anh

mit dAt toi thiéu phai dat dwgcla GSDg, =5 cm.
Chiéu cao bay chup téi da:

W im. GSD . £
b, =Tt 016
be Ws. 100 m

Vay khi bay chup khoang cach thang dirng tir
may bay t&i dia hinh mét dat phai <216 m.

Khao sat dia hinh khu vuc nghién cttu cho
thdy chénh cao dia hinh 1é6n nhat theo huwéng
dwong phwong cia bo tingla 70 m va theo huéng
dwong doc 1a 300 m (tlr - 60 m t&i +240 m). Do
vAy, cAn quan tAm chon vi tri c4t cAnh cho may bay
sao cho phu hop véi chénh cao theo hwdng doc dé
dam bao do chinh xac GSD va an toan cho may bay.

Tlr mat cat trén Hinh 5, néu may bay cit canh
tai vi tri ¢c6 d6 cao trung binh Hr = +90 m, dé dam
bdo an toan cho may bay chiéu cao bay t6i thiéu
dugrc tinh theo cong thirc (8) 1a 165m (v&i Hpax =
240m, Hr=90m, hpin = 15 m). vy, dd cao bay chup
t6i thi€u ciia may bay sé la Hy.= 255 m. Chiéu cao
bay chup 16n nhit tai dia hinh Apey= Hpe- Hinin = 255
+ 60 = 315 m, virot qua chiéu cao bay chup t6i da
da tinh & trén (216 m). Do viy, cin chia khu vuc
do vé thanh cac khu nhé. V&i chénh cao dia hinh
16m nhét cta khu do khodng 300 m, chiéu cao bay
chup cho phép t6i da 216 m, thay vao cong thirc
(9), tinh dwoc N = 1,39. Do viy, cin chia khu vuec
dia hinh 1am hai mttc bay chup, tai méi mitc bay
chup chon cit canh & vi tri c6 d6 cao trung binh
twong rngla +50 m va +160 m, chiéu cao bay chup
sé1a 100 m dam bdo cao hon diém cao nhit cla
dia hinh (>20 m). Vi tri diém siu nhit cta dia hinh
c6 chiéu cao bay chup déu la 210 m nhé hon chiéu
cao bay chup t6i da (216 m).

(a)

(b)

Hinh 4. Thiét bi str dung.
a. Thiét bi bay Phantom 4 RTK; b. Mdy thu GNSS Comnav T300; c. Mdy toan dac dién tir Topcon ES 105.
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3.4. Bay chup danh thwc nghiém

Tdng s6 ca bay theo thiét ké lam 4 ca bay
(Hinh 5a) trong d6 ca bay 1 va 2 dworc thyc hién
cho viing dia hinh c6 d6 cao thap (d6 cao duwdi 125
m) va may bay sé cit canh tai vi tri T; (& mirc d
cao +50 m), hai ca 3 va 4 bay chup vung dia hinh
con lai, may bay sé cit canh tai tai vi tri T> (& mic
dd cao +160 m). B§ phu trum anh la 75% theo ca
chiéu doc va chiéu ngang, chiéu cao bay chup 100

m, téng s6 anh bay chup dugcla 808 dnh. TAm anh
duogc dinh vi theo phwong thirc do dong xtr Iy sau
GNSS/PPK, mdy thu c6 dinh (base) dwoc dit tai
diém mdc giai tich 1 ciia mo (Hinh 6a).

3.5 Thanh ldgp DSM

Toa do tam chup cta cac anh khi bay chup
biang P4K theo phwong phitrc do dong thoi gian
thuc can dwoc xi ly, tinh toan toa do tim chup
chinh xac trwére khi st dung.

291m

250m

Path Profile/Line of Sight

File Path Setup Display Options Calculate

S & i &

200m
|

150 m
100 m

50m

Om

-50m

-100 m

-150m

[From Pos: 457038.604, 2326260.155

Om 250m 500 m 750 m 1000 m 1250 m

Hinh 5. Mt cat dia hinh theo doc bé ting khu vwee nghién cieu tai mé than Coc Sdu.

(b)

Hinh 6. K& hoach bay chup
a. So' do ca bay trén Google Earth; b. Thiét ké ca bay trén phdn mém diéu khién DJI GS RTK.

Toa dd tam chup cla cac anh dworc tinh toan

tlr cac file di liéu rinex trong may base va may

bay, file lich vé tinh chinh xac dwoc cung cip b
Nasa. Viéc tinh toan nay dwgc thyc hién trén cac
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phin mém RTKlib va Aerotas P4RTK PPK DSM dwoc thanh 1ap véi 3 treong hop: (1) PPK -
Adjustments. Qua trinh ghép toa d6 tdm chup mai chi str dung anh UAV/RTK, (2) PPK + 1 GCP va (3)
cho cac anh, xtr Iy anh va thanh 1ap DSM thwc hién PPK+ 2 GCP, va dwoc danh gia do chinh xac thong
trén phian mém Agisoft Metashape Professional. qua cac diém khong ché mat dat da thanh 1ap.

@ 16cm
@ 12.8cm
© 9.6em
O 6.4cm
© 3.2am
© 0cm

© -3.2cm
@ -6.4cm
@ -9.6cm
@ -12.8cm
@ -16cm

500

200m 200 m

Hinh 7. Vi tri cdc diém khéng ché dnh mdt dat va elipsai sé (tir Agisoft Metashape).
a. PPK: b. PPK+ 1 GCP; c. PPK + 2 GCP.

Bdng 1. Sai sé vi tri 5 diém yéu nhdt trén cdc mé hinh DSM

Didm Sai s6 (cm)
AX | AY | AXY | AH
PPK
CS42 -2,3 - 4,3 4,8 -10,1
CS39 -7,3 -2,5 7,7 -10,4
CS39A -9,7 -5,6 11,3 -12,2
CS40 -8,7 - 6,8 11,1 - 14,4
CS46 -6,7 -7,7 10,2 -15,6
CS45 -5,4 -9,1 10,6 -18,7
PPK + 1 GCP
CS39 -5,5 -1,9 5,9 -5,6
CS39A -7,5 -5,0 9,0 - 6,9
CS40 -7,0 - 6,0 9,2 -9,1
CS46 - 4,6 - 6,8 8,2 -10,1
CS45 -3,7 -8,1 8,9 -13,3
PPK + 2 GCP
CS12 -1,1 1,2 1,6 - 5,0
CS40 -3,9 -3,1 5,0 -5,3
CS39A -5,2 -2,4 5,8 -5,3
Cs8 0,3 5,5 5,5 -5,4
CS46 -3,2 -1,9 3,7 - 6,4
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Hinh 8. Vi tri cdc dnh dwoc chup khi mdy bay cdt cdnh tai vi tri Ty va T,

4. Két qua va thao luan

Mat khac, do bay chup & 2 d6 cao khac nhau,
da gidam dworc sai s6 tai cac diém & cac khu vue ¢
d6 cao nhé nhat trén md hinh. Elip sai s6 cua cac
diém kiém tra trén Hinh 7 thé hién sw phin bo déu
trén ca khu vuc nghién ctru vé sai s6, khong tap
trung vao khu vuc c6 do sau lon nhat. Cling tir
Hinh 7 thiy rang, néu khong st dung diém khéng
ché anh thi sai s6 vi tri diém kiém tra trén DSM c6
gia tri 1om nhit dé ti mét, sai s6 nay dwoc cai thién
khi dung 01 diém khéng ché anh va dat gia tri cm
khi dung 02 diém khéng ché anh.

Néu xét theo sai s6 thanh phan toa d6 dwoc
thé hién trén Bang 1 thi sai s6 vi tri mit bang (X,
Y) ctia cAc DSM thudc ca 3 treong hop déu co gia
tri nho, gia tri 1ém nhitla 11 cm, dat d6 chinh xac
thanh 1ap ban d6 dia hinh ty 1é 16n theo qui pham
tric dia mo. Tuy nhién, thanh phan dd cao (H) c6
sai s6 16m hon, sai s0 dd cao dat dé xi mét khi
khéng s dung bat ky diém GCP nao, dat dén cm
khi st dung 02 diém GCP (Bang 1).

5. Két luan

Trong nghién ctru nay, véi muc dich xac dinh
dworc vi tri cat canh phu hop cho thiét bi bay UAV
tich hop GNSS dong khi do vé thanh 1ap ban d6 dia
hinh ty 1& 16m cho cac mo 16 thién. Két qua nghién
ctru cho thiy:

- Can khao sat dia hinh mo 16 thién, thiét ké vi
tri cit cAnh cho mdy bay sao cho GSD cua diém
thap nhat trén mo6 hinh dat d6 chinh xac theo yéu
ciu ctia bdn do can thanh lap;

- Khi khu vyc do vé c6 chénh cao dia hinh lém
hon chiéu cao bay chup cho phép. Can phai chia
khu vy bay chup thanh nhiéu khu nhé dva trén
chénh cao 16n nhéit cda dia hinh va chiéu cao bay
chup cho phép. Trong mdi khu vuc da dwgc chia
nho, nén chon vi tri cit canh tai noi c6 do cao trung
binh; V& mit bang, diém cit canh nén & trong
pham vi khu bay chup nham ddm bao yéu t6 an
toan va tiét kiém pin.

- St dung anh bay chup tir Phantom 4 RTK két
hop véi 02 diém khéng ché anh méat dat dé€ DSM
c6 thé dat do chinh xac cm.

Lo&i cdm on

Bai bdo nay 1a san phdm khoa hoc cta dé tai
ma s6 T20 - 06, nhom tac gia chan thanh cdm on
Truwdng dai hoc M6 - Dia chat da hd tro kinh phi,
cdm on Cong ty CP than Coc Sau da hd tro trong
qua trinh do dac thwc nghiém tai mo.
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