Nghién ciru khoa hoc cong nghé

NGHIEN CUU GIAI PHAP MO RONG DAI THONG CHO ANTEN DANG
DIPOLE NUA SONG SU DUNG TREN RA PA XUYEN PAT
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Tém tit: Ra da xuyén dat dwoc nghién ciru, trng dung trong phdt hién cdc vit thé kim
logi & nhiéu dai @ sdu khdc nhau. Dé dam bdo khd nang dé, cac loai ra da xuyén dat can
duoc trang bi cdc loai anten co dai thong lon. Trong bai bao ndy, ching t6i trinh bay giai
phap ky thudt nham mo rong dai thong cua anten ¢ tan s6 900 MHz bang viéc cdi tién
anten dipole nira séng vé dang anten dipole bowtie. Két qua phdn tich nguyén 1y hoat
ddng, tinh todn va mé phong trén phan mém CST 2019 cho thdy ddi théng cia anten
dipole nmira séng thong thuong dwgc mé rong ding ké khi cdi tién vé dang anten dipole
bowtie nham ddp iing yéu cau hoat déng trén ra da xuyén ddt.

Tir khéa: Ra da GPR; Anten GPR; Dipole.

1. PAT VAN BPE

Ra da xuyén dit (viét tit 1a ra da GPR — Ground Penetrating Radar) 1a cac thiét bj cam bién
theo nguyén 1y ra da duoc nghién ciru phat trién tir nhitng nim 1980. Ra da GPR str dung séng
v tuyén dé tham do dia chit hodc mot moi truong bét ky c6 ton hao dién méi. Trén thé gidi, ra
da GPR thuong dugc thiét ké dé hoat dong trong dai tan cyc rong tir 100 MHz dén 3000 MHz va
¢6 tinh ludng dung trong cac nghién ciru vé moi truong, xay dung, khao ¢d va do tim bom min
trong linh vyc quan sy. Do tinh bao mat cong nghé nén cac nghién ciru nay khong duoc cong b
chi tiét va tr thanh bi quyét cong ngh¢ cua cac nha san xuit. Cac thiét ké anten cua ra da xuyén
dat hién c6 thuong st dung nhiéu loai anten nhu: anten loa, anten guong, anten khe, mang
anten,... Cac loai anten nay dap tmg dugc nhiing yéu ciu vé dai thong cuia anten sir dung trén ra
da xuyén dét. Tuy nhién, chung c6 két ciu phuc tap, kho gia cong ché tao, gi4 thanh san xuit
cao. Mit khéc, kich thudc cac loai anten nay twong dbi 16n, chua tdi wu cho sirc voc ngudi Viét
Nam va moi truong hoat dong trén dia hinh ban son dia nhu ¢ nudc ta. Vi vay, viéc nghién ctu
cac giai phap k¥ thuat nham mé rong dai théng va thu gon kich thude vét 1y cta anten c¢6 ¥ nghia
quan trong trong nghién ctru thiét ké ra da xuyén dat & Viét Nam. Trong bai bdo nay, ching toi
trinh bay giai phap ky thuat nhim mé rong dai thong cta anten & tan sé 900 MHz bang viéc cai
tién anten dipole nira song thong thuong vé dang anten dipole bowtie.

2. NGHIEN CUU GIAI PHAP MO RONG DAI THONG CUA ANTEN DANG DIPOLE
NUA SONG TREN RA PA XUYEN DAT

2.1. Nguyén ly hoat dong chung ciia anten trén ra da xuyén dat

Ra da GPR hoat dong theo nguyén tic sau: song dién tir phat ra tir mot anten phat dudi dang
xung, lan truyen trong vat chat V6i van tc chi yéu dugc quyet dinh bai tinh chat cua vat liéu. Khi
song lan truyen trong long dat, néu nd gap cac bt dong nhat hoac cac mt ranh gidi gitra cac moi
truong c6 tinh chit dién khac nhau, mot phan nang luong song s& phan xa hoac tan xa tré lai mat
dat trong khi phan ning lugng con lai tiép tuc di chuyén Xuong phia dusi [1]. Song phan xa lai
duoc ghi nhan boi anten thu va luu trix trong bo nhé cua thiét bi dé sir dung cho xu ly va phan tich
vé sau. Anten phét c6 nhiém vu bién ddi song dién tir truyén trong phide thanh song dién tir tu do
birc xa vao mat dat [1]. Cau tao cua anten quyét dinh dic tinh bién doi nang lugng dién tir noi trén.
2.2. Phwong phip mé rong daii thong ciia anten dipole nira séng trén ra da xuyén dat
Dai thong dugc xem xét 1a khoang tan s6 ma & do hiéu suit cla anten théa man mot tiéu
chuan nhét dinh. Thong thuong trong dai thong, mot sd dic tinh anten nhu tré khang vao, gian
dd, do rong chum, phan cuc, mac thuy bén, hé ) tang ich, huéng chum, hi¢u suét buc xa,... phai
dat gia tri c6 thé chap nhan duoc theo tiéu chuin thiét ké [2]. D4i v6i trudng hop anten cua ra da
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xuyén dat, dai thong dugc dugc xac dinh dya trén hai tiéu chuén :

+ Dai tan s6 dam bao hé sb S11 cia anten nho hon -3 dB ;

+ Dai tAn s6 dam bao gian dd hudng phat xa & muc 3 dB ¢ d6 rong trong khoang 90° + 10°

Phuong phap mo rong dai thong cua anten trén ra da xuyén dat duogce thuc hién bér}g giai phap
cai tién anten dang dipole nira song thong thuong vé dang dipole bowtie lam bién doi tir tir thiét

dién anten [3].
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Hinh 1. Nguyén Iy lam viéc ciia hé thong ra da xuyén dat GPR.

Hé théng anten duoc ché tao cho ra da xuyén dat mang nhirng dic trung chuyén biét cua loai
anten hoat dong trong méi truong dia chat co tinh chét dién moi khong ddng nhat va co sy suy
hao 16n. Khac véi anten ciia cac loai ra da thong thuong, d6i voi anten cila ra da xuyén dat noi
chung buap song chinh c¢6 thé rong khoang 90°. Chinh dic diém thiét ké nay gidi han mot sb

chung loai anten c6 thé st dung trén ra da xuyén dét.

Cac anten dang dipole nira séng ¢ uu diém 1a don gian,
dé ché tao, dang gian do hudng phat xa nguyén ban c6 do
rong xap xi 90° nén két cau tong thé cua anten tinh gon.
Nhuoc diém cta cua chung loai anten nay dai thong hep va
hé s khuéch dai thép. Tuy nhién, khac véi cac loai ra da
thong thuong, ra da xuyén dét c6 diéu kién hoat dong dac
thii trong mdi trudng dia chat dat do sau ti da chi 15 m nén
yéu cau vé hé sd khuéch dai khong cao. Dipole nira song
thuong c6 cdu tao gdm mot diy dan thiang co chidu dai

| :%duqc kich thich boi ngudn théng qua duong phide

dén diém giita doan day [3] nhu hinh 2. )
Tré khang song cua dipole trong truong hop tong quat

1=N2 (~)

A 4

Hinh 2. Cdu tao ciia dipole
nita sONQ.
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khi I <A dugc tinh theo cong thirc:
o :120(In|——1) (1)
a

Trong d6: p, 1a tré khéng song ctia dipole, | 1a chiéu dai cta cua dipole, a 1a ban kinh coa
dipole, A1a budc song trong khong gian tu do.

Khi ting dan chiéu dai cta dipole, sai s6 ctia cong thirc 1 s& ting 1én. Trong trudng hop tong
quat khi | > A tré khang song cua dipole dugc tinh theo cong thirc:

p, =120(In 2= —E) @)
a

Trong do: p, la tré khang song cua dipole, | 1a chidu dai cua cua dipole, a 1a ban kinh cua
dipole, 114 budc song trong khdng gian ty do, E 1 hang s6 Oler.

Birc xa cua dipole nira song 1a xép chong cia buc xa
tryc tiép tir diém cap ngudn (birc xa clia song t6i) va nhiéu

xa manh tir diém cudi cua dipole. Mdi quan hé vé bién do 1 7
va pha cuia song toi va song nhiéu xa xac dinh d6 thi birc xa v
va déc tinh tré khang cia dipole nira song. Ciing vi su lién ¥

hé mat thiét vé pha giira cac song nay ma dipole nira song N2 )
noéi riéng va dipole hertz néi chung c6 dac tinh birc xa phu

thudce tan sb, do d6 bang thong khong rong. Pé khic phuc

van dé ‘nay, giai phap dugc dua ra la bién do6i dipole nira v

song vé dang dipole non. Dipole non la mot bién thé cua . p o )
anten dipole nira séng, ma cau triic dan dién c6 do day ting Hinh 3. Cau tqo ciia Dipole nén.
tuyén tinh theo khoang céch tir tim anten nhu hinh 3.

A I |

I=N2 (~, I=N2 I=N2
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Hinh 4. M6i quan hé ciia dipole bowtie va ho dipole.

CAu trac hinh hoc caa Dipole nén dwoc dinh nghia va quan 1y hoan toan bing gbc md cua
nén. Do d6, anten nén chiéu dai v han théa mén tinh chat cta anten doc 1ap tan s6 nén day la
anten bang rong. Trong thuc té cac anten nay thuong c6 do dai hiru han va bang thong cia n6
cling tré nén hiru han. Viéc cat b6t chidu dai anten s& anh huong dén gi6i han déap ung tan sd
thip cta anten. Gidi han tan sb cao cua anten s€ bi anh huong bai kich thude ving tiép dién. Tro
khang song ciia dipole non trong truong hop tong quat dugc tinh theo cong thic:

B
5) @)

Trong do: p, 1a tré khang song cua dipole, £ 1a goc m¢ cua dipole non.

p, =276lg(cotg

Mat khac, dipole non c6 mdt nhugce diém 1a khoi luong 16n, cdng kénh, kho ché tao. Giai
phap tlep theo duoc duara la bién ddi dang dipole nén vé dang dipole bowtie nhu hinh 4.

Xét v& mit cau tric, thuc chit dipole bowtie 1a mit cit phing cua dipole non. Do do, vé co
ban dic tinh blrc xa cua no tuong tu anten dipole nira song. N6 c6 uu diém la van gitt dugc mot
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s6 dic tinh vé dién cta dipole non va dé ché tao hon. Bang cach bién d6i dipole nira séng thanh
dipole bowtie cac ngudn song nhicu xa s€ trd thanh cac canh va goc cua anten, sy li€n hé vé pha
do do6 giam dang ké, bang thong anten trd nén rdng hon.

3. MO PHONG DANH GIA GIAI PHAP MO RONG DAI THONG CUA ANTEN DANG
DIPOLE NUA SONG TREN RA PA XUYEN PAT

3.1. So liéu dau vao

Xéy dyng mo6 hinh 3D cua 2 mau dipole nira séng va dipole bowtie hoat dong ¢ tan so trung
tam tan s6 fo= 900 MHz. Hai mau dipole c6 cung d6 dai thiét ké theo tan s6 fo- 900 MHz la:

| = % _kefy | 158mm 4)

Trong do: | 1a chiéu dai cua cta dipole, A 1a budc séng trong khong gian tu do, K ~ 0.951a
hé sb bu “Hiéu (g bién” & cudi dipole 1am tang chidu dai hiéu dung cia dipole, f, 1a tin s6
trung tam.

Xay dung mé hinh dipole bowtie véi goc md 60°, @6 day 16p dong 0.035 mm va md hinh
dipole nira séng & dang hinh try bang dong tron xoay v6i duong kinh 1 mm. Céac do thi birc xa
ctia dipole bowtie va dipole ludng cuc dugc thiét ké véi tré khang vao 1an luot 14 250 Q (gbc mé
60 °, & goc mo nay dd thi buc xa cua anten it thay d6i nhat) va 50 Q...
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Hinh 5. Xdy dung mé hinh dipole bowtie va dipole nita séng tai tan sé fo- 900 MHz.
3.2. Phuwong phap, cong cu mé phéng

dBi dBi
24 2.19

farfield (f=1) [1]
Farfield
on enabled (kR >> 1)

farfield (f=1) [1]

Dipole bowtie Dipole ntra séng
Hinh 6. Mé phéng tham sé dién tir truong cua mo hinh dipole bowtie va dipole nira song trén
phan mém CST 2019.

Thyc hién m6 phong, danh gia hiéu qua mo rong dai thong cia mz:n‘l dipole bowtie so v6i mau
dipole nira s6ng & tan so f,=900 MHz trén phan mém CST 2019 ¢ dai tan tir 0 dén 2000 MHz nhu
hinh 6. Dya trén két qua mo6 phong danh gia hi€u qua mo rong dai thong trén ca hai tiéu chuan:

+ Dai tin sb dam bao hé s S11 cua anten nhd hon -3 dB ;

+ Dai tan s6 dam bao gian dd hudng phat xa & murc 3 dB c6 d6 rong trong khoang 90° + 10°.
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3.3. Két qua mé phéng va binh luin

Két qua mo phong dai thong theo tidu chuan dai tan sb dam bao hé s6 S11 ctia anten nho hon

-3 dB thé hién trong hinh 7.
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Hinh 7. Két qud mé phong ddi théng theo ddi tan so dam bao hé sé S11 ciia anten nhé hon -3 dB
cua dipole bowtie va dipole nira song.

Tir két qua md phong cho thay:

- Dai thong anten theo tiéu chuan hé sé S11 cua anten nhé hon -3 dB cua dipole bowtie tir
570 MHz dén 2000 MHz. Dai thong dat it nhat 158% do thuc t& mo phong dai tin sb dat tiéu
chuan nay vuot ngoai khoang khao sat tir 570 MHz dén 2000 MHz;

- Dai thong anten theo tiéu chuan hé s6 S11 cuia anten nho hon -3 dB ciia dipole nira séng
thong thuong tir 799 MHz dén 1063 MHz. Dai thong dat 29.3%.

Farfield Gain Abs (Phi=0) Farfield Gain Abs (Phi=0)

farfield (f=0.4) [1] farfield (f=0.8) [1]

120 120 120
Frequency = 0.4 GHz
Main lobe magnitude = 1.17 dBi 180
Main lobe direction = 90.0 deg.

Theta / Degree vs. dBi ~ Angular width (3 dB) = 87.8 deg.

Frequency = 0.8 GHz
10 i bobe magnitude = 2.18 dBi

Main lobe drection = 90.0 deg
Theta / Degree vs. dBi  Angular width (3 dB) = 81.2 deg

-150

Hinh 8. Két qud mé phong tan sé cdn trén va cdn dwdi cia dai thong
theo tiéu chuan ddi tan sé dam bdo gidn dé huéng phat xa ¢ mirc 3 dB
¢6 do rong trong khodng 90° £ 10° ciia dipole nira séng.

Két qua mé phong dai thong theo tidu chuin dai tin s dam bao gian dd hudng phat xa & muc
3 dB c6 do rong trong khoang 90° + 10 Két qua md phong dai tin sb cua dipole nira song thé
hién trong hinh 8.

Két qua md phong dai tan s6 cua dipole bowtie thé hién trong hinh 9.

Tir két qua md phong cho thay:

- Déi thong anten theo tiéu chuan dai tin s6 dam bao gian dd hudng phat xa ¢ mirc 3 dB ¢6
d6 rong trong khoang 90° + 10° ctia dipole bowtie tir 700 MHz dén 1100 MHz. Dai thong theo
tiéu chudn nay dat 44 %;

- Dai thong anten theo tiéu chuin dai tan s6 dam bao gian dd hudng phat xa & mirc 3 dB ¢6 do
rong trong khoang 90° + 10° ctia dipole nira song tir 400 MHz dén 800 MHz. Dai thong theo tiéu
chuin nay c6 xu hudng l1éch ra khoi tin sd trung tim f,-900 MHz.

Téng hop két qua md phong cho thiy, phuong phap bién ddi dipole nira séng vé dang dipole
bowtie dem lai hiéu qua mo rong dai thong rd rét theo ca hai tiéu chuan danh gia so véi dipole
nira séng nguyén ban. Noi dung mo phong thé hién sy twong dong giira 1y thuyét vé két qua mo
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phong Day 1a co s¢ budc dau dong vai trd quan trong cho viéc hoan thién thiét ké ché tao cac
méau anten dai rong trén ra da xuyén dat.

Farfield Gain Abs (Phi=0) Farfield Gain Abs (Phi=0)
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Hinh 9. Két qud mé phéng tan sé cdn trén va cdn dudi ciia dai thong theo tiéu chuan ddi tan sé
dam bao gian do huéng phat xa 6 mirc 3 dB c6 do rong trong khoang 90°+ 10° ciia dipole bowtie.

4. KET LUAN

Trén déy, nhom tac gia vura trinh bay mot cach tong quan vé phuong phap mo rong dai thong
cua anten st dung trén ra da xuyén dat bang cach cai tién anten dang dipole nira song vé dang anten
dipole bowtie. Bang phuong phap phén tich co s¢ ly thuyét anten dang dipole nira song va thyc
hién mo phong trén phan mém CST 2019 nham danh gia hiéu qua mé rong dai théng cua mau
dipole bowtie so voi mau dipole nira song thong thudong. Két qua cho thdy, anten dang dipole
bowtie ¢ dai thong duge mo rong dang ké so véi dipole nira song thong thuong. Nhimg két qua
nay 14 tién d& cho viéc nghién ctru tng dung anten dipole bowtie mot cach toan dién khong chi trén
ra da xuyén dt ma con c6 tiém ning tmg dung trong cac san phdm quan sy sau ny.
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ABSTRACT

RESEARCHING THE SOLUTIONS FOR EXPANDING THE BANDWIDTH
OF HALF-WAVELENGTH DIPOLE ANTENNAS APPLIED
IN GROUND-PENETRATING RADAR SYSTEMS

Ground-penetrating radar systems have been researched and applied in detecting
metal objects at different depth ranges. To ensure their ability, ground-penetrating radar
systems need to be equipped with high-bandwidth antennas. In this paper, we present a
technical solution to extend the antenna bandwidth at 900 MHz by improving the half-
wave dipole antenna to a bowtie dipole antenna. The analysis of operating principles and
calculation, simulation on CST 2019 software show that the bandwidth of antennas is
significantly expanded when changing from the ordinary half-wave dipole form to the
bowtie dipole form. This aims at meeting the specific requirements of ground-penetrating
radar systems.
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