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Tab.1 The normalized result of different optimization methods
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Fig. 3 Flow chart of major/ballistic/orbit optimization

2% ASA HJ MIGA  SAM  DHS
A4, 0.9916 0.9969 0.995 0.9973 1
i t 0.9178 1.0278 0.8793 1.0100 1
'y 1] N )
TR | [t [ReRR AR , 1.0851 1.0000 1.0567 1.0000 1
l i —] fig 1.00058 1.0031 1.0013 1.0000 1
& 0.99097 0.9804 0.9805 1.0000 1
= T, 0.9827 0.9388 1.0327 1.06006 1
M, 1.0641 1.0004 0.9911 1.0216 1
N, 1.0065 1.0035 1.0000 1.0023 1
N, 07238 1.1236 0.6723 1.0487 1
i 10003 1.0040 1.0019 0.9966 1
N 13653 14581 2.021 0.7605 1
&

4. 5 A T RALRE B A TR B BB A LB . NE R TTE ), LS B8RS

BEEBIERER.
8 180
7 L ____________ ) 160
~ | 120
.'V- 5 E
] 100
S 8 50
s | B
, L 40}
LF — — et 0
i) 100200 300400500

t/s

4 PikEE WAL
Fig.4 Variation of velocity before & after optimized

4 i

&I BT, 4% MIGA BOEHATIAL, UBBEMRGR . MIACHERER A O E L — btk

T T T T T 1

______
-
-

— RALE
- AT

B5 ALRTE WAT R BE AR L
Fig.5 Variation of flying altitude before & after optimized

—
200
t/'s

) I
300

400

500



sl B EE: BRERE H R R B P — T S 23

BOTREREHA; SR SUM AL SRR R KRR EMIZE T8 A A sit ke, 3 HAR RT3
R B, RAFTREPIHFEHESE AR R LR T RBET 12% o A CEEIFBAwAT i p AR H v Ak
# T REM T I R P £

SE -

[ 1] DrSteven H,Walker. Falcon Hypersonic Technology Overview[ R]. ATAA 2005 -3253.

{ 2] Erc Besnard, John Garvey. Aerospike Engines for Nanosat and Small Launch Vehicles[ R]. ATAA 2004 - 6005.

[ 3] Scott Schoneman, Lou Amorosi, Ron Willey,et al. OSP —2 Minotaur IV Space Launch Vehicle; Low Cost, Low Risk Spacelift
to LEO GTO GEOQ, and Beyond[ R]. AIAA 2004 —6002.

[ 47 Scott Schoneman, Mark Chadwick, Lou Amorosi, et al. The OSP —2 Family of Launch Vehicles Using Surplus Minuteman and
Peacekeeper ICBM Motors [ R]. AIAA 2003 -6391. ‘

[ 5] Pinnell E A,Leslie T. Falcon 20 Microgravity Aircraft; Operational Challenges [ R]. AIAA 2002 - 1003.

[ 6] Marti Sarigul Klijn, Ph D,Nesrin SarigulKlijn, et al. Trade Studies for Air Launching a Small Launch Vehicle from a Cargo
Aircraft [R]. AIAA 2005 -0621.

[ 7 ] Chiang M J,Su Y P,Chang S D. The Optimization of Rocket Vehicles[ R]. AIAA 83 — 1251.

[ 8] Menon P KA,Briggs M,Ballou R N. Application of Numerical Optimization Techniques for Design of Optimum Trajectory and
Propulsion Subsystem Combination[ R]. AIAA 87 -0128.

{ 9] Anderson M,Burkhalter J,Jenkins R. Multi ~ disciplinary Intelligent System Approach to Solid Rocket Moior Design Part I;
Single and Dual Goal Optimization[ R]. AIAA 2001 - 3599, ‘

[ 10] Z¥d, . EEE,RER,%. EHHEZH ST SESH— BRI T]. dPESEBEHEAR, 2003, 10
(5):16 -32.
LUO Yazhong, TANG Guojin, LIANG Yangang, et al. Integrated Optimization Design for Trajectory/System Parameter of Low
Earth Orbit Launch Vehicle[J]. Chinese Space Science and Technology, 2003 ,10(5) :16 -32. (in Chinese)

(11]  Sfmpe, 38, R0, 4. KBRS B HER B/ 30 1/ — IR BRIt S0 [T]. EBRI B R %2R, 2006,28
(1):1-4.
MA Jiaging, SUN Pizhong, XIA Zhixun, et al. Trajectory, Solid Rocket and System Integration Design and Optimization on
Rocket with Two Boosters[ J]. Journal of National University of Defense Technology, 2006,28(1) :1 —4. (in Chinese)

[12] ®EE FHE, HEH, % SEERLESM— AR AREEFRT[I]. BB AF SR, 2005,27
(2):127 -130
ZHAO Jianjun ,XIA Zhixun , HU Jianxin, et al. Research of GA for the Problems Restricted by the Implicit Formula in the
Integral Design Optimization[ J]. Journal of National University of Defense Technology, 2005,27(2) :127 —130. (in Chi-

nese)
[13] RXE, ZEY.FEE BREBEUVUTHZEEBHEMRMLRIT(T]. BTk RFEER: BRBFAR,2005, 6(3):
324 -327.

ZHOU Wenyong, YUAN Jianping, LUO Jianjun. Optimization Design of Space Transfer Orbit of Transatmospheric Vehicle
[J]. Joumal of Northwestern Polytechnic Universily:NaturaI Science Edition,2005, 6(3) :324 -327. (in Chinese)

(%% |rs)

(T4#F42R)



42 FETERFER(BRPFE) 2008 4

[I]. Journal of Naral Aeronautical Engineering Insititute,2007,22(1} ;137 - 140. {in Chinese)
[10] He You. Performance of Some Generalized Modified Order Statistics CFAR Detectors with Automatic Censoring Technique in
Multiple ~ target Situations{ J]. IEEE Proc F,1994,141(4) ;205 -212.
(%% = Hr4)

A New Greatest Selection CFAR Algorithm Based on Ordered Statistics
And Unbiased Minimum - Variance Estimation

WANG Jian — hao' , YAN Li - hua* ,MA Ming’
(1. Engineering Institute, Air Force Engineering University Xi’an 710038, China; 2. The First Aeronautic Institute
of Air Force, Xinyang 464000, Henan, China)

" Abstract : In order to improve the detection performance of constant false alarm detectors in multi — targets environ-
ment and effectively control the rise of false alarm rate at the clutter edges, a new CFAR detecting algorithm (0S-
UMGO - CFAR) is proposed based on efficient unbiased minimum - variance estimation (UMVE). In this algo-
rithm, OS and UMVE methods are respectively adopted to create two local noise power estimations, the maximum
value of them is used to set an adaptive detection threshold. Under Swerling Il assumption, the analytic expressions
of MGF and ADT in homogeneous background are derived , again the analytic expressions of Pd in multi - targets
environment and the peak of false alarm rate at clutter edges are derived. With numerical analysis, the CFAR -
LOSS and peak of false alarm rate are taken respectively as the measurement of performance in multi — targets envi-
ronment and at the clutter edges. The analysis results show that the algorithm is better than OSTMGO and GOSGO
in performance in non — homogeneous background.

Key words: detection ; constant false alarm rate ( CFAR) ; unbiased minimum - variance estimation; peak of false

alarm rate
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Orbit, Trajectory and System Integration Design and Optimization
of Multi - Stage Solid Rocket

_ XIAO Fei, XIANG Min, ZHANG Wei - hua
( College of Aerospace and Materials Engineering, National University of Defense Technology, Changsha 410073,
Hunan, China)

Abstract ; Considering the mutually interacting phenomenon of such aspects as trajectory, orbit and system, this pa-
per designs a suitable trajectory and presents a mathematical model of system/trajectory/orbit integration design and
optimization for the small - sized multi — stage solid rocket. By adopting Adaptive Simulated Annealing, Hooke -
Jeeves direct searching method, Multi ~ Island Genetic Algorithm, Successive Approximation method and Directed
Heuristic searching method, a major/trajectory/orbit integration optimization for a multi — stage solid rocket is per-
formed aimed at 300 km LEQ, and then the optimization results of the five methods are compared with each other.
According to the results, here comes to a conclusion that; the model of integration optimization is reasonable; pa-
rameter optimization of major design integrated with trajectory optimization digs out the vehicle$ merit to a great ex-
tent; whats more, the optimization has great effect on vehicle design, and the liquid fuel consumed in orbit — trans-
fer is decreases by 12% . The models and the software can be generalized to the scheme demonstration and concep-
tual design of other solid rockets.

Key words : trajectory; orbit; integration optimization; multi —stage solid rocket



