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Tom tat

Cong nghé bay khiong nguoi ldi c6 tich
hop dinh vi tém danh theo phuong thirc do
G]YSS déf’:g cho Phép giam t6i da sé lugng
diém khong ché dnh mdt ddt (GCP). Pé
danh gia dgc do chinh xdc mé hinh sé bé
mdt mo (DSM) thanh ldp dugc tir anh bay
chup UAV dinh vi tdm dnh theo phwong
thiec nay, mdy bay phantom4 RTK duoc
st dung bay chup danh 70ha dia hinh mo,
foa do tdm anh dinh vi theo phuong thirc
PPK. Mé hinh sé bé mdt dwoc thanh Igp
voi 2 trwong hop: (1) St dung anh UAV/
RTK va (2) str dung énh UAV/RTK két hop
ldn hegt v6i cdc diém GCP. Cdc DSM nay
dugc danh gid dg chinh xdc voi cdc diém
toa dp dd dwoc do bang mdy toan dac Idién
tir trén bé meit mé. Két qua cho & t‘hﬁy ca
hai truomg hop sai s6 vi vi mdt bang dat
dj chinh xdc cm ddp ing dugc yéu cau do
chinh xdc thanh Igp ban do dia hinh 1 I¢
16n tai mé 16 thién. Tuy nhién, d¢ cao lai cd
sai $6 -55.4cm (truomg hop 1) vieot han sai
cho phép theo qui pham. Khi két hop UAV/
RTK véi 1 diém khdng ché anh cho DSM cd
sai sé déximét va sai sé dat xangtimét néu
két hop véi 2 diém GCP.

Céng ty C6 phan Pia chdt mé - TKV
Pham Tudn Ninh
Tdp doan Céng nghiép Than - Khodng san

1.Datvan dé

Tai cdc mo 10 thién khai thic than &
bé than Quéng Ninh, cong tic do vé& ban
d6 dia hinh duoc thuc hién thuong xuyén
nhim cap nhat hi¢n trang mo phuc vy quan
ly, tinh khoi luong, thiét ké khai thac mé,
dam bao an toan... Hién, céng tic do vé
ban d6 tai cic mé chi yéu bing may toan
dac dién tir. Do dia hinh phirc tap, phuong
phép nay van ton nhiéu céng sirc lao dong
(Nguyén Quéc Long & L& Vin Canh,
2020). Do vy, mdt sb cong nghé méi da
dugc quan tdm nghién ciru trong linh vuc
nay d6 1a GNSS/CORS, quét laser mit dt,
thiét bi bay khéng ngudi 14i (UAV). Trong
d6, UAV cho thdy 13 cong nghé phét trién
manh nhét hién nay do thoi gian do dac
ngén, hiéu suét lao dong cao, tiép can dugc
cac vung dia hinh kho khin. Tuy nhién, khi
tmg dung cdng nghé nay viéc thanh lap cic
diém khéng ché anh mat dat (GCP) chiém
da sb thoi gian ngoai nghiép (Forlani et al.,
2018), dic biét ddi véi dia hinh phirc tap
nhu & mo 16 thién thanh 1ap céc diém GCP
tén nhiéu thoi gian va cong sirc hon nita.

Gén déy, thiét bi bay khong ngudi 1ai
(UAV) ¢6 dinh vi tim anh bing céng nghé
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do GNSS dong duge biét 3én nhu mot bude
dot pha 16n cia cong nghé nay, hiu nhu da
thay thé dugc cac didm khéng ché anh mat
dat (Helliguy, 2020). Mic di da thanh 1ap
t6i 12 diém khong ché anh m3t ¢t nhung
dd chinh x4c cia mé hinh sé bé mit trong
nghién ciru cla tac gia Fazeli va cOng su
van cho dd chinh x4c mé hinh dén d& xi
mét (Fazeli, Samadzadegan, & Dadrass
Javan, 2016), sb lugng diém GCP gé"ln nhu
twong duong v&i khong sir dung RTK,
nghlen clru cling chi ra sai sd nay 1a do
ton tai sur tré pha giira thoi didm chup anh
cia camera va thoi diém do tim canh ciia
thiét bi RTK trén may bay. Vin dé nay da
din duogc khic phuc bai cac hing san xuét,
céc thiét bi UAV/RTK nhu Phantom4 RTK
ciia hang DJI c6 d6 tré giira chup anh va
do RTK chi & mirc mm ((DJI, 2020). Trong
mot nghién ctru khic duge cong b bai tac
gid Zhang va cong sy da ching minh dinh
vi tdm anh theo phuong thirc do dong thai
gian thuc GNSS/RTK cho d6 chinh x4c dén
cm (Zhang et al., 2019). Téc gia Taddia va
cOng su da tién hanh khéo sat d6 chinh xac
ctia thiét bj nay khi tmg dung trong thanh
1ap ban d6 dia hinh ven bién, két qua khing
dinh ring UAV/RTK cho phép do dac dat
dd chinh xac dia hinh dén cm (Taddia,
5tecchi, & Pellegrinelli, 2019). Tién hanh
bay chup dia hinh ving déng bing dé khao
sat s6 wgng diém GCP cin thiét khi sir dung
UAV/RTK dugc thuc hién trong cdc nghién
ciru cua tac gia Forlani, Seidl va céc cong
su, nghién ciru cuia ho chira r%lng khi khong
str dung GCP md hinh s6 bé mit (DSM)
thanh 18p duoc c6 sai s 16m, nhung khi két
hop véi chi 01 diém GCP cho DSM cé dd
chinh x4c cao hon rit nhiéu.

Tir cac nghién ciru néu trén c6 thé thiy
rang, khéo sat d§ chinh xadc DSM, danh gia
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kha ning ng dung cling nhu khio sit sé
lugng diém khéng ché anh cin thiét khi Sir
dung UAV/RTK... 33 dugc nhic dén trong
nhidu nghién ctru. Tuy nhién, hiu hét cic
nghién ctru nay déu thuc hién khao sat véi
tinh ndng dinh vi tdm anh theo phuong thirc
do dong thai gian thue (GNSS/RTK) va hiu
nhu chua c6 nghién ciru nao thuc hién tai
cic mo 16 thién. Do vy, can tiép tuc nghién
ciru dé danh gia sy hi€u qua ciing nhu 46
chinh x4c ctia DSM khi stir dung UAV/RTK
véi phuong thire dinh vi tim dnh GNSS/
PPK ciing nhur khéo sat kha ndng ing dung
clia cong nghé ndy trong thanh 18p ban dd
dia hinh ty 18 16n cho cic mo 19 thién.

2. Phuong phap nghién ciu
2.1. Phuong phdp thanh lap DSM

M5 hinh s6 bé miit khu vire thye nghiém
duge thanh ldp tir anh bay chup UAV véi
2 trudng hop: 1. PPK-Sir dung anh UAV/
RTK va xtr Iy tAm anh theo sb liéu do PPK;
2. PPK+GCP - sir dung anh UAV/RTK két
hop v6i diém khéng ché anh miit dAt.

O trudng hop 2, toa do tam anh duge
binh sai tinh to4n trén phin mém RTKlib
2.4.3 va Aerotas PARTK PPK Adjustments
V1.0. Sau khi xtr 1y toa d6 tdm &nh c6 sai sb
xangtimét dugc giir lai tham gia vao binh
sai tinh todn md hinh, c4c tAm anh cé do
chinh x4c tir #3ximét duge loai bd. Cac tim
anh dugc ghép tdm chinh x4c va xir 1y trén
phin mém Agisoft Metashape Professional.

Dé c6 co s¢ danh gia d6 chinh x4c cic
md hinh DSM, nhém nghién ctru thiét ké va
thanh 14p 50 diém GCP trén khu vyc thuc
nghiém 70ha tai mé Péo Nai. Cac diém nay
dugc danh d4u bing tidu khéng ché anh cd
kich thude 60 x 60cm in 2 mau vang - den
trén gidy bat (c6 d6 phan xa tt).
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Hinh 1. Do ndi toa dé cic diém khdng ché anh

Toa d6 dugc do ndi vao méc toa do giai
tich 1 cua mo, d6 chinh x4c dat dugc twong
duong v6i dudng chuyén do v& cAp 2 (Bo
Cong Thurong, 2015).

2.2. Bdnh gid dé chinh xdc

D6 chinh x4c cia mé hinh DSM dugce
danh gid thong qua cac diém khéng ché mt
dat. Cac diém nay khong dugc sir dung vao
qua trinh x1r Iy 4nh ma chi dugc ding dé so
sénh véi c4c diém tong Umg trén mo hinh.
Dé tinh d6 chinh x4c mé hinh DSM, cic
cong thic sau dugce sir dung:

AX; = Xpem, — Xecp, M)
AY; = Ypem, — Yocr, @)
AH; = Hpgm, — Hecp, G)
RMSEx = _[[(1/n) ZR, AX7] @
RMSEy = J[(l/n) ¥, AYZ] ®)
RMSE,, = J[(l/n) ¥, H7] ©6)

RMSEyy, = J (1) T, [AX? + AYZ + AHZT} (7)

Trong d6: AX, AY, AH - Céc gia tri
chénh léch cac thanh phan toa; doz RMS‘E -
Sai s4 trung phuong; n tong s0 dlem‘ kh?ng
ché anh; va, va, va tuong g la thanh
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phén toa do theo truc X, truc Y va truc H
cta diém khéng ché anh theo toa d6 do
duge va trén mé hinh DEM.

3. Bay chup anh thuc dia
3.1 Khu vuc nghién ciru

Dién tich dja hinh mé khoang 70ha
thudc by Pong B#c mo than Déo Nai duoc
chon 1am khu vye nghién ctru. Khu vue nay
¢o6 dia hinh tﬁng bac ddc trung cho mé 1o
thién tai Quang Ninh, chénh cao 16n nhit
13 300m. Trén bé& mit moé hiu nhu khéng
¢6 16p phii nén m6 hinh sé bé mat thanh 1ap
dugc ciing chinh 1a mé hinh DEM (Nguyén
Qudc Long & L& Vian Canh, 2020).

3.2, Thiét bj sirdung

May bay DJI Phantom4 RTK (P4K) do
hang DJI san xuét, dang dugc sir dung rong
rdi trén thuce té san xudt vi nd cé tinh hiéu
qué cao, gia thanh thip, nho gon. May bay
P4K dugc trang bj camera d6 phan giai 20
Mb/Pix, ¢ phan giai khéng gian cia anh
2.74cm khi bay & d6 cao 100m. Ngoai ra,
P4K dugc ticnh hop cdng nghé dinh vj tim
anh bing GNSS dong cho phép xac dinh
tdm anh ¢é d¢ chinh x4c ¢cm. Toa do cac
diém GCP dugc do néi véi hé théng méc
khéng ché co s¢ cta mo bing may toan
dac di¢n tr Topcon ES105, ¢ d6 chinh x4c
do gbc 57 va d6 chinh x4c do chidu daj 1a
2+2ppm.

Hinh 2. May bay DJI Phantom4 RTK (DJI, 2020)
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3.3. Bay chup UAV

Tam anh duogc dinh vi theo phuong thirc
GNSS/PPK, trong sudt qua trinh bay chup
may base mit dét (hinh 3) duoc cai dat &
ché d6 do tinh tAn suét ghi tin hiéu 5Hz,
méy rover trén mdy bay khong két ndi tin
hiéu véi may base. Toa d§ tdm anh (rover)
duoc tinh toan theo nguyén ly do GNSS

twong di.
&Vé tinh
I

UAV/RTK
(rover)

Hinh 3. Nguyén ly xac dinh tdm anh
bang GNSS/PPK

K& hoach bay chup dwoc thiét ké va thuc
hién trén phan mém DJI GS Pro, 13 phin
mém ban quyén di theo diéu khién may
bay. Ngudi sir dung cén thiét 1ap ranh gi6i
bay, d6 cao bay chup, dd chéng phu theo
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huéng doc va ngang, goc chup anh. Sau khi
khai bdo céc théng sb trén phin mém, cic
dai bay, tbc d6 bay chup va sb lwrong anh
cin chup s& dugc tu dong tinh todn va thiét
ké. Véi dia hinh khu thuc nghiém cé dién
tich 70ha, lich bay UAV dugc thiét ké trong
05 ca bay. Chiéu cao bay chup 100m tir vi
tri cét cénh cua mdy bay, d§ phu trim doc
va ngang déu 13 75%. Tdng s anh thu dwoc
1a 894, d9 phan giai anh 1a 2.74cm/pixcel.

T

T PR Ny ¥
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Hinh 4. Bay chup UAV trén thuc dia
4. Xac dinh toa d6 tam anh
Khi xt 1y tip anh trén phin mém
RTKlib, dir lidu d4u vao bao gém file rinex
dugc 14y tir may base, rinex sinh ra tir may
do GNSS trén may bay (rover) va lich vé
tinh chinh xac do NASA cung cép dwge liy
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Hinh 5. Vi tri tam anh véi 10i giai fix hién thi trén phan mém RTKIib 2.43
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Hinh 6. Vi tri tam anh va elip sai s6 tuong ling

tr website. Toa @6 tim anh sau khi duoc
xu ly loi g1a1 fload dugc loai bo, 151 giai fix
dugc ding dé binh sai khdi anh.

5. Két qua va thao luan

Anh bay chup UAV dugc xit 1y trén
phin mém Agisoft metashape professwnal
Truong hop khéng xit 1y tdm anh, sai sb
tdm anh 16n nhét 12 4m (hinh 6a); sai s6
nay duoc cai thién dang ké khi cac birc
anh duoc gén toa dd tim dugc tinh tir d}"x
liéu dinh vi PPK, véi sai ) sai’sé 16n nhat
1412cm (hinh 6b). Tir d6 cho‘théy, viéc tich
hop thém dinh vi tim anh bang cong nghé
GNSS dong cho vi tri tim anh bay chup
UAV c6 d6 chinh x4c cao hon so voi UAV
thong thudng.

a. Khong xir ly tAm anh; b. X ly tim
anh theo dir liéu PPK

Thanh 14p m6 hinh DSM véi céc trudng
hgp PPK, PPK + 1GCP va PPK+2GCP. Cac
DSM nay duogce d4nh gia do chinh xic vdi
cic diém GCP di thanh lap trén mat dat,
sau khi kiém tra da loai b 04 diém GCP

c6 sai sb 16n, 46 diém con lai dugc dung
dé kiém tra mo hinh, c4c diém nay trén mo
hinh c6 sai s§ dugc thé h1en bing elip nhu
hmh 7. C6 thé thiy, sai s6 md hinh tang din
vé phia cac khu vyc xa diém GCP hoic xa
dudng ndi gitra 2 didm GCP (Hinh 7 b, ¢).

Danh gia d6 chinh xdc DSM trén khia
canh thanh phin toa d6 mat bang. Khi dung
anh bay chup UAV/RTK va khong diing bét
ky diém khéng ché anh nao thi DSM c6 sai
) trung phuong vi tri mit bang c& xang ti
mét (RMSE, , = 6.8cm), sai s6 néy hau nhu
khong duogc cdi thi¢n khi ding diém khong
ché anh mit dét (6. 3cm). Qua diy, c6 thé
thdy rang khi sir dung UAV/RTK cho mo

hinh DSM c¢6 d6 chmh Xac vi tri mat bang _

dép tng duoc yéu cAu thanh 1ap ban db dia
hinh ty 1¢ 16n (1/500, 1/1000 va 1/2000) tai
cac mo 19 thién (Bo Cong Thucmg, 2015)
mic di khéng ding bt ky diém GCP nao

Nguoc lai véi thanh phin toa d6 mit
bang, do cao clia cic mé hinh sé bé rnat co
lai sai s6 16, trudng hop PPK sai s6 trung
phuong trung binh ciia DSM 12 RMSE,, =
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Hinh 7. Vi tri cac diém GCP va elip sai so
a. PPK, b. PPK + 1GCP ¢. PPK + 2GCP

Bang 1. Sai s trung phueng cac diém
trén mo hinh DEM
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34.3cm, vi tri diém yéu nhét trén m6 hinh
ndy c6 sai sb 1 -54.7cm, ddi thiéu theo qui
pham khong thé sir dung c4c méd hinh nay
dé thanh 1ap ban dd ty 18 16n & md 19 thién.
Sai s6 nay dwoc cai thién 75% khi st dung
1 diém khéng ché anh (PPK+1 GCP), vdi
sé trung phuong trung binh ctia DSM va
sai sb vi tri diém yéu nhét cta né 1an luot
1a 7.3cm va -14.3cm. Khi str dung 02 diém
GCP sai s6 chi ¢dn 3.7 cm tinh trung binh
cho toan mé hinh DSM va vi tri diém yéu
nhét sai s6 -5.3cm.

4. Két luan

Trong nghién ctru nay, dé danh gia do
chinh xac DSM mo 1 thién dugce thanh 14p
tir 4nh bay chup bing thiét bi bay khong
ngudi 14i dinh vi tim anh bing cdng nghé
GNSS ddng, may bay phantom4 RTK da
dugc str dung dé chyup anh dia hinh mo 106
thién. Sir dung céc diém GCP dwoc do nbi
toa d6 véi moc khéng ché co s& ciia mo
bing may todn dac dién tir & danh gia 4o
chinh x4c ctia cac DSM cho thay:

- Ung dung cdng nghé dinh vi GNSS
ddng xéc dinh tdm anh bay chup UAV cho
d6 chinh xéc tdm anh dat xdngtimét.

- Khi sir dung anh UAV/RTK cho DSM
c6 d6 chinh x4c mit bing dat yéu ciu thanh
lap ban dd dia hinh ty 18 16m theo qui pham
trac dia mo, tuy nhién, do cao c6 sai s6 vuot
han sai cho phép .

- Sai 56 d6 cao cia DSM thanh 14p tir
anh bay chup bang UAV/RTK c6 thé duoc
cai thién ddng ké khi str dung 01 diém
khéng ché anh mit dit va sai sé nay dat
xang ti mét khi str dung 02 didm khéng ché
anh mit dat.
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