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Abstract
The objective of the research is to study and compare response surface designs: Central

composite designs (CCDs), Small composite designs (SCDs), Box-Behnken designs (BBDs), Uniform
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shell designs (USDs) and Hybrid designs over sets of the full second order model and reduced
models when the designs are in a spherical region for three and four design variables (k = 3, 4).
The criterion comparison was Fraction of Design Space Plots (FDS). For the best efficient response
surface design, it is defined as the design has the lowest scaled prediction variance in the interval
of the 1" percentile to the 99" percentile. The results of the research are as follow: for k = 3,
the H311B with 13 design sizes (N = 13) is the best design across the full second order model
and a set of reduced models, for k = 4, the H416B (N = 19) and H416C (N = 18) are the best

designs across the full second order model and a set of reduced models.

Keywords: response surface designs; spherical region; reduced models; fraction of design space
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Borkowski wag Valeroso (2001) [1] @nwn
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NS k = 3, 4, 5 dunueidlunsusoudiou
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(2] Borkowski (2012) [3]
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A1919% 1 fauuuanguiile k =3

Y 2 2 2
AU p dv I c | g X X, X3 XXy | XXg | XyXg X X5 X3
1 10 3 3 1313 1 1 1 1 1 1 1 1 1

2 9 3 3 13| 2 1 1 1 1 1 1 0 1 1

3 9 3 3123 1 1 1 0 1 1 1 1 1
29 5 3 21210 0 1 1 0 1 1 0 0 0
30 5 2 2 1 1 0 1 1 0 0 1 0 0 1
42 3 2 1 110 0 0 1 0 0 1 0 0 0
43 3 1 1 011 0 0 1 0 0 0 0 0 1
aq 2 1 1 01| O 0 0 1 0 0 0 0 0 0

1 : Chomtee (2003) [2]
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FDS Plot for SCD, H310, H311A and H311B (N=11)
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FDS Plot for SCD, H310, H311A and H311B (dv=1, N=11)

FDS Plot for H310, H311A, H311B, SCD, BBD and USD (dv=1, N=13)
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FDS Plot for SCD, H310, H311A and H311B (dv=2, N=11)
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23 T T T T 1 T T

T T
=== CCD (N=15)

-e-=USD (N=13)
22/ —p— 1310 (N=11)

— {3118 (N=11),
21H BBD (N=13)

SPV

L L L L L L L i L |
01 02 03 04 0.5 06 07 08 09 1
FDS

(1.3) 1ilefiansan CCD (N = 15,
17), BBD (N = 13, 15), USD (N = 13, 15),
H310 (N = 11, 13) wag H311B (N = 11, 13) 9]
n =13 é’fﬂgﬂﬁ 7 LAY 8 NANISANWINULN

H311B W UBNUBUUNURINOUAUDINT

UseAnSananga iwsiz H311B da1 SPV 6

'
n‘

an wardA1 SPV ANuINNIN UL UU WU

AUNAUS B D8 Ry Uag P 09 By dSU dv =

1, 2 MUAINU WagIesasun Ao USD

FDS Plot for CCD, BBD, USD, H310 and H311B (Center Run=3, dv=1)

2———r t—

(b) CCD  (N=17)|
--a-=USD (N=15)|
1.9H =——H310 (N=13)
—— H311B (N=13)|
-=-BBD (N=15)|

U7 7 FDS plot dm3u k =3, dv =1, n, =1 (a) WA ng = 3 (b)

FDS Plot for CCD, BBD, USD, H310 and H311B (Center Run=1, dv=2)
8 T T T T T T T T

T
———=CCD (N=15)
==@-=USD (N=13)
= H310 (N=11)
— H311B (N=11)
~===-BBD (N=13)

SPV

FDS Plot for CCD, BBD, USD, H310 and H311B (Center Run=3, dv=2)
9 5 2 2 A Z E = . i

(b) CCD  (N=17)|

---=USD (N=15)

8} —+—H310 (N=13)|

— H311B (N=13)

-=-BBD (N=15)

L L L
0 01 02 03 04 05 06 07 08 09 1
FDS

U 8 FDS plot d1wu CCD, BBD, USD, H310, wag H311B 1ile k =3, dv =2, ng = 1 (a) uaz ng =

3 (b)
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(1.4) dlofinsandl av = 24l N
= 11, 13 s Ry, Wuduly fs3ui 5 wa
A15ANYINUTY SCD, H311A wag H311B fA1 SPV
iuduognasnguarindidsstu Tnofiansanain
nsIMYeIRe 3 unuuuy ufuauieutfuLdu
WAEINU WARIIIYIIWNUS Py 89 By SCD,
H311A waz H311B dUssansnnlnaiAeanu Tu
uesfertudlofinnsan n. = 1, 3 w dum
P, LHuduld faguil 8 wamsAnwinudn CCD,
BBD, USD uaw H311B ile1 SPV iiiuduedn
simduarlndifesiu Inefinnsanainnsnvesi
4 wnuluy siutuawieulduiduiedtu wanein
YIS Py 89 By CCD, BBD, USD ua
H311B JUssansnmlnaimeeiy

(2)nsil k = 3 fTew1 dv = 3
ansnsoagUnansnulaed

(2.1) il N = 11,13 fs3Ui 9a
wag 9b HaNISANWINUIN H311B  1Juwnuuuu
flufianevaussifiussansainiiian sty
H311B &A1 SPV ﬁwﬁqm LagdAn SPV A
wnniusuuuuddlutisiumia B 81 Ry uag
098911 AD H311A

@2)dle N =

ASAENINUTT USD tHubNUBuUNuRInauaueai

15 f33Uf 9¢ wa

sz ansnmafian  Tagdasdumia B Ge R,
USD axdldn SPV  slan uazlutassiumis B,
4 Py USD 9zl SPV  gend1 CCD Ll
\dnties usl USD T SPV  Asfisnnnidnusuluy

AU kAY58IA9UN Aa BBD

(2.3) dlefiansan cCD (N = 15,
17), BBD (N = 13, 15), USD (N = 13, 15),
H310 (N = 11, 13) uag H311B (N = 11, 13)

n =1,3 ﬁagﬂﬁ 10 Han1SANYINUIN H311B

Jusnuwuuiiuinevaussfifiuss@nsnmiiign
WszdlAn SPV dfianuazilen SPV AN

WHLLUUBUUT UL P D13 Py 4AET09R9HN

FDS Plot for SCD, H310, H311A and H311B (dv=3, N=11)

[—e—H310
4=~ H311A

(a) 14
| =——H311B

124 === sco i
H

i
i
I}
i
i
i
I
i
|
i
1
[
i
[
I}
/

FDS Plot for H310, H311A, H311B, SCD, BBD and USD (dv=3, N=13)

~—4— H310
# = H311A|
H3118

- BBD
=@ =USD

SPV

FDS Plot for CCD, USD and BBD (dv=3, N=15)

(c) Sy
9 - BBD
8
7 .‘
5 & Jﬁ"
5 A
A . ;;-/’/,.«
B
3 - e
Lo T e e A
e
|D 01 DlZ 03 0‘4 05 06 07 0‘8 0“9
FDS
a o )
JUN 9 FDS plot @wsu k =3, dv =3, N=

11, (@), N =13 () waz N =15(c)
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A9 USD waz CCD aUaIsu uanaInidile n,

3 NaN1SANWINUIN CCD (N = 17), BBD (N

P

15), USD (N = 17) wag H311B (N = 13)¥
FNUULNITLINUIIAT SPV AR18ARIAU Lag
f9150191NNTNVDITT & WHULUU WU Euns
vuiuaudeudududeriulugiiunis B f
Py WAA331 CCD, BBD, USD uay H311B 4

o

UseansamlnaiAesnu

atinsdeunlasves dv lunn 9

FDS Plot for CCD, BBD, USD, H310 and H311B (Center Run=1, dv=3)
1 T T

L 1 L L L L L
0 01 02 03 04 05 06 07 08 09 1
FDS

n3il o ng siuduen 10w 3 Swarili spv
fuwdliuanas Taodl n, = 3 SPV azdierdiian
waglutainunus B 83 Py, dedinavinly SPV
Apsfinntu Faduuauwuuiuianevauesid
ne = 3 azilsvdvdnmifianlumuuwuuiiuia
POUALONT 7 WHULWUU #0 CCD (N = 17), BBD
15), SCD (N = 13), USD (N = 15), H310

13), H311A (N = 13) wag H311B (N =

z 2
Il 1}

FDS Plot for CCD, BBD, USD, H310 and H311B (Center Run=3, dv=3)

(b) 14

=——=CCD (N=17)
==@==USD (N=15)
—+—H310 (N=13)
—— H311B (N=13)
| ~===-BBD_(N=15)

SPV

L L L L 1 L L L
0 01 02 03 04 05 06 07 08 09 1

U 10 FDS plot dw¥u CCD, BBD, USD, H310, uay H311B 1o k =3, dv = 3, n, = 1 (a) wae ng

=3 (b)

( ) FDS Plot for SCD, H416A, H416B and H416C (dv=1, Center Run=1)
17 : . - . : : - = =
a == H416C (N=16).
—— H416A (N=17)
1.65 [ mmm H4168B (N=17)
it SCD (N=17)
e —
ol ﬁ
15 -
it
P S
145 <3
14
135
DY -
125 I L L . L . L L .
0 01 02 03 04 05 06 07 08 09 1
FDS

FDS Plot for SCD, H416A, H416B and H416C (dv=1, Center Run=3)
5 . r : 2 2 .
—‘HMSC (rszw)i
—— H416A (N=19)|
1.6 = H4168 (N=19)|
fommmeSCD (N19)]

I i 1
0 01 0.2 03 04 05 06 07 08 09 1
FDS

3U1‘7i 11 FDS plot 13U k =44l dv =1, n, =1 (@) uag n, =3 (b)
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(3)nsel k = 4 WS dv = 1,
2, 3 @wsaagunansfnylanall
(3.1) $loRa1san SCO (N = 17,

19), H416A (N = 17, 19), H4168 (N = 17, 19)
uaz HA16C (N = 16, 18) Al n, = 1, 3 Hagudl

a

11 wan1sAnwINuI1 SCD RVRSTRARVIIRURUR Y,
UseAnSaminan sz SCO dA1 SPV  dvian
LaLHAUBUTUTINASILINNITLHULUUD UL

AUe B 09 Py UawT998%1 AD HA16C

FDS Plot for SCD, H416A, H416B and H416C (dv=2, Center Run=1)

(@)

= H416C (N=16)
= H416A (N=17)
— H416B (N=17)
SCD _(N=17)

L L
04 06

05
FDS

Ul 12 FDS plot dwiu k = dudle dv = 2, ng =

'
=]

(3.2) Wlofionsan dv = 2 fagy

12 Han1sANwINUI1 HA16A (N

17, 19) uay
HA16B (N = 17, 19) &A1 SPV mangmasnu Lag
YIWUNUL Py D9 Pyg WAzYIWIUNUY B D9
Py @195U n, = 1, 3 MuAIFU A1 SPV vaevia
2 wHuu SAwifudadunsivuesis 2 wau
wuu i duduienty uanein HA16A uay
HA16B fiUs

a a

ansnmlnaAeanu

@
o

FDS Plot for SCD, H416A, H416B and H416C (dv=2, Center Run=3)

I I
= H416C (N=18)
—— H416A (N=19)
— H416B (N=19)

SCD (N=19)

04 0.5 06
FDS

1(a) uag ng = 3 (b) [Mauewws : N3 INYBY HA16A

(N = 19) uaw HA16B (N = 19) e n. = 3 Wudufendul

FDS Plot for SCD, H416A, H416B and H416C (dv=3, Center Run=1)
65 : : d : : d : :
(a) He16C (N=16)

—— H416A (N=17)
H416B (N=17)
SCD _(N=17)

Ul 13 FDS plot w3y k = 4 1ile dv = 3, ng
(N =19), H416B (N = 19) wag H416C (N

373

FDS Plot for SCD, H416A, H416B and H416C (dv=3, Center Run=3)

I
= H416C (N=18)
= H416A (N=19)

H = H416B (N=19)

SCD  (N=19)

1(a) waz ng = 3 (b) [Maens : N3 INYDI HA16A

= 18) iile n. = 3 Hudwieaiu]
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(3.3) dlefiansan dv = 3 a3
13 WanISAN®INUIN HA16A (N = 17, 19),
H416B (N = 17, 19) wag HA16C (N = 16, 18)
AN1TUANUAIAT SPV ARN8ARINU 1A IAILIAUS
Py 09 Py WAZYIEIMMUL B D9 By  dwisy
ne = 1, 3ma6U A1 SPV YDW 3 WHULUY
fidvifudadunsivesis 3 uauwuy sfufuau
Wududeniy wanain HA16A,  HA16B  uway
Ha16C fiuszansnwlndiAeeiu

(@) W5 dv = 4 @ansnasuna
msanwlasad

(4.1) dlofiansani ne = 1,3 fegu
17, 19)

ey HA16C (N = 16, 18) agi@1 SPV sﬁ’ﬁﬁqﬂ

7 14 nansAnwINUIN HA16B (N

Tugdunus B 89 B, waz B 09 Py dnsu

ne = 1,3 MUAPU hay HA16A (N = 17, 19)

' o

9gdlAn SPV  #figalutaedIunus By 09 Ry

FDS Plot for SCD, H416A, H416B and H416C (dv=4, Center Run=1)
18
(a) +-=H416C (N=16)

= H416A (N=17)
H416B (N=17)

----- SCD  (N=17)

WaE P, D4 Py MNUEGU Ue HA16B wag HA16C
fldn SPV msfiunnndtunuLuUdY feidy Ha168
way HA16C Wuununuuiuionevaus i
Uizﬁm%mwﬁ‘ﬁ'qm 5998911 HA16A

(4.2) N1TLANULIIAT SPV VB
H416B (N = 17, 19) way H416C (N = 16, 18)
fidnwauzadeadaiu Tnefinnsanainnsmuesi
2 WHULUU Nuddunsiiiuiuawieuiduidu
Wednulugsdumis B 89 Py wanein HA168B
wa HA16C fUsyansamindiAesiu wauide n,
= 3 HaNISANYINUINNITUINLDIAT SPV VB9
H416A (N = 19), H416B (N = 19) uay H416C
(N = 18) fanuweagad1anaenu lneWanswiIan
NSINVDINY 3 LHULUUNUTLEUNSWITUR LAY
Wourduduideadulugisdiunis B 89 Ry
LRI HA16A, HA16B way HA16C dUsz@nsnin
TnadAeanu

FDS Plot for SCD, H416A, H416B and H416C (dv=4, Center Run=3)
4 e i 5 % : X

1
(b) +— H416C (N=18)

—>— H416A (N=19)
——— H416B (N=19)
12l === SCD (N=19)

FDS plot 115U k = 4 ifle dv = 4, ne =1(@) uag n. =3 (b) [Muneine - n1ves HA168

(N = 17) wag Ha16C (N = 16) iie ne = 1 Wudupeaiu nsmves HA16A (N = 19),
HA16B (N = 19) uag HA16C (N = 18) e n. = 3 Wudufeiti]

MimsUasuuUases dv Tunn 9

n3il o n. wuduan 110y 3 dwavinld spv

fwwnlduanadlee?l n, = 3 SPV  agdeaniign

a o a

waglugieiumia B 89 R, vslinaviild SPV 1

v o
o N

ATASTINIAN TN ULUUD U AIHULNULUUNURD

movauesnd n, = 3 dUszAnsanananly
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WRULUU AB SCD
19)

LLNULLUUﬁuﬁimaUﬁuaﬂﬁgﬂ q
(N = 19), H416A (N = 19), H416B (N
ey H416C (N = 18)

3.2 39138l
o [ YY) o w I3
3.2.1 dmiudanuuiiasas iy wa
nsAnwwUINie n. Wnduan 110y 3 duavi
Wi spv fuwiliuanas uaglugasiumis B s
P, 10 k =3 uagludrsiumis B 89 B, e
k =4 SPV HAMAINNINNTIMKNULUUEY AItUT

3 KWL IRaUALBUADUNN

Ne

WU UUTIUSEANSANENTY e = 1 Feaennaeg

ULV Montgomery (2004) [5]

3.3.2 dwmiudwuuangd nsdn k

3, 11, 13 uag q<2 NanISANYINUIN

H311B \Juukuwuuniuszdnsawiian wasnsdl

N =
Ak =4 n =1, 3ua q<4wAMIANWINUT
HA16A (N = 17, 19) uaz H416C (N = 16, 18)
\Juunuuuuiisiusgansnwangadesenadesiu

UITYY8Y Choomtee (2003) [2]

4. ayd
s umedinitnsnsmilddne
UseAnsnimwes SPV  lugiesdumnis B 3 Py
dmsunnuuUURInevaveshildnuagnsuan
waawes PV 1fuedsls uazuNULUURLRAS
povaURITUTEANS NMNATIgAvI o T INULUUTE]
AuLUsUTIUTR WA Al anluT s ue

=

Woidulndd 1 8199 Fsanuanisfinwinuin
ﬁgﬂﬁmuuﬁﬁaaaqLﬁuLLazﬁaLmuamgﬂLﬁa k =3,
4 dle n, vivdueeiinavild spv Suwsltiuanas
ozl spv Tdnasiinaentdiadumis B
Ry lABlNEA N, =3 b IR

ABUAUBUNDUNNUHULUUAEHUTEANTAINA

375

pniulunsdifl q = 0 wanIsANYINUIN n, = 1

Azl SPV fiAdign Lo k =3 ua
A3ANEINUIN H311B (N = 13) ilunauuuuiidl
Uszaniamananiclunsddwuuidgauia

waguuangu AILANIIUNITIN 2 haziile k
19)

4 NanNISANYINUIN HAL6B (N
H416C (N

bhee

18) \Juununuunifiussansnma
figavislunsdiuuvumdaeufuuaziuuvangy

AILANIIUAITIN 3

5. YolduBLUL

5.1 nsidenldunuuuuiuionevausdi
winzauneurnInaassasinelininensia
IR FUAUYY wT991U Adsidenlduny
LuUufimevauesdl N <16 dananisanwily
Adstidamudn H311B (N = 11) uay HA16C (N

16) JDukNubuUmunzadle k= 3 way 4
AUAIAUY
5.2  AnwkaytUSguLNgULNULUUNURD

AOUAUDIA NS UMIWUUASId0LANLALFILUUAR
5UlAg819MA15U191NNTINBY 9 LU Compo-

nentwise variance dispersion graph (CVDG)
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A9199 2 UHULUUNURIMDUEUDIIALNEEL 2 SUAULIN dmSuanIun1salang q nsil k = 3

. ) fuuuangy
N AL UULANGY
dv<2 dv =3
11[H310 (ng = 1), H311B (n; =1) |SCD (n. = 1), H311B (n, =1) |H311B(n. = 1), H311A (n, = 1)
13|H311B (n; = 3), H310 (n; =3) |SCD (n, = 3), H311B (n, = 3) |H311B (n. = 3), H311A (n, = 3)
15|USD (n, = 3), BBD (ng = 3) USD (n, =3),CCD(n. =1) |USD (n, =3),CCD(n, =1)

A91991 3 LHULUUNURIMDUAUDINIALNZEL 2 SUAULIN dmSuanIun1salang g nsal k =4

5 . fuvvansy
Ne P UULANGY
dv<3 dv =4
H416A (N = 17)/ H416B (N = 17)/ SCD (N =17), H416C SCD (N =17), H416B
1
HA16C (N = 16) (N =16) (N =17)
H416A (N = 17)/ H416B (N = 17)/ SCD (N =17), H416C SCD (N =17), H416B
3
H416C (N = 16) (N = 16) (N =17)
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