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TICH HQP THIET BI IMU VA GNSS THU NHAN DU LIEU
SU DUNG CONG NGHE TRAM THAM CHIEU AO (VRS) TREN
THIET Bl BAY KHONG NGUOI LAI (UAV) PHUC VU CONG TAC
THANH LAP BAN PO PIA HINH

LUU HAI AU, PANG XUAN THUY, NGO THI LIEN
Vién Khoa hoc Po dac va Ban dé

Tom tit:

Céng tac thanh lgp ban do dia hinh vmg dung thiét bi bay khong ngu"o’l lai (UAV) da duoc ung
dung va dang dan ro. lén pho blen Viéc xac dinh chinh xdc cac yeéu 16 dinh hm)’ng ngodi cua danh
la mét trong nhitng yéu t6 quyét dinh dén do chinh xdc ciia ban do dia hinh can thanh ldp thay vi
thiét ldp mang ludi khong ché anh. Bai bdo nay trinh bay vé vin dé tich hop thiét bi GNSS/IMU trén
thiét bi bay khéng nguweoi lai (UAV) két hop voi cong nghé tram tham chiéu do (VRS) dé xdc dinh céc
yéu 16 dinh huong ngoai cua anh véi do chinh xac dam bao thanh ldp ban dé dia hinh ti 1¢ 16n véi

$6 heong diém khéng ché anh giam toi da.
1. Pit van dé

Trén thé gidi, cong tac thanh lap ban do dia
hinh tmg dung thiét bi bay khéng nguoi lai
(UAV) da rit phd bién. Ciing v&i viéc hoan thién
thuat toan trong cong tac xt ly ndi nghiép, cac hé
théng phuc vu thu nhan dir li€u ngoai nghiép
ciing phat trién manh mé&. Qua trinh phat trién hé
théng phuc vu thu nhan dir liéu ngoai nghiép trén
thé giéi hién nay dién ra theo cac hudéng nhu:
tang tinh co dong ctia hé thong thiét bi, ting s6
luong va chat lugng dit liéu thu nhan, giam gia
thanh... Trong xu thé do, cac hang san Xuét hé
thong thu nhan dit liéu hang dau hién nay nhu
Trimble - My, Sensefly - Thuy S, Aeromao -
Canada... da phat trién nhitng hé thdng thiét bi
duogc tng dung phd bién trong cong tac thu nhan
di liéu phuc vu thanh 1ap ban dd dia hinh cac
loai ti 1€.

Mac du mure d6 tu dong hoa cua cong nghé st
dung thiét bi bay khong nguoi 14i trong thanh lap
ban d0 ngay cang duoc cai thién va hién nay
nhiéu phém mém thuong mai da dat t&i muc tu
dong hoa gan nhu hoan toan trong mot so cong
doan thanh lap ban d6 bang phuong phap do anh
nhu: Pinh hudng ting day, thanh 1ap mé hinh s6
dd cao, thanh 1ap anh tryc giao nhung hi¢n nay

cac tham s tham s6 dinh hudng ngoai ciia anh
van chua duoc sir dung rong rai va triét dé trong
cong tac thanh 1ap ban dd trén thé gisi va & nudc
ta. Chua c6 thiét bi GNSS ¢6 thé tinh toa do tim
anh chinh xac. Hon nita cac chuong trinh, phan
mém xu 1y khi dén tay nguoi dung 1 hoan toan
t dong va dong kin. Do d6 dé nam bat va lam
cha dugc cong nghé can thiét phai c6 cac nghién
ctru vé cac thudt toan, chuong trinh, phin mém
ap dung cho hé thong UAV.

Nhim ting tinh co dong, ting sd lugng va
chat lugng dit liéu ciia hé thong thu nhan dit lidu,
cac hing san xuét trén thé gidi dang phat trién
theo hudng tich hgp cac cong nghé madi trong hé
thong thu nhan dit liéu nhu: tich hop cong nghé
dinh vi vé tinh - phuong phap do dong, thiét bi
dinh vi quén tinh va cong ngh¢ madi trong cam-
era...Qua do, dir licu thu duoc trong cong tac
ngoai nghiép ngay cang gia tdng ve sO lugng,
chiing loai va c6 dd tin cay cao.

2. Cac két qua nghién ciru

2.1. Gidi thigu h¢ théng tich hop GNSS-
IMU-UAV

(Xem hinh 1)
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Hinh 1: M6 hinh tich hop GNSS-IMU-UAV

Thong s cac thiét bi thanh phan cua hé
thong:

a) IMU 1a loai cam bién PMU 6050 véi cac
thong so:

- Dién ép str dung: 3~5VDC
- Pién ap giao tiép: 3~5VDC
- Chuan giao tiép: 12C

- Gia tri Gyroscopes trong khoang: +/- 250
500 1000 2000 degree/sec

- Gia tri Acceleration trong khoang: +/- 2g,
+/- 4g, +/- 8g, +/- 16g

b) Thiét bi dinh vi GNSS: (Xem bdng 1)

- Ung dung

¢) Thiét bi bay khong ngudi lai: (Xem bdng 2,
hinh 2)

Hinh 2: Hé thong tich hop GNSS-IMU trén
UAV VTOL

2.2. Thir nghiém

Bii hiéu chuan phuc vu céng tac xac dinh cac
thong sd do léch chuan cua hé thong thiét bi
duoc xay dung tai khu vuc thon C6 Rua, xa Phu
Main, huyén Quédc Oai, thanh phd Ha Noi véi
dién tich 64 ha. Trong d6 xdy dung 36 mdc
khéng ché mat bang va khdéng ché do cao phu
trum khu do. Cac médc khéng ché dugc do dac
chi tiét theo hé toa 6 qubc gia VN-2000 va hé
d6 cao Nha nuéc (Hon Déu). Cac diém khong
ché mit b?mg nay duoc tan dung lam mbc khéng
ché dd cao, duoc do ndi véi hé do cao Nha nude
(Hon DAu) theo tiéu chuan dan thiy chuan hang
IV.

Bdng 1: Théng sé thiét bi GNSS

STT Théng s6 k¥ thuit
1 $6 lwong kénh thu déng | 192 kénh
thot
2 Hes rhéng vétimh dinhv1 | GPS  L1+L2, Glonass Gl
Beidou B1+B3
3 Coéng nghé cai chinh|Co hd tro, dat sai sd dén
RTK centimet
4 | Tén b xuét toa &6 Téi da 10Hz (10 vi tri trong 1
gidy)
5 Dé chinh xdc khi do doc | Pheong ngang: 1.5 m. phuong
lap ding 3.0m
6 Bé chinh xac PPK Pngang: 10mm + lppm, P dung:
15mm + lppm
7 D& chinh xdc khi di| 0,03m/s
chuvén
8 Théi gian xdc dinh toa d5 | Nho hon 50 gidy
lan dau
9 Th&i gian khoi déng Nho hon 10 gidy
10 | Céng giao tiép Coéng COM  DBS-RS232,
Bluetooth
Negudn dién 5V
12 Cong suat 253 W

TAP CHi KHOA HOC DO DAC VA BAN DO SO 44-6/2020

31



Nghién ctiu - Ung dung

Bdng 2: Théng sé thiét bi bay khong nguoi ldi

Thot gian ca bay

STT M5 ta Théng sb
1 | Cétcénh va ha cénh VTOL
2 Neudn PIN
3 | Tée db bay 72 km/h (TAS)
4 | Stc chéng gid 10 m's
5 | Técdétdida 5m/s (& do cao 500 m)
6 | Bav xa téi thicu 3500 m

90 phit (D6 cao 100m trén mat
bién)

8 Trong leong Tka
9 Trong lwong cét canh tdi | 13ke
da
10 | Tai trong mang theo vt 13 ke
11 | Migc dn 45dba @ 200mAGL
12 | Céng suat dau ra 1W
13 | Giaitan s6 902-928Mhz
14 | M3 hoa dit lidu 128bit AES encryption
15 | Spread Spectrum FHSS
16 | Téc déc truyén 115200
17 | Pham vi truyén tai 60km
18 |L&iCRC 32 bit CRC, ARQ
19 | Camera Sonv ILCE 5100 65000x4000

Sau khi xay dung hé théng mébc khdng ché,
tién hanh bay chup bai hiéu chuén st dung hé
thong thiét bi GNSS-IMU-UAV. Trong qua trinh
xac dinh cac thong s6 dd léch chuin cua hé
théng thiét bi, cac mdc khéng ché mat b?mg, do
cao trén bai hiéu chuin duoc xac dinh toa do, do
cao tir md hinh va dugce coi nhu 13 cac diém kiém
tra dé danh gia két qua.

Bdng 3: Cdc théng sé tuyén bay hiéu chudn

STT | Dién tich khu do 64 ha
1 Chiéu dai 14.58 km
2 Khoang cach oif¥a cac anh 832 m
3 | Dé phin giai mit d4t 8.02 cm
4 o cao bay 300 m
5 Camera Sonv ILCE 5100

Hinh 3: So' do thiét ké tuyén bay hiéu chudn

2.3. Danh gia thw nghiém va lwa chon
phwong an xu ly dit liéu phu hop

Sau khi thuc hoan thanh cong tac bay chup,
cac dir liéu thu duogc bao gém: dir liéu anh UAV,
dir liéu GNSS-PPK, dir li¢u IMU. Qua trinh xtr
Iy dit liéu duoc tién hanh theo 3 phuong an:

+ Phuong 4n 1: Xac dinh cic yéu té dinh
hudng ngoai cia anh tur dir liéu anh chuyp UAV
cia may anh, két hop véi dir lidu do khdng ché
anh. Pay 1a phuong phap truyén thong, dang
duogc str dung phé bién.

* Phuong an 2: Xac dinh cac yéu td dinh
hudng ngoai cua anh tr dir liéu anh UAV cua
méy anh két hop véi dir liéu GNSS thu nhan di
lidu theo cong nghé tram tham chiéu ao (VRS),
IMU gin trén UAV. Pay ciing 12 phuong 4n tich
hop cua dé tai.

« Phuong 4n 3: Xac dinh cic yéu t6 dinh
hudng ngoai cua anh tr dir li¢u anh UAV cua
may anh két hop véi dir liéu GNSS, IMU gin
trén UAV va 4 diém khdng ché anh.

a) Két qua xir Iy theo phwong dén 1:

Két qua xir 1y theo phwong an 1 cho thay, toa
do tam anh UAV chua qua xt ly chénh Iéch so
véi toa do sau xur ly trung binh khoang 22.5 mét.
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Bdng 4: So sanh toa d6 diém kiém tra sau khi xi Iy theo phirong dn 3
vai gid tri do dac ngoai thuc dia

Toa di diem kiém tra san khi =k i theo
Pluomz dn 3

Toadd 6.'.'&1. Jaém tra dodac

Sai zovifrl

i deltav | deltax | deltah
Tén digm {1 X (m) b (m) him) (m) ()
2317924.030 24537 0288

2318487.007

25318475311

553635156

2318485554 $35408.485 | 23184B5.623
23175594.553 I33058.594 | 2317594846
2317745.028 B8 | 2517744874

2318333360

2318333340

2318334050

2318334.030

2318373.71%

2318373.720

2318372.906

2318372

2318520.55%

2318320

2518257.834

1318297 8632

2318291952

2318291.987

2318172.985

2318172.971

2318168.701

2318169.698

2318228.587

2318238.573

2318225.532

2318225571

2318266387

2318266424

2318268.221

2318268.157

2318297.052

2318297.073

2318313.069

2318313.052

2318283456

2318285 463

2318286631

2318286350

2318236.735

2318236.760

2518257.583

1318257 639

2318270.636

2318270609

2318158.232 2318138.206
2518424 817 1318424 861
2318132 357 2318132 433
2318141.655 2318141.632
25318138372 1318138405
2318150.368 2318190327
2318295149 2318295.140

2518293 748 2318293

2318302.926 2318302.936
ECA 33 338 | 2518280872 2318290.832
ECA 3G 353270.071 | 2518244 431 2318284 518

Trong do6, sai s6 mat béng dat 3.7 mét va do cao
dat 22.317 m. Ngoai ra, trong 6 yéu t6 dinh
huéng ngoai ctia anh bao gém toa d6 tim anh va
3 goc xoay thi dit liéu anh cua UAV don thuan
chi c6 toa do tdm anh va khong c6 3 goc xoay
cho nén cac géc xoay sau xu ly duoc xac dinh

phuong phap nin anh 1ap thé dya vao cac diém
khéng ché anh. Do viy viéc bd tri cac diém
khéng ché anh mat dat yéu cau phai phu trim va
rai déu khu do véi mat do twong ddi day. Hon
nita, ddi véi nhiing khu vue do che phu cao, hoac
khong xac dinh dugc diém khong ché trén anh
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thi d6 chinh xac s€ bi giam.
b) Két qua xir 1y theo phwong én 2:

So sanh gia tri cac yéu t6 dinh hudng ngoai
ctia anh khi xac dinh bang dir liéu GNSS-IMU
va khi x4c dinh bang toan bd khéng ché anh rai
déu khu do cho két qua sai mit bang dat 0.72
mét, sai s& d cao dat 2.073 mét, sai sd gdc xoay
pitch, roll, yaw rat nho (<1°).

Nhan xét: Két qua xir 1y theo phuong an 3
cho két qua toa d6 tam anh gan ding nhat vai sai
s0 mat bang dat 10-20 cm, sai s0 do cao dat 50-

Summary

70 cm. Viéc st dung dit liéu GNSS-IMU két hop
voi dir liéu anh UAV da xac dinh duoc gén ding
toa do tdm anh chinh xac do vay vi¢c do khéng
ché anh c6 thé giam 1én dén 80%. (Xem bdng 4)

3. Két luan

Qua qué trinh thyc nghiém, tac gia nhan thy
rang viéc sir dung dir liéu GNSS két hop IMU dé
xir 1y toa do tdm anh co thé giam toi 80% s6
diém khong ché anh can do dac so véi trudc day.
Cong nghé nay di gop phan nang cao mirc do tur
dong hoa trong cong tac sir dung thiét bi bay
khong nguoi 1ai (UAV) trong do dac thanh lap
ban d6 dia hinh.Q
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Integrating IMU and GNSS devices to receive data using virtual reference station
technology (VRS) on unmanned aerial vehicles (UAVs) for topographic mapping.

Luu Hai Au, Dang Xuan Thuy, Ngo Thi Lien

The topographic mapping application of unmanned aerial vehicles (UAV) has been applied and

is gradually becoming more popular. Determining the exact factors external orientation of photos is
one of the factors determining the accuracy of topographic maps should be established instead of
setting the image control network. This article discusses the issue of integrating GNSS-IMU devices
on unmanned aerial vehicles (UAVs) in combination with virtual reference station technology (VRS)
to identify outward-facing elements of an image with accurately ensure the creation of a large scale
terrain map with the maximum number of image control points.OQ
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