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Tém tit: Bai bdo gidi thiéu vé kha nang do, kiém tra cia Hé thong do dng - ten &
trwong xa. Gidi phdp thiét ké cau hinh hé thong do dwoc dwa trén két qua khdo sdt, tinh
toan anh huong cua dia hinh va méi truong trong khu vuc trién khai béi do thuc té. Hé
thong do, danh gid tham s6 dng - ten ¢ truong xa c6 chirc ndng do, kiém tra, danh gid cdc
tham s6 cia dng - ten ra da va dng - ten ciia cdc thiét bi vé tuyén dién & pham vi truong
xa, dwa ra tham s6 gian do hudng canh song dng - ten dang 2D hodc 3D, ké ca cdc dng -
ten ra da co kich thuoc mat mo lon nhw I1-18, I11-37, ...
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1. GIOI THIEU PHUONG PHAP PO ANG - TEN O TRUONG XA

Nguyén ly co ban cua phuong phap do ang - ten ¢ truong xa dugc mo6 ta trén hinh 1, do la ang
- ten can do duoc 1p trén mot ban xoay c¢6 kha néng chiu dugc tai trong cua dng - ten khi quay,
ban xoay phai ¢6 m6 men quay va md men gilr thing dugc lyc ma sat nghi, luc can ctia khong
khi, luc can cta gio va giit dugc do on dinh cia ang - ten trong qua trinh quay bai vi bat ky hién
tugng rung lic cua dng - ten trong qua trinh do kiém cing gdy ra sai s6 ctia phép do. Ang - ten
phat c6 nhiém vu nhan tin hiéu chudn tr may phat bién d6i thanh nang luong dién tir trudng va
phat ra khong gian ty do ¢6 phén cuc can thiét cho ang - ten can do thu nhan dir liéu dudi sy diéu
khién ciia phan mém do kiém truc tiép bién doi két qua do dudi dang bang hodc dit licu [2].

Mo ta phuong phap co ban do theo phuong phap trudng xa:
- Ang - ten cam do quay theo mit phang goc phuong vi va goc ta;
- Ghi nhan dir liéu ang - ten theo truong xa 1én may tinh.

=

Anten phat ding yén

Anten thu (anten cin
do) Quay theo goc
phuong vi va goc ta
Hinh 1. Nguyén Iy co ban cia phwong phdp do ang - ten o truong xa.
Dé dam bao do chinh xéc cua phép do thi khoang cach gilta ng - ten can do va ang - ten phét
phai thoéa man diéu kién [2]:
2D?
R>— (1)
A
Trong do: R 1a khoang céch giira 2 ang - ten, m;
D la kich thudc 16n nhét cua ang - ten can do, m;
A l1a bude séng clia Ang - ten can do, m.

Ngoai ra, chiing ta can dam bao do cong pha cua tin hiéu tai bé mat tlep tuyén cua dng - ten
(mat mo) < 22,5° cling nhu d6 c6n bién df cua tin hi¢u tai bé mat tiép tuyén cua dng - ten (mit
mo) < 0.25 dB. O day, khoang cach giita 4ng - ten can do va ang - ten phat tin hi¢u ti 1¢ nghich
v6i @6 cong pha va do con bién do. Tuc 1a khoang cach gilta 2 dng - ten cang lon thi d§ cong pha
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va do con bién do cang nho. Do d6, két qua ciia phép do cang chinh xac khi khoang cach gitra 2
ang - ten nay cang 16n. Tuy nhién, khi khoang cach cua cac ang - ten nay tang 1én yéu ciu vé quy
dat trong tang 1én ciing nhu xuat hién cac dia vat va cac yéu to mat dong nhat vé dia hinh s& gay
sai s0 cua phép do cling nhu tang xac suat xuat hién cac ngudn birc Xxa gy nhiéu 1én két qua do.
Yéu té phan Xa mat dat gy ra do chiéu cao lap dat cac ang - ten can do va ang - ten phat cing
gdy ra cdc sal s6 cua phép do. Do viy, nha cung cip giai phap do phai co k¥ thuét loai bo cac yéu
t6 gay sai sb ting do chinh xac ciia phép do.

Céc tiu chi co ban lién quan dén viéc Iya chon bai do kiém dé thoa mén giai phép do:

- Khu vye tim nhin thing khéng c6 chuéng ngai vat vi du nhu cay cdi, duong day dién, nha
xuong,. ..

- D6 dinh hudng cua ang - ten phat: Ang ten phat dung dé phat tin hiéu can do c6 bap séng
chinh chiéu xa vao bé mit ctia dng - ten cin do kiém;

- Mtc bup song bén cua ang - ten phat: St dung ang - ten phat cd blp song bén nho s& lam
giam cac yeu to phan xa trong qua trinh do;

- Nguon phat mo rong — Bai dat trong va moi truong xung quanh khong c6 chuong ngai vat vi
du nhu toa nha, tram phat tin hiéu cua dién thoai di dong va cac thiét bi phat dap vo tuyén;

- Pia vat phai c6 bé mit bang phang. Trong khoang khong gian do ¢ bt ctr dia vét nao khac
s€ gay ra cac phan xa anh hudng dén do chinh xac cia phép do.

Céc tiu chi vé thiét ké dién tir truong co ban phai duge can nhic dé giai quyét van dé sau:

- Ghép hd cam va ghép cam g giita cac ang - ten thu va phat;

- B cong pha cua tin hiéu chiéu xa vao ang - ten do;

- D6 con bién d6 (amplitude taper) cua tin hidu chiéu xa vao dng - ten can do;

- Su phan xa gay ra su thay d6i tudn hoan cta tin hiéu chiéu xa vao ang - ten can do;

- Anh huéng nhidu tir cdc ngudn phat xa bén ngoai.

Giai phap cia hang NSI-MI (My) cung cap la giai phap duya trén nén tang phan mém thu, diéu
khién va phén tich dit liéu do kiém — déy 1a trong tdm cia giai phap, két hop vdi hé thong ban
xoay chiu dugc tai trong 16n, mé men quay 16n cing v6i cac mdy phat va thu tin hiéu so,. .. dé tao
nén hé thong do hoan chinh. Phian mém dugc tich hop véi hé thong do kiém va diéu khlen do,
cac thiét bi diéu khién quay ang - ten, diéu khién quay phan cuc, cac hé thong k¥ thuat phuc vu
cho viéc diéu khién, danh gia chat luong cua céc ang - ten theo yéu cau. T4t ca cac khau cua hé

thong déu ’duo’c 1ap trinh diéu khién, cac thao tac déu duoc thuc hién tu dong cho Kkét qua do
kiém véi toc d9 va dd chinh xac cao [4].
2. THIET KE HE THONG PO ANG - TEN TRUONG XA

2.1. Phan tich Iya chon ang - ten phat tin hiéu

Dé thoa mén cac qiéu kién da phan tich ¢ trén cung vdi cac loai dng - ten can do, ching t6i
thue hién phén tich t6i uu tai tan s6 18 GHz. Sau khi phan tich 2 ang - ten phat c6 d¢ rong mat
m¢ 24” va 727 duge st dung d€ lam ang - ten phat. Cac phén tir lwa chon quan trong ¢ day dugc
gi61 han diém khong déu tién xdy ra tai 1.7° hodc nho hon va tao ra d6 c6n bién d6 0.25 dB hoac
nho hon. Goc 1.7° trung v&i goc tir tdm cua ang - ten phat dén chén de€ cua thap thu (gia su la 12
m). Gia tri 12 m dugc xdc dinh bang 4 lan kich thude chi€u cao cua ang - ten (gia st kich thuge
a3 mdo do chiéu cao cia thap ang - ten thu phai la 12 m). Ngoai ra, gian d6 burc xa cua dia ang
- ten 14 thanh phan quan trong trong xac dinh dg c6n bién d¢ trong ving do kiém nhu da trinh
bay viéc lya chon mot dng - ten c6 do rong chum hop 1y cling nhu di€ém khong dau tién/bup song
bén s& tao ra phan xa nho nhat.

Duya trén cac trinh bay vé tiéu chi thiét ké néu trén ching toi chon cac ang - ten phat sau:
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- Ang ten loga chu ky & tan s6 100 MHz & c4u hinh nang 1én hodc & ciu hinh phan xa ctia
mat dat. Ang ten nay duoc chon duya trén khoang cach do 14 320 m va chiéu cao ciia ng - ten
phat & vi tri toi thiéu 12 m;

- Ang ten guong phan xa c6 dudng kinh mat mé 24” duoc dung cho truong hop ang - ten &
tan s6 18 GHz. Chiéu cao cua ang ten can do phai & khoang cach 8 m so voi mat dat.
2.2. Phan tich va tinh toin vé khoang cach
Khoang cach dam bao do chinh xéc tuyét di thuong duoc tinh [2]:
4D?
R>— )
A
Trong do: R 1a khoang céach gitra 2 ang - ten, m;
D 14 kich thu6c 16n nhét cia dng - ten can do, m;
A 12 budc song cia ang - ten can do, m.

Sau khi phan tich tai tin s6 100 MHz véi dng - ten c¢6 kich thuéc dudong kinh 15.5 m, chiéu
cao ang - ten 3 m. Dya trén nhiing phan tich va céc tiéu chi dua ra ¢ trén, ang - ten nay can phai
dat o vi tri c6 chi€u cao tinh tir mat dat cao hon 4 lan so v6i kich thude chiéu cao cta ang - ten.
Khoang cach do tir ang - ten phat cho dén dng - ten can do can phai lon hon 320.3 m d€ dam bao
duong cong pha cua tin hiéu trong viung do kiém (test zone) phai nho hon 22.5°,

Do do, voi dang ang - ten nay thi ang - ten phat va ang - ten can do can dugc dit o cung mot
chiéu cao. Vi ang - ten cin do c6 chiu cao 12 3 m thi ket qua 1 chiéu cao cua dng - ten can dit
& vi tri c6 chidu cao it nhit 1a 12 m dé dam bao cac yéu té phan xa cua mat dét.

Céc loai ang - ten khac can st dung k¥ thuat “phan xa mat dat”. Trong ché do lam viéc dng -
ten can do van dat & chiéu cao 1a 12 m va ang - ten phat sé dugc dét ¢ thap cua ang - ten phat gan
mat dat. Ly tudng 1a cac bup song bén bi thu va chan lai boi mat dat. Ngoai ra, thi bdp séng
chinh khong bi phan xa boi mat dat va né duoc diéu chinh sao cho n6 dugc hudng vao vung do
ki€m ctia dng - ten can do. Ky thudt nay dugc sir dung rat pho bién va rat hi€u qua doi vdi cac tan
s0 dudi 15 GHz. biéu nay can dugc to6i wu hda ngoai thuc dia baoi vi két qua phu thude chi yeu
vao sy phan xa va d¢ bang phiang ctia mat dat. Ly tuong mat dat phai nhan thi két qua s€ tot hon
s0 voi truong hop g6 ghe.

Tuy nhién, do gi6i han vé khoang cach cua khu vyc do kiém, ta sir dung tiéu chi dam bao
truong xa tbi thiéu nhu bang 1. Dé dam bao muc dich do kiém trong tuwong lai khoang cach t6i
thiéu giira dng - ten phat va ang - ten thu cang 1on cang tot.

Bing 1. Khodng cdch truong xa toi thiéu (m).

Loai | Puong kinh mat mé | Tan sb lam viéc cia | Bué6c , , \
< . A < A . Khoang cach truong
ang - | cua ang - ten can do ang - ten can do song 5 thi 2n.
ten (m) (GH2) (m) xa toi thieu 2.D/A (m)
1 15.5 0.1 3.000 160.2
2 3.0 1.0 0.300 60.0
3 2.0 10.0 0.030 266.7
4 2.0 14.0 0.021 373.3
5 1.5 18.0 0.016 281.25

Dua trén cac phan tich co ban duoc dua ra ¢ trén, ta xac dinh dugc cac yéu cAu cu thé vé hé
thong nhu sau:

- Chiéu cao cua cac thap dng - ten cin phai dam bao > 12 m. Trong ban phén tich nay thi
chi€u cao nho nhat 1a 12 m. Chiéu cao cua thap do nén cao hon 12 m dé giam thiéu cac hién
tuong phan xa ciia mat dat;
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- Ang - ten phat Iy twéng cho truong hop ¢ tan s6 (100 + 1000) MHz 1a dng - ten logarit chu
ky. Di€u nay dua trén thong tin dau vao la ang - ten c6 duong kinh mat mo 1a 15.5 m, tan s6 100
MHz, khoang cach giita ang - ten phat va ang - ten thu to6i thiéu 1a 322 m;

- Ang - ten phét 1y tuéng cho truong hop ing - ten ¢ tan s6 (1 = 18) GHz 1a ang - ten dia
parabol c6 duong kinh dia 24”.

3. THANH PHAN VA TINH NANG KY THUAT CUA HE THONG
3.1. Céu tao, thanh phin ciia h¢ thong

So d6 hé thdng cua giai phap do dng - ten ¢ trudng xa trién khai ngoai troi ciia Vién Ra da

dugc mo ta trong hinh 2.

MAI (CFE)
Phang Bibu Khidn (CFE)

Hinh 2. So dé hé thong ciia gidi phdp do dng - ten ¢ truong xa.

CAu truc co ban cua Hé thdng do tham sb dng - ten & truong xa gdm cac thanh phan chinh
Sau:

- Baii do, 1a khu dét c6 dién tich (kich thudc chiéu rong, chiéu dai) thoa mén theo yéu cau kich
thudc mat mo theo phuong ngang cua ang - ten can do;

- Thap phat (12), dng - ten phat (18/19) va thiét bi diéu khién phén cyc (13);

- May phat tin hi€u dai rong (4);

- Thap ang - ten thu, ban xoay dng - ten thu (ding - ten can do tham sd) (2);

- Thiét bi diéu khién quay ang - ten thu va diéu khién hé thong (8);

- Hé thdng cao tan (thiét bi phat va thu dit liéu do) (5);

- Phdan mém do dng - ten truong xa;

- B6 khuéch dai va cac phu kién két ndi (7, 14);

- Céc thiét bj bao dam cho phép do: bo dam, thiét bi ngém chinh tam pha, camera, thiét bi cu
ang - ten do 1€n thap thu.

Céu hinh thiét bi cua giai phap c6 thay doi dya trén két qua khao sat va tinh toan anh hudng
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cua dia hinh va méi truong trong khu vyc trién khai bai do. Diém ndi bat ciia giai phap ¢ ddy can
nhan manh:

- Dai tan dudi cua giai phap co thé xubng thap dén 100 MHz dbi véi viée do khao sat dng -
ten & tan sb thap 1a dic biét kho khan boi vi: Budce song tan s 16n, ¢6 nhiéu tin hidu nhidu do cac
dai phat thanh va cac hé thong thong tin lién lac gay nhiéu 1én bai do. Tuy nhién, voi ky thuat si
dung may thu so v6i cong nghé DSP tién tién va cac ang - ten tham chiéu cung véi tinh ning cao
cap cua phan mém cho phép khach hang c6 thé do kiém mot cach tu tin cho cac dng - ten O tan
s0 nay. Pay la tinh nang hon han so véi giai phap trude dy;

- Cac ban xoay va cdu hinh cua giai phap cho phép khach hang thoai mai diéu chinh va thiét
lap céc bai do mot cach nhip nhang va thuan loi;

- Cac thiét bi can phai lip dit ¢ ngoai troi déu duoc dung trong cac hop dung dam bao chong
cac anh huong vé méi truong dén cac thiét bi.

3.2. Tinh néing k¥ thuit

Tinh ning k¥ thuat co ban ciia hé thong dat dugc cu thé nhu sau [1]:

- Dai tan lam viéc: 150 MHz + 18.000 MHz;

- Cac dang ang - ten do: mang pha, loa, parabol, can, yagi;

- Kich thudc mit md 16n nhit cua ang - ten co thé do duge: 16 m;

- Chiéu cao cta ang - ten can do: 4 m;

- Trong lwong cua ang - ten can do: 16n nhit 1000 kg;

- Hé sb khuéch dai 16n nhét cua ang - ten can do: 50 dB;

- Mirc bup song bén 16n nhat c¢6 thé do duoc: 45 dB;

- Mirc bup séng dudi 16n nhét c6 thé do duoc: 45 dB;

- Céc dang phan cyc cua dng - ten can do: dimg, ngang, tuyén tinh;

- Do rong gian d6 hudng theo goc phwong vi: 0,5° dén 120°;

- D6 rong gian d6 hudng theo goc ta: 1° dén 45°;

- C6 kha nang hiéu chuén tim pha cua ing - ten phat va dng - ten thu;

- Khoang céach giira thap dng - ten phat va ang - ten thu la 430 m;

- C6 kha nang ban ty dong do hé s6 khuéch dai;

- Kha nang xir Iy két qua sau khi do: Dang db thi, dang bang hoic 3D;

- Po, danh gia cac tham s cta dng - ten can do:

* Gian d6 huéng dang 3D hodc 2D mit phang ngang va mit phang dung;
= Heé sd khuéch dai, do dinh hudéng va hiéu suét bure xa cla ang - ten;

= Bup séng phuy, blp séng dudi cua ang - ten;

* Phéan cyc H hodc E cua ang - ten.

4. KET LUAN

Dua trén két qua khao sat, tinh toan anh huong cua dia hinh, moi trudng trong khu vyuc trién
khai bai do thyc té; dong thot ap dung ky thuét may thu s0, cong nghé DSP tién tién cung phan
mém linh hoat hién dai de xay dung hé thong do ang - ten & trucmg Xa v6i cac tinh nang vu viét.
Két qua do cac tham s cua dng - ten mau chudn (I1-18 va Furuno XN-12AF) gidng nhu céac
tham sb k¥ thudt ciia nha san xudt cong b, ciia ang - ten thiét ké ché tao méi (bang S va mang
pha bang X) tuong dong véi cac két qua mod phong. Diéu d6 khang dinh tinh chinh xac va d tin
cdy cua cac phép do thuc hién bang hé thng do dng - ten ¢ trudng xa di xay dung.
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ABSTRACT

ONE SOLUTION TO DESIGN THE ANTENNA PATTERN
MEASUREMENT SYSTEM IN FAR FIELD

The article introduces the measurement and testing capabilities of the Antenna Pattern
Measurement System in Far Field. The solution of designing and configuring the
measuring system is based on the survey results, calculating the influence of topography
and the environment in the area where the measurement site is actually implemented. The
antenna pattern measurement and evaluation system have the function of measuring,
examining, and evaluating the parameters of radar antennas and antennas of radio
devices in far field, giving parameters 2D or 3D pattern, including radar antennas with
large opening dimensions such as I[1-18, I1-37, etc.
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