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Effects analysis of helicopter platform vibration on terahertz SAR imaging
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Abstract: The terahertz Synthetic Aperture Radar(SAR) can tackle with the problems of the low
imaging frame rate and poor ability of detecting slow targets for the traditional airborne SAR. However,
compared with the traditional SAR in microwave band, the terahertz SAR is more sensitive to the high
frequency vibration error of the platform because of the very short carrier wavelength. Meanwhile, the
vibration of helicopter platform which is suitable for the terahertz SAR is more violent than that of the
traditional fixed wing aircraft platform. Thus, the phase error caused by the platform vibration has a
serious effect on the imaging quality. To eliminate the effects of platform vibration on terahertz SAR,
the numerical method is adopted to comprehensively analyze the effects of vibration spectrum width,
vibration amplitude and resonance components on the imaging quality of terahertz SAR, combining the
vibration characteristics of helicopter platform. The constraint conditions between the vibration
parameters of platform and the parameters of imaging system are obtained.
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Fig.1 Vibration spectrum of the BO105 helicopter!®

1 BO105 ELIHLAY RS

vibration amplitude/(ms

P b 3R 37 X I 4 50 0 B S
e=Y¢,() 2)
m=1

g,(t)=A4,sin2nf,t+¢,) 3)
Ky e R P EBRRRIE, B M AERSE 6, () R @, BH m MIEIRGBIA; ¢ 205 60 m wFE

2 j( ﬁ'j‘ﬁ Zé SAR 1% FII; *E ﬁ! Az flight trajectory

—>

PLFFHLER KR %% SAR 258 HUAG LT LIS 2., ELFHOLTY Y 4
71 KAT, PR v, CATE R b HLEHR SN S AT
D P A RS, P ep R 3 R AT TOROR R B AR O vorion | )
RS Z Wi, WSS 0z MR wwmmw|\
OX iR 0, beam | ¥ 0
T HE S AR AR, LU A Ik AR ST R, o Loy y
HERRAL T (x5 v0,0) » t, TR BE W%, 75 ¢ W%, kM ; N MV

B AL AR AL T (esin geos 6, vt + esin gsin 6,h +ecos ¢) , W A5 H a O/ s1

bR ST YR AT LA i 3 AR 7 bt 5 F AR 22 1) B BR
BRI X
Fig.2 Geometry of the helicopter-borne THz SAR
2 HIHLERHRZE SAR JBAZILAT



%2 KRR NI B AT AR BIX K HR2Z SAR BUAR BY =21 43 4 207

R(t) = \/62 + rf (t)—2ex,sin ¢cos 6+ 2ev(t - to)sin @sin @+ 2hecos ¢ 4)

R () =i+ (1-1,) FRFAUTTA L AT ST ATE ¢ 21RO RHE I, 7 2 ST AGITEE o i T 45 g AR X 4
FEAR/IN, Bl e<<r(r), PRI (4) MR FE TR 2K 0 U453

R(t)=r(t)+C-e (5)

X C=cos @, cos p—cos (B+0O)sin O, sing, 0, £/nTikE ST ML TFMAMA, BT K% SAR & LA

AR, 76 1A B RALAR TR 0, FEAMRFEARAE . B =arctan [v(t—1,) /x| 76 1 A BALAR B (] P9 28 fb 38 5 AN 3] 10,

AN S 4R s A D LT R o fl g 2 . I, RG)P e MR CHUIERE. mNGC)TUEH, F&HIE

G OL T F L B AR RHE A T IR SNE LT 9 RHEE RN T — RS e, MRS H 2 A RS IR .

e Kbk 2% SAR F 48 A S I 2tk I A3t ik o 45528

s(t) = rect(r)'exp[j(ancr +1K,7’ )} (6)

A rect() RAFTE G REL; £ RTIRB; o R ORET A KPR R KA R Sk L AE S AT A
SR B ) A 4 B R R AU, O AT U I U, T AR P Y S A 3 I ) — R R AR S

sS(t, )= rec{%)-rect[t;tC j~exp{—j4—:(fC +fr)-[;;(t)+5-e]} (7

r a

Kb fOREBE PR,  BERPOGTREZ; c B B EEE M T A WAL E
T O[] 85 3R, BB RIB XA (T, WTHE—L s .

sS(, 1) = i i J, (Z)rect[%}-rect(t;tC J-exp{—jﬂ(ﬂ +fr)rs(t)}-exp{n - j2nf,,t}-exp{n- (@, +m)} (8)
B C

a

m=ln=-o0
Kb T, n B FEREEG z=4n(f, + £)CA, /c . WTUFEW, FEIRSENER SR, BT ES
(9 75 07 1) 51 — ZR B A4 R 1, X VS PR AR A a4 BOK R A R A TN T ne f,,, n=£1,42, Kb
B [ 3 28 % B AR AL BRS , f e R R B R H bR, T E S0 SAR R 45 a0 Y
AT ARG G IR 3 PR A AR R, E ORI R T — R B £ ) Keystone AR A5 Bk
(Sequential Doppler Keystone Transform, SDKT), 48 3C7E Xt A [6] B THHLF- & 4 80 1% K R s S 80T Kbl 2% SAR if&
W BT, YR A SDKT & 3347 K#k2% SAR B )% A9 B4 4b B8

3 fhESH

AT FR I IEMAL SAR AR ILAT, Kibh2Z SAR RGN HSHILE 1. WRIE ETHHLECE G IR HE i, a0
HAMAAF ) BT 65 IR 33k LR s 28 05 5 H AR — 302 a0 B AR ) 20 s i, DA R iy — 1 52 B 17 23
BEJ1 SAR FUG AT E H AR 7 5

*1ESH

Tablel Simulation parameters

carrier frequency scene center range  helicopter height helicopter velocity
fo/GHz rd/m h/m vi(m-s™)

pulse duration  range sampling frequency
T,/GHz FyJ/GHz

200 2 000 100 30 3000 1.5 1.8
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Fig.3 Effect of the vibration spectrum width
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(b) after vibration compensation, major vibration 4,~0.002 0 m,
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Fig.4 Effect of the vibration amplitude(without strong points in scene)
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(a) after vibration compensation, major vibration 4,,=0.002 0 m (b) after vibration compensation, major vibration 4,=0.003 0 m

(c) after vibration compensation, major vibration 4,,~0.004 0 m (d) after vibration compensation, major vibration 4,,=0.005 0 m
Fig.5 Effect of the vibration amplitude(with strong points in scene)
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Fig.6 Effect of the resonance components

6 IR R
S E Wk

(1] B XS BRAF AR, ROBR 22 T 3k UIR B AR (J]. KBk 22 R 5 715 B 244, 2013,11(2):189-196. (LIANG Meiyan,
DENG Zhao,ZHANG Cunlin. Terahertz radar imaging technology[J]. Journal of Terahertz Science and Electronic Information
Technology, 2013,11(2):189-196.)

[2] HEREMANS R,VANDEWAL M,ACHEROY M. Synthetic aperture imaging extended towards novel THz sensors[C]// IEEE
Sensors. Lecce,ltaly:IEEE, 2008:438-441.

[3] ZHANG B,PI Y M,LI J. Terahertz imaging radar with inverse aperture synthesis techniques: system structure, signal
processing, and experiment results[J]. IEEE Sensors Journal, 2015,15(1):290-299.

(4] BRWISEREIRI A el A, KR RE I I LR AT ST 1)), 5 I8 22 41, 2015,4(2):222-229. (WEI Minggui, LIANG Dachuan,
GU Jiangiang,et al. Terahertz radar imaging based on time-domain spectroscopy[J]. Journal of Radars, 2015,4(2):222-229.)



%2 KRR NI B AT AR BIX K HR2Z SAR BUAR BY =21 43 4 211

[ 5] DING J S,KAHL M,LOFFELD O,et al. THz 3D image formation using SAR techniques-simulation, processing and
experimental results[J]. IEEE Transactions on Terahertz Science and Technology, 2013,3(5):606-616.

[6] CERUTI A,LIVERANI A,RECANATESI L. Improving helicopter flight simulation with rotor vibrations[C]// Proceedings
of International Conference on Innovative Methods in Product Design. Venice,ltaly:[s.n.], 2011:636-645.

[ 71 ZE88 )5 SR 0 . 4R s B S L FLARHOL TR B BRI AL T L ()] D627 4% ik, 2010,30(4):995-1001. (LI Zengju,
WU Jin,LIU Guoguo. Preliminary investigation on airborne SAL imaging with platform vibration[J]. Acta Optica Sinica, 2010,
30(4):995-1001.)

[ 8] HiZE eI, RN THLES KA RBOLE SRR )], Fik2Ei]k, 2014,3(5):591-602. (MA Meng,LI
Daojing,DU Jianbo. Imaging of airborne synthetic aperture radar under platform vibration condition[J]. Journal of Radars,
2014,3(5):591-602.)

(9] AT JRAFIE 2. WM& L AR R IR AR sl iR 22 0 M B 2T ST FE (D). B ik 274l 2015,4,4(2):230-239. (ZHAO
Yulu,ZHANG Qunying,LI Chao. Vibration error analysis and motion compensation of video synthetic aperture radar[J].
Journal of Radars, 2015,4,4(2):230-239.)

[10] FEEHEFT. <BE TV 4[], BEFAPLE AR, 2004(4):11-18. (CHENG Jinsong,XU Ning. Test and
analysis of 'Black Hawk' helicopter vibration level[]J]. Helicopter Technique, 2004(4):11-18.)

[11] ZHANG Y,SUN J P,LEI P.et al. High frequency vibration compensation of helicopter-borne THz-SAR[J]. IEEE Transactions
on Aerospace and Electronic Systems, 2016,52(3):1460-1466.

EZE T
SKERAl(1986-), 5, WAL G A, HEE(1985-), B, MEAESIETA, Hi,
do, AR, RS 1 R AL R I i A SR, WSS A A S AL B v s
1 515 5 4 FE4E. email:chill0523@163.com. 4. email:zhangyuxi@buaa.edu.cn.

MEF1975-), B, HikERZHA, #ix,
P A SR, WSS 1 S e B AR A A S Ak B
ol ab B H bR U AR

(3256 204 TT)

[12] EXTER M V,GRISCHKOWSKY D R. Characterization of an optoelectronic terahertz beam system[J]. IEEE Transactions
on Microwave Theory and Techniques, 1990,38(11):1684-1691.

[13] WITHAYACHUMNANKUL W,FISCHER B M,ABBOTT D. Material thickness optimization for transmission-mode terahertz
time-domain spectroscopy[J]. Optics Express, 2008,16(10):7382-7396.

[14] FISCHER B M,ABBOTT D,LIN H,et al. Uncertainty in terahertz time-domain spectroscopy measurements[J]. Journal of
the Optical Society of America B, 2008,25(6):1059-1072.

[15] LIANG Qijun,KLATT G,KRAU N,et al. Origin of potential errors in the quantitative determination of terahertz optical
properties in time-domain terahertz spectroscopy[J]. Chinese Optics Letters, 2015,13(9):82-86.

[16] WITHAYACHUMNANKUL W,LIN H,MICKAN S P.et al. Analysis of measurement uncertainty in THz-TDS[]J]. Proc. of
SPIE, 2007(6593):659326-1-659326-18.

[17] = KA. RbF2E B AR RN M), Jbatdb 50 k2E 1 ikt 2007, (XU Jingzhou,ZHANG Xicheng. Terahertz
science and technology and application[M]. Beijing:Peking University Press, 2007.)

1EE® T
WITE(1988-), B, IWAEEETA, W a8 §8(1987-), B, RWWHA, L, B4
+, RIS, EEHFGE O O KB 2% 6 I s AR, =B IT ) oA R 2% 6T S5 A8 4 bk v

T KOs RGBT .email:zangyzh@126.com. ot.




