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Effect of channel amplitude/phase errors on digital
array performance and calibration

TANG Xiaolei, ZHANG Lingkun, CHEN Fei
(Nanjing Research Institute of Electronics Technology, Nanjing Jiangsu 210039, China)

Abstract: The calibration of channel amplitude/phase errors is necessarily required in order to
achieve the performance of low side-lobe digital array. The relationships among channel amplitude/phase
errors, array channels and the main performance (side-lobe level, beam direction, gain) of digital array are
analyzed. Analysis results show that, the side-lobe, gain and beam direction would deteriorate as the
amplitude/phase errors increase; the influence degree of amplitude/phase errors on the side-lobe level and
beam direction would decrease as the number of the array channels increase; the influence of
amplitude/phase errors on gain is independent on the number of the array channels. According to the
adjustment problem of channel amplitude/phase errors in digital array application, as a complementary
method of measuring the channel amplitude/phase errors, the principle, implementation methods and
application conditions of internal-monitor and mid-field measurement are studied in detail. A calibration
method of channel amplitude/phase errors is put forward. Simulation results show that after calibration, the
channel amplitude/phase errors decrease from 2 dB and 20° to 0.4 dB and 2° respectively, which meets
the expected specification.

Key words: digital array antenna; amplitude/phase errors; internal-monitor; mid-field measurement;

errors calibration

VIBCF R BT HLATZ YL (Transmitter and Receiver, T/R)ZH {4 F1EF I WIE Wi (Digital Beamforming, DBF)$
A M A% O s 35 B B0F 1451 3 15 (Digital Array Radar, DAR)E—Fh &8 F MRS IE, AL E &
VM. 2088, Z . BUTI. BENEFRES . B A IR BT L R BG5S W AR Ak X 7R IR R
DUV R 0 SRR B R, DA S KRB A 7 A R B . U RS | BRI R, D TR .
I R R B0 B 9 T A A g s B fE R BE S R AP, DBF B SE R 2R B R AT 19, DBF AR I8

Wi EHE: 2015-06-29; fE€EIHHI: 2015-08-06




%4 BRES: BEMRBIREXNHFEIREEEZMERE 563

Ak B B T PE BE B9 R R BT FE . BT R 65T MR S ARG AL e . R B M. RF/IF STC(Sensitivity Time
Control), A/D ¥ 8 TAF, /IR 258 38 /908 T o 38 20 el AH A — B0k B T A 52 0 32 28 (R BR7E SRR L - |
SR 1) TR 2510 RSO B Matlab £ ECAAR 53 T 1 38 8 IR AH U2 28 0P BOT B A KRR R EERERE W, 45 AR
W 31 e 28 S5 B fek D P 4 T T O 8 ) R, B BRSSP A Ik e S Ik A I R A R 22 0 ) D
SEPRTT VR Bl TR A, e A — i R T 22 U e WY 2 (A B 20 A R 2 AR T T ik

1 HFREIREER

YT W 555 (m,n) 3860 AR 5222 5 50 Act,,, B Ag,, 5 DBF G608 14 (mon) 1~ 38 5 0K 300

. 2 . 2 . . e e e —
Wenmy = Wi €XP(I(muty +n1vy)), g =7nds1n¢90 COS Py Yy =7nds1nt90 sing, o AT MRS R LR G T TR oR

M-1N-1

Fu,)= Y Wy (1+Aa,,, exp(i(mu+nv+Ad, ) 1)

m=0 n=0
. 2 . 2 . o . . N . .
A u=7nds1nﬁcos¢)—7ndsm90cos¢o ; v:2—;ds1n651n(p—27ndsmﬁosm(po - Y a,,=0,Ad, =0 K, JEH—

PR T IR, N Fyu) o M 20, 5K AG,, 20 11, AR T AH — 4505 B 1) 2 40 Ty 1 P
R Fu,v) o BB EEARZES R ARZE T W BTN F, (u,v) , 3058 5 ]SS TE 0 SCE . W 24507 [ 51y
Ii) [ AT R U

F(u,v)=Fu,v)+F, (u,v)

M-1IN-1 . .Mfl N-1 . (2)
F;,rr(u’v) = Z z W(W»")Aa(mgn) exXp (J(mu + I’lV)) +J z Z W(m,n)A¢(m,n) eXp(J(mu + nv))
m=0 n=0 m=0 n=0

XQ)FW .t T EEAARZEAAAE, RERETTm B T — A R2ES R, T BRI 1 R
e, AR TR, f 102 .

2 MRRIREXNBFEIRE&ERERZMS T

SCHR[ 71318 T A7 76 388 T 0 320 0 T Rl AP 452 2 0 A 8 B R S B H P o 8 g RN R 1 s e . JR 4 T
P it m AR, wXG)~XOG)FR.

_ fu,y) \/l—P+G§A(u,v)+PO'§¢(u,v)

AR = 3)
f(uy,vy) 2nMNP
J12+c%) o,
0y =) e o)
(E=d)MN
A
G(”O’VO) — l (5)

G,y (uy,v,) 1+(1—P+0/21(u0,v0)+PO'§¢(u0,v0))/P
W E BB ATEA G ISIE ], 4 P=1, n=1 7] 151 18 i@ A7 52 22 0 B i Pk se iy 2, an =X (6)~=R (8) T -
_ fu,y) \/O'L(u,v)+0'§¢(u,v) ©)

Orp =
AR f(uy,vy) 2nMN
J12(+6) oy, 7
M T
(E=d)MN
A
G(ug,v) 1

®)

Gy (ug,v,) 1+O'j(“o"’o)+o'§¢(”o"’o)
Xh: on, Moy, WEIEEAL T RE; MxN RFEFIPATEE; P A SGEE R fu,y) BREHITH
G J5 1 B 5 f (ug,ve) R AR AT 5 T3 1) B B TT 37 58 T5 [0 1 5 G (g, ve) T G(ug,vy) 43900 2 T (A )38 Tk A 158 22
MIRETEIIG 25 n WBETICRE . oag B oap 53 31 R B0 B 50 35 T ) 0 ol ST 035 O D SR 98 1) 152 2%



564 AMZBMFERFRERFER W14 %

e T 0 A 15 2 o B B TR R R RE (R L, B AR, DR 1)) RS R A 1~18T 3 IR

side-lobe level/dB

normalized array gain
(= = =
8] A O o0 O

0.

e 20
'1.005.. ‘9 f L0 N
channel amplitude Y- 00 5 channel phase channel amplitude 0.5
error/dB error/(°) error/dB 00

Fig.1 Channel amp/phase error’s effects on side-lobe level Fig.2 Channel amp/phase error’s effects on gain

beam-direction error/(10°3(°))

- 20 20,5
——T0 1.0
5 channel phase channel amplitude 0.5 00
error/(°) error/dB error/(°)

Fig.3 Channel amp/phase error’s effects
on beam-direction

P 1 3 T AR 2 X R R S T 2 T MR AR 2 X 5 186 55 R ) 35 T A 2 R W ) R
SRR A5

M (6)~2 (8)FIAL 1~ 3 7T LAt th 4 T 4546 -

1) o BRI o) Fl o) BUE L, RIVIEAH 522 80Kk

S o ) O 225 B AREL R PSP ) R R A K

2) ox SRLMITTH M -N UL, HIOTEBZE , RIAE 2 0 7T RE ML

3) PRI 45 40K 5 I IR AR R 25 o R oy BUIE LE,  BUWRAH R 2580, B T4 45 450 Bk

4) B o RRonB RS B0 R, R IR A O S B T RO ROE G

5) onp SHEEIRANTR2E o M oy WUE L, RIVIEAR 32 22 80K, SRR Rl R i 25 S0 AEL ) A0 rht - A L A B
6) Oag SR HITTH M x N UL, PATTERZ , B 5 A 1) 52 5 1) 1 72 2 /)

3 BEEEERARENE
3.1 REME

B Bem NI RZ G e 4 Fros, A
BBy FB IS, S, Rk | 5
PRF A 1 T 00 30 R 2 48 T R T RE P

monitor module
feed network

Ai— 0,
digital T/R module

coupler 4 0,
digital T/R module

coupler

optical fiber network
control and display

AMN

— Ouy
| — digital T/R module
coupler

| DBF monitor module

flio B 4 th, B SRR WA - o O |
— A Spa=Sp4 Meas TASpa comp | S.40_Meas
A, Ay, Ayy TREET T/R AEA T GEA S gh
PR ), 01,00, .0y RRFHT TR = >
A ly
2R o Fig.4 Schematic diagram of DAR internal-monitor system

) FH P 0 vk T 4 3 T I A R 22 0 1
FEWMT .

4 BOF RS AN I RS IR

1) R D00 A 1 A 00 L 1 0 R S A 2t ) R B A ) Sp o (1,0),i=1,2, MXN, MxN A [ T 8 18
o, T, SRAS I R4 A IR A AR EE Span(1,0), AR Spa(1,0)= Spaw(1,0)+Span(1,0), ARG

TR A 000 X 28 iy A i o 1T TRT A S AHAE, RIVE ST 0 P 265

2) 3E A P I A A 2 WE DU 4 R 1 2 DBF
W B S AT Spow, HITHCF T/R A C &L 2BFHE
S, ATLLAR Spow B ECT T/R iR 5 ZBLE.

3) WIAF S IAE G A% I 250 F T/R 2 1 e A A Ak i
S0 w(1,0)=Spo w(1,i)=Sps w(1,0)~Sps #(1,0)o B S IXS T A 3 18
S A 13 22 1 0 £

I PRS00 7 3k T e o T A R 1R 25 ) L R R TR

1) HELRRAERE B I 5 ) W0 0 2% ) 2ZE L Spaow, IFECT
I P 25 R A R 225 Spa e, AL REAS S NS 4R TG T A3 6 1 AR
Ve 25 MR BRI S o A U0 AT BB R M U D 2% ) 5% 22 51 A B IE H T
YEMIE , 25 TAEBE RGN R 2% .

spherical amplitude/phase difference

calibration
horn

Fig.5 Schematic diagram of mid-field measurement

B 5wl vk R R SR



%4 ) BRES: BEMRBIREXNHFEIREEEZMERE 565

2) £ T/R HHZ2E M 2, WM 4 KRG E 2% . MEEA ., X T REBFIE, £ H§#EHTR=
I = I o 3 - N A = U 11 - A < R T A o b e R O = W 1 L N O = A | Rl |
M, A A —Fol B G A TR 25 R v, NI R O LT .
3.2 HhigillEE

b 0 SR P S BT A R T B S R>2D(D S T AR ), ol o S B T ) R 5 5
Sy BRI, 5 0 45 A 2P 2 M 0 05 5 J 5 6 R A AT 2 LB TR O 2 2% 1 2 135, LB 0 ik ) K T A 2%
R AT R FE 22, OT LIRS 4 0 590 e T 4530 00 1302 2% . LI O B 0 R

1) R B S TR U F) A R (XoaviZ) o S THT L 08 100 AR AR (X b smso sm) 3

2) HTE— L HEAT BT RO MxN A, B (mam) N TEARE N CnVzin) . | Sm<M, 1<n<N;

3) LS (myn) A S TE BB A3 A S R 58 55558 S = A" 5

4) 55 (mym) 0T 5 BR T R AR 22 - 0 0 2 I T 55 () B BE B8 Ry =) G = %07 + (W = 20)° + (o = 20)° 5 W
WUZE B BT A e & IR BN Ry mie=min(R pan) 5 W U E BT S (mon) B5RY BK EOAE A7 25
A@un bar=mOd((R pan)/(A2m),A27) ; w4 T A (ma”)’ﬁ» {14 Bk T A A 25 A AAmniball = 201g(R7ball / Riballimin) AT

() A BRI 2209 S,y = 10044 30/2) 0% 185 ) 388 0 AT 22 K AS = Smm S bt 86 B
T M /i3 38 (0 AR 52 22 S A S,

S BRE Y00, 2% b b 0 0 B I 9 (G R 28 (SLL>—30 dB) BRI 22 . 1y — B T 152 22
WLV L b b o A M T LT S 7

4 HEHEEBERERERERE

A% 48 (AR 42 W B 3 R ST A 3 T 5 2 25 3 SR AR 5 A LA R R AR AR, O e 2 vk X S O T T A R
RO AR SCHE AR e B R D TR AR L, SR T 2 VR O (B T i, 9 R S R 25 R . s (9)
N BRI IE R A TN X (myn) , SEEERBE SN X, WIEm)BIEER w,, . TR EEE 5
SEABIE R BN -

N
| 2 X (W)X (k)
WK (m,n) :|WBK|eJ¢BK = Nk:1 )

D X)X 4y ()

k=1

RPN R RSB W T ARE0 w1 X BT 5 R 30 0
WA T ST 3, T 465 (o) 1 T 3B WA 25 (14 A,y )e ™, DBF 22 40 %0 45 (m,n) 1™ 38 1 1) 52 1A 2 5L
9 Wo€™ TUVSES () T80 T 9 08 IR W) = Wormam (1 + A Wakc o
e B AR AT, ol Il R AN B, B s (4 Ay, ) Wak | =1 5 Bsknn +A@(Mn) =0, B

Wiotimm = Wormm€ """+ N DBF RGEHIALZR R . WM HIAMESJ5 . DBF 22 405 4 A~ W 1 1) 52 A 2 B0 4876 95
%ﬁﬁg*ﬁﬁ%qj ’ u{EET ,ﬁ; lﬁ‘m"j:lﬁ‘ —o— amplitude (after calibration) —e— phase (after calibration)
W . 13 gLz amplitude (before calibration) 35y phise (before calibration
e B A ECh 10 4>, R A
o1 ASEEAE N S IE, XREE 10
A TE AT RSE, 10 A3 T R A R 22
I3 MBEE iR RAE S 2 dB Al 20°09 B
MLR2E . XTRT A A #AT 5 UCREE,
AL MR AH R 22 B Wi KMH 1.1 dB Al
SOBANLIZ . AU Matlab HCPExtefe 200 R
T 5 30 O AR A 25 5 T AT H X channel number channel number

Br, SEERWE 6 Frx Fig.6 Channel amplitude/phase characteristic comparison before and after calibration
‘ 6 A I 38 T WRAR R X

J(B0(m,n) TPBK (mn) + AP (m,1))
o

€

channel amplitude/dB
channel phase/(°)




566 AMZBMFERFRERFER W14 %

5 #ig

e T M A 15 22 5 W) AR R I 80 I TP RE B S L, SCHR g AT R A 1% 22 ) T R B RE RS R . A5 S K
S o O P 28 8 A 30 R R 22 A8 R R0, SO g HR B A D B T BE AR P 3 R e 0 3 DA RO
SR AR 2SR HE DT vk, 7E TR ERA —ZE RS H M.

S & Lk

[1] HORN Joe. AEGIS weapon system with AMDR[C]// Sea—Air—-Space Symposium. 2014:1-18.

[2] BERTUCA Tony. Air and missile defense radar program moves to EMD phase[J]. Inside Missile Defense, 2014,20(16):2-7.

[3]1 RABBAZ AR, WAERTEIFLOEFRK PN AT ED. RETESHETFHEAR, 2011,33(7):1504-1509
(ZHU Wei,CHEN Boxiao,ZHOU Qi. Angle measurement method with digital monopulse for 2-dimensional digital array
radar[]J]. Systems Engineering and Electronics, 2011,33(7):1504-1509.)

(4] T/DRGRENT. 7S EBIFE S ABR LI KB &R S 77 B 224, 2009,7(4):294-299.
(TANG Xiaowei,TANG Jun,PENG Yingning. Parallel algorithm for digital array radar and its implementation[]J]. Journal of
Terahertz Science and Electronic Information Technology, 2009,7(4):294-299.)

[5] SkBAA. BUFFED S AL R A M. Jbat - Tolk 1 s, 2007. (ZHANG Mingyou. Digital Array Radar and
Software Defined Radar[M]. Beijing:Electronics Industry Press, 2007.)

[6] ROBERT J Mailloux. Phased Array Antenna Handbook[M]. dt & 8, F Tk 4k, 2007. (ROBERT J Mailloux. Phased
Array Antenna Handbook[M]. Beijing:Electronics Industry Press, 2007.)

[7] K6, MEFEEIREAM]. Jba:E B Tk Rk, 2007:137-139. (ZHANG Guangyi. Principles of Array Radar[M].
Beijing:National Defense Industry Press, 2007:137-139.)

[8] BEICAR. BUFIEH] KL )7 ). Fik 55X P, 2014,34(2):40-43. (CHENG Wenjun. Measurement methods for
a digital array antenna[J]. RADAR & ECM, 2014,34(2):40-43.)

[9] MEHC, k. HEERETHRESARRI]. MU, 2005,21(5):22-25. (ZHENG Xuefei,GAO Tie. Study on
mid-field calibration of phased array antennalJ]. Journal of Microwaves, 2005,21(5):22-25.)

[10] A i, 5k k. PR miE R 2E R IER L & DSP L)) B TR K225, 2005,33(5):511-514. (LENG
Hongying, ZHANG Yang,TANG Bin. Array antenna channel uncertainty calibration algorithm and DSP implementation[]].
Journal of UEST of China, 2005,33(5):511-514.)

[11] Z23F. A A4 B 75 5 22l 1 TR A AR ERF 52 ()], BT 35, 2009,31(10):14-16. (ZUO Ping. A study on errors of multi-
channel amplitude and phase calibration for active phased array antennalJ]. Modern Radar, 2009,31(10):14-16.)

EEE .

EERE(1983-), B, LA MMEE AN, W@ KLM(1977-), &, WAHEET A, %
o, AR, F S ) kA AR Bk R d, TR, SRRSO I R 4 R A R
SRR B R G55 AL R email:leilei627408@ BAREAR B RG AR A
126.com.

R %(1976-), B, My A, ¥+, &
FT AR, FEMFFE J7 e b A R s TR
EEAR K R G4,




