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Overview of Presentation

* Trade Space Exploration
a Motivation for the work
a Optimization vs. exploration

 ARL Trade Space Visualizer (ATSV)

o Multidimensional data visualization
a Visual Steering Commands

 Suite of Test Problems
o Complex engineered systems for land, sea, air, and space

« Sample Results

 Closing Remarks
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Modeling, Analysis, and Simulation

* Recent advances in computing power and speed allow
designers to simulate and evaluate thousands, if not
millions, of design alternatives more cheaply and
quickly than ever before

» These advancements provide new opportunities .
to revolutionize trade space exploration for the =
design of complex systems

Source:
www.otis.com

Source: Altair Engineering

Source: Fiat
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Which is the best design?
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Shifting to a Better Paradigm?

Design by Optimization Trade Space Exploration
Develop model Develop model
| Specify objectives | Exercise model | ~
and constraints Z’
: ‘ Apply constraints %’.
Specify algorithm ®
* Q
! .| Specify objectives | | ®
Optimize and preferences m
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ARL Trade Space Visualizer (ATSV)

Multi-dimensional
data visualization:

o Glyph plots

o Histogram plots

o Parallel coordinates
o Scatter matrices

o Brushing

o Linked views

Display multiple
Interrogate specific
design points

Interactively apply
preferences and
constraints

plots simultaneously [

Cube Glyph Plot Mapping |
Star Glyph Plot Mapping | -

~ Glyph Plot Options
X - Axis :
RV _Index V|
Y - Axis ..
Slew_Time V|
Z - Axis
Delta_v V|
Size :
Mass V|
Color
Cost ~|
Update Plot |

G gnﬁ,’~

DRY_Mazz 334.78

opellant_maszsz | 213.07

Delta_\ 152311 2275 f——

g

@ torque=0.05 )
o RI-¥=331 50 YRML Files
@ RI-z=567.37

@ DRY_Mass=376.8

O Fropellant_mass=533.79
@ RW_Index=RW B

@ Propellant_Mass=516.06
o Payload_power=217.94
@ Payload_Mass=38.46
@ Min_Freq_Mode=23.45 Image Files

@ Mission_Life=3.15

@ Slew_Angle=31.06 Ma Files Found
@ Delta_v=2530.15

@ Slew_Time=150.42

@ Mass=810.59

@ sheet_thickness=5.54E-4

@ cost=11823430

No Files Found

Other Files

No Files Found
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Multi-Dimensional Data Visualization

Horsepower (hp)

Horsepower (hp) vs. MSRP
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. o Ref : (ASME
Visual Steerlng Commands DEeTgrzto%7(.34634)
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Guided Pareto Sampling

2 ]
Rk
el g 8 ﬂ
b ®
‘: & 4u 9@‘ L % © —
AR +— | | Select Initial | Initial
@ e-"' g ® ‘E‘a Population g c Population
L]
LA
.#. * - - & a8
L - .
W PRt Glide t N 20 ’ o "L o S8 [ Guided
+. [S— - R IR ™ ™ A
* . Dpes Pareto Frontier Extend t0 . L4 |nterest ‘¢ o ‘ " s 77| Found New
This Region ? m;;pdf'-: i * Fareta
o 7l as I } Optimal
1LOASET ., [T 0T nme_.. st 1 BT [ T [ 1 X
e — _ . Designs
Minimize | «— Minimize | «—
f1 and f2 f1 and f2

» Guided Pareto Sampler allows users to:

0 Select specific points within any data visualization window
and use them to seed the initial generation for Pareto search

0 “Guide” Pareto search algorithms to regions of interest using
Attractor icons

o Start, pause, and stop the search at any time to change initial
generation, guided search direction, modify formulation, etc.
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Aircraft Wing Sizing Problem

Design variables:
1. Semi-span

2. Aspect ratio y _ .~
3. Sweep angle Fa;d'ameter N\
4. Taper ratio .

5. Sparbox root chord ' ‘é";f;f

6. Fan diameter "~ Nacelle

Sweeb \\_ \
angle .
\

chord

....... |7 . Q . —
2
Aspect ratio = Span

Wing Area

Tip chord
Root chord

Taper ratio =

Qtr

4—— Semi-span

Bounds: x;jower < x; < x;upper

Problem Statement: Values were obtained from
S 2nd-order response surface

M : Cost

MZ;?;;?;_ Range / models developed from a

subject to.' Range > 0.589 243 point orthogonal array

Buffet altitude > 0.603
Takeoff field length < 0.377

ﬁ PENNSTATE
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Implementation with ATSV

* Visual Steering Commands are handled independently
of ATSV using an Exploration Engine:
o user specifies Visual Steering Commands within ATSV

a Exploration Engine invokes simulation model, stores new
sample data, and updates ATSV displays

0 message passing protocol handles all communication

Visualization
Software
(ATSV)

Exploration
Engine

A

\ 4

Supervisor

Visual Steering
Commands:

Basic Sampler
(Random)

Point Sampler
(Manual)

A

Data
Storage

A

\ 4

Attractor
Sampler

Preference-Based
Sampler

(Guided) Pareto
Sampler

A

Simulation
Model

Note: Simulation models can be
linked to ATSV via the Exploration
Engine if they are in Excel or any
language that is executable in batch
mode (e.g., Java, Matlab, C, C++)

PENNSTATE
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Problem Test Suite

* In order to test algorithmic developments and perform
experimental user studies, we have created a suite a
test problems that vary in size, complexity, etc.

Domain Problem Inputs | Objectives | Constraints
Land Vehicle Configuration Model 11 3 2
Sea Conceptual Ship Design 6 3 9
Air Aircraft Wing Sizing 6 2 3
1 System &
Space Space Shuttle External Fuel Tank 5 4 Subsystem 4

ﬁ PENNSTATE

* Problems are representative of conceptual design of
complex engineered systems in the four domains

©T.W. SIMPSON



Vehicle Configuration Model

Refer to: (ASME
DETC2007-34684)

o Inputs: 11
- External dimensions
— Occupant positions
— Power train (discrete)

o Objectives: 5
— Acceleration
- Fuel economy
— Interior accommodation

a Vehicle mass

a Total constraint violation

2004, 2005 & 2006 MAO & DETC papers

* We used a vehicle configuration model that evaluates
the technical feasibility of new vehicle concepts’

"~ Ferguson, Lewis, and Donndelinger, et al.

Model Inputs
Variable | Lower Bound Upper Bound

A 0 1

B 0 1

C 0 1

D 0 1

E 0 1

F 0 1

G 0 1

H 1,2,3,4,5,0r6

/ 0

J 0

K 0

Model Outputs
ConVio | 0 - feasible > () - infeasible

Mass | Baseline =1 | Defines weight class
Objl1 Baseline = 1 Smaller is better
Obj2 | Baseline =1 Larger is better
Obj3 | Baseline =1 Larger is better
Obj4 | Baseline =1 Larger is better
Obj5 | Baseline =1 Larger is better

ﬁ PENNSTATE
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Final Glyph Plot with Weight Classes

File Display Highlight Logic
\dd Contrals For a Yariable | ConYio w Linked
Variable EBrush Controls Preference Controls
B obit 059 P — 172 ||Miririze 100 Mairize
B8 obiz 085 [Jmm— 12 | |Mininize B [ 100 resimize
..... = 4 Add Files
A=0.470995 M B obis bR e 104 | [Minimize D [ 100 Masimize
----- E=0.79665516
' H . 024 1.12
WREML Files B obit 1 e 112 | |binimize 0 [ 100 brascmize
----- _=0,19299257
B obis [ L2 119 | |winimize U [ 100 praximize
----- D=0.467325 {—
g 43959
----- E=0.34724c74 | [Image Files B 0 iz J 0 Meinize

----- F=0.39373374

..... G=0.40973733 | inther Files
----- H=5.0

----- I=0.6279557

----- J=0,92901192

----- K=0,95533275
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Refer to: (ASME

Quantifying Benefits of Our Approach| perc200s-49681)

* Research Objective:

o Provide empirical evidence of the benefits of interactive
visualization-based strategies that can support design
optimization and decision-making

* Experimental Study:

o Experimentally assess the effectiveness of user-guided visual
steering in locating good (Pareto) solutions

* Experimental Set-Up:

Vehicle configuration model (11 inputs, 5 objectives)

Two users, 8 trials (4 w/5,000 fcn evals; 4 w/10,000 fcn evals)
Benchmark: 80,000 function evaluations in MOGA

Compare resulting Pareto fronts using e-performance metric

o 0O O O

[
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Evolution of Solutions for Trials 1-4 (5,000 pts)
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Evolution of Solutions for Trials 5-8 (10,000 pts)
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Conceptual Ship Design

Analytical model” approximates a family of bulk carriers
with deadweight between 3,000-50,000 tons and speeds
of 14-18 knots

k—BREADTH—H

Design Variables:

1. Length, 150 < L <274.32 ] o
2. Beam, 21 < B <32.31

3. Depth, 12<D <25

4. Draft, 9.5<T < 11.71
5. Block Coefficient, 0.63 < C; < 0.75
6. Speed, 14 <V, <18

<—DEPTH

) DRAFT I*

Problem Statement:
Minimize:  Transportation Cost
Minimize:  Light Ship Weight
" Parsons and Scott (2004) Maximize:  Annual Cargo
& Sen and Yang (1998) subject to:  Nine (9) constraints

[
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Problem Formulation in ATSV

2 Brush/Preference Controls : Default
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Using Attractors for Three Objectives
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Visualization of Results
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Visualization of Results
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Space Shuttle External Fuel Tank

Originally developed by Dr. Jaroslaw Sobieski
to illustrate how changes in a problem’s objective
function can influence the resulting optimal design
Minimize: ROI
Subject to: volume, stress, and vibration constraints + bounds:

0.01<L,<5.0 0.25<t2. < 2.0
0.50 <R. < 2.0 0.25 <t3. < 2.0
0.25<t1. <2.0 0.10 <h/R. < 5.0

ﬁ PENNSTATE ©T.W. SIMPSON




Distributed Collaborative Design Experiments

1.587 EE

- * Problem divided into:
R IRA o System engineer

n Cost engineer

o Structural engineer

a Aerodynamic engineer

1. 190E6

7 .934ES

Cost

2OGTES

0

-2.514 -1.636

-0.758 I 0119 0.996

ROI Lser

g 5 e E
« Each user steers own

portion of the model . 30
o Colors indicate the
designs they explored

a Gray means infeasible

o T W
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Closing Remarks

* Trade space exploration is a powerful alternative to
optimization-based approaches to decision-making
o Provides a visual and intuitive means to explore trade spaces

 ATSV combines multi-dimensional data visualization
and visual steering commands to facilitate the trade
space exploration process

* Trade space exploration is a rich arena for
research in many areas that have either
not been examined or have lain
dormant for many years

* Experimental studies are underway to
provide empirical evidence of the benefits of putting
humans “back-in-the-loop” during design optimization
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