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Abstract Negative space in the discipline of art defines the space around and between the subject of
an image. The use of negative space is an element of artistic composition, since it is occasionally used
to artistic effect as the "real" subject of an image. In painting, it is a technique that negatively touches
the background of an object to be expressed, so that it gives a feeling of unique texture and silhouette
by touching unnecessary parts while leaving necessary parts. As in art, negative space in a design can
also be useful to identify an image of infeasible design ranges with a straightforward view. Similarity
between two disciplines leads to the introduction of the negative space concept for design space
exploration. A rough design space exploration using statistics and visual analytics may support more
efficient decision-making, and can provide meaningful insights into the direction of early-phase system
design. For this, the approach guarantees dynamic interactions between visualized information and
human cognitive systems. Visual analytics is useful to summarize complex and large-scale data. It is
useful for identifying feasible design spaces, as well as for avoiding infeasible spaces or highly risky
spaces. This paper investigates the possible use of the negative space concept by using an application

example.

Keywords : Negative Design, Design Space Exploration, Early-phase Design, Ship Design, JMP

*Corresponding Author : Jin-Won Park(Haneol Solution Co., Ltd.)

email: jwparkl@gmail.com

Received August 12, 2019 Revised September 5, 2019
Accepted September 6, 2019 Published September 30, 2019

412



HARE A dE o8 & AAGITE M

=2

—

1. M

7= A BoF w4 A(balanced design)gl=
TZHAQ Bt RojEle FedA Hof & siuth
Fig. 13} Zo| A7t AP wet FAFHoz A
(fidelity)7} o+ A4S W1 Qo] HAEE B3t
AAELS} FAIsE =50 Hort Fasit.

tiZke] ARJENGA BAI 59 AXVSAHE
(feasibility study)= 7H2F2Ql A, AlY, Hdi&d, =
Q =AY 5 AFsH= QTR A AfEFo] B o}
‘BESkA] HA] 79} e ARALS] £ a3t QAFEAS A
oFdstA AYstr] o 8F2d A Aok &
NeFQl 7IeHES W7 W Al&3] Ssfof itk

(D Feasibility Study (3 Preliminary Design

Detail Design

e
4) Contract Design

@ Concept Design

Fig. 1. Evolutionary nature of naval ship design
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Fig. 2. Concept of design space exploration:
narrower, deeper
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Fig. 4. Flowchart of design space exploration
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Table 1. Exploration result of concept space
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Table 2. Optimized result using desirability function

Factor Design Response
L (length) 36.99m Max. speed 40kts
B (breadth) 5.95m Displacement 200ton
T (draft) 1.66m
Power 10,810HP
Hull-form Planing
Propulsor Water-jet
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Table 3. Comparison of existing and new

methodologies
Existing New
Core Naval architecture Systems engineering
Data No database required Database required
Time 2 weeks ~ 3 months ~ 1 week
Content Text-intensive Graph-intensive

Optimization| Locally optimized Globally optimized

Tools Few S/W introduced Many S/W available
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contour profiler: Breadth (B)

versus Draft (T)

418

analytics)2 AlZect ohFst I =ol =17t AAR
g5tar Q17] wiselth

== A& °1]E o3t &

A A o] 83 AL thg °A HA 9 7124
Wk fES AHT ¢ 9l Aolth

E=RolA A E Hpel o] 2tk gt A
Aoz {ougt @4‘— ]%'—6]’%
A AS o= 2
synthesis model, 9 U]i" ASSET, 9=+ Paramarine
)l = FE9 #44, 71ed A 2Folvt =
B3 4= S ZCoE 7|Hditt

References

Nobert Doerry, Philip Sims, “Concept Exploration
Lessons Learned,” ASNE Day 2002 Proceedings,
American Society of Naval Engineers, D.C., USA,
pp.1-18, Jan. 2002.

Nobert Doerry, Matt Garner, Adrian MacKenna,
“Concept Exploration Methods for the Small Surface
Combatant,” ASNE Day 2015 Proceedings, American
Society of Naval Engineers, RI, USA, pp.1-10, Nov.
2015.

Chris B. McKesson, “The Positive Value of Negative
Design”, Lecture note.

SAS, JMP Learning Library, Available From https://
www.imp.com/ko kr/learning-library/using-imp.html
(assessed August 1, 2019)

Chris B. McKesson, “The Practical Design of Advanced
Marine Vehicle,” Technical report (N0O0014-09-1-0145),
US Office of Naval Research, 2009.

Kwangki Lee, “Productivity improving using creative
design of experiment methodology in research and
development,” Presentation, VP Korea, 2012.

Kwang Ki Lee, Yong Bum Lee and Seung Ho Han,
“Robust Optimal Design of Disc Brake Based on



HIAEE 4A ds ol

St

i

g AAGqTE

Response Surface Model Considering Standard
Normal Distribution of Shape Tolerance,” The Korean
Society of Mechanical Engineers, A, 34(9), 2010.
DOL: http://dx.doi.org/10.3795/KSME-A.2010.34.9.1305

g8 Xl 2(Jin-Won Park) (K32

+ 200349 29 : At skl
ZASFFsL (A

+2008¢ 9¢¥ : "= Virginia
Tech FFoN¥BT (FEHHAD

, + 20099 129 ~ 20114 129 :

‘ st A oA ATy

+ 20169 69 ~ 2018¢ 11€ : ¥
AAAH Alaslgs g

+ 20199 9¥ ~ ¥4 : FAEFEA FHAAA £4A7Y

(TAEoF
AlA~H TS BA(SE Analysis), Data Science, Concept

Design, Set-Based Design, Design Optimization

~

419



