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TOM TAT

Ra da xuyén dat dwoc nghién citu, 1ing dung trong phat hién cdc vit thé kim logi & nhiéu dai
dé sau khac nhau. Bé dam bao kha nang do, cac loai ra da xuyén dat can dwoc t6i wu cdu tric
tin hiéu phat cho timg dai dg sau khdc nhau. Bai bdo nay trinh bay cdc nguyén tac phan tich, lya
chon cau tric tin hiéu phat cho hé théng ra da xuyén dat & dai tan 100 + 1000 MHz. Két quad
phan tich nguyén Iy hogt dong, tinh toan, thir nghiém thuc té cho thdy viéc lira chon cdu triic tin
hiéu phat quyét dinh dén d¢ sdu phat hién, do phan gidi theo yéu cdu thiét ké nham dap iimg yéu
cau hoat dong trén ra da xuyén dt.

Twr khoa: Ra da GPR; Tin hiéu; CAu truc tin hiéu.
1. MO PAU

Ra da xuyén dit (viét tit 1a ra da GPR — Ground Penetrating Radar) 14 cac thiét bj cam bién
theo nguyén Iy ra da dugc nghién ciru phat trién manh mé tir nhimg nim 1980 [1]. Ra da GPR st
dung song vo tuyén dé tham do dia chat hodc mot méi truong bét ky ¢ tén hao dién méi. Trén
thé gi6i, ra da GPR thuong dugc thiét ké dé hoat dong trong dai tin cuc rong tir 100 MHz dén
3000 MHz va c6 tinh ludng dung trong cic nghién ciru vé modi truong, xiy dung, khao cb va do
tim bom min trong linh vyc quéan sy [2]. Trong do, lya chon cAu trac tin hiéu phat 1a mdt trong
nhiing cong nghé then chét dam bao kha ning lam viéc hiéu qua cia ra da GPR. Trong bai béo
nay, ching tai trinh bay giai phap phan tich, tinh toan, lya chon dang tin hi¢u phat, d6 rong xung
phat va tan sd lam viéc trung tdm nham dép tmg yéu cau vé cau triic tin hidu phat cho hé thong ra
da GPR ¢ dai tan 100 + 1000 MHz.

2. PHAN TiCH, LUA CHQON CAU TRUC TiN HIEU PHAT CHO RA PA XUYEN PAT
2.1. Nguyén ly hoat dong chung ciia ra da xuyén dat

Xung fiéng Ngubn nusi Mar: hinh
bd hién thi

Diéu khién ché do phat

Tao tin Ghep B bién ddi sb - Xirly twong quan B6 xir Iy tin higu
hiéu pha! coupler tuong tuw ADC l FPGA

May thu bang rong
Bo bio vé KD cao tén B0 loc Khubch ai B6 bién ddi 56 -
° dairong théng ddi dai rong tuong tw ADC

Antenna Antenna
Phit = N T

Khuéch dai
cong sudt

Xung gbc

Nhiéu Tin hiéu thu

Hinh 1. So do Chu’c nang ra da GPR.
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Ra da GPR hoat dong theo nguyén tac sau: Song dién tr phat ra tr mOt anten phat dudi dang
xung, lan truyén trong vat chat véi vén toc chu yéu dugc quyet dinh boi tinh chat cta vat liéu.
Khi séng lan truyén trong long dat, néu n6 gip cac bat dong nhit hodc cac mit ranh gidi giita cac
mdi trudng co tinh chit dién khac nhau, mot phan nang lugng song s€ phan xa hodc tan xa tro lai
mat dat trong khi phan ning lugng con lai tiép tuc di chuyén xuong phia dudi [3]. Song phan xa
lai duoc ghi nhan béi anten thu [4] va luu trit trong bd nhé cua thiét bj dé st dung cho xur Iy va
phén tich vé sau. So d6 chirc nang cua ra da GPR dugc thé hién trong hinh 1 dugc phan thanh
cac tuyén co ban nhu sau:

- Tuyén phét;

- Tuyén thu;

- Tuyén xtr ly tin hiéu va hién thi;

- Tuyén diéu khién va dam bao.

2.2. Phén tich, lya chon céu triic tin hi¢u phat cho ra da GPR
2.2.1. Anh huong cua cdu triic tin hiéu dén cdc tham sé ky thudt cua ra da GPR

Xuét phat tir nhiém vu va chirc ning cta ra da GPR, d6 sau phat hién va d6 phan giai 1a 2 yéu
cau ky thuat duoc lua chon dau tién khi thiet ké ra da GPR. Tat cd cac chi tiéu k¥ thudt cling nhu céc
giai phap k¥ thuat duoc lya chon, thyc hién trong ra da GPR déu nham muc dich dam bao 2 yéu cau
ndy. Anh huéng cua viéc lya chon cu tric tin hiéu phat dén cac yéu cau k§ thuat ciia ra da GPR cu
thé nhur sau: Dai tan 1am viéc, d6 sau phat hién, do phan giai, mirc do phirc tap ciia hé thong.

2.2.2. M6i quan hé gitra dang tin hiéu phdt, d rong xung va yéu cau thiét ké

Tuy thudc vao céach thuc thu thap dir li¢u, ra da GPR bao gém 2 loai: ra da GPR lam viéc &
mién thoi gian, st dung tin hiu phat dang xung (ra da GPR xung) va ra da GPR lam viéc & mién
tan so, st dung tin hi¢u phat li€n tuc (ra da GPR lién tyc). Ra da GPR xung c6 uu diém Ia cau
tric don gian, kha ndng dam bao thong tin cao, gid thanh san xuat thap nhung nhugc diém do
phan giai bi gidi han bdi do rong xung. P& dam bao do phan giai cao thi yéu cau d6 rdng xung
rat hep (cd ns).

2.2.3. Méi quan hé giita tan s6 trung tdm cia tin hiéu phat va yéu cau thiét ké

Tén sb 1am viéc ctia ra da GPR lién quan chit ché véi 2 yéu cau ki thuat 1a do siu phat hién
muc ti€u va do phan giai myc tiéu cua. Tan so lam vi€c cang cao thi d§ sau phat hién muc ti€u
cang giam, do phan gidi muc ti€u cang tang (va nguoc lai). B9 sau phat hién dugc tinh theo cong

thue [5]:
go 1200VK -1 %K—l 1)

Trong d6, £P 14 tan sé 1am viéc trung tam (MHz), D 1a d6 sau lam viéc (m), K 1a hang s6
dién moi.

Do phan giai theo cu ly duoc tinh theo cong thire [6]:
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Trong do6, £R 1a tan s6 1am viéc trung tim (MHZ), Az 1a d6 phan giai (m), K 13 hing s6 dién méi.

3. TINH TOAN, THU NGHIEM, THAO LUAN

3.1. Tham s6 k¥ thuit ciia ra da GPR cén thiét ké

Phan tich, tinh toan, lya chon céu tric tin hiéu phat cho ra da GPR c6 cac tham $6 ky thuat
dugc trinh bay trong bang 1.
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Bing 1. Cac tham s6 ky thudt ciia ra da GPR cdn thiét ké.

STT Chi tiéu ky thuat Pon vi Gia tri
1 | Déi tan lam viéc MHz | 100 + 1000
2 | B0 sau phat hién m 0.1+15
3 | P9 phéan giai (phu thudc vao anten dugc chon) m 01+1
4 | Cau triic hé thong Pon gidn

3.2. Phin tich, tinh toan, lya chon tham s cu triic ciia tin hi¢u phat cia ra da GPR
3.2.1. Phan tich, lra chon dang tin hiéu phat va do rong xung dap g yéu cau thiét ké

Phu hop voi quan diém thiét ké da néu trén bang 1, ta lya chon phuong an ra da GPR xung
voi cac uu diém: Cau triic don gian va gia thanh san xuét thap. D€ han ché anh hudng nhiéu da
duong va nang cao kha nang chong nhi€u cho ra da GPR, ta sir dung loai ra da GPR xung vdi tin
hiéu phat la xung thi tan khong song mang twong ty nhu ra da GPR UWB. Giai phap nay cho
phép don gian cau tric may thu phat cua ra da GPR. Vi cac tan so lam viéc trung tam dy kién
lya chon 1a 100 MHz, 500 MHz, 1000 MHz (Phan tich trong muc 3.2.2), 6 rong xung hep tuong
ung 1a 10 ns, 2 ns, 1 ns.
3.2.2. Phdn tich, tinh todn, lira chon tan sé trung tam cua tin hiéu phat ddp iing yéu cdu thiét ké

Dé dung hoa 2 yéu cau ky thuat do séu phat hién va do phén giai, viéc phat tin hiéu trong 1
dai tan hep khong dap ing duoc yéu cau thiét ké. Giai phap k¥ thuat dé khac phuc diéu nay 12 sir
dung co ché chuyén tan s trong 1 dai tan rong két hop véi viéc lya chon tan sd 1am viéc trung
tam hop ly. St dung cong thue (1) va (2) trong diéu kién hang sb dién mdi K =5, két hop phéan
tich, lwa chon cho thay trong dai tan lam viée (100 + 1000) MHz cac tan s6 lam viéc trung tam la
100 MHz, 500 MHz, 1000 MHz dap ung cau thiét ké va thuan loi cho viéc tao xung hep tuong
ung 1a 10 ns, 2 ns, 1 ns thé hién trong bang 2.

Bing 2. B§ siu phat hién, dé phan gidi trong dai tan (100 + 1000) MHz.

STT Tan s6 lam vige Do rong xung phat Dy sau phat hién | D§ phan giaii hi¢u
trung tam [MHz] [ns] hi¢u qua [m] qua [m]
1 100 10 <15 <1
2 500 2 <25 <0.2
3 1000 1 <1.0 <01

3.3. Két qu q a thu’ nghlem thu’c te cia ra da GPR va binh luan

a) Thir nghiém ra da GPR trén thyc dia. b) Két quad man hinh hién thi khi phat hién muc tiéu
gia dinh cua ra da GPR.
Hinh 2. Ding ra da GPR do phat hién muc tiéu gida dinh dwoc chon & nhiéu dé sau khdc nhau.
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Thir nghiém sir dung ciu trac tin hi¢u phat trén ra da GPR trong diéu kién thyc té dé phat hién
muyc tiéu gid dinh dugc chon cach mét dat ¢ nhicu dai d sau khac nhau nhu hinh 2. Két qua thu
nghiém thuc té dugc thé hién ¢ bang 3.

Bing 3. Két qua thir nghiém ra da GPR.

STT | Chitiéu ky thuat | Ponvi | Giatri
1 | B9 sau phat hién m 0.1+15
2 | b6 phén gidi m 01+1
Ket qué thtr nghiém thyc té cho thay ra da GPR st dung tin hiéu phat dang xung hep vai cac

tan s6 lam viéc trung tdm 1a 100 MHz, 500 MHz, 1000 MHz dép tng yéu céu vé do sau phat
hién 14 (0.1 = 15) m va do phan giai 1a (0.1 + 1) m phu hop tinh toan 1y thuyét.

4. KET LUAN

Dua trén yéu cau thiét ké ra da GPR: Dai tan lam viéc (100 + 1000) MHz, d6 sau phat hién
(0.1 - 15) m, d6 phan giai (0.1 - 1) m, cau triic hé thong don gian,... Nhoém tac gia di tién hanh
phén tich, tinh toan, lya chon céu trac tin hidu phat trén ra da GPR. Két qua phan tich, tinh toan,
lwa chon cho thiy: Trong dai tan lam viéc (100 + 1000) MHz, tin hiéu phat dang xung hep 10ns,
2ns, 1ns twong Gmg voi cac tan sb lam viéc trung tam la 100 MHz, 500 MHz, 1000 MHz dap mg
yéu cau thiét ké. Két qua thir nghiém thuc té & thuc dia cho két qua twong mg ching té sy phu
hop giita co so 1y thuyét va thyc té thiét ké, ché tao. Giai phap phan tich, lya chon ciu trac tin
hi€u phat c6 y nghia quan trong khong chi 4p dung trén ra da GPR ma con c6 tinh Gng dung cao
trong tinh toan thiét ké cac loai ra da khac.
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ABSTRACT

Analysis and selection of signal structure for ground-penetrating radar

Ground-penetrating radar has been studied and applied in detecting metal objects at
various depths. To ensure that, ground-penetrating radars need to be optimized for the
signal structure for each different depth range. This paper presents the principles of
analysis and selection of signal structure for ground-penetrating radar systems in the
frequency range of 100-1000 MHz. The results of the analysis of the operating principles,
calculations, and practical tests show that the selection of the transmitter signal structure
determines the detection depth, resolution, etc., according to the design requirements to
meet the requirements. operate on ground-penetrating radar.

Keywords: Radar GPR; Signal; Signal structure.
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