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CHUONG 1. LY THUYET HE THONG GNSS PHUC VU
NGHIEN CUU KHi TUQNG

Chuong 1 ¢6 ndi dung chu yéu vé khai niém, nguyén ly hoat dong cua hé théng veé
tinh GNSS hién nay va giéi thiéu dinh huéng mai cho nghién ctu khi twong ap dung
cdng nghé cua hé thong GNSS.

1.1 Giéi thiéu chung

1.1.1 Khai nigm vé h¢ théng vé tinh GNSS

Heé thong vé tinh dinh vi toan cau (GNSS — Global Navigation Satellite System) la
hé thong xac dinh vi tri dya trén vi tri ctia cac vé tinh nhan tao. La tén goi chung cho
Hé théng GPS (Hoa Ky), Hé théng Galileo (Lién minh chau Au), GLONASS (Lién
bang Nga) va Hé thong dinh vi BEIDOU (Trung Quéc), Hé théng NavIC (tén hoat
dong caa IRNSS An Do). [1]

Trong cung mat thoi diém, toa do ctia mot diém trén mat dat sé duoc xac dinh néu
xac dinh duoc khoang céach tir diém d6 dén it nhat ba vé tinh. Dinh vi hoat dong dwa
trén c4c tram phat tin hiéu vo tuyén dién va cd thé hoat dong tai moi noi trén mit dat
sudt 24h/ngay bat ké thoi tiét nao ma khong phai mat phi thué bao.

1.1.2 Nguyén ly hoat dong

Céc vé tinh GPS bay vong quanh Trai Pat hai 1an trong mot ngay theo mot quy
dao rat chinh xac va phat tin hiéu cé thong tin xuéng Trai Dat. Cac may thu GPS nhan
thong tin nay va bang phép tinh luong giac tinh dwoc chinh xac vi tri caa nguoi dung.
V& ban chat may thu GPS so sanh thoi gian tin hiéu duoc phat di tir vé tinh véi thoi
gian nhan duoc ching. Sai léch vé thoi gian cho biét may thu GPS & céch vé tinh bao
xa. Roi véi nhiéu quang cach do duoc t6i nhiéu vé tinh may thu cé thé tinh dugc vi tri
ctia ngudi dung va hién thi 1&n ban d6 dién tir cia may.

May thu phai nhan duoc tin hiéu cua it nhat ba vé tinh dé tinh ra vi tri hai chiéu
(kinh d6 va vi do) va dé theo ddi duoc chuyén dong. Khi nhan duoc tin hiéu cua it
nhat bén vé tinh thi may thu c6 thé tinh dwgc vi tri ba chiéu (kinh d6, vi 6 va do cao).
Mot khi vi tri nguoi dung da tinh duoc thi may thu GPS ¢6 thé tinh cac thong tin khac,
nhu téc do, huéng chuyén dong, bam sat di chuyén, khoang hanh trinh, quang céch toi
diém dén, thoi gian Mat Troi moc, 1an va nhiéu thi khac nira. May thu qua tinh toan
xéc dinh duoc khoang cach téi mot vé tinh va biét duoc n6 dang ¢ dau d6 trén mat cau
tam vé tinh nay. Hai mit cau dau giao nhau tao thanh mét vong tron. Mt cau tha 3 s&
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cit vong tron nay chi tai 2 diém, trong d6 1 diém Ia vi tri cia may thu trén mat dat.
Diém giao cét the hai 1a mot noi nao dé lo litng trong khéng gian, cach xa trai dat
hang ngan km nén c6 thé bo qua.

Pé xac dinh vi tri trong hé thong GPS, lay diém giao nhau cta 3 mat cau trong
khdng gian 3 chiéu, hinh 1.1.

Hinh 1.1 M6 phéng cach xac dinh vi tri tir cac vé tinh
May thu tinh toan dya vao khoang thoi gian tinh tir khi vé tinh phat tin hiéu dén
ltc né nhan duoc. D6 1a tin hiéu radio tan sé cao, cdng suat cuc thap. Song radio
chuyén dong véi toc d6 déu, twong duong téc do cua anh sang, khoang 300.000 km/s
trong chan khong.

Pé do chinh xac, chling ta phai chic chin 1a ddng hd trén vé tinh va trong may thu
phai dong bo véi nhau, chi can chénh nhau 1 phan triéu gidy 1a da dan dén sai sb
khoang 300m. V&i do chinh xac nhu vay, chi c6 thé 1a dong hdé nguyén ti. Nhung
ddng hd nguyén tir c6 gid qué cao, téi hang chuc ngan do la My, nén chi c6 thé trang
bi cho céc vé tinh. Vi may thu, nguoi ta budc phai chon phuong an gia ré, ding dong
hd quartz thong thuong. Cac dong hd quartz nay duoc hiéu chinh lién tuc dya vao tin
hiéu nhan dugc tir cac vé tinh dé dong bo thoi gian chinh xac theo déng hd nguyén tir
trén vé tinh. Nho d6 ma bon mit cau giao nhau tai mot diém.

Nhu vay dé xac dinh vi tri cia minh trén mat dat, may thu dinh vi phai tinh dé biét
khoang cach téi 4 vé tinh va vi tri chinh x&c cua céc vé tinh trén quy dao.

Thir nhét, tinh khoang céch tai vé tinh. Vao mét thoi diém nao do6 trong ngay, mot
vé tinh ban dau truyén mét chudi tin hiéu s, duoc goi 1a ma gia ngau nhién. Cung lic,



may thu ciing bat dau tao mot chudi ma giéng hét, sau dé6 maot ldc, may thu méi nhan
duoc chudi tin hiéu tir vé tinh. D tré nay 1a khoang thoi gian truyén tin hiéu tir vé tinh
t6i may thu. Nhan thoi gian tré ndy véi van tdc anh sang, may thu tinh duoc quing
duong truyén tin hiéu. Pay 1a khoang cach giita may thu va vé tinh, véi gia thiét tin
hiéu truyén theo duong thang véi van toc truyén khong doi.

Thir hai, xac dinh vi tri vé tinh. Diéu nay khdng qua khd, vi mdi may thu déu cap
nhat va luu trit dinh ky mot bang tra ctu (goi la almanac data) vi tri gan dung cua ting
vé tinh chuyén dong trén quy dao vao bat ky thoi diém nao. Mot sb yéu té nhu lyc hut
ciia mat tring, mat troi 1am léch quy dao cua cac vé tinh d6i chat nhung bd qubc phong
My lién tuc giam sat vi tri chinh x4c cua cac vé tinh va truyén nhitng hiéu chinh dén
cac may thu GPS thong qua tin hiéu tur vé tinh.

1.1.3 Cdu tric cia hé théng GNSS

Phan nay trinh bay hé théng dinh vi GPS cua My. Hé théng GPS hién tai gom 3
phan hé chinh: phan hé khdng gian, phan hé kiém soat va phan hé ngudi ding.
1.1.3.1 Phén hé khéng gian

Phan hé khong gian gom 27 vé tinh (24 vé tinh hoat dong va 3 vé tinh dy phong)
chuyén dong trén 6 mit phiang quy dao xoay quanh trai dat, nghiéng mot goc 55°. Cac
vé tinh cach mat dat 20.200 km, ban kinh quy dao 26.600 km. [2]

GPS Nominal Constellation
24 Satellites in 6 Orbital Planes
4 Satellites in each Plane
20,200 km Altitudes, 55 Degree Inclination

Hinh 1.2 Cac vé tinh va quy dao chuyén ddng ciaa ching
1.1.3.2 Phan h¢ kiém soat

Muc dich cua phan hé nay l1a kiém soat vé tinh di dung hudng theo quy dao va
thdng tin thoi gian chinh xac. C6 5 tram kiém soat dat rai rac trén trai dat. Bon tram
kiém soat hoat dong mot cach ty dong, va mot tram kiém soét 1a trung tdm. Bén tram
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nay nhan tin hiéu lién tuc tir nhitng vé tinh va giri cac thong tin nay dén tram kiém
soat trung tam. Tai tram kiém soat trung tam, nd sé sura lai dir liéu cho dung va két hop
vé6i hai anten khac dé gui lai thong tin cho cac vé tinh. Ngoai ra, con mot tram kiém
soat trung tdm du phong va sau tram quan sat chuyén biét.

1.1.3.3 Ph&n h¢é nguoi dung

Phan hé nguoi dung hay phan hé sir dung 1 thiét bi thu tin hiéu GPS va ngudi st
dung thiét bi nay.

1.1.4 Pdgc diém tin higu GPS
Cong suat phat cua vé tinh bang hodc dudi 50 watts, phan cuc tron phai.

Cac vé tinh GPS phét hai tin hiéu v tuyén tan s6 L1 va L2. GPS dan sy dung tan
s6 L1 1575.42 MHz, L1 chtra hai ma "gia ngau nhién" (pseudo random), d6 1a ma
Protected (P) va ma Coarse/Acquisition (C/A). M&i mot vé tinh c6 mot ma truyén dan
nhat dinh, cho phép may thu GPS nhan dang duoc tin hiéu. Muc dich ctia cdc ma tin
hiéu nay 1a dé tinh toan khoang cach tir vé tinh dén may thu GPS.

Tin hiéu GPS chira ba mau thong tin khac nhau — ma gia ngau nhién, dix liéu thién
van va dit liéu lich. M gia ngiu nhién don gian chi 1a ma dinh danh dé xac dinh dugc
qua vé tinh nao 1a phét théng tin nao. C6 thé nhin sb hiéu cua cac qua vé tinh trén
trang vé tinh ciia may thu Garmin dé biét n6 nhan duoc tin hiéu caa qua nao.

Dit liéu thién van cho may thu GPS biét qua vé tinh & dau trén quy dao & mdi thoi
diém trong ngay. Mdi qua vé tinh phét dir liéu thién van chi ra théng tin quy dao cho
vé tinh d6 va mdi vé tinh khéc trong hé thdng.

Dit liéu lich dugc phat déu din bai mdi qua vé tinh, chaa thong tin quan trong vé
trang thai cia vé tinh (hoat dong binh thudng hay khong), ngay gio hién tai. Phan nay
cua tin hiéu 1a cot 161 dé phat hién ra vi tri.

1.1.5 Nguyén nhan sai sé tin higu GPS va bi¢n phap khdc phuc

Trong dinh vi vé tinh, cac nguon sai sé dugc chia thanh 3 nhom: do vé tinh, do lan
truyén tin hiéu va sai s6 do may thu. Ngoai 3 nhom trén, con cé cac sai s6 do ngudi do
anh huong dén két qua do GPS nhu: can bang may, dit nhdm diém,... C4c ngudn sai
sb trén déu co thé dugc khic phuc dé dam bao d6 chinh xac cho két qua do GPS.



Bang 1.1 Nhitng nguon sai s6 vé tinh

STT | Nhém sai s6 Go6m cac ngudn sai s6

1 Sai sb do vé tinh Sai s6 d¢ong ho vé tinh

Sai s6 quy dao vé tinh

Nhiéu ¢ y SA
2 Sai s6 do sy lan truyén | Sai sé do tang dién ly
tin hiéu - - -
Sai s6 do tang doi luu
Sai s6 do da duong dan
3 Sai s6 lién quan dén may | Sai s6 dong hd may thu
thu

Sai s léch tam pha anten

Sai s6 do su khong 6n dinh phan cirng cua may thu

1.1.5.1 Sai s¢ do vé tinh

(i)  Saisd dong hd vé tinh

Sai s& déng ho vé tinh truc tiép gay ra sai sé trong xac dinh thoi gian. Trong do
khoang cach bang song anh sang hay séng dién tir, sai sé thoi gian anh huong nhiéu
dén do chinh xac cua khoang cach do.

Cach khac phuc:

- Dbi véi dinh vi tuyét dbi khoang cach gia, sai s6 déng hd vé tinh dugc hiéu
chinh vao khoang cach gia trugc khi s dung chung dé giai bai toan dinh vi. Sai s6
ddng hd xac dinh nho vao da thire ddng hd vé tinh dugc ciing cap theo lich vé tinh, do
d6 tinh duoc sé hiéu chinh caa ddng hd vé tinh.

- Trong dinh vi trong d6i, dé loai bé anh huang do sai s6 ddng hd vé tinh gay ra,
nguoi ta str dung phuong trinh sai phan bac nhat cua cac gia tri do pha tir hai tram
quan sat dén cung maot vé tinh.

(ii)  Saisé do quy dao vé tinh




Sai s6 do quy dao vé tinh gay ra dwgc hiéu la khi ta tinh dwoc toa do cua vé tinh
nhung lai khong dang toa do that cia né (chira sai s6 khoang 2,5m) d6 chinh la sai sb
quy dao vé tinh hay sai sé lich vé tinh.

Cach khic phuc:

- Trong dinh vi tuyét ddi, sai s6 nay gan nhu anh huong tron ven dén két qua
dinh vi vé tinh tuyét ddi.

- Trong dinh turong ddi sai s6 nay dwoc giam thiéu ssansg ké do anh huéng cua
sai 56 do quy dao vé tinh gay ra nhu trén c6 thé loai trir.

(iii)  Nhiéu cb ¥ SA

Nhiéu ¢ ¥ SA duoc tao ra nham giam d6 chinh xac dinh vi tuyét déi bang cach
lam sai léch dong ho vé tinh va tac dong vao viéc 1ap lich vé tinh. Song tir ngay
20/5/2000, My da chinh thac bo ché do nhidu cb y SA.
1.1.5.2 Sai sé do su lan truyen tin hiéu

Tin hiéu vé tinh truyén dén may thu trén mat dat phai xuyén qua tang khi quyén,
trong d6 tang dién ly va ting ddi luu 1a hai ting anh huong nhiéu nhat dén sy lan
truyén tin hiéu tir vé tinh, d6 duoc goi la hiéu tng khi quyén anh huéng dén tin hiéu
vé tinh. Ngoai ra do hién tugng phan xa, tin hiéu vé tinh GPS dén may thu co thé bi
anh hudng cua hién tugng da duong.

(i)  Saisd do anh huong tang dién ly

Anh hudng cua tang dién ly dén khoang cach do c6 gia tri trung binh trong khoang
5-10m, I&n nhat c6 thé dén 50m.

Cach khac phuc:

Trong dinh vi twong d6i khoang cach ngan (nhé hon 10km), anh huéng do tang
dién ly va tang d6i luu co ban dugc loai bo vi anh huéng nay duoc coi la nhu nhau d6i
v6i hai may thu dat gan nhau. O khoang cach trén 10km, dé lam anh hudng cua tang
dién ly dén két qua do, nguoi ta sir dung may thu hai tan sé.

(i)  Sai sb do tang dbi luu

Anh huéng cua tang dbi luu (tang khi quyén tinh tir mat dat ¢6 cao khoang 50km),
tang ddi luu chira nhiéu hoi nudc va bui khi quyén. Anh huong cua tang doi luu dén
tin hiéu dién tir khdng phu thudc vao tan sb song tai, duoc chia thanh anh huong cua
phan kho (trén cao) va anh huéng caa phan uét (dudi thap).

Cach khic phuc:
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- Pé khac phyc anh huéng cua ting dbi luu, ngudi ta nghién cau xay dung mo
hinh khi quyén dé dya vao d6 tinh toan hiéu chinh tri do nham loai bo hodc giam thiéu
ngudn sai sb.

- Anh huong cua tang d6i luu dén tin hiéu con phu thudc vao goc cao E cua vé
tinh. Goc E cao canh nho thi dudng truyén tin hiéu trong tang dién ly va tang déi luu
cang 16n. Vi vay, trong qua trinh do dac, dé giam bét sai sé nay ngudi ta loai bo tin
hiéu cua vé tinh c6 goc cao E < 15° (goi la goc cao gidi han hay goc ngudng).

(ili)  Sai s6 do da duong dan

Anh huong do da duong dan xuat hién do tin hiéu vé tinh dén may thu qua nhiéu
duong khac nhau (phan xa tin hiéu trén duong di). Néu tin hiéu phan xa di manh, may
thu ghi nhan ca tin hiéu truyén thang tir vé tinh dén may thu va ca tin hiéu phan xa khi
va dap vao cac vat (nha cira, cdy cbi,...) trén dudng truyén song.

Cach khic phuc:

- Cach tét nhat loai bo sai s6 nay la sir dung anten may thu c6 kha ning giam
thiéu tin hiéu da duong dan nhu sir dung loai anten gdm cac vong xoay tron.

- Mot cach khac la bé tri tram do GPS phai xa cac vat thé dé& phan xa tin hiéu
nhu vat liéu kim loai, bé tong,. ..
1.1.5.3 Sai sé do mdy thu

(i)  Saisb dong ho may thu

Tinh thé thach anh duoc dung dé ché tao ra bo tao dao dong cua dong hé mamsy
thu GPS. Sai s6 dong ho may thu gay ra s& gay ra sai so trong cac két qua do GPS.

Cach khac phuc:

- Trong dinh vi tuyét ddi khoang cach gia, ta coi sai s6 ddng hé may thu 13 an sb
thi tu trong bai toan dinh vi, tinh duoc sai s6 ddng hd may thu va hiéu chinh.

- Trong dinh vi twong ddi theo pha séng tai, sir dung phuong trinh sai phan bac
hai dé loai bo anh huong cua sai s6 ddng hd may thu.

(i)  Sai s do léch tam pha anten

Khi ché tao may thu GPS, ngudi ta ché tao sao cho tim dién tir ciia anten trung Vi
tam hinh hoc ctia no, nhung trén thuc té hai tam nay khdng trung nhau gay sai s6 léch
tam anten.

Cach khic phuc:
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Trong khi thao tac do GPS, dit may tai diém do ludn quay logo may thu vé huéng
Biéc vai sai s6 trong khoang 5° s& giam bét sai s6 léch tim pha anten.

(iii)  Sai s6 do nhiéu néi tai may thu

May thu GPS la mét thiét bi bao gom phan cang va phan mém, do vay trong qua
trinh 1am viéc c6 thé gap tinh trang may thu Iam viéc khong 6n dinh. Trong moi
truong lan truyén tin hiéu luén c6 cac ngudn song dién tir phat ra s& gay nhiéu tin
hiéu.

Cach khic phuc:

Nguoi st dung can nam bt dugc tinh trang cta may thu théng qua sé liéu do dugc
xt ly danh gia dé co bien phap khac phuc, sira chita may thu GPS, khac phuc nhiéu.

1.2 Sir dung hé théng dinh vi vé tinh do théng sé khi tuong

Ngoai muc dich dinh vi vat thé, hé thdng dinh vi vé tinh con nhiéu tng dung khac
phuc vu con ngudi, trong d6 do théng sb khi twong 1a mét trong nhitng muc dich gan
gii nhat.

Chung ta biét quan trac théng sb khi twong, thu thap di liéu nham phuc vu dy bao
thoi tiét noi chung va nhiéu ang dung nhoé noi riéng. Po thong sé khi tuong ¢ nhiéu
cach, tir gian tiép dén truc tiép. Trong bao cao nay, chung ta xem xét phuong phap do
thong sb khi twong gian tiép, nho thu thap va xir Iy dit liéu vé tinh.

1.2.1 Pinh nghia quan trdc khi feeng

Khi trgng 1a mon khoa hoc nghién ctu vé khi quyén nham chu yéu dé theo doi va
dur bao thoi tiét. Nhitng biéu hién thoi tiét 1a nhirng sy kién thoi tiét quan sat duoc va
giai thich duoc bang khi twong hoc. Nhirng sy kién d6 phu thudc vao cac tham sé cua
khi quyén Trai Dat. Cac tham sb ndy bao géom nhiét do, p suat, do am ciing nhu céc
bién thién va tac dong twong hd cua cac tham sb nay va nhiing bién doi theo thoi gian
va khéng gian caa ching. Phan 16n cac quan sat vé thoi tiét duoc theo ddi & tang dbi
luu.

Quan tric khi twong thily van 1a viéc quan sat, do dac tryc tiép hoac gian tiép mot
cach c6 hé thdng cac thdng sé biéu hién trang thai, hién tuong, qua trinh dién bién cua
khi quyén, nuéc séng, sudi, kénh, rach, hd va nudc bién.

Vi tri quan tric khi tugng thuy van 1a noi dat cdng trinh, lap dat phwong tién do va
thuc hién quan trac khi tuong thay van.

12



1.2.2 Nguyén ly ieng dung hé théng vé tinh do thong sé khi twong

Trong thuc té, c6 mot hé thong vé tinh riéng biét phuc vu muc dich do thong s khi
tugng, cac vé tinh dé6 duoc goi la vé tinh khi tugng co 2 loai la vé tinh dia tinh va vé
tinh quy dao bay.

Vé tinh khi tugng dia tinh bay vong quanh trai dat ngay phia trén xich dao & do
cao khoang 35.880km, ¢ quy dao nay cac vé tinh quay cung chiéu vai trai dat, do d6
no ¢6 vi tri ¢b dinh vai hé quy chiéu mat dat.

Quy trinh hoat dong va nhiém vu cta nhitng vé tinh do: hinh anh chup tir vé tinh
khi trong vao ban ngay bang mét thuong van co thé hiéu duoc; may, hé miy nhu bio
nhiét d4i, ho, ring, ndi, tuyét, chay, 6 nhiém, khoi, swong mu... déu hién ra. Ngay ca
gi6 van c6 thé xac dinh duoc dua trén hinh dang may, cach sap xép va su di chuyén tir
nhiing brc anh trude do.

Ngoai ra con ¢ phd hdng ngoai, hinh anh nhiét hoic hdng ngoai duoc ghi lai boi
cac cam bién goi 1a btic xa ké cho phép nha phan tich xac dinh dugc do cao va loai
may, tinh toan nhiét do nudc va mat nudc, xac dinh vi tri cac dac diém bé mat dai
dwong. Hinh anh vé tinh hong ngoai dugc st dung hitu ich nhat khi cé bio nhiét déi
véi mat bao cé thé nhin thay dugc.

Tuy nhién, quay trg lai véi noi dung chinh, trong bao cao nay dé cap dén phuong
phap hoan toan khac. Cu thé 1a phuong phap gian tiép, loi dung viéc so sanh va xt Iy
tin hiéu thu duoc tir vé tinh dén may thu dé danh gi tinh hinh thoi tiét tai vang khong
gian chta duong truyén vé tinh d6. Nhu vay, véi cang nhiéu tin hiéu thu duoc tir cang
nhiéu vé tinh dén may thu, chung ta c6 mot tap hop nhitng dudng xién, tap hop nhiing
chudi tin hiéu khac nhau dé so sanh. Anh hudng cua vung khdng gian ting déi luu,
tang dién ly dén viéc truyén tin hiéu: nhiét do, dd am, ap suat,... déu lam bién déi tinh
chat moi truong dan dén tré pha, sai léch pha tin hiéu va nhiéu anh huong khac co thé
tinh toan va xu Iy duge. Nhu vay tir nhitng anh hudong d6 cung véi hiéu biét vé do dai
duong truyén, anh huong tir vat can, chang ta cé thé tinh toan duoc nguyén nhan do
moi truong la gi.

Bai toan méi dugc dit ra, lam nhu trén chang ta méi chi nhan biét duogc thoi tiét
trong thoi gian thyc, tham chi vi qué trinh xtr 1y tin hiéu ciing gay mat thoi gian, dén
khi chting ta xac dinh duogc tinh chat méi trudng truyén song thi nhitng tin hiéu dén da
lan nira duoc cap nhat. Giai quyét van dé nay thuc té khong kho, chi cin mot co so dir
licu du 16n. Cu the, bude dau cong viéc ciia ngudi quan sat don gian chi la thu thap di
lieu truyén, quan sat va phan tich méi truong, dua ra danh gia vé hién tuong thoi tiét
trong thoi gian twong duong khi nhan tin hi¢u. Sau d6 chung ta da c6 mét kho dir liéu
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khong 16 cho biét tin hiéu bi bién ddi nhu thé nao thi cé nghia troi mua, nang, giéng,
bio,... C6 nghia la mdi mét hién twong thoi tiét da c6 mot mé hinh bién doi tin hiéu
trong duong twong d6i. Noi la twong ddi vi khdng phai luc nao tin hiéu thu dwogc ciing
c6 su sai khac giéng nhau 100%, chang ta chi can lay nhitng mau gan giéng nhat la
chap nhan duoc.

Vé6i nguyén Iy nhu trén, dé dat duoc muc dich, chung ta can co nhirng thiét ké
anten phu hop véi yéu cau dit ra, khong phai dé xac dinh vi tri, ma dé thu tin hiéu mot
cach tét nhat, khong dé anh huang noi tai cta anten dén vai viéc thu nhan tin hiéu, dé
xac dinh rd nhat nhirng anh huong cia moi truong.

14



CHUONG 2. XAY DUNG QUY TRINH CHE TAO ANTEN
THIET BI THU GNSS

Chuong 2 ¢6 ndi dung nhimg diéu co ban vé anten thu GNSS, c4c yéu cau vé
thong sb thiét ké ciing nhu tiéu chi lya chon anten, ciing véi mot sb loai anten da dwoc
st dung trong thuc té va dang duoc giao dich trong thi trueong. Tir d6 budc dau xay
dung quy trinh ché tao dién méi anten va tiép theo la anten GNSS.

2.1 Nhirng tham sé dic trung cia anten

2.1.1 Tan sé lam viéc

Tan sb lam viéc cua anten la tan sé cong huang caa anten. Anten ludn lam viéc &
ché d6 cong huong vi khi d6 cong sut birc xa cua anten la 16n nhat. Trong ca dai tan
hoat dong cua anten thi tan sé lam viéc chinh la tan s6 trung tam. Vi du anten cé dai
tan lam viéc tir 1.575 GHz dén 1.602 GHz thi tan s6 trung tdm sé la 1.588 GHz, va
bang thong la 27 MHz.

Tan s6 lam viéc cua anten s& thay doi khi thay doi kich thudc, diém tiép dién,...
cua anten.

2.1.2 Hé sé dinh hwong va hé sé ting ich

Hé sb dinh huong cua anten theo hudng cuc dai dugc dinh nghia béng ti s6 cuong
do truong buc xa tai mot vi tri trén hudng d6 va cuong do truong buc xa cua mot
anten chuan ciing & Vi tri twong (ng (D). Hé s6 tang ich (d6 lgi) cua anten dugc tinh
bang:

G=eD PT 2.1
Trong d6 e 1a hiéu suat bic xa cua anten.
2.1.3 Tro khang vao
Tro khang vao caa anten tinh béi cong thuc:
Zp= Rq+jXy PT 2.2

Khi két néi anten véi feeder can cha y téi diéu kién phéi hop tro khang (PHTK),
thdng thuong tré khang dic tinh cua feeder 1a Ro, @& PHTK thi Za = Ro.
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2.1.4 H¢ sé ton hao ngwoc (Return Loss - RL)

Hé sb tén hao RL(dB), danh gia muc d6 phan Xa cua song tai diém két ndi voi
feeder. Khi tai khong phdi hop tré khang, cong suit ngudn khong duoc dwa hét dén
tai:

Pr=Pp+RL PT 2.3

RL = —20log|I'| PT 2.4

2.1.5 Hé sé séng dirng (SWR - Standing Wave Ratio)

Hé s6 song dimg SWR, danh gia mirc d6 khong phdi hop tré khang giira anten va
feeder (1<SWR<).

— 1+ I PT 25
1|

SWR — 1\° PT 2.6
RL (dB) = —10 X 10g (W)

2.1.6 Bang thong (BW)

P rong biang thong cua anten la khoang tan s6 ma trén d6 anten phdi hop tro
khang vai feeder trong mot giéi han xac dinh, noi cach khac, d6 1a khoang tan s6 ma
anten dap tmg duoc cac yéu cau dit ra. Do rong bing thong thuong dwoc xac dinh
thong qua hé sé séng ding cho phép trén mot khoang tan sb nao do.

2.1.7 Phan cuc

Puoc dinh nghia 1a diém cudi cua vecto dién truong tic thoi khi thoi gian ting 1én.
Trudng hop chung nhat 12 phan cuc elip va truong hop dic biét 1a tuyén tinh va tron.
Trong Gng dung GNSS, tin hiéu chuyén tir vé tinh 1a RHCP dé giam thiéu dao dong
cong suat tin higu khi lan truyén va dinh huéng nguoi dung. Do d6, ddi vai hau hét
cac tng dung ngudi dung di dong, anten GNSS nén duoc thiét ké RHCP d thu tin
higu toi da.

2.1.8 T I¢ truc (Axial Ratio)

AR duogc dinh nghia 1a ti I€ truc chinh trén truc phu cua elip phan cuc. AR béng vO
cling cho phan cyc tuyén tinh, bang 0 (dB) cho phan cuc tron cia ca RHCP va LHCP.
Cong thuc tinh AR 1a trong phuong trinh dudi:
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Emax _ |Erucp * ELnce PT 2.7

Emin ERHCP - ELHCP

AR =

Trong do

1 ) .
Ernep = \/—7(]39 +jEg) PT28

1 ) )
Epner = \/_7(}36 —jEy) PT29

AR cua dng ten dugc chi dinh & mot tan sé cu thé, thuong 1a trung tm. AR c6 thé
duoc xac dinh trén mot BW nhat dinh dé bao trim tin hiéu quan tdm, nhung 14 khong
thuong xuyén. Hau hét cac anten GNSS chi dinh AR & muc téi thiéu, Hau hét anten
GNSS c6 AR ting khi goc voi 4nh sang ting. AR ciing nén gitr thap cho hau hét cac
goc cao trén ban cau cho ung dung GNSS. Boresight axial ratio cua anten GNSS
thuong dugc yéu cau dudi 3 dB.

2.1.9 Tré nhém (Group Delay)

Tré nhom 1a phép do thoi gian tré cho tin hiéu biang thong hep dinh nghia qua
phuong trinh:

d PT 2.10
GroupDelay = 2
dg

Piéu quan trong la phai c6 do tré nhom dong nhat cho cac goc do cao va goc
phuong vi khac nhau trén ban cau trén dé giam 13i thoi gian trén do ludng GNSS.

2.2 Yéu cau doi véi anten thiét bj thu GNSS #ng dung do thdng sé khi
twong

Tir nguyén Iy do thong sb khi twong dwa vao tin hiéu thu GNSS dwoc nhic dén
trong chwong trudc, ta cé thé thidy muc tiéu thiét ké anten 1a thu duoc cang nhiéu vé
tinh cang tét. Cang nhiéu vé tinh s& mang dén cang nhiéu chudi tin hiéu, nhitng chudi
tin hiéu duoc truyén di tai nhiéu vi tri trén khong gian dén may thu, tao ra nhiing
duong di khac nhau. M&i duong di qua bau khi quyén déu cé tinh chit méi trudng
khac nhau, thdng tin thu dugc co pha, huéng, tbe do truyén nhanh cham khac nhau.
Nhu vay, cang nhiéu dir liéu tham chiéu ta cang cé kha nang phan tich duoc thoi thiét
6 nhitng khu vuc khac nhau.

Tin hiéu GNSS la tin hiéu phan cuc tron trai (LHCP), nhu vay anten may thu phai
la anten phan cuc tron phai (RHCP).
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Anten cia may thu GNSS @ng dung do thong sé khi twong phai dam bao nhitng
y&u Cau sau:

- C6 kha ning bao phu hét bau troi c6 thé nhin thiy dé nhan tin hiéu tir cang
nhiéu vé tinh cang tét, didu nay doi hoi mot chum btc xa rong. Hon nita,
mtc ting ich cua anten phai ¢am bao ti s6 SNR (ti s tin hiéu/nhiéu) & mic
cho phép.

- Tan sb hoat dong cua anten phai twong tng véi phan b tan sé cua cac hé
thdng vé tinh dang sir dung, cu thé:

GPS: 1559 — 1610 MHz va 1215 - 1240 MHz,

GLONASS: 1593 — 1611 MHz va 1243 — 1249 MHz va 1193 — 1209
MHz,

GALILEO: 1559 — 1592 MHz va 1215 — 1300 MHz va 1164 — 1215
MHz.

Véi muc dich thu dugc cang nhiéu vé tinh cang tt, nhu vay anten co dai
tan cang rong, cang da bang cang tot.

- C6 phan cuc RHCP, kich thudc cang nho cang tét.

- Ty lé gitra cong suat birc xa (hay thu) & huéng bap séng chinh (khi mot vé
tinh & dinh cao) va cong suat bic xa (hay thu) ¢ bup séng phu (khi mot vé
tinh & gan duong chan troi) phai dam bao trong pham vi cho phép.
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|
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J

F— s —

1378 TS
= L2 BRSHIS)
e vwas: ES LF =T 0000
M BT, 51  BOCID, 51
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y

a2 Y C vzeaEss  AMHEz
-

o i
1ITED (11T6.A5) LIOFILISF 1

(l.'K
= ' — —
o
LEROC .
166
i LS ESa BOC [4,4]
L nseen | |1ybTees
"—f--'--- ol o
e —

b——— 1638 “—hl

0.5

Hinh 2.1 Phan bd tan sé caa cac hé théng vé tinh
Luu y rang, dé anten dat nhitng yéu cau nhu bang rong, kich thudc nho, phai danh
d6i bang hé sé tang ich Gain khong Iy tuong. Pé khiac phuc nhuogc diém nay, ching ta
c6 thé sir dung thém module khuéch dai tap am thap LNA (Low Noise Amplifier).
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2.3 Module khuéch dai tap am thap LNA

Khuéch dai 1a 1 qua trinh 1am ting bién d6 tin hiéu. Khong giéng hau hét cac bo
loc, bo khuéch dai 1a thanh phan tich cuc va can ¢ ngudn dé thuc hién chic ning cua
nd. Cha y rang, bo khuéch dai Iy tuong sé chi 1am tang bién d6 tin hiéu. Tuy nhién,
trén thuc té, bat c bo khuéch dai nao ciing khéng chi ting bién d6 ma né con ting tap
am. DT nhién, muc tiéu thiét ké 1a c6 1 thanh phan khuéch dai ma khuéch dai duoc tin
hiéu va c6 muc tap &m thap nhat.

Céc tham s6 chinh dic trung cho bo khuéch dai 1a:

- Hé s6 khuéch dai, thuong duoc biéu thi bang dB, va thudong duoc gia sir la
khong doi trong dai tan sé xac dinh

- Daitan s

- Hé sb tap am, thuong duoc biéu thi bang dB, dic trung cho lugng tap am
thém vao tin hiéu khuéch dai.

Chua y rang, chung ta di don gian hoa bo khuéch dai trong thuc té. Gia s bo
khuéch dai 12 mot thiét bi duoc dong goi, bo qua cach ché tao thuc té. Ngoai ra con co
cac tham s6 nhu diém giao chan bac 3, cac yéu cau vé nguon, va gia tri diéu khién
cdng suat 16n nhat. Trong thuc té, it c6 bo khuéch dai don nao dat duoc hé sé khuéch
dai nhu vay ma phai dugc ndi tang nhiéu bo khuéch dai véi nhau. Muc dich cua né
trong mach 1a 1am ting bién d6 tin hiéu toi rat yéu 1én muc c6 thé chap nhan duoc cho
bo chuyén doi twong tu - s6. Boi vay, khuéch dai 18n bao nhiéu phu thudc vao dic
diém cia by ADC.

2.4 Cac loai anten thu GNSS théng dung

2.4.1 Anten thu dong va cha dong

Anten thu dong chi chira phan tir buc xa, vi du: cac anten mach vi dai hoic anten
cau triic xoan. Poi khi c6 thém mot mang phédi hop tro khang 5042,

Anten chu dong (hay anten tich cuc) c6 bo khuéch dai tap am thap (LNA) tich hop.
Piéu nay c6 loi & hai khia canh. Pau tién, nhitng mat mét cua cap sau LNA khdng con
anh huong dén may thu GPS. Thir hai, LNA trong anten gidp giam tiéng on dan dén
d6 nhay tét hon. Anten chit dong can mét ngudn cung cap nang lugng tir 3 dén 20mA.
Thong thudng, nguon cung cap dugce dua dén anten thong qua cap RF dong truc. Nén
st dung anten tich cuc néu chiéu dai cap RF giita may thu va anten vuot qua khoang
10cm. Vi tang ich ctia bo LNA cua anten tich cuc 1a 15 dB c6 thé sir dung chiéu dai
cap 1én dén 5m.
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Bang 2.1 So sanh anten chia d¢ng va thu dong

Anten chu dong

Anten thu dong

Can nhiéu ning luwong hon, khoang
50mW so vai anten thu dong.

Lam véi cap dai hon.
Gitp giam tiéng dn caa may thu.

It bi anh huong bai nhiéu.

Anten phai duoc két ndi can than.
Puong ndi dai tdi da 10cm dén may thu.

Tin hiéu nhiéu duoc ghép vao anh hudéng
dén hiéu sut.

Thiét ké gidng hé théng RF.

Nhu vay, thiét ké anten cha dong la muc tiéu ta hudéng téi. Sau day mot s loai

anten cu thé s& dugc gidi thiéu.

2.4.2 Anten Helix (Helix antenna — anten xodn)

2.4.2.1 Cdu tao

Anten Helix con duoc goi 1a anten xoan 6c¢, ¢6 hinh dang cau tao dic biét nhu hinh
2.2. Két cdu anten gom mét duong day xoan dan dién va mot man chin kim loai.
Thong thudng anten duogc tiép dién bai mot fide dong truc, 18i cua fide dugc ndi voi
duong day xoan, con vé boc fide ndi véi mat kim loai. Mat chan kim loai vira c6 tac
dung ngan dong dién chay ra mat ngoai fide vura c6 tac dung lam mat phan xa lam

giam buc xa nguoc cua anten.

Hinh 2.2 Anten Helix

Trén hinh 2.2 ta cé:

(B) Truc anten

20




(C) Puong day cap dong truc tiép dién

(E) Hb tro cach dién cho dudng xoén 6c¢

(R) Mat phan xa — mit dat

(S) Day kim loai (tao) buc xa xo0dn 6¢ hudng truc.

2.4.2.2 Pdc diém truong birc xa cua anten

Anten xo0in 4¢ tao ra bic xa séng dién tir doc theo truc anten. Loi ich cua anten
x0an nay la cé bang thong rong, dé ché tao, co tro khang dau vao thyuc va cé thé tao ra
cac truong phan cuc tron.

Trong truong hop téng quat trén dudng day xoan try cé thé dong thoi ton tai mot
s6 dang song dong dién voi bién d6 khac nhau va sb chu ky trén mot vong xoan khac
nhau. Mdi séng truyén lan trén day dan véi van téc pha va hé sé suy giam nhat dinh.
Tuy nhién vgi mdi anten co kich thuéc nhat dinh thi chi c6 mot dang séng trong so cac
s6ng noi trén chiém uu thé va dong vai tro chi yéu trong viéc tao thanh db thi phuong
hudng buc xa cau anten. Dang song co tac dung cha yéu trong mdi duong day xoén
phu thudc vao kich thude twong dbi cua vong xoin so véi budc song cong tac.

Ta co thé phan biét 3 ché do lam viéc cua anten helix tng vai 3 loai kich ¢& anten
nhu sau:

Thir nhit, bac xa ngang, khi vong xoan c6 d6 dai rat nho so véi bude séng cong
tac.

Trong trudng hop nay dang séng chu yéu trpng duonh day xoan tru la song To,
s6ng T1 va cac song co bac co hon cé bién d6 rat ho va suy giam nhanh nén khong
anh huong dén ché do buc ca cua canten. Song To truyén lan doc theo day dan véi van
téc pha bang van téc anh sang. Khi tang kich thudc c6 xoan dén mét gia tri nhat dinh
thi s& xuat hién cac song bac cao, gia tri gigi han nay duoc xac dinh boi hé thuc:

Vi vong xodn c6 d6 dai nho so véi bude song nén séng TO c6 bién d6 va pha gan
nhu khong doi trén mdi vong day. Nhu vay, mdi vong xoan & ché do nay co thé duoc
coi la mot anten khung nho. Ma buc xa cua anten khung nhé co6 cuc dai theo cac
huéng nam trén mat phang cua vong day va bang 0 theo cac hudng vudng goc. Do do
& ché d6 song TO anten xoin s& lam viéc & ché @6 bic xa ngang khi chiéu dai cua
vong day nho hon 0.65 lamda (hoéc lamda>10a).

Thr hai, birc xa truc, khi vong xoan cé d6 dai khoang ...
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Khi ting kich thudc vong xoan téi gia tri ... song TO s& bién mat va xuat hién song
T1. Van téc pha cua song T1 doc theo day xoén s& ting khi ting ... va tién toi gia tri
gan bang van tc anh sang.

Vi kich thudc vong xoin so sanh dugc voi budc séng nén trong truong hop nay
dién tré buc xa cua cac vong day co gia tri dang ké, hiéu (ing buc xa caa cac vong day
biéu hién rd rét. Song dién truyén tir dau vao s& duoc birc xa manh boi cac vong day
trong qua trinh lan truyén doc theo anten. Song phan xa dau cudi ¢ bién d6 nhé do doé
c6 thé coi gan ding dong dién trén anten la dong dién séng chay.

Trong trudng hop nay ta s& nhan dugc trudng birc xa cua mdi vong xoén la truong
phan cuc tron, cé cuc dai theo hudng vubng goéc véi mat phang vong day. Mat khac
theo ly thuyét caa anten song chay ta c6 ham phuong huéng té hop cua anten ciing co
cuc dai phu hop voi hudng truc. Do @6 ché @6 bic xa tdng hop cua anten xoin véi
song T1 la ché do birc xa truc. Thuc té ché do buc xa truc xuat hién khi 10=0.75lamda
— 1.3lamda. (hoac lamda= 5a — 8a).

Thir ba, bic xa xién, khi vong xoan cé d6 dai hon budc song. ..

Trong truong hop nay budc song TO va T1 suy giam kha nhanh, dang song co tsc
dung chu yéu trong anten s& la cac song cé bac cao hon t2, T3,... trén mdi vong xoan
s& ¢6 phan bd nhiéu chu ky song. Do d6 tai cac diém doi dién nhau caa mdi vong day,
dong dién co thé khac pha, dong thoi pha caa dong dién ¢ 2 diém ké can nhau trén 2
vong xodn ciing cé thé khac nhau. Tac dung twong hd caa cac vong xodn trong trudng
hop nay s& lam giam dién tro birc xa ciia mdi vong day, anh huéng dén ché do song
chay trén anten. Két qua la huéng buc xa cuc dai cua anten s& léch khoi hudng truc
xoan.

Thuc té ché do nay xay ra khi d6 dai mdi vong xoian I6n hon 1.5lamda
(10>1.5lamda hay lamda<4a).
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2.4.2.3 Tinh todn thiét ké

C=zD

—_ » N

Ground Plane

Coaxial Feed
ry.com

Hinh 2.3 C4u tric anten Helix dé tinh toan

Céac tham sb duoc xac dinh nhu sau:

D: duong kinh cia vong xoan

C: chu vi ciia mot vong xoan (C = m. D)
S: khoang cach budc gitra hai vong xoan

o goc cao do, diéu khién khoang cach anten xoan phat rtieenr theo huéng z mdi
luot va xac dinh bai

a = tan(S/C) PT 2.11

N: s6 vong xoan trén anten

H: tong chiéu dai cia anten xoan (H = N.S)

Anten trong hinh 2.3 I anten xoan tron trai vi néu cudn ngon tay trén ban tay trai
quanh vong xoan, ngén tay s& huéng 1én. Séng phat ra tir anten xoin tay trai s& c6
phan cyc tron trai (LHCP - Left Hand Circularly Polarized). Néu anten xoan duoc
quan theo cach xoin 6c¢ thuan tay phai, ta s& ¢ song birc xa phan cuc tron phai RHCP.

Db thi phuong hudng bic xa PHBX cua anten s& cuc dai theo huéng truc z (doc
theo truc xoin &c¢ trong hinh). Viéc thiét ké anten xoan chu yéu duya trén két qua thuc
nghiém va cac phuong trinh co ban trinh bay dudi day.

Anten Helix c6 it nhat 3 vong sé& c6 do phan cuc tron theo hudng +z khi chu vi C
gan véi budc song:
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31 42 PT 2.12

Khi chu vi C dugc chon, cac bat diang thic trén s& xac dinh gan ding bing thong
hoat dong cua anten xoin. Chang han, néu C = 19,68 inch (0,5 mét), thi tan sé hoat
dong cao nhit s& dugc dua ra boi budc song nho nhat phi hop véi phuong trinh trén,
hoac bang 0,75C = 0,375m, twong tng V&i tan sé6 800 MHz. Tan sb hoat dong thap
nhat s& duoc dua ra bai budc song 16n nhat phu hop voi phuong trinh trén, hodc bang
1.333C = 0.667m, twong tng Vai tan s6 450 MHz. Do d6, BW phén doan 13 56%, diéu
nay dung vai anten xoan truc néi chung.

Anten xoan 1a mét anten song chay. Tré khang dau vao cua anten c6 thé duoc xap
Xi (theo don vi 2):
C PT 2.13
Zin = 14‘0;

Anten xoin hoat dong tot voi goc a trong khoang tir 12° dén 14°. Thong thuong,
goc duoc lay 14 13°,

Ham phuong hudng bic xa:

sin [g (kscosf + 1/))] PT 2.14

sin [7 (kscos6 + 1/))]

Dé phan cuc tron, cac thanh phan tryc giao cua truong E phai léch pha 90°. Biéu
nay xay ra theo cac hudng gan truc (truc z trong hinh) cua chudi xoan. Ti 1é truc cho
anten xoan giam khi s6 vong N duoc thém vao va cé thé tinh xap xi bang:

R_2N+1 PT 2.15
2N

Do loi (tang ich) cuia anten xoan c6 thé duoc xap xi bang:
12.C2NSf3 PT 2.16
G=—735—"
c

Trong d6 ¢ 1a téc do anh sang (c = 3.108 m/s). Luu ¥ rang ddi vai hinh dang xo3n
cho trudc (duoc chi dinh theo C, S, N), muc ting ting theo tan sé. Bi voi mot vong
xo0an N = 10, ¢6 chu vi 0,5m nhu trén va goc nghiéng 1a 13° (cho S = 0,13m), muc
tang 1a 8,3 lan (9,2 dB).

Déi vai anten xoin vi du trén, dd thi PHBX duoc hién thi trong hinh 2.4.
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270

6 (degrees)

Hinh 2.4 D6 thi phwong hwéng birc xa caa anten Helix

Do rong nira céng suat cho anten xoin 6¢ cé thé tinh xap xi bang:

651 .
HpEW = >4 PT 2.17

N
N

95

Chuy:

Néu chu vi cia vong xoan nho hon dang ké so véi budc séng va khoang céch truc
gitra cac vong nho hon dang ké mot phan tu budc song, thi anten duoc goi la vong
x0an binh thuong. Anten hoat dong twong tu nhu anten don cuc, Véi btc xa da huéng,
toa cong suat bang nhau theo moi hudng vubng goc vai truc cua anten. Séng trén
anten 13 song ding, phan cuc thiang. Tuy nhién, do d6 ty cam duoc thém vao boi hinh
dang xoan 4c, tan s cong hudng cua nd ngan hon mot phan tu budce song. Pay 1a mot
giai phép thay thé cho anten trong cac (ng dung trong d6 mot don cuc séng cé kich
thude day da s& qua dai, hiru ich khi 1am anten cho thiét bi lién lac di dong trén cac
bang tan HF, VHF va UHF.

Pé giam kich thuéc cua anten xoan ta c6 thé lam day anten bang vat liéu c6 hang
s6 dién moi cao. Kich thudc anten GPS dang duoc cung cap cho thj truong c6 chiéu
dai 18mm va duong kinh 10mm. [3]
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2.4.3 Anten va (Microstrip antenna — Patch antenna)

2.4.3.1 Cdu tao

Anten va ¢6 cau tao gom 3 phan chinh 1a phién kim loai (thuong goi la miéng va
hay miéng patch), dién mdi va dé kim loai (thuong goi la dat hay ground). Ngoai ra
mét phan khong thé thiéu 1a bo phan tiép dién. Miéng va co chiéu dai L, chiéu rong W
va nim trén cung, dién moi do day h, hing s6 &,. Thong thudng h <« 2, nhung h > =

(dé hiéu suat anten khong bi suy giam).

Diém tiép xuc dién

Hinh 2.5 Cau tao anten va

2.4.3.2 Nguyén ly hoat dong

Miéng va kim loai va mit phing dat duoc coi la chat dan dién tdt tao thanh bé mat
trén dudi, & giira 1a 16p khéng khi hoic mot chat dién mdi cach dién khac, tao thanh
khoang cong huong va dién truong, phat xa dién to ra moi truong tu cac canh cua

miéng va kim loai.
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Do thi PHBX:

Hinh 2.7 D6 thi PHBX véi véi 6=0° va 90°

Hé s6 dinh huéng:
D= 4(kya) PT 2.18
77:nOGr
Hé sé tang ich:
G =eD PT 2.19
Trong do:
o — P, PT 2.20
" Pr + Psur
Tro khang vao:
R, =601y/W PT 2.21
Béng thong:
t PT 2.22
Af =4f° (1/32)

Phan cuc: anten va c6 thé 1a phan cuc thang hodc phan cuc tron phu thudc vao vi
tri diém tiép dién trén miéng kim loai. Tao ra truong phan cyc tron bang cach t6 hop 2
s6ng phan cuc thang vudng goc véi nhau, voi goc léch pha 90° giita chung. Hoic co
thé tiép dién tai 2 vi tri nam & trung diém 2 canh k& nhau ciia miéng patch co kich
thudc L=W=21, / 2. Néu dong dién léch pha 90° chang ta s& c6 truong phan cuc tron.

2.4.3.3 Tinh todn thiét ké

Gia str ta di c6 nhirng thong sé ban dau: hang s dién mdi e, tin sé hoat dong fo,
va chiéu cao caa I6p dién moi nén h. Ta can xac dinh: W, L, Wg, Lg va vi tri tiép dién.

Pé dat birc xa hiéu qua, chiéu rong caa patch dugc tinh theo cong thic:
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1 2 c 2
W = =
2f0\/y030 \/ g +1 2f, \/ g +1 PT 2.23

c: van téc anh sang, ¢ =3.108 m/s

Trong do:

fo : tn s6 hoat dong cua anten
g,: hang sé dién moi

Xac dinh hang sé dién méi hiéu dung:

1
E et +1 ¢ -1 h |2
= + -t 1+12—
8reff 2 2 |: W j| PT 224
Tinh d¢ tang chiéu dai do hiéu ¢ng:
(£ren +0.3)(Vr\]/+0.264j
AL =0.412h W
(60 _o.zss)(hw.sj PT 2.25
Chiéu dai hiéu dung cua anten:
. € PT 2.26
LrEff ZfO r—greff
Chiéu dai thuc sy caa miéng patch:
L= Lreﬁ -2 AL PT 2.27
Kich thudc mat phang dat:
Wy~6h+W PT 2.28
Ly~ 6h+ L PT 2.29

Vj tri cua diém tiép dién sir dung cap ddng truc:

Trong phuong phap tiép dién cho anten va bang cap dong truc thi 18i cap dugc han
tiép xUc vai mat birc xa, ddm xuyén qua mot 16 trén mat phang dat, khong tiép xuc voi
mat phang dat, vo cap tiép xdc véi mit phang dat. Khi tiép dién vao diém trén duong
trung tryc cia mot canh ta dugc truong phan cuc thang. Ta c6 thé tao ra truong phan
cuc quay bang cach to hop 2 séng phan cuc thang vudng goc véi nhau, véi goc léch
pha 900 giita ching. Pong thoi ta ¢ thé tao ra 2 séng phan cuc thang truc giao tir mot
phan tir anten mach dai hinh vudng c6 kich thuéc L=W=A/2, véi viéc tiép dién riéng l¢
vao 2 diém nam & trung truc 2 canh ké nhau cua phién kim loai ay. Néu dong dién tiép
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vao léch pha nhau 900 thi s¢€ tao ra treong phan cuc quay. Cach thuong dugc dung la
tiép dién dung mach hybrid chia cong suat va tao ra géc léch pha 900 giira 2 nhanh. Vi
dién ap 2 nhanh c6 bién do nhu nhau nén phan cuc quay nhan dugc la phan cuc tron.
Khi cip dién vao cac dau khac nhau cua hybrid s& nhan duoc truong phan cuc quay co
hudng quay khac nhau, quay phai (RHCP) hoac trai (LHCP).

Véi anten thu GNSS, vi tin hiéu GNSS t6i la tin hiéu LHCP, nén anten can phai la
RHCP.

2.5 Xay dwng quy trinh ché tao anten va GNSS

2.5.1 Lwa chon di¢n moi

Budc dau tién trong quy trinh ché tao anten la phai xac nhan duoc sé sir dung loai
dién mai nao, c6 hang sé dién moi bao nhiéu, do day va kich ¢& nhu thé nao. Bé biét
duoc diéu nay, trudc hét chung ta can phai xem xét lai yéu cau thiét ké cua anten. Vi
anten GNSS bang rong va muc dich thu tin hiéu vé tinh dé xac dinh théng sb khi
tugng, muc dich hang dau khong phai la chat lugng tét xau cua tin hiéu ma la sé
lwong tin hiéu thu duoc.

Pdng thoi trong cac yéu cau dat ra & muc 2.2 c6 mot yéu cau twong d6i quan trong
la kich c& anten phai nho, muc dich dé d& dang di chuyén va dwa di ldp dit tai nhiéu
ving khac nhau. Nhu vay, voi céng thirc cua anten va dé ra & muyc 2.4.3, chung ta déu
nhan thay can thiét phai co6 mot loai vat liéu dién mdi ma hang sé dién mai 16n, nham
giam di hai théng sb dai dién kich thudc anten 1a W va L.

Qua tim hiéu cac loai vat liéu dién méi anten tir cac trang bao khoa hoc va internet,
t6i di dén két luan can thiét phai san xuat dugc mot loai dién méi cé hang s dién moi
vao khoang 50 dén 150 dé anten cé kich c¢& dao dong nho hon 40mmx40mm. Va dé
chinh 12 vat liéu goém dién ti.

Dién mdi gom hay ceramic truyén thong lam tir dat sét va cao lanh, tuy nhién, dé
dien mdi gbm sir dung duoc trong linh vuc dién tir, ching ta can phai sir dung loai
nguyén liéu khac.

Vé dién méi dung trong linh vuc dién tir, chiing ta can quan tm 2 van dé nhu sau:

- bién mbi vat liéu.
- T6n hao dién moi.

Céc loai gbm k¥ thuat dién tir nhu gém fero-dién, ap dién, gém tu, gébm cach dién,
cao tan, gbm ban dan, siéu dan, gém ferit,... dwoc ung dung rong rii trong cac linh
vuc ky thuat dién, dién tu, vi dién ta,. ..
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Trong thiét ké anten dudi day, loai gém dugc sir dung 1a gom tu co dién mdi trung
binh (50 dén 500).
2.5.2 Quy trinh sdn xudt dign moi

Quy trinh san xuét dién méi gém ky thuat dién tir gdm cac buéc nhu so d6 sau
day:

Chon phéi ligu —|

v

’7 Tinh todn phéi lidu v can

[ Nghién trén - -~~~ Dap vii nghién the

' t

Tich nude vi sdy  f---- »L Nung sa b

\1 Tron chat két dinh
Tao hat

I

Tao hinh

v

Thiéu ket

r Tao miu
v

Kiém tra

e —
Y

Viatligu tw Vit lidu dp dién Vit lido cdch dien  Cdc vat liéu dien i khdc

Chat ket dinh

Hinh 2.8 Quy trinh san xuit gém dién tir
Véi mau gdm yéu cau, chung ta st dung quy trinh nung hai lan. Uu diém cua thao
tac nay la:
- [t xay ra sai léch vé thanh phan hop thtic nén tinh toan phéi liéu ez.
- [t co ngét nén mau bién dang nho, mat d6 gém cao.
- Co thé chon su phan bé hat theo kich thuéc dé dang.
Tuy nhién nhuoc diém la;
-S4 thao tac tang dong nghia thém tap ban mai truong.
- Mat d6 gém phu thudc ap suat nén.
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Bit tay vao thuc hién, chiing ta lam tirng buéc cu thé nhu sau:

Budéc 1: Chon phdi liéu

Nho su tu vAn caa cac giang vién va chuyén gia cua Vién Vit lidu ky thuat — Dai
hoc Bach Khoa Ha Nai, t6i da quyét dinh sir dung loai bot tring TiO2. Bam bao du
y&u cau tinh khiét 99%, khong chira cac hop chat oxit khac, duoc bao quan can than &
mai truong kho rao thoang mat, khong lam bién tinh vat liéu.

Budéc 2: Tinh toan phéi liéu

Nho budc lra chon phéi liéu st dung hop chat duy nhat, nén chang ta cé thé lugc
bo budc tinh toan phéi lidu nay.

Budéc 3: Nghién tron

O budc nay, chang ta sir dung cdi chuyén dung va bi nghién chuyén dung (thuong
la bi ma nao hoic su coridon). Céi nghién nguyén liéu c6 nhiéu kich c&, tuy nhién, vi
san pham chi & mac d6 lam mau trong phong thi nghiém va chua trién khai san xuat
hang loat, nén tdi chi s dung loai cdi nhé va nghién thu cdng bang tay ma khong sir
dung may tron. Toan bo thé tich vat liéu chiém téi da % thé tich cdi.

Ti 1¢ tron cua cac hgp chat nhu sau:
Mch4t nghidn: Mbi: Mawee = 1:1:1
Budéc 4: Tach nudc va say kho
Vi khéi lwong vat liéu khdng 16n, nén ching ta dung gidy loc dé hat bét nuée thira
ctia hon hop tron. Sau d6 la qua trinh sdy khé, cha y nhiét 6 say kho vao khoang 150
dén 200 do C.
Budc 5: Tao hat
Yéu cau va muc dich cua budc tao hat la nhitng diéu sau day:
- Tao d6 bén co hoc cho phoi
- Phan huy bay hoi & nhiét @6 thap, khong dé chira lai chat dong
- D& pha tron va khong duoc dinh céi
- Muc do min cua hat tao ra ciing yéu cau tbi quan trong

Péi voi TiO2, chang ta sir dung chat két dinh 1a PVA 5% thém Glicerin thi khéi
lwong 2 chat nay bang 1 — 3% tong khdi lugng nguyén liéu.

Vi 7 cylanh 35mm PVA, mé tron gom 48g TiO2.

C6 ba phuong phap tao hat: siy phun, nén va sang. Trong d6 phuong phap sy

phun la tét nhat va hién dai nhat.
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Budc 6: Tao hinh

Truée hét nguyén liéu duoc giir trong binh kin 24h, sau d6 dua di tao hinh. Théng
thuong ta st dung khuén, ci, chay va ép tir mot hoic hai phia. Bot phéi lidu dugc tao
hat va d6 vao khuén véi lwgng xac dinh, ap suat nén so bo tir phia trén nho chay trén.
Sau d6 thao xuyén d& cdi ra khoi khudn va tién hanh ép tiép dén ap suét can thiét. Luac
nay ci thir nhat di dong, ép luc tir ca hai phia. LAy mau ra khoi khuén sau khi hoan
thanh ép.

Véi TiO2, luc ép yéu cau la 3.5 tin, khudn duong kinh 40mm.

Budc 7: Thiéu két

O budc cudi cung nay, dé lam ra san pham yéu cau phu hop chang ta ¢é hai van dé
can cha y. Tha nhat 13 16 nung. Thi hai 1a gia nhiét.

V& 10 nung, khi cho san pham vao 10 phai dat [én chén nung cé rai bot 16t. Gém
phdi xép vao chén sach (chén coridon, niken, platin déu dwgc mién la khdng c6 phan
g vai chat nung), dung bot 16t & day chén va giita cac phoi. Tuong ty bot 16t ciing
c6 yéu cau khdng dugc phan ang véi chén va phai.

Vé tang nhiét, quy trinh ting nhiét gdm co 4 giai doan nhu sau:

- Say & 150 dén 200 d6 C, muc dich dé tach am va hitu co, qué trinh kéo dai
tir 0 dén 8 tiéng tinh ca thoi gian nang nhiét. Pay con duoc goi la khoang
gian nd tuyén tinh, kich thuéc mau ting do dan ng tuyén tinh, khi d6 do am
bay hoi, chat két dinh phan huy.

- Nang nhiét trong khoang tiép theo twong ing tir 8 tiéng dén 23 tiéng, cang
cham cang tot, dé gia tang tinh 6n dinh cia mau gém, khong gay nut va.
Pay chinh la khoang phan ng tao pha ran: dan nd manh.

- Giir nhiét khong d6i, hay con goi la luu nhigt. Lac nay nhigt do duoc gt o
muc toi da, khoang 1200 den 1400 d6 C, nung trong nua gio den 2 gio.
Trong thoi gian nay mau gbm sé& co ngot manh sau phan (ng tao pha ran dé
hinh thanh gém.

- Ha nhiét tir tir v& nhiét do phong, qua trinh nay phai lam that cham va theo
doi sat sao mau gém dé tranh nit v& do chénh nhiét. Bay ciing chinh la
khoang phat trién hat don tinh thé gém.

2.5.3 Thiét ké anten bang phan mém HFSS
Phan thiét ké chi tiét mau anten s& duoc trién khai ¢ chuong sau.
2.5.4 Kiém thi mdu anten

Phan kiém tht chi tiét mau anten s& duoc trién khai & chuong sau.
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CHUONG 3. THIET KE ANTEN THU GNSS

3.1 Phan mém mo phéng HFSS

HFSS 1a phan mém mé phong trudong dién tir theo phwong phap toan song (full
wave) d& mo hinh hda bat ky thiét bi thu dong 3D nao. Uu diém ndi bat cua n6 la co
giao dién ngudi dung d6 hoa. N6 tich hop mé phong, a0 hda, mé hinh héa 3D va tu
dong hoa (tu dong tim loi giai) trong mot méi treong dé dang dé hoc, trong d6 10i giai
cho cac bai toan dién tir 3D thu duwgc mot cach nhanh chong va chinh xac.

Quy trinh thiét ké gdm céac budc:

- V& md hinh véi cac tham sé cho trugc: vé@ mo hinh thiét bi, cac diéu kién
bién va ngudn kich thich.

- Thiét dat cac théng sé dé phan tich: thuc hién thiét dit cac thong sé dé tim
15 giai

- Chay mé phong: qua trinh nay hoan toan tu dong

- Hién thi két qua: dua ra cac bao cdo va do thi truong 3D.
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3.2 Mgt s6 miu anten da thiét ké biang HFSS
3.2.1 Anten helix quadrifila — shorted

3.2.1.1 Théng sé anten

Helix Antenna, Quadrifilar - Shorted

Units mm - Helix Diameter
— e =
Operating Frequency {GHz) 1575 — Wire
Helix Height = —— Diameter
Ground Plane X 59187 Helix Spacing 1
* Number of
Ground Plane 59187 Turns
Helix Diameter 0,856
Helix Spacing 150928
Mumber of Tums 0.5
Wire Diameter Ba7e
Winding Direction Left - Ground Plang
Width
Port Height 1.894
Outer Boundary ABC -
Synthesis Options
Frequency (GHz) 1575

Hinh 3.1 Thong sé cdu tao anten

3.2.1.2 Két qua mé phong

0 10 20 (cm)

Hinh 3.2 M6 hinh anten helix
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m1 | 1.5750|-25.9957

XY Plot 1 Helix_Antenna ADKv1 #

000 i Gurve Info

i — dB(St(port1_T1,port1_T1))

Setup1 : Sweep1

| Airbox_dist=72 9422mm’ Ground_X="58. 187mm’ Ground_Y="59.187mm’ Helix_Diameter="30.896mm" Helix_.

] : :
-5.00 —|

1000 ] Name | X ¥

m2 | 1.6020(-22.2318
T

Hinh 3.3 Tan sé cong hwéng tai f=1.575 GHz véi S11=-25.99,
tai f=1.602 GHz véi S11=-22.23
dB(GainTotal)

5.1943e+000
. 4914e+000
. 7885e+000
. B855e+000

y
3
3
2.3826e+000
1.6797e+000
9.7682e-001

. 2.7392e-001

-4, 2899¢-001
H -1.1319e+000
! -1.8348e+000

-2.5377e+000
-3. 2426e+000
-3, 9435e+000
-4, 6464 e+000
-5.3493e+000
-6.8522e+000

N

Theta

Hinh 3.4 Ting ich tong tai tin s6 f=1.575 GHz la G=5.19 dB

Name | Freq | Ang | Mag RX
m1_ | 15750 | 129.7746 | 0.0508 | 0.9342 + 00732i
m2 | 1.6020 | 65.1261 | 0.0701 | 1.0519 + 0.1345i

170

-160

-150

Smith Chart 2

Helix_Antenna_ADKv1

A

— St(portl_T1,port1_T1)
Setup1 - Sweep1

Curve Info

Airbox_dist=72.9422mm’ Ground_X="56.187mm’ Ground_Y="59.187mm’ Helix_Diameter="30.896mm" Helix_...
50

Hinh 3.5 D6 thi Smith tré khang Zo
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-
%15&) ]
Hinh 3.6 P6 thi VSWR gan bing 1
3.2.2 Anten patch si dung di¢n moi FR4
3.2.2.1 Thong sé anten
Bing 3.1 Thong sb anten Patch
Ground Patch_0 Patch_cut_1 | Patch_1
Hinh dang vuong vuodng tron tron
Size 170x170 170x170 R=71 R=39
(I) 10 20 (cm)
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3.2.2.2 Két qua mé phong

XY Plot 1 Patch_A
0.00
] m
500 —
= N o
- —
c-10.00 —
< _
X N
g |
ﬁl—‘IS 00 — Mame X Y
g : ms 1.3437| -5.0894
o - m6 | 15574 251316
]
T 10 1.0636 | -0.4843
82000 — ul
E _
@ l
= —
25.00 1 e e dB(S!
e Setup1 : Sw
-30.00 ] T T T T
1o 1ho 120 130 140 150 160
Freq[GHzZ]
3 ,
Y A A A 2
Hinh 3.8 Tan so cgng hwéng
XY Plot 2 Patch_Antenn
40.00 — Name X Curve
=»i= dB(VSWRH
35.00 - Setup1 : Sweep1
30.00
F25.00 —]
z _
g ]
%000
§2000 —
4 7
= .
%15 00 —
g -
10.00 —
500 —
0.00 —]
1bo 130 120 150 140 150 160
Fren IGH71
A
Y A A
Hinh 3.9 H¢ so VSWR
2
GainRHCP
6. 5944e-001
6.1822e-001 s
5. 7701e-001 e
5.3579e-801
4, 9458e-001
4,5337e-001
4, 1215e-801
3. 7094e-001
3.2973e-001
2.8851e-001
2.4730e-001
2.9609e-001
1.6487e-001
1.2366e-001
8. 24452-002
Y4, 1232e-002
1.7887-005

7

Hinh 3.10 Hé so tang ich
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3.2.3 Anten patch si dung di¢n moi gom

3.2.3.1 Bai todn thiét ké
Ta dat ra bai toan thiét ké nhu sau:

Thiét ké 1 Microstrip Patch Antenna hinh chit nhat bang bac hodc déng, cip ngudn
theo kiéu cap dong truc c6 day din vao. Miéng patch hinh chit nhat duoc chon vi cau
trac don gian va dé thiét ké. Anten cong huong tai trung tm cua 2 bing tan L1 ¢o f =
1.57542 GHz va G1 ¢6 f = 1.602 GHz (f trung tam = 1.588GHz). Anten duogc dat trén
l6p dién moi. Nhitng thdng sé nay s& duoc thé hién rd rang qua bang 3.1 sau:

Bang 2.2 Céc thong sé anten thiét ké

Tan sb hoat dong (f,) 1.588 GHz

Hang s6 dién moi cua lép dién moi (6r) | 68 (ceramic)

Do day I6p dién mbi (h) 3mm
Phuong thirc cap nguon Cép ddng truc
Su phan cuc Tron phai

Budc 1: Tinh kich thudc miéng patch

Dua vao mét s6 cdng thic ¢ phan 3.1.5 ta tinh duoc c4c thdng sé cua anten vi dai
nhu sau

1 2 c | 2 3.1011 2 PT
W= =— = = 12mm
2f Jigs &r +1  2f. J&, +1  2.1,588.10° (615 + 1 2.8

Hang sé dién moi hiéu dung cua patch tinh bai:

-1
&+1 & -1 h1z
Ereff = > + > [1 +12 W]

PT 29

-1
_4,4+1+4,4—1[ 12 712
2 2 50

= 64
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Chiéu dai mo rong cua miéng patch:

(s +03) (Vr\]’ " 0.264) PT 2.10

AL =0.412h W =3,12mm
(£ren —0.258)(h+0.8]

Chiéu dai thuc L cua patch tinh bai:

v L 3.10
 2fifEress ~ 2.1,588.10°.4/3,738

L —-2312=12mm PT211

Budc 2: Tinh kich thudc mat phang dat (dong thoi 1a Kich thude dién moi)
Kich thudc mat phing dat:

W, ~6h+W = 63 + 12 =30 mm PT212

Budc 3: Tim vi tri diém cap ngudn (theo cap dong truc)

Trong phuong phap tiép dién cho anten vi dai bang cap dong truc thi 16i cap duoc
han tiép xdc véi mat birc xa, ddm xuyén qua mot 16 trén mat phang dat, khdng tiép xuc
v6i mit phang dat, vo cap tiép xdc véi mat phang dat. Vi tri tiép dién tot nhat dé phéi
hop tro khang nam trong dudng thang ndi tir tim dén canh W cua patch. Tuy nhién
trén mod phong can tim dang vi tri phéi hop tro khang 5042. Phuong phép tiép dién nay
c6 cac uwu diém 1a d& thuc hién va khong cé bic xa phu.

Budc 4: Thong sb cap dong truc

Dua theo thdng sé cac san pham cap dong truc cé trén thuc té, chung ta st dung
loai cap co théng sé nhu sau:

— S6soi: 1 sgi don

— Ban kinh 161 sgi: 0.5mm

— Ban kinh vé: 0.95mm

— Bé day lép cach dién: 0.3mm
— Bé day vé boc: 0.4mm
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(Trong khi thuc hién mé phong ta chi sir dung 2 thong sé 131 va vo).

Bang 2.3 Céc thong sé tinh toan patch anten vi dai 1.588 GHz

Thong sé | L: W: Ls: Ws: Lg: Wg: | Ban Ban
chidy | chiéu | chiéu | chieu chiéu, chiéu |kinh | kinhvo
dai rong dai dién | rong dai dat rQng 161 soi
patch patch | moi dién dat

moi
Tinh toan| 12mm | 12mm | 13mm | 13mm | 30mm | 30mm | 0.5mm | 0.95mm

Tuy nhién sau qua trinh md phong, thdng s6 co sy thay doi dé dat duoc yéu cau
chinh xac hon nhu sau:

Bang 2.4 C4c thong so sau cin chinh patch anten vi dai 1.586 GHz

Thong sb | L: W: Ls: Ws: Lg: Wg: Ban Ban
chidu chiéu | chiéu chiéu |chiéu |chiéu |kinh kinh vo
& rong | daidién | rong | dai dat | rong | 15i soi
patch patch | moi dién dat
moi
Tinh toan| 8.2mm| 8.2mm | 13mm 13mm | 30mm | 30mm | 0.5mm | 0.95mm

3.2.3.2 Két qua mo phéng

:
0 10 20 (mm)

Hinh 3.11 Hinh dang anten mé phéng
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XY Plot 1 Patch_Antenna_ADKyv1

Curve Info

—— dB(Si(coax_pin_T1,coax_pin_T1))
Setup1 - Sweep1

-2.50 —

&n
=
g

o
n
8

X_pin_T1))

T1coa

-10.00 —

H250

dB(St(coax _pin

@
=
8

MA
g8 2
S @
g8 g
| |

@
el
W

150
Frea [GHz]

Hinh 2.12 Hé s6 phan xa S11
Nhan xét: Tan s6 trung tam tai f = 1.588GHz, hé s6 phan xa la -21.4dB. Nhu vay
tan s6 cong hudng nhu mong muon.
Tai tan s6 1.575 GHz hé s6 phan xa la -17.13dB.
Tai tan s6 1.602 GHz hé s6 phan xa 1a -17.74dB.

dB(GainTotal)

5. 2034e+000
4. 1311e+00@
3.8589%+00@
1.9866e+000

9. 1440e-001
-1,5785e-0@1
-1.2301e+000

-2.3023e+00@
-3, 3746e+00@
-4, 44E8e+000
| s s1steeaom

-6.5913e+000

-7.6636e+000
-8, 7358e+00@
-9, 8081e+00@
-1.0880e+001
-1.1953e+001

Hinh 2.13 P thi birc xa 3D

Smith Chart 4 Patch_Antenna_ADKv1
Curve Info

—— St(coax_pin_T1,coax_pin_T1)
Setup1 : Sweep1
patchX=51mm"

Hinh 2.14 Do thi Smith
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XY Plot 3 Paich_Antenna ADKv1

Freq [GHz]

Hinh 2.5 Hé séng séng dirng SWR
Nhan xét: Hé s6 song ding SWR = 1.4, gan véi 1.

3.3 Module khuéch dai LNA

Ta dat ra bai toan nhu sau:

Yéu cau 1 bo khuéch dai tap am thap LNA, hoat dong trong dai tan s anten da
thiét ké (bang rong tir L1, L2, L5). Yéu cau bo khuéch dai co kha ning dat cac thong
s nhu sau:

- bién ap hoat d¢ong 5V

- Daitan: L1, L2, L5

- Gain G=18dB
Tir nhitng yéu cau trén, ta thiy sir dung bo khuéch dai tap am thip LNA SPF5189Z
hang RFMD la hop ly. Cu thé, théng sé nhu sau:

Gain and NF versus Frequency

1 20
— o
15 Gair 1B
—
14 — 18
531
13 ~— 14
———
12 12
Gain MF
By 1 1.0 "
[ I __#__,_-—u—-_.._.-"' (dB)
ik — <A
NP
] 08
B 0.4
0.2
& 0.0
17 18 19 2.0 21 2.2

Frequency (GHz)

Hinh 2.18 Hé¢ sé ting ich va nhiéu theo tan s6
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511 versus Frequency (5Y, 90maA) 522 versus Frequency (5V, 90mA)

Hinh 2.19 S11 va S22 tai cac tan s6

3.4 San pham thuc té va két qua kiém thir

Hinh 2.20 Hinh anh sir dung may do PNA-X Network Analyzer do anten

T6i da lam anten thuc té theo cac kich ¢& mé phong tir phan mém HFSS nhu
trén. Sau d6 anten dugc kiém thir bang may PNA-X Network Analyzer N5244A (cung
cap bai phong thi nghiém 611, thudc Vién dién tir Vién thong) cho ra cac két qua chua
dang véi mong muédn. Cu thé, tan sb trung tdm qua cao f = 1.7GHz.
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Két hop giira kién thirc dugc hoc va thuc té t61 da diéu chinh lai kich thudc
miéng patch anten (phong to ra so véi mé phong dé giam tan sé trung tam).

Két qua cudi cung sau nhiéu 1an hiéu chinh, anten di dat dwoc yéu cau dit ra.

File  Trace/Chan Response Marker/Analysis Stimulus Utility Help

LY Marker 3 1.5880000000 GHz E|
Il 511 LogM 10.00dB/ 0.00dB
50.00 1 1.57£ GHz |-17.08dB Print...
1.

a

~

60 GHz -17.27 dB

40.00 >3 1.588 GHz -24.97 dB
[ Page ‘
Setup...
30.00 B
Print
20.00 to File...

" D
S — ]
— —
-10.00
-20.00
1 2 u
-30.00
Print

-40.00 Colors...
-50.00 Marker

1. >Chi: Start 1.40000 GHz — Stop 1.70000 GHz Functions
Cont. Ch1i Tri S11 No Cor LCL 2019-12-27 19:14

Hinh 2.21 Hé s6 phan xa S11
Nhan xét:
Tai tan sb trung tam f=1.588GHz c6 S11= -24.97dB.
Tai f=1.575GHz c6 S11=-17.03dB.
Tai f=1.602GHz c6 S11=-17.27dB.

File  Trace/Chan Response Marker/Analysis Stimulus Utility Help
n | Marker 3 15880000000 GHz |- “
Il 511 SWR 1.000U/ 1.00U
11.00 1 1576 GHz 127 Print,
2: 1600 GHz 1.42
10,00 > 3 1588 GHz 118
u
a0 . . [ | setup...
Print
800 to File...
7.00
6.00
5.00 ]
4.00
3.00 u
Print
2.00 : Colors...
1.00 i A Marker
1 >Chi: Start 1.40000 GHz — 1 ‘ Stop 1.70000 GHz Functions |
Cont. Ch1 Tri 511 No Cor LCL 2018-12-27 19:16

Hinh 2.22 Hé s6 séng dirng SWR
Nhan xét:

Tai tan s trung tdm f=1.588GHz c6 SWR= 1.18.
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Tai f=1.575GHz c6 SWR=1.27.
Tai f=1.602GHz c6 SWR= 1.42.

File  Trace/Chan Response Marker/Analysis Stimulus Utility Help

D) Marker 3 1.5880000000 GHz |-
Il s11 Smith 1.000U/ 1.00U
1 1575 GHz 38920

Hinh 2.23 Po thi Smith Zo
Nhan xét:

Tai tan sé trung tdm f=1.588GHz c6 Zo= 50.2102. Pap tng diéu kién phdi hop
trg khang vai day cap dong truc (50 £2).
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KET LUAN

Em xin chan thanh cam on Thay gido TS. LA&m Hong Thach va anh Nguyén Nhu
Vinh di giup d& em rat nhiéu trong qué trinh thuc hién do an vira qua. Em da hoc hoi
duoc nhiéu kién thire chuyén mén ciing nhu cac k¥ ning can thiét dé c6 thé nghién cau
lam bai tét nghiép ciing nhu dinh hudng cong viéc sau nay. Trong qua trinh nghién
ctru, do kién thuc va thoi gian c6 han nén em khéng tranh khoéi nhitng sai sét. Kinh
mong cac Thay C6 théng cam va nhan xét y kién dé em c6 thé hoan thanh db &n tét
nghiép tot hon.

Em xin chan thanh cam on cac Thay Cb.
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