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GIAI PHAP GIAM TUONG QUAN GIUA TiN HIEU RO
VOI TIN HIEU HIEU CHUAN TRONG HIEU CHUAN NOI BQ
HE THONG ANG TEN MANG PHA SO

Tran Viét Hl‘mg Nguyén Hoang Nguyén, Hoang Minh Thién, Pham Viét Anh

Tom tdt: Phurong phap hiéu chudn ndi b thoi gian thuc cho hé thong dng ten mang
pha sé dang dwoc nghién civu va g dung rong rai. Nhung phwong phdp nay con ton tai
hién tuwong ro tin hi¢u trong mo-dun gay ra sai 6 I6n trong hiéu chudn va la thach thirc
16m khi hiéu chudn véi yéu cau d chinh xdc cao. Bai bdo dé xudt gidi phap tao va phan
phoi tin hiéu hiéu chuan (THHC) cho cdc kénh trong hiéu chudn thu nham gidm twong
quan giita tin hiéu ro va THHC, tang d¢ chinh xdc trong hiéu chudn. Bang cach tao ra tdp
THHC khéc nhau va ghép hai mo-dun thanh mét cdp trong hiéu chudn thu, THHC tir mo-
dun nay sé duoc trich sang mo-dun con lai. Giai phdp nay khac phuc dwoc yéu cdu can
cach ly cao gitta tin hiéu ro va THHC. Hiéu qua cua dé xudt dwoc minh chirng qua mé
phong, két qua cho thdy dé xudt cé hiéu qua cao.

Tir khéa: Hiéu chuin ang ten mang pha; Hiéu chuén ndi bd; Tin hiéu hiéu chudn; Cach ly trong hiéu chuén noi bo.
1. PAT VAN PE

Nhu ta biét, hiéu chuan cac mo-dun thu phat (MDTP) cua hé thong ang ten mang pha trong
qua trinh khai thac st dung 1a rat can thiét [1, 2]. Véi yéu ciu cao vé& do chinh xéc, hiéu chuén
phai thyc hién trong thoi gian thyuc béi vi cac tham s6 ctia cac MDTP thay dbi lién tuc trong qua
trinh hoat dong [3]. Hiéu chuan noi b 1a phuong phap dang dugc st dung rong rai dé dap tng
céc yéu cau trén. Phuong phap nay c6 nhiing uu diém nhu do chinh xéc cao, chi phi thap, it ma
rong phan ctng va don gian trong viéc thiét 1ap bai do [4+7]. ‘Tuy nhién, phuong phap nay cé
nhugc diém 1a hién tugng r6 tin hi¢u trong moé-dun, gay ra sai s6 1on trong hi¢u chuan va 1a thach
thirc 16n khi hiéu chuan véi yéu cau do chinh xac cao [4]. Vi vay, md-dun cin c6 kha ning cach
ly cao giita cac duong tin hiéu. Vi yéu cau nay, khi thiét ké mo-dun can duoc tinh toan rat ty
my va thir nghiém nhiéu lan dé dat dugc kha ning cach ly theo yéu cau dit ra [4, 10].
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Hinh 1. Sai s6 pha va bién dg khi ro tin hiéu hiéu chudn.

Tin hi€u ro0 chinh la THHC di theo cdc duong khac nhau tac dong vao duong di THHC mong
muon, déy 1a mot loai nhicu (goi la “nhicu r0”). Khong giéng nhu nhicu tap ngau nhién, sai s6 do
nhiéu ro khong thé giam bang cach lay trung binh qua nhiéu lan do. Biéu thuc toan hoc cua tin
hi¢u trén duong hiéu chuan c6 nhiéu ro ky hiéu 1a S, (n), dugc biéu dién nhu sau [4]:

S () =L+ Me)S(n) 1)
trong d6, S(n) 1a mdu THHC, n 1a chi s6 iy miu, M va 6 tuong tng 1a bién do (Mirc cach ly)
va léch pha offset ctia nhiéu ro so voi THHC.
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Sai s6 pha va bién d6 do nhidu ro thé hién trén hinh 1 véi cic muc cich ly
M =-30+-55dBc, &=0°+360". Khi hiu chuén yéu cau d¢ chinh xéc cao, ta can phai dam
bao mirc cach ly 16n hon 55 dBc [4]. Pay 1a yéu cau kho khan khi mo-dun sir dung trong hé
thdng ang ten mang pha s6 hién dai c6 kich thudc nho, mat do tich hop cao [8, 11].

Trong bai bao nay, chiing toi dé xudt giai phap mdi dé khac phuc han ché trén trong hiéu
chuin céac kénh thu. Giai phap d6 1a tao va phan phéi THHC kénh thu sao cho nhiéu ro va THHC
khac nhau. Véi gidi phdp nay, twong quan giita nhiéu 1o va THHC s& giam, tir 6 1am giam yéu
cau vé kha ning cach ly cao trong mo-dun. Phan 2 phén tich hién tuong nhiéu ro trong cau trac
mot MDTP cy thé va trinh bay giai phap nhu dé xuat trén. Phan 3 minh chung giai phap dé xuat
qua md phong. Va phan cudi cung 1a két luan.

2. HIEN TUOQNG RO TiN HIEU VA PE XUAT GIAI PHAP KHAC PHUC

2.1. Phan tich hién twong ro tin hiéu trong hiéu chuin ndi bd

Céu trac mot MPTP tich hop hé con hiéu chuan ndi bo thoi gian thuc da duoc trinh bay trong
cac tai lidu [12], duoc thé hién trén hinh 2. Trong do, cac khéi vé& nét dut nhu céac phén tr chuyén
mach CM, mach ghép dinh hudng, phan tir suy giam SG duoc thém vao so voi cac MDTP thong
thuong dé thyuc hién quy trinh hiéu chuan noi bo. CAc tin hiéu cao tan dau vao RF, LO duoc cip
tir mang phan phdi tin hiéu tuong tng voi cac ché do hoat dong ctia mo-dun. Puong hiéu chuin
thu mau xanh lam, hiéu chuin phat mau do6, hiéu chuin ‘bypass’ mau xanh 14 (Dung dé hiéu
chuan dau do phat, xung nhip ldy mau cho ADC). Nhu di trinh bay, bai bao nay tap trung phan
tich & ché do thu - hiéu chuan. Puong di cia THHC mong mudn (Méau hong nét lién) va cac tin
hiéu rd (Mau hdng nét dirt) duoc thé hién trén hinh 2.

Nhu trén hinh ta thay c6 thé phan chia nhidu ro thanh hai nhom. Nhom tht nhét 13 nhiéu ro
tac dong vao dau ra duong thu cao tan trudc khi vao bo tron, loai nhidu ro nay chu yéu ro theo
cac chuyén mach CM1-2, hién twong cam tng va phan xa tin hiéu trong mo-dun. Nhém thir hai
1a nhiéu 1o theo dudng phat, sau do, tin hiéu ro theo hai duong: theo dudng hiéu chudn phat va
theo dudng t&i Ang ten rdi phan xa lai dudng thu [4].
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Hinh 2. Cdu triic TRM véi dwong di THHC trong ché di thu — hiéu chudn.

V6i nhém nhidu ro thir nhat, dé dap img yéu cau cach ly cao, co thé co cac giai phap nhu: sir
dung cic chuyén mach co muc cach ly 1on (Hay méc thém cac chuyén mach nbi tiép) [4], ting
khoang cach khong gian giita cac linh kién va lam vach ngén giita cac duong tin hi¢u trong mo-
dun [10]. Véi nhitng mo-dun sir dung trong mang pha s6 c6 mat do tich hop cao, kich thudc nhé
thi dé dap g yéu cau trén 1a rit kho khan. Vi nhom nhiéu ro thir hai, dé dap tmg yéu cau cach
ly cao, c6 thé c6 cac giai phap nhu: sir dung thém cac bd suy giam c6 diéu khién tdc do cao hay
céc chuyén mach trén dudng phat [4]. Diéu nay s& ting chi phi va tinh phic tap trong thiét ké.

Nhu véy, tir nhitng phén tich trén cho thiy dé dat dwoc yéu cau cach ly cao trong hiéu chuén
ndi bo, viéc thiét ké cau trac MDTP gap nhiéu kho khin, ting chi phi va thoi gian thir nghiém.
Trong tai liéu [7] d3 thir nghiém kha ning cach ly dat yéu cau néu trén, tuy nhién viéc thiét ké
mo-dun rat phirc tap, kich thirc mé-dun 16n (5.9 inch x 17 inch [10]). Phan tiép theo s& trinh bay
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giai phap dé khic phuc han ché trén.
2.2. Dé xuit giai phap khic phuc hién twgng nhiéu ro

Trong bai béo [12] chung t0i da dé xuét giai phap hiéu chuan ndi bo kénh thu, véi THHC 1a
tin hiéu duoc di€u ché pha theo ma dich pha nhi phan BPSK (Binary Phase Shift Keying) két
hop véi diéu ché bién d theo ma dich bién nhi phan kiéu khoa On/Off OOK (On/Off Keying).
bé giam anh hudng cua nhiéu ro, chung t6i d¢ xuat giai phap tao va phan phoi THHC nhu sau:

1) Thir nhét 14 tao tap THHC cho céc kénh thu c6 ma diéu bién OOK khac nhau. Giai phap
nay dugc thuc hién bang cach trén mdi duong THHC cua mang phan ph01 tin hiéu thém mot
phan tir chuyén mach CM, sau d6 diéu khién cac chuyén mach nay bang chudi xung On/Off ngiu
nhién khac nhau nhung ¢ cung chu ky lam viéc (goi la hé so didu bién) D (Duty cycle). Viée
thém cac chuyén mach khong gy nhiéu phuc tap va chi phi thiét ké phan cing. Véi giai phap
nay, cu tric mang phan phdi tin hiéu thé hién trén hinh 3, v6i RF-in 14 tin hiéu diéu pha theo ma
BPSK duoc hinh thanh tir b tao tin hiéu.
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Hinh 3. Mang phdn phéi tin hiéu RF.

2) Thit hai 1a cach thirc phan phéi THHC cho cic MDTP. D6 1a két ndi THHC s& dugc thyc
hién bang viéc ghép cap hai MDTPi,j v6i nhau. Vi dudng hiéu chuén thu, hai dau ndi duong
cap T1-T2 khong cung nam trén moét mo-dun nhu hinh 2 ma nd nam trén hai md-dun khac nhau.
Viéc thay doi két ndi nay thé hién trén hinh 4.
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Hinh 4. Cdch két néi ghép cip hai MPTP trong hiéu chudn thu.

Trén hinh 4, viéc két ndi duong hiéu chuén thu dugc mé ta nhu sau: THHC & dau vao RFi
cia MDTPi c6 mau nau, vao MPTPj c6 mau hong. Xét MDTPi, THHC mong muén dua vao
duong thu qua dau nbi T2 duge cap tir dau ndi T1 cia MDTPj. Nhu di phan tich & trén, nhiéu ro
tir tin hiéu dau vao RFi cia MDTPi c6 mau niu nét dut tac dong vao duong thu, con THHC trén
duong thu 1a mau hong Nhu véy, voi giai phap két n01 nay, nhidu ro va THHC khac nhau, diéu
nay lam suy giam hé s6 twong quan giira chung. Hé s6 twong quan dugc tinh toan nhu sau :

Xét hai chudi tin higu khdc ma didu bién OOK: Sgu,, () VA Syoy,(N), co cling hé sb diéu
bién D, hai ma OOK dugc minh hoa nhu trén hinh 5.
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Hinh 5. Minh hoa hai tin hiéu cé md OOK khdc nhau.

Theo [9], hé s6 twong quan hai chudi tin higu Syy,, () VA Syox,(N) duge tin toan nhu sau:

3" (Sooxe (M — Sooxs) Soox (M — Soor)

rSOOKlsOOKZ - N P N — 2 (2)
\/anl(soom(n) - SOOKl) \jZn:l(SOOKZ (n) - SOOKZ)
Hai chudi tin hi¢u Sgo,, () V& Syoy,(N) duoc didu ché ma BPSK ngau nhién, vay:
Soort ®0,Spor2 0 (3)
Thay (3) vao (2) ta co:
N
21 Soora (MSook (M) @

I. ~
T Y Sana ) L (Soaa )
Goi N 1a do dai cac chudi ma OOK, goi M 1a téng s6 mau xuat hién mirc 'On', vay ta co:
D=M/N (5)
D ciing chinh 14 x4c sudt xuat hién cia mirc 'On' trén mdi chudi ma OOK, theo 1y thuyét xac
suét thong ké khi hai 'ma OOK gieo ngiu nhién thi xac suat dé chung tring nhau bang D?. Vay
biéu thirc (4) duoc bién doi nhu sau:

N-D* N-(M/N)*> M
rSOOKlSOOKZ ~ = =N D (6)
MW M N
Nhu vy, ap dung vao dé xuét trén, ta c6 hé sb tuong quan giita nhidu ro va THHC kha nho
(D<1). Dicu nay s€ lam giam sai sO hi¢u chuan, ciing nhu giam yéu cau ve cach ly cao giira
cac duong tin hi€u trong mé-dun. Phén ti€p theo s€ m6 phong d€ chimg minh bi€u thie (6) va
danh gia hi¢u qua cua d¢ xuat trén.

3. KIEM CHUNG QUA MO PHONG

3.1. M6 phéng su anh huéng 1in nhau ciia hai ma OOK

©
a

H¢ 56 twong quan 1/Ts o

Hinh 6. Hé s6 tuwong quan ciia hai tin hiéu c6 ma OOK khdc nhau theo hé sé diéu bién D.
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) Su anh huéng 1an nhau cua hai tin hi@u duoc thé hién qua hé ) tuong quan. Viéc tin tpén hé
sO tuong quan cua hai tin hiéu c6 mé diéu bién OOK khac nhau dugc mé phong theo biéu thire
(2) nhu sau: Tao hai chudi tin hi€u c6 ma OOK khac nhau, véi lan lugt chon cac gia tri
1/D=1+32, véi mdi gia tri cia D tinh S oiSou, HEO biéu thire (2). Két qua moé phong dugc
thé hién trén hinh 6 cho thay, biéu thirc (6) udc lugng theo 1y thuyét 1a tuong dbi chinh xAc.

3.2. M phong danh gia sai s6 hiéu chuin

Vi giai phap trude day, biéu thirc toan hoc (1) biéu dién tin hi¢u trén duong hiéu chuan, véi
sai s0 pha va bién d(:) thé hién ‘Erén I}inh 1. Vi gidi phap dé xuat, biéu thirc toan hoc cua tin hiéu
trén duong hi€u chuan dugc bi€u dién nhu sau:

Sen (M) = Soors (M) + Mejgsoom (n) (7
trong d6, Soox,(N) 1a chudi THHC véi mi diéu bién OOK1 trén duong hi¢u chuan mong mudn,
Sook, (N) 12 nhidu ro véi ma diéu bién OOK2, M va @ la tham s di dugc giai thich & trén.

Panh gia sai s6 do nhidu ro gdy ra duoc thuc hién trén Matlab véi md hinh méd phong nhu
trén hinh 7. Trong md phdng nay, ching t6i chon hé so6 dicu bién D =1/32 (Chon gia tri nay
nhu da phan tich trong [12]). Nhiéu 16 OOK2 nhén cic mirc cach ly M =0,-10,-20,-35dBc,
mdi gid tri cia M thyc hién xoay pha offset & =0° +360° . Cudi cling la do pha va bién d6 theo
ma OOK1, bang céach xir ly twong quan giira tin hiéu OOK1 trude va sau khi c6 nhieu ro OOK2.

Ma OOK2 Lua chon gid tri

Tao hai tin hi¢u véi f’;"_'utj‘;gud;f > . Po pha, bién
hai ma OOK khac e Céng bai tin d) theo ma
nhau, ¢c6 D =1/32 |M&OOK1 ) OOK1

Hinh 7. So do kiém chitng sai s6 do nhiéu ro gdy ra.
Két qua do pha va bién d9 theo tin hiéu OOK1 thé hién trén hinh 8. So sanh két qua v6i hinh
1 khi hi€u chuan yéu cau do chinh xac cao, ta can phai dam bao muc cach ly 16n hon 55 dBc [4],
cho thdy, voi giai phap dé xuét ¢ cac mirc cach ly M =0,-10,—20,-35dBc twong dwong vé6i gidi
phap [4] & cac mirc cach ly M =-30,-40,-50,-55 dBc. Vay voi giai phap dé xuit ta giam dugc
yéu cau cach ly cao trong hiéu chuan noi bd khoang 30 dBc (= 201g(1/D) dBc), tir yéu cau cich
ly -55 dBc¢ giam xuong con -25 dBc.
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Hinh 8. Sai s6 pha va bién dg theo gidi phdp dé xudt véi D = 1/32.
4. KET LUAN

Qua két qua mo phong cho thiy, hé sb tuong quan giira nhiéu ro va THHC rat nho (= D), tir
d6 1am giam sai s6 hiéu chuan va giam muc yéu cau cach ly cao giita cac tin hiéu trong hiéu
chuin noi bd. Két qua md phong di ching minh rang, khi cac md OOK khac nhau thi muc cach
ly yéu ciu trong hiéu chuan nodi bo giam tuong duong véi hé sb tuwong quan

r.
SCVOK lsOOK 2

(=~ 20lg(1/ D) dBc). Diéu nay cho phép giam kho khin trong thiét ké cdu trac mé-dun. Véi hiu
qua va cach thuc thyc hién don gian, viéc ap dung d8é xuét vao thuc té 1a hoan toan kha thi.
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ABSTRACT

SOLUTIONS TO REDUCE THE CORROLATION BETWEEN LEAKAGE SIGNAL
WITH CALIBRATION SIGNAL IN THE INTERNAL CALIBRATION
OF THE DIGITAL PHASED ARRAY ANTENNA SYSTEM

Real-time internal calibration method for digital phased array antenna system is being

studied and widely applied. But this method also has signal leakage in the module which
causes large errors in calibration and is a big challenge when calibration with high
accuracy is required. The article proposes a solution to create and distribute the
calibration signal (CalSig) for channels in receiver calibration in order to reduce the
correlation between the leakage signal and CalSig, and increase the accuracy in
calibration. By generating a different set of CalSigs and pairing the two modules into a
pair in the receive calibration, the CalSig from one module will be extracted to the other.
This solution overcomes the requirement for high isolation between leakage signal and
CalSig. The effectiveness of the proposal is proven through simulation, the results show
that the proposal is highly effective.

Keywords: Phased array antenna calibration; Internal calibration; Calibration signal; Isolation in internal calibration.
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