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Hyper-radial visualization and its application in launch vehicle design

SUN Xing-liang, FANG Jie, CAI Guo-biao

(School of Astronautics,

Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Considering the deficiency of traditional visualization methods when dealing
with high-dimensional multi-objective design optimization, the hyper-radial visualization
(HRV) method was studied. HRV provided a lossless visualization way to represent the hy-
perspace Pareto frontier, enabled designers to realize the complex Pareto set intuitively, and
identified a better trade-off design quickly as well. Besides, with the purpose of assisting de-
signers to choose a more specific optimal design solution, the designers’ preference was in-
corporated by the weights and color marks with range-based preferences. A multi-objective
optimization design of a sub-orbit launch vehicle was accomplished by HRV, which indicates
the HRV method is feasible and efficient for high-dimensional multi-objective design optimi-

zation.

Key words: hyper-radial visualization (HRV); preference incorporation;

multi-objective optimization; Pareto set; hybrid rocket motor

, HPF, 1. @
Pareto (hyperspace s Pareto ,

Pareto frontier, HPF) , Pare-
. to (ol @ ;

[10-11]

:2012-03-30
thttp://www. cnki. net/kems/detail/11. 2297. V. 20130326, 1743. 201303. 591 017. html

(1988—), , ,



592 28
’ I:FlngaFg’...vF,,]j ]:laq
(hyper-radial visualiza- Groupl: [Fl JF,  Fyu. .. ,FN]
tion, HRV) [ HPF Group?2: [Fm JEF o Fogy. .. ,F,,] (3)
s HPF 1 (3)
. s ( ).
HRV , 2 s
4 C
1 Groupl: C, =
1.1
HRV 1 Group2: C;, = (4)
’ ’ 3 [C.C. ] ,
[Flsz""’Fu] [Cncz:l
.Fl A 0.
o
" 0 [0.0.++.0].
[Cl ,Cz:l ’ Pa-
Y — YRR reto
8
/ ° . 1.2
Mgz HRV )
0 >
FZ
1 . . N .
Fig. 1 Concept of HRV method ’ M ’ ]\;x ’
, HRV I, Y. ,
(@) Pareto , min(Y,
(hyper-radial calculation, HRC), C. M, Ny, 1.
1428 Pareto HPF. HRV
C= » Ce [0’1] (D s [Yv M] Cl?[NX’ I>:| G,
2 HPF
F,; 7 )
( )
. (2) |
, HRV
T F{ 7 Fi.min T
Fi:m , Fe [0,1] (2) HPF,
HPF .
(3) i , HPF
(n>3) , HPF q Pareto ,
HRV Pareto [12]



593

2
2.1
F;
W,
= W, s F, tesl,
=
. AT ‘\I “‘QI “"|| “'l |I |
R TR TR TN
\ '} -“ \ 11 | | ‘
‘\“\\I'LH\|I||
0 0.2 04 0.6 0.8 1.0
Y. M ,
M ’ Y’ NX ’ Is
2 HRV HPF
Fig. 2 HPF visualization by HRV method CW‘ M CW? ’
W, . 3
| JP— 0.50
0.9 p— 0.45
0.8 e 0.40
0.7 p——— 4 0.35
0.6 0 4 0.30
— = - o l
= 05— = 025 ~ O\
0.4 - g 020 b o
0.3 e 1 015 b s
= -.‘. .
0.2 b= 4 0.10 == \ > S
. ‘ »
- ,J#!Q.
0.1 - /
0.05 }- ¥ ;. 3
0 0.4 0.6 0.8 1.0 0 0.1 0.2 0.3 0.4 0.5
Y, N, YN
(a) W,=0.25, W,=0.25, W,=0.25, W,=0.25
10 (e 0.25 = AN
0.9 4 T~ %” e
% ol
0.8 - s 0.20 fr e, -
0.7 ' N ™ Ve
aer S
0.6 1 0.15 — \':o . 1
- b
= 05 1 E .'..c: : L] a
0.4 4 0.10 b A, ]
3
0.3 1 Y
-
0.2 : 0.05 b \ AL
LN
0.1 L- | / o" \‘.-.
i 1 ] A 2
04 0.6 0.8 1.0 0 0.1 0.2 0.3 04 0.5
Y. N L Y.N,. L

(h) W,=0.0833, W,=0.0833,

W,=0.0833, W,=0.75

(6)



594 28
1.0
0.06% »
0.9 :
0.8 0.05 |-* 1
-
0.7 *
0.6 G 1
-
= 05 = 0034 = 1
04 L
0.3 002} o
02 -
001} ;
0.1 :
‘ ¥ |
0 0.2 0.4 0.6 0.8 1.0 0 001 002 003 004 005 0.06
YN, L Y.N,. L
(c) W,=0.00003, W,=0.00003, W,=0.00003, W,=0.99991
3 HPF (X Y, Nx.l.;Y M)
Fig. 3 HPF visualization with weighting procedure (X-axis includes Y, Nx,I,; Y-axis includes M)
y (desirable,D) | (tolerable, T) .
Pareto 1. (un-desirable,U) | (high-
ly un-desirable, HU).
1 Pareto
Table 1 Minimum radius Pareto points ’
2
a b ¢ Table 2 Specification of preference ranges
Pareto 914 173 723
/%
Y 0.3995 0. 8766 0.9984
0 20 HD
Nx 0.2889 0.5838 0.6630
20 40
I, 0.7835 0.9550 1
40 60
M 0.4214 0.08615 0
60 80
80 100 HU
3 1 , W, 0.25
0.99991, M 0, Y., Nx I
2.2.2
b
M s, 3
2.2 Pareto
75% :
Pareto
Pareto
_ ; 2
HPF B
Pareto , , 1
2.2.1 sy 2
[2,15]
s 4 3
2 5 s 11

(highly desirable, HD) |




; 1 ; 32,41 42
N HPF
] = m mm gt
I EE B
- |
| p muom mm |
sl— —E—— ; ARARAAARY
! 2 : 4 5 02 N ThE "‘.‘ "-“ \ ".‘ ‘t_ I‘.I L.I-
E L R TR TR ) | |
& TR \ ‘\ | ‘\ | ‘| { ] [
T T T L O [ )|
1 ARRRRRERRRRERERR

Fig. 4 Contrast descripition between color and label

3

Table 3 Color code for hybrid preference structure Fig.5 Hybrid preference sorting of HRV results

5 32
Pareto , 2.1
11 43
M ,
4 .
21 44 , M
’ Y ’ NX Is ’
22 51 M ;
31 52 4
Table 4 Solution comparison between single-objective and
multi-objective design optimizations
32 53
I/
Y /km Nx/g M/kg
33 54 (N« kg)
100. 01 2111. 35 8.76 522.87
41 55 110. 83 2353.78 6.48 534.55
10.82%  11.48%  26.03% —2.23%
42
3
HPF HRV s s

5 . , HRV



596

28

HRV
, HRV

[1] Agrawal G.Lewis K, Bloebaum C. Intuitive design selec—
tion using visual n-dimensional Pareto frontier[ R]AIAA-
2005-1813,2005.

[ 2] Chiu P W,Bloebaum C L. Hyper-radial visualization meth-
od with range-based preferences for multiobjective decision
making[ J]. Structural and Multidisciplinary Optimization,
2010,40(1-6) :97-115.

[37] John R,Amend Jr. A critical review of software tools for
multidimensional visualization and related applications
[R]. AIAA-2008-6088,2008.

[47] Simpson T W,Spencer D B, Yukish M A, et al. Visual
steering commands and test problems to support research
in trade space exploration[ R]. ATAA-2008-6085, 2008.

[ 5] Messac C, CHEN Xuan. Visualizing the optimization
process in realtime using physical programming [ R].
ATAA 98-4708,1998.

[6] AbdulJali T M K, Winer E H, Bloebaum C L. Develop-
ment of a virtual visualization environment for largescale
design[ R]. AIAA 98-2067,1998.

[7] . ) .

L1l ,2011,11(2)
388-392.

[10]

[11]

[12]

[13]

[14]

[15]

OU Haiying., LI Xiaoyu, LIU Yunxiang, et al. Motor multi-
variables optimization data relativity analysis based on par-
allel coordinates[ J]. Science Technology and Engineering,
2011,11(2):388-392. (in Chinese)

Insellberg A. Parallel coordinates for visualizing multidi-
mensional geometry: new techniques and technologies for
statistics [[ [M]. Amsterdam:IOS Press,1997.

Inselberg A, Dimsdale B. Parallel coordinates: a tool for
visualizing multidimensional geometry[ R]. San Francisco,
USA :Proceedings of the First 1990 IEEE Conference on
Visualization, 1990.

Parashar S, Agrawal G, Bloebaum C 1. Estimation of
multi-objective Pareto frontier using hyperspace diagonal
counting[ R]. ATAA-2006-6959,2006.

Agrawal G,Bloebaum C L, Lewis K E. Intuitive visualiza-
tion of hyperspace Pareto frontier [ R ]. AIAA-2006-
726,2006.

Chiu P W, Bloebaum C L. Hyper-radial visualization
(HRV) for decision-making in multiobjective optimization
[R]. ATAA-2008-907 , 2008,

Chiu P W, Naim A M, Lewis K E, et al. The hyperradial
visualization method for multi-attribute decision-making
under uncertainty[ J |International Journal of Product De-
velopment,2009,9(1/2/3) :4-31.

Laird D Approaches to training and development[ M]. New
York:Perseus Books,1985.

Naim A M, Chiu P W,Bloebaum C L, et al. Hyperradial vi-
sualization for multi-objective decision-making support un-
der uncertainty using preference ranges: the PRUF meth-

od[R]. ATAA-2008-6087, 2008.



