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To evaluate the accuracy of the digital surface model (DSM) of an open-pit
mine produced using photos captured by the unmanned aerial vehicle
equipped with the post-processing dynamic satellite positioning technology
(UAV/PPK), a DSM model of the Deo Nai open-pit coal mine was built in two
cases: (1) only using images taken from UAV/PPK and (2) using images
taken from UAV/PPK and ground control points (GCPs). These DSMs are
evaluated in two ways: using checkpoints (CPs) and comparing the entire
generated DSM with the DSM established by the electronic total station. The
obtained results show that if using CPs, in case 1, the errors in horizontal
and vertical dimension were 6.8 and 34.3 cm, respectively. When using two
or more GCPs (case 2), the horizontal and vertical errors are at the
centimetre-level (4.5 cm and 4.7 cm); if using the DSM comparison, the
same accuracy as case 2 was also obtained.
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DPanh gia do chinh xdc m6 hinh s6 bé mat mo 16 thién thanh 1ap
tr dit liéu may bay khong ngwoi 1ai ¢6 dinh vi tdm chup anh
bang cong nghé do dong xir Iy sau
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Diém khong ché mit dat,
M4y bay khong nguwoi 14,
M6 16 thién,

M6 hinh s6 bé mat.

D€ ddnh gla do chinh xdc mé hinh s6 bé mdt (DSM) md 16 thién thanh ldp tir
dir liéu mdy bay khong nguwoi ldi cé dinh vitam chup dnh bang cbng nghe dinh
Vi v_e tinh dong xi¢ ly sau ( UAV/PPK) nghzen cttu nay dd tién hanh xdy dy'ng
mdé hinh DSM mé than Déo Nai vdi 2 tru’O'ng hop: (1) chi sir dung dnh chup tir
UAV/PPK va (2) str dung dnh chup tir UAV/PPK két h0'p véi cac diém khéng
ché mdt dat ( GCP). Cdc DSM dwgc ddnh gid dg chinh xdc bdng 2 phu’o'ng phap
la so sdnh cdc diém trén DSM véi cdc diém kiém tra (CP) twong tng trén bé
mdt m6 va so sanh toan b DSM dwgrc tgo ra véi DSM thanh Idp bang mdy toan
dac dzen tik. Két qud nhan dworc cho thdy: néu st dung CP, trwomg ho'p 1cho
sai s6 vé mdt bang la 6,8 cm va dé cao la 343 cm. Tru’o'ng hop 2 khi két hop
vGi 2 diém khong ché dnh trd Ién thi sai s6 cd mdt bang va dg cao dat c& cen-
ti-mét (4 5cmva4,7 cm); néu sir dung cdch ddnh gid thit 2 1a so sdnh truec tiép
DSM tir UAV véi DSM do mé than Péo Nai thanh Idp bdng mdy toan dac dién
twr thi ciing cho do chinh xdc twong ddng vdi trwomg hop 2.

© 2021 Trwong Dai hoc M6 - Bia chat. T4t ca cic quyén dwoc bdo dam.

1. Mé& dau

Long va Lé Van Canh, 2020). Mot s6 cong nghé
m¢i da dwoc quan tdm nghién ctru trong linh do

Tai cac mé 10 thién khai thac than & Quang
Ninh, do vé& ban d6 dia hinh dwoc thuwc hién
thwdng xuyén nham cap nhat hién trang mé phuc
vu quan ly, tinh khoi lwong, thiét ké khai thac, ddm
bdo an toan,... Hién nay, do vé ban do tai cic mo
chu yéu duoc thuc hién bang thiét bi toan dac dién
tlr, phwong phap nay ton nhiéu thoi gian va cong
sttc do dia hinh mé bién d6i lién tuc (Nguyén Qudc
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dac ban d6 & moé nhw cong nghé dinh vi vé tinh st
dung hé théng mang lwéi tram tham chiéu hoat
donglién tuc (GNSS/CORS) (Nguyen Viet Nghia va
nnk.,, 2016), quét laser mit dat (TLS) (Nguyen
Quoc Long va nnk.,, 2018; Nguyen Viet Nghia va
nnk., 2019), thiét bi bay khong ngwoi 1ai (UAV)
(Nguyén Viét Nghia, 2020). Trong d6, UAV 1a cong
nghé dwoc quan tim nhat hién nay do gia thanh
thip hon so v&i cong nghé quét laser, hon nira
thoi gian do dac ngén, hiéu suit lao dong cao, tiép
can dworc cac vung dia hinh kho khan (Bui T. D. va
nnk., 2017; Nguyen Q. L. va nnk,, 2019).
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Cong nghé nay cling dwoc chirng minh dap
trng dwoc do chinh xac khi thanh l4p ban do dia
hinh ty lé 1én & cac mé khai thac than va vat liéu
xay dung & Viét Nam. (Nguyen Q. L. va nnk., 2020;
Nguyen Q. L. va nnk, 2021; Le V.C. va nnk,, 2020).
Nhuwoc diém 1én nhit khi 'ng dung céng nghé nay
1a phai thanh 14p nhiéu diém diém khéng ché anh
mat dat (GCP). Pay la cong viéc chiém da s6 thoi
gian ngoai nghiép (Forlani va nnk.,, 2018), dac biét
d6i vai dia hinh phire tap nhw & mo 16 thién, nhwoc
diém nay cang thé hién ra.

Nghién cttu tich hop cdng nghé dinh vi vé tinh
dong tirc thoi (GNSS/RTK) 1én UAV nham ning
cao dd chinh xac dinh vi tim chup anh, gidm thiéu
s0 lwong diém GCP da dwoc nhic dén trong mot
s6 nghién ctru. Fazeli va cdng sw d3 gian may thu
GNSS 1én UAV va tién hanh bay chup thuc nghiém.
Két qua cho th4y, do chinh xac ciia DSM van chi &
muirc dé-xi-mét mac du sé lwong diém GCP gan
nhw twong dwong véi khi sit dung UAV thuwong
(Fazeli va nnk., 2016). Nghién ctru cia Fazeli cling
chi ra sai s6 nay 1a do ton tai sw tré pha gitta thoi
diém chup anh cla camera va thoi diém xac dinh
tAm chup anh cua thiét bi do dong tirc thoi (RTK)
trén may bay. Van dé nay da dan dwoc khic phuc
bdi cac hdng san xuat cic thiét bi UAV/RTK, vi du
nhw Phantom 4 RTK ctia hing DJI c6 do tré gitta
chup anh va do RTK chi & mrc mm (D]I, 2020).
Mot nghién ctru khac dwoc cong bé bai tac gia
Zhang va cong sw da chirng minh dinh vi tdm chup
anh theo phwong thirc do dong tic thoi
GNSS/RTK cho d6 chinh xac dén xen-ti-mét
(Zhang va nnk., 2019). Tac gia Taddia va cdng sy
da tién hanh khdo sat d chinh xac cua thiét bi nay
khi trng dung trong thanh 1ap ban do dia hinh ven
bién, két qua khing dinh rang UAV/RTK cho phép
do dac dat do chinh xac dia hinh dén xen-ti-mét
(Taddia va nnk., 2019). Tién hanh bay chup dia
hinh viing déng bang dé khao sat s6 lwong diém
GCP can thiét khi str dung UAV/RTK dworc thuc
hién trong cac nghién ctru cda tac gia Forlani va
cac cong sw. Nghién ctru cta ho chi ra rang khi
khong st dung GCP thi DSM thanh 1ap dwoc ¢ sai
s0 16m, nhung khi két hop véi chi 01 diém GCP cho
DSM c6 d6 chinh xac cao hon rat nhiéu (Forlani va
nnk, 2018).

Tl cac két qua nghién ctru trén thé gidi o trén
c6 thé thiy rang: danh gia kha ning ing dung cling
nhw khao sat sd lwong diém khdng ché anh cin
thiét khi str dung UAV/RTK dé xay dung DSM da

dworc tién hanh trong nhiéu nghién ctry, tuy nhién
cac nghién ctiru nay déu thwe hién khao sat véi tinh
nang dinh vi tdm chup anh theo phwong thirc do
dong thoi gian thuec, chwa cé nghién ctru nao thyc
hién tai cac mo 16 thién - noi c6 dia hinh phtc tap,
dac biét1a chénh 16n hon rat nhiéu so véi dia hinh
& cac nghién clru & trén.

Khi st dung cong nghé bay chup UAV/RTK,
ngudi dung c6 thé lwa chon mét trong hai phwong
phép 12 dinh vi tAm anh bang RTK hoic PPK (xtt ly
sau). Trong khi ché d6 bay dinh vi tim chup anh
bang RTK c6 wu diém 13 c6 toa do tAm anh ngay
sau khi bay chup & thwc dia, nhwoc diém cua
phwong phap nay 1a doi hoi sy két néi lién tuc gitra
tram co s& (Base) hodc hé thong tram Cors va may
bay. Khi str dung tram Base thi d6 chinh xac bi anh
hwéng khi may bay & khodng cach xa véi tram
Base, hoic tin hiéu bi dit quing do dia vat chin
gitra may bay va tram Base. Ngoai ra, yéu cau phai
c6 toa do tram Base ngay truéc khi may bay cét
canh cling lam dnh hwdng téi tién do cong tac thuc
dia. Khi st dung véi hé thong tram Cors thi
phwong phap nay phu thudc vao mat do tram Cors
va khong cht dong dworc trong gidi quyét sw cd vé
truyén dan, can phai c6 sim két néi mang internet
va mua dich vu ctia bén cung cap Cors, mat nhiéu
thoi gian két néi va khéi tao, hon nira trong thue
té thwong gap sw cd khi xac dinh toa dé tirc thoi
(Tran Trung Anh, 2020). Trong khi d6, phwong
phép bay chup dinh vi tAm &nh PPK lai khic phuc
hoan toan cac nhuwoc diém trén.

Trong nghién ctru nay, tic gia danh gia tinh
hiéu qua cling nhw d¢ chinh xac ctia DSM khi st
dung UAV/RTK véi phwong thirc dinh vi tam chup
anh xtr Iy sau GNSS/PPK.

2. Phwong phap nghién ciru

2.1. Phwong phdp thanh ldgp DSM

Mo hinh s6 bé mat dia hinh thuc nghiém dwoc
thanh 1ap véi 2 treong hop. Trweong hop 1 chi st
dung anh UAV/RTK va xt ly tAm chup anh theo s6
liéu do PPK; truwdrng hop 2 stir dung anh UAV/RTK,
xtr Iy tAm chup anh theo s6 liéu do PPK két hop véi
diém khéng ché anh mat dat.

O trwong hop 2, toa dd tim chup anh dwoc
binh sai trén phdn mém RTKIlib 2.4.3 va Aerotas
P4ARTK PPK Adjustments V1.0. Sau khi binh sai,
cac tAm chup anh c6 sai s6 tir dé-xi-mét tré 1én
dwoc loai bd. Toa d6 tAm chup anh c6 sai s6 c&
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xen-ti-mét dworc gitr lai tham gia vao qua trinh xay
dung DSM. Cac tAm anh dwoc ghép tAm chinh xac
va xr ly trén phin mém Agisoft Metashape
Professional. Trong trwong hgp nay, sé lwong
diém khong ché lan lwgt dwoc thay d6ila 01, 02 va
03 nham muc dich danh gia s6 lwong diém tdi
thiéu ma vin dam bao do chinh xac ctia md hinh
DSM.

DE c6 co s& danh gid dd chinh xac mo hinh
DSM, ngoai st dung DSM do mé thanh 14p bang
may toan dac dién t&, nhém nghién ctru da thiétké
va thanh 14p 50 diém GCP trén khu vuc thuc
nghiém. Cac diém GCP dwoc danh diu bing tiéu
khdng ché anh cé kich thwéc 60x60 cm in 2 mau
vang va den trén gidy bat c6 d6 phan xa t6t (Hinh
1), vi tri cac diém dworc bo tri tai cac tAng khai thac
c6 do6 cao khac nhau va phan bé déu trén toan bd
khu vue nghién ctu. Toa d6 dwoc do ndi vao mdc
toa do giai tich 1 ciia mo, do chinh xac dat dwoc
twong dwong véi dwong chuyén do vé cap 2 theo
TCVN nganh Tric dia M6 (B Cong thwong, 2015).

2.2. bdnh gia dj chinh xdac mé hinh DSM

Do chinh xac cia mo hinh DSM dwoc danh gia
bang 2 phwong phap. Phwong phép 1 1 so sanh
cac diém trén mo hinh véi cac diém khong ché mat
dat twong &ng. Cac diém khong ché mat dit dwoc
xac dinh trudc toa do, dd cao va khdng tham gia
vao qud trinh xtr ly anh. Cu thé cac cong thirc tir
(1) téi (7) dworc st dung dé€ danh gia do chinh xac
DSM:

AX; = XDSMi - XGCPi €3]

AY; = Ypsm; — Yecp;

AH; = HDSMi - HGCPi (3)
RMSE, = (1/n) AXl-2 (4)
RMSE, = (1/n) AYf] (5)

RMSEyy = {(1/n)Z[AXi2+AYiZ]} ©6)

i=1

RMSE,; = {(1 /) Z[AHE]} 7)
i=1

Trong dé: AX, AY, AH - cac gia tri chénh léch
cac thanh phan toa d9; RMSEx, RMSEy, RMSEyy,
RMSEy - twong (ng 1a sai s6 trung phwong theo
huéng truc X, truc Y, mat bang va do cao; n - tdng
s6 diém khong ché anh dung dé kiém tra; X;cp, va
Xpsmy Yocp; Va Ypsmy Heep; Va Hpsy, - teong Gng
la thanh phan toa do theo truc X, truc Y va truc H
cua diém khong ché anh va trén mo hinh DSM.

Phuwong phap 2 1a so sanh truc tiép véi DSM
do Cong ty CP than Péo Nai thanh 1ap bang may
toan dac dién tr. Phwong phap nay cho cai nhin
téng thé hon so v&i phwong phap 1 khi c6 thé so
sanh dwgc bé mat dia hinh mo thanh 14p bang 2

=% w _H

Hinh 1. Po néi toa dj cdc diém khéng ché dnh.
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cong nghé véi nhau. Hai DSM dwoc chong xép 1én
nhau, sau d6 str dung cac mat cit dé danh gia sw
trung kKhép ctia hai bé mét dia hinh.

3. Qua trinh thwc nghiém

3.1. Thiét bj str dung

Thiét bi str dung trong nghién ctru la Phantom
4 RTK va may toan dac dién t& Topcon ES105
(Hinh 2). Phantom 4 RTK do hing DJI san xuit,
day 1a loai may bay dang dwoc str dung kha phé
bién vi gia thanh thip, nho gon va hiéu qua cao.
Camera tich hop s&n trén may bay c6 dd phan gii
20 MP, do phan gidi khong gian cta anh 2,74
cm/pixel khi bay & do cao 100 m. Ngoai ra, phién
ban nay tich hgp cong nghé dinh vi tam chup anh
bang GNSS dong cho phép xac dinh tAm chup anh
¢6 do chinh xac c® xen-ti-mét.

Cac diém chi tiét ciia mo cling nhw toa do cac
diém GCP dworc do néi véi hé thong moc khong

ché co s& clia md bang may toan dac dién tir
Topcon ES105, may c6 thong s6 ki thuét co ban
nhw sau: do chinh xac do goc 5”; dd chinh xac do
chiéu daila 2 + 2 ppm.

3.2. Bay chup UAV

Khu vurc bor ddng bic mé than Peéo Nai dwoc
chonlam khu vire nghién ctru. Khu vie nay cé dién
tich 70 ha, dia hinh tAng bic dic trung cho mo 1o
thién tai Quang Ninh, chénh cao dia hinh 1é6n nhit
la 300 m (Hinh 3, Hinh 9).

Tam chup anh dwoc dinh vi theo phwong thirc
GNSS/PPK, trong suét qua trinh bay chup rover
trén may bay khong két n6i tin hiéu véi tram Base
dat trén mat dat (Hinh 4). Tram Base dwoc cai dat
& ché d6 do tinh véi tn suit ghi tin hiéu la 5 Hz va
thu tin hiéu déng v&i rover trén may bay.

Cac thong so bay chup dwoc thiét ké va thuc
hién trén phan mém ban quyén DJI GS Pro, bao
gom: do cao bay chup 100 m, d6 phti ngang va doc

Hinh 2. (a) Mdy bay Phantom 4 RTK (https://www.dji.com, 2021); (b) mdy toan dac dién tir Topcon ES105
(https://rtkvn.vn, 2021).

Hinh 3. Bay chup UAV trén thuc dia.

}t\ve tinh
I

—J
UAV/RTK
(rover)
Tram
Base

Hinh 4. Nguyén Iy xdc dinh tdm chup dnh bing
GNSS/PPK (dnh hiéu chinh tir https://
grupoacre.com.
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75%. S6 ca bay la 5 véi tong s6 anh thu dwoc la
894 anh, do phan giai anh 1a 2,74 cm/pixcel.

4. Xac dinh toa do tam chup anh

Toa d6 tAm chup dnh dwoc xac dinh bang
phan mém RTKIib (Hinh 5), di¥ liéu d4u vao bao
gom cac file RINEX cda tram Base va UAV/RTK va
lich vé tinh do NASA cung cap. Quy trinh xt¢ Iy tim
chup anh nhw Hinh 6.

5. Két qua va thao luian

Anh chup tir UAV/RTK dwoc xi¥ 1y trén phin
mém Agisoft Metashape Professional. Truwong
hop khong xt¥ Iy tAm chup anh thi sai s6 tAm chup

¥ D:\2020\DT_QNADN_21,5.20201100m\100_00174100_0017 Rinex pos - a X

(a)

File Edit View Windows Help

w1z GdTE v AL v+~ T @ ¥+ P& H

Base Station 1

i
| —

[112020/05/21 02:03:56 GPST-05/21 02: 10:53 GPST : N=2085 B=0, 1.0, 3m Q=1:2085(100.0%)

43

anh 1én nhit 1a 4 m (Hinh 7a); sai s6 nay dwoc cai
thién dang ké khi cac birc danh dwgc gan toa do tAm
chup anh tinh tir dir liéu dinh vi PPK, v&i sai s6 16n
nhat1a 12 cm (Hinh 7b). Ttr d6 cho thay, viéc tich
hop thém dinh vi tAm chup anh bang cong nghé
GNSS dong cho vi tri tdm chup anh bay chup UAV
c6 do chinh xac cao hon so v&i UAV thong thuong.
Thanh 13p m6 hinh DSM véi cac tredng hop
PPK, PPK + 01 GCP, PPK+ 02 GCP va PPK+ 03 GCP.
Tong s6 diém dung dé lam diém khéng ché anh va
kiém trala 46 diém. Trwong hop chi dung 01 diém
khéng ché anh 1a diém A24 nam tai trung tAm cuia
mo va & do cao trung binh cua khu vuc do vé, s6
diém dung dé danh gia DSM la 45 diém; truong
hop dung 02 diém GCP nam chéo nhau & ria cia

+ | ||[2020/05/21 02:03:56 GPST-05/21 02: 10:53 GPST : N=2085 B=0.1-0. 3km Q=1:2085(100.0%)

¥4 DA2020\DT_QN\DN_21.5.20201100m\100_0017\100_0017 Rinex.pos - o x
File Edit View Windows Help (b)
AL v+ - =T @ X 56
] 3 f——
: j Y ; W W »
i 4 i ¥ i v ;
‘m—-—f et ettt ipr—
NS (mfs) A 3 4 ‘ i "
5 it it bt
i it
0 3 kS . [ oy
0.2/ UD fg’s) &i

}
LT
02

02:04

‘ ;'£§ x;,z;. o ik :&; A b ’.,f,.:; Lag
g PR Mgy WA

02:08 02:10
2020/05/2102:03:42 GPST

02:05 02:06 02:07 02:08

Hinh 5. Vi tri tdm chup dnh véi 107 gidi fix hién thi trén phdn mém RTKIib 2.43.

File rinex tir
may Base

File rinex tir
UAV/RTK

Lich vé tinh
tir NASA

X 1y trén phian mém RTKIib

File két qua
(*.POS)

Xir Iy trén phan mém
Aerotas PARTK PPK Adjustments

File
Timestamp tir
UAV/RTK

gh=3

|

File toa do tim

anh (*.CSV)

Ghép toa dd tam chyp cho cac anh
trén phian mém Agisoft metashape

Hinh 6. Qui trinh xt¥ ly tdm chup dnh cho cdc dnh chup bang UAV/PPK.
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© 24cm
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@ -24am
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@ -7.2am
@® 9.6
®-12am

x 1000

(b)

Hinh 7. Vi tri tdm chup dnh va elip sai s6 twong ttng.
(a) Khéng xi¥ ly tdm chup dnh; (b) Xir ly tdm chup dnh theo div liéu PPK.

mo 1a A23 va A34 thi sd diém kiém tra 1a 44;
treong hop dung 03 diém GCP nam & 3 goc khu
vuc do vé 1a A11, A20 va A34 thi s6 diém kiém tra
la 43. Ca treong hop 2 va 3 thi cac diém khéng ché
anh ndm & trén cac khu vuc cé do cao khac nhau.
Cac DSM nay dwoc danh gia do chinh xac théng
qua so sanh véi cac diém GCP, cac diém nay trén
md hinh c6 d6 16m cta sai s6 dwgc thé hién bang
elip sai s6 va mau sic nhw Hinh 8. C4 thé thiy rang
sai s0 mo hinh ting din vé phia cac khu vuc xa
diém GCP hodc xa dwong noi gitva 2 diém GCP
(Hinh 8a,b,c,d).

Sai s6 ctia cac DSM trong 4 trwong hop duorc
trinh bay tai Bang 1.

Bdng 1. Sai s6 ciia DSM ddnh gid théng qua cdc
diém GCP.

PPK+1|PPK+2 |PPK+3
GCP | GCP | GCP
Sais6 |RMSEx| 51| 4,7 3,7 4,0
trung |RMSEy| 45| 42 2,5 2,3
phwong RMSExl 68 | 63 | 45 | 46
(cm) RMSEy (34,3 7,3 4,7 3,7
SaisOvitri| AXmax | 63 | 46 7,6 7,8
diém kiém|AYmax| 1,4 | 4,3 -31 | -39
trayéu |AXYmax| 6,4 | 6,3 8,2 8,7
nhit (cm) | AHmax |-54,7| -14,2 | -59 | -5,2

Truong hop PPK

Nhan thiy rang, khi st dung anh bay chup
UAV/RTK va khong dung bat ky diém khong ché
anh nao thi DSM c6 sai s0 trung phwong vi tri mat
bang c& xen-ti-mét (RMSExy = 6,8 cm), sai s6 nay
hAu nhw khong dworc cai thién khi dung 01 diém
khéng ché anh mat dit (RMSExy = 6,3 cm). Qua
day, c6 thé thiy rang: khi str dung UAV/RTK cho
md hinh DSM c6 dd chinh xAc vi tri mat bang dap
ung dwoc yéu cau thanh 14p ban d6 dia hinh ty 1&
16m (1:500+1:2000) tai cac mo 10 thién mac du
khéng dung bat ky diém GCP nao. Ciing tir Bang 1
cho thiy, nguoc lai v6i thanh phin toa d6 mat
bang, d6 cao cta cdc md hinh s6 bé mit ¢4 lai sai
s0 1ém, trweong hop chi st dung tAm chup anh PPK
sai sd trung phwong trung binh dd cao ctia DSM la
RMSEy = 34,3 c¢m, sai d6 d6 cao diém yéu nhit
trén mo hinh nay la -54,7 cm, d6i chiéu theo qui
pham khong thé st dung cic m6 hinh nay dé
thanh 1ap ban do ty 1& 16n & mao 16 thién. Sai s6 nay
dworc cai thién 75% khi str dung 1 diém khéng ché
anh (PPK+1 GCP), véi sai s6 trung phwong trung
binh d6 cao cia DSM va sai s6 vi tri diém yéu nhit
lan lwot1a 7,3 cm va -14,2 cm. Khi sir dung 2 diém
GCP sai s6 chi con 4,7 cm tinh trung binh cho toan
mo hinh DSM va vi tri diém yéu nhit sai s6-5,9 cm.
Sai s6 RMSEy= 3,7 cm va AHmax = - 5,2 cm khi st
dung 03 diém GCP, so v&i trwong hop str dung 02
diém GCP thi sai s6 dwoc cai thién khong nhiéu.
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Hinh 8. Vi tri cdc diém GCP va elip sai s6.
(a) PPK, (b) PPK + 01 GCP, (c) PPK + 02 GCP, (d) PPK + 03 GCP.

DSM thanh 1ap tir 4 trwong hop trén cling
dwoc lan lwot chong ghép 1én DSM do Cong ty CP
than Péo Nai thanh 1ap cuing thoi diém bang thiét
bi toan dac dién tr. St dung cac mat cat dia hinh
theo cac huéng khac nhau dé xac dinh sy trung
nhau cta 2 bé mat

Tt cAc mit cit dia hinh cho th4y trudmg hop
khéng st dung diém khong ché anh mat dat
(trwong hop 1) thi 2 dwong bé mét dia hinh cach
xa nhau c¢& 30+50 cm, treong hop 2 c& 10+20 cm.
Truwomg hop 3 va 4 cho két qua tét hon han va
twong dong nhau véi do 1éch gitva 2 dwong dia
hinh ¢& 3+9 cm. Hinh 9 thé hién sy trung nhau
gitta DSM trwong hop st dung 2 GCP so véi DSM

do mo6 Péo Nai thanh 14p. Tir d6, c6 thé khang dinh
DSM thanh lap bang céng nghé UAV/RTK, xac
dinh tAm chup anh bang PPK va st dung 02 diém
GCP tr¢ 1én dat do chinh x4c cao, c6 thé dung dé
bién tip ban do dia hinh ty 1€ 16n cho ma 16 thién.

4. Kétluin

PO chinh xac cua cac DSM dwogc danh gia
thong qua 2 phwong phép: (1) St dung cac diém
GCP dworc xac dinh trudc toa do va do cao; (2) So
sanh tryc tiép véi DSM do Cong ty CP than Péo Nai
thanh 1ap bing mdy toan dac dién tir. Két qua
nghién ctru da rat ra cac két ludn sau day:
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Hinh 9. So sadnh mé hinh s6 dia hinh thanh Idp béi UAV va toan dac dién tit.

Khi sttr dung anh UAV/RTK va khong dung
diém khdng ché anh mat dat, DSM dwgc thanh 14p
v6i dd chinh xac mit bing dat yéu ciu thanh 1ap
ban d6 dia hinh ty 1& 16m theo Qui pham Tric dia
mo, tuy nhién do cao cé sai s6 vwot han sai cho
phép. Sai s6 d6 cao ctia DSM thanh l4p tir dnh bay
chup bang UAV/RTK dworc cai thién dang ké khi
str dung 01 diém khong ché anh mat dat va sai s
nay dat xen-ti-mét khi str dung 02 diém khong ché
anh mat dat.

Khi ting s6 lwong diém khéng ché anh mit
dat 1én 03 diém thi do chinh xac clia DSM kha
twong dong nhw khi str dung 02 diém khdong ché.
C6 thé khing dinh véi dién tich khoang 70 ha va
diéu kién dia hinh bién d6i 16m cia mo 19 thién thi
chi can 02 diém khong ché mat dat 1a ddm bao do
chinh xac thanh 14p ban do6 ty 1& 1é6m 1:500.

Can tiép tuc khao sat cong nghé nay véi cac
dién tich khac nhau, tai cac dang dia hinh mo khac
trong Tap doan Cong nghiép Than - Khoang san
Viét Nam dé xac dinh dwoc s lwgng diém khéng
ché& anh mat d4t t6i wu nham vira ddm bao vé do
chinh xac thanh lap ban do, vira gidm thiéu khoi
lwong do ngoai nghiép.

Pong gop cua cac tac gia
Tac gia dong gép 100% ndi dung ctia bai bao.
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