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This paper proposes a solution to improve the quality of transmitters
calibration of the digital phased array antenna system in real-time. The
internal calibration method is a widely studied and applied method to
achieve real-time in calibration. However, the method has a major
limitation, which is signal leakage in the module, which causes large errors
in calibration. The article proposes a solution to overcome the above
limitation in transmitter calibration. It is to delay the extracted calibration
signal at the output of the transmitter module by the “delay-line™. With this
solution, the correlation between the calibration signal and the leakage
signal will be significantly reduced, thereby reducing the error of the
measurement. The effectiveness of the proposal is analyzed on the basis of
theory and demonstrated through simulation. With a sufficiently large
delay selection, the simulation results with the BPSK (Binary Phase Shift
Keying) sequence of length 1000, show that the correlation of the two
signals is reduced by about 31.6 times, corresponding to the isolation level
of the two signals increasing by 30 dBc.
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Bai bao nay dé xuat giai phap nang cao chat luong hiéu chuan cac kénh
phat cua hé thong ang ten mang pha s6 trong thoi gian thuc. Phuong
phap hiéu chuan noi 1a phuong phap da dugc nghién ctiru va tng dung
phd bién dé dap tng tinh thoi gian thuc trong hiéu chuin. Tuy nhién
phuong phap ¢ han ché 16n, d6 1a hién twong ro tin hiéu trong mo-dun
va diéu nay gdy ra sai sé I6n trong hiéu chuan. Bai bao d& xuét giai
phap khic phuc han ché trén trong hiéu chuan kénh phat. P6 1a giir
cham tin hiéu hiéu chuin dwoc trich xuit & dau ra cia mo-dun phat
bang "dwong tré tin higu". Vai giai phap nay, mdi tuong quan giita tin
hiéu hiéu chuan va tin hiéu ro s& bi suy giam dang ké, tir d6 lam giam
sai s6 cuia phép do. Hiéu qua cua dé xuat dugc phan tich trén co so 1y
thuyét va minh ching qua mé phong. Véi cach lya chon do tré du lon,
két qua md phong véi chudi ma dich pha nhi phan BPSK c6 1000 gia
tri, cho thdy méi twong quan cua hai tin hiéu giam xap xi 31,6 lan,
tuong (tng vGi mire cach ly cua hai tin hiéu tang 1én 30 dBc.
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1. Giéi thi¢u

Hiéu chuan cac hé thong dng ten mang pha noi chung, dng ten mang pha s6 (AMPS) noéi riéng
khi hé théng duoc dua vao sir dung 13 yéu cau cap thiét [1], [2]. Cac md-dun thu phat (MDTP)
dugc sir dung trong cac hé thdng AMPS thuong c6 mat do tich hop rat cao, vi vay cac tham s6
pha va bién d6 cua ching lu6n thay ddi, ngay ca trong qué trinh hoat dong [3]. Vi yéu cau cao
vé d6 chinh xac, hidu chuan can phai duoc thyc hién thuong xuyén ngay trong qué trinh hoat
dong, d6 goi 1a "hiéu chuan thoi gian thuc" [3]. Phuong phap hiéu chuan noi - d6 1a giai phap
xdy dung hé hiéu chuan tich hop vao cac MDTP dang dugc str dung rong rai hién nay [4], [5].
Phuong phap nay ¢6 nhitng wu diém nhu d chinh xac cao, chi phi hop 1y, don gian hon trong thir
nghiém [6]-[9]. Tuy nhién, phuong phap nay co nhugc diém 1a hién tugng ro tin hiéu trong mo-
dun, tir d6 gay ra sai s6 16n trong hiéu chuan [6]. Vi vdy, mo-dun can co kha ning cach ly cao
gita cac duong tin hiéu. Véicac MDTP c6 mat d¢ tich hop cao, khi thiét ké mo-dun can phai
phan viing, cach ly tin hiéu va can qua trinh thtr nghiém nghiém ngat [6], [10].

Tin hi€u ro chinh la tin hiéu hiéu chuan (tin hiéu can do) nhung di theo cac duong khong
mong mudn tac dong tro lai vao duong di tin hiéu can do, gay ra nhidu (goi la “nhidu ro”) [6],
[11]. Khong gidng nhu nhidu tap ngau nhién, sai s6 do nhidu ro gay ra khong thé giam bang cach
liy trung binh qua céc phép do [6 I. Biéu thirc toan hoc cua tin hiéu trén dwong hiéu chuan c6
nhiéu ro ky hidu 1a S, (n), dwoc biéu dién nhu sau [11]:

S (M) =1+ Me’)S(n) 1)
trong d6, S(n) 1a chudi miu tin hiéu can do, n 1a chi s6 ldy mau, M va 6 tuong ung la bién do
(mtc cach ly) va 1éch pha offset ciia nhidu ro so véi tin hiéu can do.
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Hinh 1. Sai 6 pha va bién d¢ do nhiéu ro

Sai s6 pha va bién do do nhidu ro theo (1) thé hién trén hinh 1 voi cac miac M =-30+-55
dBc, 0=0°+360°. Nhu trong [6], [11] d4 chi 13, véi yéu cdu do chinh xé4c cao trong hiéu chuan,
ta can dam bao muc cach ly 16n hon 55 dBc. Pay 1a yéu cau kho khan voi nhimg MPTP ¢6 kich
thudc nho, mat do tich hop cao [12], [13].

Trong bai bao nay, ching t6i dé xuat giai phap mai de khic phuc han ché trén trong hiéu
chuan cac mo-dun phat. Giai phap d6 1a giir cham tin hiéu can do sau khi dugc trich xuat ¢ dau ra
mo-dun phat mot cach hop 1y. Vi giai phap nay, mdi twong quan giita nhidu ro va tin hiéu can
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do s& bj suy giam dang ke, tir d6 lam giam sai s cua phép do. Phan 2 s& phan tich chi tiét hi¢n
tuong nhicu ro va trinh bay giai phap nhu d€ xuat ¢ trén. Phan 3 minh chung giai phap dé xuat
qua udc lugng ly thuyet va moé phong. Va phan cuoi cung la két luan.

2. Phwong phap nghién ciru

Phuong phép nghién ctru dya trén dac diém 1y thuyét cua truong dién tir, dac diém ky thuat
thuc té cua hién twong 1o tin hiéu trong cac moé-dun qua viée nghién ctru cac tai lidu khoa hoc vé
hién tuong nay trong hiéu chuan ndi cic mo-dun thu phat sir dung trong mang pha sb. Tir do de
XUt giai phap don gian, tiét kiém chi phi va thoi gian thir nghiém hon, c6 thé str dung cho mot s6
g dung cu thé. Giai phap dé xuit duoc minh ching qua 1y thuyét va mé phong.

2.1. Phaén tich hién twong ro tin hiéu khi hi¢u chudn phdt

Céu triic co ban cia mot MDTP tich hop hé con hiéu chuan néi duoc thé hién trén hinh 2.
Trong d6, cac khdi v& nét dut nhu cac phan tir chuyén mach CM, mach ghép dinh huéng, phan tir
suy giam SG duogc thém vao so véi cac MDTP thong thuong dé thuc hién quy trinh hiéu chuan
noi, voi dudng hiéu chuan thu mau xanh lam, hiéu chuan phat mau do, hiéu chuan ‘bypass’ mau
xanh 14 (ding dé hiéu chuan dau do phat, xung nhip ldy mau cho ADC) [11], [14]. Nhu da trinh
bay, bai bao nay tép trung phan tich giai phapd ché d6 phat - hiéu chuan véi dudng di cua tin
hiéu can do(mau hong nét hen) va cac tin hiéu ro (mau hdng nét dut) dwoc thé hién trén hinh 2.

Theo hinh v&, nhiéu ro tuyén phat co thé phéan chia thanh hai nhém. Nhom thi nhét 1a nhiéu ro
tac déng vao déu ra duong thu cao tin trude khi vao bo tron, loai nay thuong di theo cac chuyén
mach CM1-2, hién tugng cam tng tin hiéu trong mo-dun. Nhém thtr hai 1a nhidu ro tac dong truc
tiép vao dau vao duong thu do phan xa tro lai tir dng ten [6].

—" Dudng di tin hi¢u do
# Duing di nhidu ro

A1 nx gA
uRIYY NI Suy) IH

Hinh 2. Cdu triic MPTP véi duong di tin hiéu do trong ché dé phat — hiéu chudn

Véi hai nhém nhiéu ro nay, dé dap ung yéu ciu cach ly cao, ¢ thé ¢ cac giai phap nhu: sir
dung cac chuyén mach c6 muc cach ly 16n, sir dung thém cac b suy giam c6 didu khién, ting
khoang cach khong gian gitra cac linh kién va lam vach ngan gitra cac duong tin hi¢u trong mo-
dun [6], [10], [11]. V&i nhitng mé-dun sir dung trong mang pha sé c6 mat do tich hop cao, kich
thudc nho thi dé dap tng yéu cau trén 1a rat kho khin, ddng thoi s& ting chi phi va tinh phirc tap
trong thiét ké [11].

Nhu vay, tir nhitng phan tich trén cho thay dé dat duoc yéu cau cach ly cao trong hiéu chuan
noi, viéc thiét ké cau trac MDTP gap nhiéu kho khin, ting chi phi va thoi gian thir nghiém. Vi
vay chiing t6i dé xuat giai phap dé khac phuc han ché trén trong ché d6 hiéu chuan phat.

2.2. Dé xudt gidi phdp khic phuc hign twong nhiéu ro

Nhu d3 trinh bay, nhiéu ro ¢6 tinh twong quan véi tin hiéu can do nén khong thé lam suy giam
khi ldy trung binh qua cac lan do [6]. Ciing chinh vi Iy do dé, giai phap dugc dé xuat & day chinh
1a 1am suy giam tinh twong quan d6. Theo [15], méi twong quan cua hai tin hiéu phu thudc vao su
gidng nhau theo thoi gian gitra chung. Tir 6 bai bao dé xuat giai phap d6 1a mic thém “duong tré
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tin hiéu” (delay-line) trén dudng di cua tin hiéu can do sau khi dugc trich xut & dau ra mo-dun
phat. So d6 hinh 2 dugc thay thé bang so d6 hinh 3 nhu sau:

> Duimg di tin hi¢u do

RF

Puong phat SG]‘ .
f Ang ten

A nx ea
ugIyy NP Sugy $H
—
(e}

Puong tre

Hinh 3. Puong di hiéu chudn phdt dwoc mdc thém *“dwong tré tin hiéu”

Vi viéc méc thém “duong tré tin hiéu” (sau day goi la duong tré) thi tin hiéu ro va tin hiéu
can do bj sai léch vé thoi gian, theo 1y thuyét tuong quan tin hiéu néu dé sai léch cang 16n thi mdi
tuong quan gilta chiing cang giam [15].

buong tré 1a phan ter pho bién trong nhiéu &ng dung xung, khi tin hiéu can phai tré mot
khoang thoi gian nhat dinh. Buong tré 1a phan tir thy dong, co chirc nang chinh 14 lam tré tin hiéu
theo yéu cau ma khong 1am méo dang tin hiéu trong dai tan hoat dong. Do vay hai tham s6 chinh
cua dudng tré 1a mac suy giam A va thoi gian tré t. Ta c6 ham truyén gita tin hiéu dau vao x(n)
va dau ra y(n) nhu sau: y(n) = A-x(n—t) . Thuc té dé don gian, mac suy giam A c6 thé tinh vao
ton hao duong truyén nén ta c6 thé coi A=1. Do tré t ¢ thé dat duogc tir vai ns dén vai tram us
[16]. Tuy vao ting ciu triic tin hiéu ma ta c6 thé lya chon dd tré cho phu hop. Phan tiép theo s&
minh chting cho giai phap da dé xuat ¢ trén.

3. Kiém nghiém két qua va danh gia
3.1. Uéc lwgng hé sé twong quan khi tin higu bj tré

Trong bai bao nay, chiing toi sir dung loai tin hiéu trai phd thong dung dugc st dung phd bién
trong cac hé thong thong tin va ra da. D6 1a tin hiéu trai phé duoc diéu ché dich pha nhi phan -
BPSK (Binary Phase Shift Keying). Pay dugc coi la chudi tin hiéu gia tap véi pha dich ngau
nhién 180° (£90°) vai hai mirc bién d6 chuan hoa tuong tmg +1 [17]. Goi thoi gian dich pha ngau

nhién 1a T, thi d6 rong phé tin hiéu bang 1/T. Hinh 4.a dudi ddy minh hoa chudi tin hiéu ma
BPSK c6 d6 dai N, véi T = 100ns. Hinh 4.b 1a chudi tin hiéu hinh 4.a dugc gifr tré t=50ns.

T
]
g T
a 0
8
-1
su

N T

0 0 800 1000 1200 1400 1600 1800 2000 (ns)
= 1
s
g
2 0
=
-1
0 il snn 800 1000 1200 1400 1600 1&00 2000 (ns)

Hinh 4. Minh hoa tin hiéu BPSK b; di# chdm
Vi dang tin hiéu ma BPSK, khi thoi gian tré t I6n hon thoi gian chuyen pha T thi c6 thé coi 1a
hai chuoi tin hiéu khac nhau (gan nhu khong twong quan), vy goi T la "khoang tuong quan”.
Nhur vay chudi ma trén hinh 4.a va 4.b 1a khac nhau khi t > T. Vi dang tin hiéu ma BPSK, hé s6
twong quan cua ching duoc ude lugng nhu sau:
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Xét hai chudi ma c6 d6 dai N, dugc chuan hoa bién d6 1a £1 nhu trén hinh 4: S,(n)va S,(n),
V6i S,(n) 1a chudi ma S (n) dugc giit tré bai duong tré véi thoi gian tré t, S,(n) =S, (n—t).

Theo [15], h¢ s6 tuong quan hai chudi tin hi¢u S,(n) va S,(n) dugc tin toan nhu sau:
26 =5)(S,(M) - S,) )
I (5 -5 30 (S, () -5,)?

Mi BPSK duoc didu ché ma pha ngiu nhién, vay Ky vong cua ching duoc ude lugng la:
$,~0,S,~0 ®3)

Iss,

Thay (3) vao (2) ta co:
> (S,()S, (M) ()

G 2 (5. )

~

rSISZ

Véi dang chudi ma nhu trén ta co:
I (SN (5, ()2 ~ VN VN =N (5)
Nhu da phan tich, véi t> T thi rgg ~0.V6it<T, thay (5) vao (4), ta co:
N-(T-t)/T t
58, (r-9/7) =1-= (6)
b r ' 27 N T Y
Nhu vay, ap dung vao dé xuat trén, ta c6 hé s6 tuong quan gitra tin hiéu ro va tin hiéu can do
¢6 thé giam xudng kha nho (fss, >0khi t>T). Diéu nay s& lam giam sai s6 hiéu chuan, ciing

nhu giam yéu cau vé cach ly cao gitra cac duong tin hiéu trong mo-dun. Phan tiép theo s& mo
phong dé kiém ching biéu thirc ude lugng (6) trén.
3.2. M6 phéng hé sé twong quan khi tin hi¢u bi tré

Viéc tinh toan h¢ sb twong quan cua hai tin hiéu duoc mé phong voi bNiéu thire tinh (2) nhu
sau: Tao chuoi tin hiéu ma BPSK c6 do Eiéi N = 1000,~véi T= 1Q0ns; chuoi tin hiéu tré I?m luot
chon trong khoang t = 0200 (ns). V&i moi gia tri do tre, tinh h¢ so twong quan r, theo biéu thirc
(2). Két qua md phong dugc thé hién trén hinh 5, cho thay ‘biéu‘thl'rc (6) udc lugng theo ly thuyét
la trong doi chinh xac. Tuy nhién ta thay gia tri r,, chi gan bang khong khi t > T. Dicu nay la
hoan toan chinh xac boi hai chudi ma BPSK khac nhau c6 do dai N thi hé s6 tuong quan cua
chung xap xi 1/ JN . Nhu vay, chudi ma cang 16n thi hé s6 twong quan cua chung cang giam. Tur
d6, biéu thuc hé s trong quan dugc ude lugng nhu sau:

t .
1-—, khit<T
fss, = T (7)
1/~/N, khit>T
;
08|
5 08!
04|
02 1
% 20 40 60 80 100 120 140 160 180 00

ns

Hinh 5. Hé s6 twong quan cua hai tin hiéu khi bj tré
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3.3. Ddnh gia

Dé xuit trén di duoc minh ching qua ly thuyét va mo phong. Két qua cho thay hé sb tuong
quan cua tin hiéu rd va tin hiéu can do giam dang ké, véi tin hiéu ma BPSK cho thay khi do tré t
I6n hon khoang twong quan T (chu Ky dich pha) thi h¢ sé twong quan Iss, 9iam xap xi 1/N .
Diéu nay tuong duong vai kha ning cach ly cia hai tin hiéu duoc nang cao, vi du véi chudi ma
c6 do dai N = 1000, ta co rgg ~1/31,6, nhu vady mc cach ly hai tin hi¢u tang 1én
~20-1g(1/rss ) = 30 dBc. Két qua nay s& lam giam déng ké sai s6 phép do, didu nay duoc kiém
chimg qua m6 phong khi do sai pha va bién do thé hién trén hinh 6 dudi day.

KEt qua mo phong trén hinh 6 dugc t~hu'c hién véi chuoi ma BPSK c6 do dai 1000, chu ky dich
pha T = 100ns, duong tré c6 thoi gian tré t = 100ns.

2

S 1.5F
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o)
<
s 7
3 ‘ 9
o= L 2RO N,
& 05 /_‘H‘\'!’r" - «’.-?"_..}'
"?"n__“ \..-\-\..u,..-n..,.,__”h"\
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o
=
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] el - s s o r-:,,.n\‘.
7)) e, \d‘m
A A P Y W

0 50

Pha offset 6

Hinh 6.Sai 56 pha va bién dé do nhiéu ro theo gidi phdp dé xudt

Hinh 6 14 sai s6 cac phép do duoc thuc hién ¢ cac mirc cach ly M =0,-10,-20,-25 dBc, so
sanh voi hinh 1 ta thiy n6 twong duong véi cac mirc cach ly M =-30,-40,-50,-55 dBc. Vay
giai phap dé xuat véi cau trac tin hiéu néu trén giam duoc yéu cau cach ly cao 30dBc (tir -55dBc
giam xuong con -25dBc) so vai giai phap da néu [6].

4. Két luan

Giai phap st dung duong tré trong hiéu chuan da cai thién dang ké chat lugng do pha/bién do.
Tu d6 lam giam yéu cau cach ly cao trong mo6-dun, n6 c6 y nghia thiét thuc khi can giam tinh
phuc tap trong thiét ké cac mo-dun c6 mirc d tich hop cao. Giai phap dé xuat khong anh huong
nhiéu dén ciu trac mo-dun va don gian khi 4p dung vao thuc te Tuy nhién, v&i giai phap dé Xuat
tuy ting wng dung cu thé ma ta lya chon cac duong tré c6 cau trac, kich thudc va tham sb phu
hop dé thuan tién trong viéc tich hop va diéu khién.

Bai bio méi chi mé phong cu thé cho tin hiéu chudi ma BPSK, trong cac nghién ctu tiép theo
ching t6i s& danh gia vé cac loai tin mi trai pho khac. Tuy nhién véi 1y thuyét tvong quan, giai
phap dé xuat da chi ra dugc tinh hiéu qua ciia no.
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