Nghién ciru - Ung dung

THIET KE, CHE TAO HE THONG RADAR XUYEN PAT
GAN TREN MAY BAY KHONG NGUOI LAI
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Tém tiit:

Radar xuyén dat (Ground-Penetrating Radar, GPR) loi dung kha néng c6 thé xuyén qua
cac vdt lieu khong nhin thcfy bc%ng mat thuong déphdt hién va tao dyng hinh anh cac vat thé bi
chén viii, dn gidu dwdi long dat da va dang dwoc sie dung réng rdi nhw mot cong cu cam bién
tir xa. D6i véi dia hinh phite tap, radar xuyén ddt khé trién khai theo phirong phdp truyén thong,
nhu ddt trén xe ddy. Voi su phdt trién ciia nén tang may bay khéng ngwoi ldi (Unmanned Aerial
Vehicles, UAV), cac hé thong GPR gan trén UAV gitip mé réng kha ndng lam viéc va ting hiéu
qud ciia GPR. Trong bai bdo nay, ddu tién chiing t6i gici thiéu tong quan cdc nghién cieu vé hé
thong radar xuyén dat gan trén UAV. Tiép theo, dwa trén két qua phan tich tong quan, 1y thuyét
tinh todn va yéu cau thuc tién, mot hé thong radar xuyén dat gan trén UAV do chiing t6i thiét
ké, ché tao va thuc nghiém dwoc trinh bay chi tiét. Cudi ciing, chiing téi danh gia nhitng yéu t6

anh huong den chat lwong va cac trién vong twong lai lién quan dén cong nghé nay.

Tir khéa: Radar xuyén dat; May bay khéng nguoi lai; Cam bién tir xa

1. Giéi thi¢u

Radar xuyén dit (Ground-Penetrating
Radar, GPR) 1a mot cong cu st dung song vo
tuyén tan s cao dé phat hién va xac dinh mo
hinh phan bé cua d6i tugng bén trong méi
truong nhu dat, da, nude v.v. GPR c6 vu diém
1a d6 phan giai cao, tbc do phat hién nhanh,
khong gay thiét hai cho muc ti€u phat hi¢n,
v.v., vi vdy GPR duogc str dung rong rai trong
nhiéu linh vyc: moi truong, thim do khoang
san, khao sat dia chat v.v. Nhung hé thong
GPR thuong duoc bd tri sat bé mit moi trudng
quan sat, diéu nay khién cho viéc trién khai
GPR bj han ché khi gip cac moi trudng quan
sat vai dia hinh phtc tap.

May bay khong nguoi lai (Unmanned
Aerial Vehicles, UAV) thu hut sy quan tam
nho vao su don gian trong su dung, chi phi bao
tri thap va tinh linh hoat cao. Cac UAV c6 thé
cét, ha canh tir cac khu vuc nho va cé thé di
chuyén theo moi hudng va trén cac dia hinh
phirc tap. Loi dung cac wu diém nay, cong
ddng khoa hoc di phat trién cac hé théng GPR
dat trén UAV (viét tit la GPR-UAV) dé khic
phuc nhuoc diém cta GPR truyén thong, tir 46
mo rong pham vi hoat dong cia GPR [1], tao
ra cac hé théng tmg dung trong nhiéu béi canh,
nhu phat hién bom min [2], [3], im kiém ctru
nan [4], nong nghiép [5], gidm sat mai trudng
(61, [71, [8], v.v.
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Tuy nhién, so v6i GPR truyén thdng,
GPR-UAV c¢6 nhiéu yéu cau phirc tap can xur
1y hon. Do han ché tai trong va dic diém cua
UAV, GPR va céc thiét bj bd tro duoc yéu cau
6 két chu gon nhe, c¢6 kha nang xu 1y dir licu
khi thay ddi d6 cao va bi gii han vé toc do di
chuyén. Céac dit lidu vé d6 cao va vj tri caa hé
théng 1a cac dit liéu bd tro phai duoc cung cp
v6i yéu cau co6 do phan giai cao, tbe do cap
nhat nhanh. Bén canh d6, hé théng phai c6 kha
nang luu trit, truyén dit liéu va 1énh qua kénh
v6 tuyén hodc hiru tuyén.

Trong bai bao nay, ching t6i tip trung
gidi thiéu vé thiét ké, ché tao mot hé thong
GPR-UAV dung cho muc dich khao sat, do
tim, do dac d6i twong dudi mat dat, dac diém
ctia cac 16p dat da. B6 cuc cua bai bao duoc
trinh bay nhu sau: Phan 2 cung cip mot cai
nhin tong quan chung vé cic hé thong GPR-
UAV hién dai. Sau do, Phan 3 trinh bay
nguyén 1y Iy thuyét co ban cia mot hé théng
GPR-UAV. Tiép theo, trong Phan 4, mot h¢
théng GPR-UAV thiét ké, ché tao phuc vu cho
muc dich khao sat, do tim, do dac ddi tuong
dudi mat dat dugc trinh bay. Cudi cing, Phan
5 két luan cong viéc ctia bai bao va hudng phat
trién trong tuong lai.

2. Tong quan chung h¢ thong GPR gin
trén UAV

ARTINO I4 h¢ théng radar hinh anh trén
khong cho hinh anh ba chiéu va quan sat tir
dinh dau tién duoc phat trién cho nén tang
UAV [9]. ARTINO sir dung cong nghé tong
hop mdt mé ang-ten (SAR) khi UAV di
chuyén. Radar str dung tin hi¢u diéu tan lién

tuc (FMCW) ¢ dai tan s6 Ka. Nho dé gitp
giam tiéu thu nang lugng radar va kich thudc
cua ang-ten. Tiép theo, vao nam 2016, Pai hoc
Texas thiét ké mot hé théng radar hinh anh-
UAV don gian va nhd gon, dugc phat trién
bang cach gan mot hé thong radar thuong mai
lén nén tang micro-UAV két hop véi mot
camera quang hoc [6].

Mot GPR nhe lam viéc tai bang thong 56
MHz, duoc diéu ché béi tin hidu song mang ¢ 2
GHz dudi dang bd loc cosine nang (RCF), hai
ang-ten Vivaldi Antipodal dugc lip ddt & cau
hinh bistatic v6i goc nghiéng 45° dugc cong bd
vao nam 2017 [1]. Vao nam 2018, Vién Nghién
ctru Bic Norut (Na Uy) phat trién mot GPR dé
phat hién tuyét [4]. Mot hé thong GPR nho gon
véi bang thong siéu rong (hoat dong trong dai
tan sb tir 1-4 GHz) dé phat hién min ciing duoc
cong bd [2] [3]. Cing nam, cac nhém nghién
ctru tai Dai hoc Oviedo va Madrid da thiét ké
mot hé théng GPR-UAV dé phat hién cac vat
thé chon dudi dat [10]. Sau d6, mot nguyén mau
twong tu dén tir Pai hoc Vigo phat trién vao nim
2019 [11].

DPai hoc Maribor, Slovenia vao nam 2020
cong bd mot hé théng GPR-UAYV duogc thiét
ké dic biét dé phat hién min [12]. Trong do,
mo dun radar dya trén cong nghé¢ SFCW, hoat
dong & cau hinh quasi-monostatic, va co thé
stt dung & ca ché d6 nhin xubng va nhin vé
phia trudc. Hai ang-ten lai Vivaldi-Horn nang
240g v6i dai tan sb tir 550 MHz dén 2,7 GHz.

Dé c6 mot cai nhin tong quat hon, Bang 1
tong hop cac hé thong GPR-UAV va tham s6
chu yéu cua chung da duoc cong bo.

Badng 1: Tham sé chinh ciia mot sé hé thong GPR-UAV

I_}(; Ky thuéat radar Tan sb Ang ten Ciu h‘mh do UAV
thong luwong

[9] FMCW Bang Ka Ma trén tuyén tinh MIMO May bay nho

[6] Pulsed Pulson 3,1-5,3 GHz | Helix Bistatic DJI Phantom 2
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He Ky thuat radar Tan sb Ang ten Cau hinh do UAV
thong luong
P410
[1] V6 tuyén ciu 2 GHz Ang-ten Vivaldi d6i Bistatic Hexacopter
hinh mém cuc
[2]1[3] | Tan sb bude 1-4 GHz | Angten loa Bistatic DJI Matrice
600 Pro
[4] Radar M- 0,95-6 GHz | 1 ang-ten xo0n oc Hai Vivaldi | ‘Kraken’
Sequence UWB TX + 2 ang-ten octocopter
Vivaldi RX
[10] | Pulsed Pulson 3,1-5,1 GHz | Ang-ten xoan 6c Quasi- DIJI Spreading
P410 monostatic | Wings S1000+
[11] | Radar M- 0,1-6 GHz | Hai ang-ten UWB Quasi- DIJI Spreading
Sequence UWB Vivaldi monostatic | Wings S1000+
[7] Pulsed Pulson 3,1-4,8 GHz | Hai ang-ten PCB Quasi- DIIF550
P440 tudn hoan logarit monostatic | hexacopter
[13] | FMCW 0,5-3 GHz | Ang-ten Vivaldi o DJI Matrice
Bistatic
600 Pro
[3] ilgg\gl\liknar 5(1)\(/;}20 Ang-ten loa SFCW X8
[12] SFCW 0,55-2,7 Ang-ten Vivaldi-Loa Bistatic DIJI Matrice
GHz 600 Pro
[8] Pulsed Cobra 0,5-260 COBRA Plug-in SE- Monostatic DIJI Matrice
Plug-In GPR MHz 150 600 Pro
[14] f;g;fd K21IDS 0,9 GHz Chua ro Monostatic xlillgfI{IGOI

3. Ly thuyét co ban vé hé thong GPR

gin trén UAV

Phan nay chiing t6i gi6i thiéu mé hinh ctia
mot hé thong GPR-UAYV, tir d6 tién hanh phan
tich nguyén 1y hoat dong cua nd. Hinh 1 miéu
ta mot mo hinh dién hinh ciia hé théng GPR-
UAV, trong d6, GPR duoc dat trén mot UAV
bay cach mat dit mot khoang cach nhat dinh.
Hé thong GPR sir dung hai dng-ten riéng biét,
mot ang-ten phat va mot ang-ten thu.

Khi thiét ké mot hé théng GPR-UAV, cac
yéu t6 can quan tdm 1a: 46 phan giai khong
gian, do sau quan tric, dién tich quan sat tdi
da, v.v. Hinh 2 md ta cu thé so do st dung dé
tinh toan cac tham sb cta hé thong GPR-UAV
duoc cho trén hinh 1.

Hinh 1: Mé hinh hé thong GPR-UAV
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D6 cao cua UAV

Mat dét

Do sau
muc tiéu

Hinh 2: So dé tinh todn tham sé

Cong thtrc tinh ban kinh Ry cua dién tich
quan sét t6i da ciia GPR trén bé mat trai dat 1a
mot ham cua do cao GPR so voi bé mat trai
dat H, tan s6 trung tdm f cua GPR va hang s6
dién moi trung binh cia moi truong &4, va
dugc tinh nhu sau [15] [16]:

R _0.075+ 0.075H (1)
e | e

trong d6, cac don vi cua hing sé “0.075”, H
vaf, lan luot 1a m/ns, m va GHz.

Vi gia tri hang s6 dién moi trung binh ciia
khong khi bang 1, nén Phuong trinh (1) c6 thé
dugc don gian hoa nhu sau:

_0.075 0.075H

—* | 2)

R§

trong d6, R 1a ban kinh ciia ving tiép xuc tdi
da duoi trung tam GPR khi GPR dugc dat trén
UAV. Phuong trinh (2) c¢6 thé dugc don gian
héa khi GPR dt trén mat dat (H = 0), ta co:

7 3)
Bén kinh ciia viing quan sat toi da cia GPR

0 do sau Z, R,, tinh theo Phuong trinh (2) la:

0.075 0.075 zZ

Gia st do sau cua ddi twong 1a Z va do
phan giai theo chiéu sau khao sat toi da 1a Dz,
day 1 nhitng yéu t6 quan trong anh huong dén
chét luong dir liéu duoc GPR thu thap. Do
phan giai theo chiéu sau (Dz) va kich thudc tdi
thiéu (Amin) cta cac vat thé ¢ thé phat hién
duoc ¢ thé duge tinh nhu sau:

“4)

o _ 015
e 5)

trong d6, don vi ctia hé s6 “0,15” 1a m/ns, va kich

thudc i thiéu ctia vat thé duoc tinh nhu sau:

(Z+H Z+H
10 10 >0
Amin =10.075 Z+H <D
AR Ul
C6 thé thay, d9 cao ciia UAV anh hudng dén
do chinh xac cta dir liu (theo cac Phuong trinh
(2), (4) va (6)) va do @6 phai duoc t6i wu hoa.
4. Thiét ké, ché tao hé thong radar
xuyén dit gin trén UAV dung cho khio sit,
do tim, do dac ddi twong dwéi mit dat

(6)

4.1. Yéu cdu co bén ciia hé thong

Trong phan nay, bai bao gidi thiéu mot hé
thong GPR-UAV duogc thiét ké dé khao sat, do
tim, do dac d6i tuong dudi mit dit va dic
diém cua céc 16p dat da phuc vu cho hoat dong
nghién cuu, khao sat tai nguyén va moi
truong. Cac tham s6 co ban cua hé thong duoc
cho tai Bang 2.

Bdng 2: Théng sé co ban ciia hé thong GPR-UAV dwoc thiét ké

Tén thanh phin

Cic thong sb co ban

- B9 cao cach mat dat khi bay: > 2 m;
- Tan s0 trung tdm: 80 MHz, bang thong 20-140 MHz;

Radar GPR - B¢ sau phat hi¢n dbi tuong cuc dai: dén 12 m;
- D6 phan giai dbi tuong cuc dai: dén 1 m;
Dinh vi - Sai s0 dinh vi: <1 m
Po cao - Sai s0 do cao: < 1%
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Tén thanh phéin Cic théng sb co ban
Truyén dir liéu - Cu ly truyén: dén 500 m; Tdc d truyén: dén 15 Kbit/s.
Khéi lugng - Khoi lugng tong thé cdc thanh phan dit trén UAV: =5 Kg

4.2. Céu triic chung va cdc thanh phén
chinh ciia hé thong GPR-UAV

Hé thdng GPR-UAV dugc thiét ké gdm
hai phan nhu mé ta trén hinh 3: Thanh phan
gin trén UAV va thanh phan tram mat dét.
Trong do: i/ Thanh phén dat trén UAV thuc

GPR-UAY - THANH PHAN GAN TREN LAY

MO-BUN (" h
PO CAO
GIAM SAT,

DIEU KHIEN
VA XU LY

RADAR TRUYEN Y
GPR \ Y. DU LIEU

(a) Thanh phan gin trén UAV

MG-BUN
DINH V|

hién chirc ning cua radar xuyén dit va thu
thap cac dir liéu vé vi tri, d0 cao cua hé théng;
ii/ Thanh phan tram mat dat thuc hién viéc
diéu khién hoat dong, thu nhan dit liéu cua
thanh phan trén UAV qua kénh truyén dit liéu
vo tuyén, tir 6 tién hanh xt 1y, hién thi va luu
trir két qua.

GPR-LAY - THANH PHAN TRAM MAT BAT

GIAM SAT,
DIEU
KHIEN VA
XLy

PHAN MEM TONG
HOP. XUT LY DO

LIEU VA HIEN THI TRUYEN

D LIEV

(b) Thanh phan tram mat dat

Hinh 3: So d6 cdu triic hé thong GPR-UAV thiét ké

4.2.1. Radar GPR: Radar GPR la thanh
phan cbt 16i cua hé thong GPR-UAV. Radar
GPR 14 thanh phén duoc thiét ké, ché tao va
tich hop st dung trong hé théng. Pay 1 loai
radar tin hiéu xung hep vé1 do rong xung dudi
10ns. Radar GPR dugc ciu thanh boi hai mé-
dun thu/phat riéng biét va do mo-dun thu xir

ly diéu khién, ddng bo. Cac mo-dun thu/phat

(a) M6-dun thu/phat GPR

(b) M6-dun Lidar

dugc gin véi ang-ten nhu trong hinh 4(a) va
dugc ¢b dinh vao hai dau ddi xtng trén gia d&
chung cua hé théng. Viéc diéu khién hoat
dong va thu thap dir liu cua radar GPR dugc
thuc hién tir Mo-dun giam sat, diéu khién va
xtr 1y gan trén UAV thong qua cong USB duoc
gan trén mo-dun thu, xir 1.

(c) M6-dun dinh vi GNSS

Hinh 4: Céc mé-dun chinh cia thanh phan GPR-UAV ddt trén UAV

4.2.2. Mo-dun do cao va mé dun dinh vi:
Trong hé thong GPR-UAV, radar GPR gin
trén UAV nén khoang cach toi mat dat la
khong biét trudc va thay doi theo thoi gian, dia
hinh, v.v. Nhu vy, dé tinh duoc do sau cua
muc ti€u (Length to Target) thi trudc ti€n phai
biét duoc do cao tir GPR t6i mat dit (Length

to Ground). Vi vay, trén hé théng GPR-UAV,
thiét bi do cao 1a mo-dun bat budc dé biét do
cao theo thoi gian ciia GPR so véi mat dat,
dung trong tinh todn chinh xac d§ sau cia muc
tiéu. Mo-dun dinh vi cung cip thong tin vi tri
cua hé théng dé thuc hién viéc tinh toan, tai
tao quy dao khao sat, v.v. Pé dam bao tinh doc
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lap va linh hoat trong str dung, h¢ théng GPR-
UAV thiét ké sir dung mé6-dun do cao va dinh
vi riéng. Theo d6, do cao dugc thuc hién bdi
mo-dun Lidar sir dung bd thu/phat AFBR-S50
cua hang BroadCom nhu trén hinh 4(b), c6
kha ning do cy ly dén 10 m, vdi sai sb phép
do duéi 1% cu ly do [17]. Hé thong thiét ké st
dung moé-dun dinh vi GNSS C94-M8P st
dung cong ngh¢ GPS RTK c6 thé dat do chinh
xac cao & muc cm cua hang Ublox [18] nhu
mo ta trén hinh 4(c).

4.2.3. Cac mé-dun chire ndng phan cing
khdc: Hé théng GPR-UAV 1a hé thong tich
hop da mo-dun, do do, ca thanh phén dat trén
UAYV va thanh phﬁn tram mat dat déu can mot
mo-dun giam sat, diéu khién va xu 1y dé diéu
khién va déng b hoat dong, truyén nhan dir
lidu, 1énh diéu khién giita cac thanh phan.
Cong nghé LoraWan dugc ap dung dé truyén
nhén dit liéu theo kénh vo tuyén giira hai thanh
phﬁn. May tinh tai tram mat dat duogc cai dat
phan mém c6 chirc ning giao tiép nguoi dung,
diéu khién toan bo hoat dong ctia hé théng va
hién thi, luu trit két qua.

4.3. Két qud thiét ké va thir nghi¢m

Duya vao két qua nghién ctru va cac yéu
cau datra, chung t61 da thiét ké, ché tao va tich
hop thanh cong mot hé thdng GPR-UAV 6 tan
s6 80 MHz, gén duoc trén thiét bi UAV dung
cho khao sat tai cac dia hinh phuc tap. Trén
hinh 5 mé ta hinh anh cta hé thong GPR-UAV
duoc thiét ké. Trong d6, hinh 5(a) 13 hinh anh
cua thanh phﬁn dat trén UAV sau khi ché tao
tai Phong thi nghiém, hinh 5(b) mé ta hé thong
GPR-UAV duoc gin trén UAV va thuc hién
bay khao sat ngoai thuc dia. Khéi luong tong
thé ctia thanh phan gin trén UAV la~ 5 Kg.

(b) Hé théng ldp 1én UAV va thir nghiém
Hinh 5: Hé thong GPR-UAV thiét ké

Hinh 6: Két qua thir nghiém cua hé thong
GPR-UA V ché tao )

Hinh 6 mo6 ta mot két qua khao sat thuc té
ciia hé théng GPR-UAV thiét ké, ché tao.
Theo d6, tong hop hinh anh tin hiéu radar GPR
dugc mo ta tai khung gitta cia giao dién, dang
tin hi€u hién thoi ciia mot “tia” quét radar
GPR dugc mo ta trong khung bén phai cua
giao dién phan mém. Két qua phan tich hinh
anh tin hiéu radar GPR thu dugc cho thy co
mot ddi tuong duogc phat hién nam trong
khung duong mau do nét dut. Vi tri dinh cua
ddi tuong dugc xac dinh tai do sau 2 m, phu
hop véi di twong duoc khao sat 1a mot dudng
6ng thoat nudc tai d6 sau 2 m.

Khi ldp dat 1én UAV, cac yéu t& moi
truong (cac di tuong xung quanh, su thay doi
d6 cao, v.v.) va anh huong tir UAV (mét can
bang, rung lic, v.v.) dan t&i tin hiéu thu bi
nhiéu dong, vi du nhu hién tuong truc “tia
quét” bi uén cong nhu trén hinh 7(a).
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(2) Dit liéu bi nhidu

(b) Dit liéu sau xir ly nhiéu

Hinh 7: Xu Iy tdc dong cua nhiéu khi dt trén UAV

Mot s giai phap k¥ thuat dugc ap dung
nhu hiéu chuin truc “tia quét” dya trén
gradient, 1ay trung binh tin hi¢u. .. gitp loai b6
dugc phan 16n anh hudng ctia nhidu nhu hién
thi trén hinh 7(b). Do d6, két qua khao sat cta
radar GPR trén giao dién 1a c6 thé sir dung dé
phan tich, phat hién va danh gia cac ddi tugng
dudi mat dat.

4. Két luan

Hé théng GPR-UAV dugc nghién cuu,
phat trién va tng dung tir nhu cau thyc tién va
diéu kién cong nghé hién nay. Mot hé théng
GPR-UAYV dung cho khao sat, do tim, do dac
ddi tuong dudi mat dat va dic diém cua cac
16p dat da phuc vu cho hoat dong nghién cuu,
didu tra, khao sat tai nguyén va méi trudng do
chung t6i thiét ké, ché tao, tich hop va tién
hanh thtr nghiém da duogc gioi thi¢u trong bai
bao nay. Két qua khao sat va thir nghiém
ching minh kha ning hoat dong thong sudt
ctia hé thong va xir Iy nhidu phat sinh khi GPR
dat trén UAV. Thong qua thiét ké miu nay,
chung t6i hi vong trong tuwong lai ¢6 nhiéu hé
théng GPR-UAV tdi uu hon phuc vu cho céc
muc ti€u khoa hoc va tng dung khéac nhau
dugc nghién ciru phat trién trong nuéc. Van
dé vé xir Iy triét dé cac nhidu tac dong tir moi

trudong va diéu kién hoat dong trén UAV doi
hoi phai nghién ctru, &p dung thém céac giai
phap k¥ thuat va thu nghiém. Pay cling 1a dinh
huéng nghién ciru tiép theo cia nhom tac gia.

Loi cam on: Bai bao nay 1a san pham cua
Pé tai nghién ctru khoa hoc doc lap cép B0 Tai
nguyén va Moi truong “Nghién ciru thiét ké
lap dat bo may do radar xuyén dat gin trén
thiét bi bay khong nguoi 1ai (UAV) phuc vu
hoat dong nghién curu, diéu tra, khao sat tai
nguyén va moi trudng”, mi s
TNMT.2022.03.05. Thong qua day, tap thé
tac gia xin chan thanh cam on.
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Design and implementation of ground-penetrating radar system mounted on drones
Dao Ngoc Long, The Viet Nam Institute of Surveying and Mapping

Pham Cao Dai, Truong Cong Anh, Nguyen Dang Hai

Institute of System Integration - Le Quy Don Technical University
Ground-Penetrating Radar (GPR) takes advantage of the ability to penetrate invisible
materials to detect and build images of buried or hidden objects underground and has been

widely used as a remote sensing tool. However, ground-penetrating radar is difficult to deploy
for complex terrain in traditional ways, such as mounted on carts. With the development of
Unmanned Aerial Vehicles (UAV) platforms, UAV-based GPR systems help expand the
working capabilities and increase the efficiency of GPRs. This paper first provides a general
overview of the current UAV-based GPR systems and some challenges. Next, based on the
overview results, a fabricated UAV-based GPR system is presented in detail. The test results
prove the system's correctness and feasibility. Finally, we summarize the results and prospects

of this promising technology.

Keywords: Ground Penetrating Radar; Drones; Remote sensing.
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