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Design of an Angular-Rate Compensation Based Strap-
down Antenna Stabilization System
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( Beijing Huahang Radio Measurement Institute , Beijing 100013, China)

Abstract: The design principle and control algorithms for strap-down antenna stabilization system of a
seeker’s tracking system were studied. First, the essential difference and similarity between strap-down
stabilizing method and rate-gyro method was discussed. Then, a new design scheme of strap-down antenna
stabilization system was proposed based on the analysis to 3D movement relationship of missile body , seeker,
and antenna. The measurement of seeker gimbals angle and missile INS information were used to reconstruct
the absolute angular-rate imformation of antenna. And the stabilization of seeker antenna was implemented by
using angular-rate compensation method and a mathematical stabilization platform. The proposed scheme was
adaptable to the seeker’s antenna control applications both in pure stable mode and in target tracking mode.
The effectiveness of the method was verified through computer simulations of an actual seeker’s antenna
servo control system.
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Fig.1 Schematic of the gyro stabilization system
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Fig.3 Equivalent diagram of stabilization loop
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Fig.4 Schematic of the strap-down stabilization system
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Fig.5 Schematic of strap-down stabilization
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Fig.6 Conversion of coordinate system

B Ox,y,z, AEABIRR; O, y,2, WREIR
ABEP IR R AR 54,4, AREP & 7 AR
BAGA, N TERAEE 0,,,0,,, 0,00 F 8 HHE
RO BRI AR PR R 0 e BORR AN A B BETE R AR R
FHRAEN 0,,,0,, 0., , BIRKKEBF I H 12 3
R E AR AR SR A9 S A SRR S 1) A2 32 B BT iR 4
HI R 0 s 0,0, 0., T 7 AT T B KA L 4)
B W 5 Dy » W /N T H TR B R E A K 50 2o



HoM

Bl AETAEEMENERRLRE RGBT 63

MR AR RA -
W, = @,,C08A COSA_ + @, SINA, —w_ sinA cosA,
{a)wm = - w,,Cco8\ SN\, +w,, cosA, +w,,sinA sin), (4)

W =W, SINA + @, cOSA,

®,,, = A SINA,

[ww =XycosAz (5)
®,, =A,
TE:
wam = wmam tw as
[wm o o, (6)
wz{z = wz{zm + wzas

HfRA AT, BT B R AL RS IR A N RN, I
TEW S Hp A~ T 3 A B9 15 3 eR O UL BEER Y, Bl

G, =Gﬂ =Gfo
1) REMADEE B
u, = Gf( W, tw,,) = Gf()iz tw,,) (7)
HBAHe =u, —u,r, =GCe, /TG A, =TGGfu -
GG
s .
146, waz,,,,,o T2E:
. . G
0=, =X, +w,, = ! (8)

T146.6 146,65
u,=6(w, +0,,) = Gf(XycosAz + W) (9)

N _ _ _ Bhay -
B, =t —uysh, =Gy AR A, =70 ¢ coon,

GG

sf =) .

1+6, chos)‘\zwy””o TRA:

G cosA,

6. =@, =A.cosh +tw, =—————u —
a 4 § yam 1+GSchos)\z ¥

¥

1

B=0(8) F(10) M= (1) X be, W W B iR
FEAMEE S )G, R E T R A MR HHOR 58
EERTIEREFE. TEK(4) ~X(10) gk
THETEEAMEN R E E R A
2.3 HrMEmEEMEE

TEFCIRTRE RGEH , S ARPR IR T U R L A b 7
FEE SRR B A, B, R AR
RGP AT AR IR AN T A8 RIS A 3 B Al A

{qy =w,, =A,c08\, +w,,,

(10)

(11)

A .
qZ :wlll :AZ +wzam

FEFEIRAS 2 12 10 5k o A2 T AR R -

1) B AE MR EZRBE R AT IR E
18-S I B AL R R A SE R ILRE (B 6, = G,) , T 5%
P _E A IR T Sl &SR — i LU IR B Rk T B
DURE , 5 ST B 7 35 R B THE 4 09 807 VL BE g I #w
U FR T BEATAL PR LB o A [ B X AR 2 3538 Bl Y
FHRE S

2) BERBERPTEMAMAERD A HETHE
BRGSO AR T B IR, R R AR 1
PR R veo i T MR 7 1 I A ST (A BE ) R AT
IRALEE) , B L A A AR B D R B BE AR R R
%, WEARFTIAT WO B3, Bl o 28 B0 H b7
B IR PR AT, DA S ™ AR 5 R Bl R L R A
ARG LTI, SR P BRI RCR o

3 HEER

X 4 Frs R R LRE RAHTRFAMER,
HRSBANT RBHUE S AL BIEIE N 0. 1 s, Hr B L
KAEEH 8, ARG R E T HECH 0.1 5, K IE
M4 % A PID K IE, U £ 0 1 (9 e P AR T BT 22 0
10~ Ay MRS S T TE AR 432 B R P TR AE T

S — B B O — T U AR, R R

a3 R RSB SN R (i B ol LV | 0
BWABEBBHBHINN 9, =1 - sin2me, 9, =1. 5 sinl0z,
, =1.2 sin5¢,

R RERERAGEARET X T WHES RN
B7~E8 fim. EREEMEERIEENERNT, X
LRAG 17 R I B 0 SR AR AR 7, AP i 1) B
BREAN3.3% HRE RN R 4.2% . HBER
BARULEI R 1B BRIE 30, K il F R A TE B F5 R 7
KT ELERINE 9 ~ & 10 Frs, AR 54 AR FE 2L
AR ES R ME 11 ~ B 12 BiR. ol 0L, FEEEE
BRERGEMT , REREBHRIMBIRE Binfizsh, ]
B EEREE P BHREAK, BBHEERHRREN
2R,

0.10

0.05 s
i 5 .
0 ; N
s T
i ’
o |
A ' S B

oy 1C )

-0.05

-0.10

t/s

B7  RekigmirE (A EE)

Fig.7 Antenna pointing error ( azimuth)
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Fig.9 Antenna pointing direction ( azimuth)
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Fig. 10  Antenna pointing direction ( elevation)
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