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Abstract

How to adapt to complex building environment is an important issue in architectural design. Na-
ture provides many mechanisms to adapt to the environment. This inspires us to explore archi-
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A

tectural design learning through bionic study. The objective is to build an adaptable and interac-
tive architectural skin prototype called “Bio-Skin” to respond to thermal environment due to
global warming. To achieve the objective, we study the theory and mechanism of adaptation, bio-
nic and interaction through a literature review and case studies. Based on the learning platform
called “Bionic Game”, seven 4th-year architectural students participate in our design studio to ex-
plore the skin prototypes for keeping thermal environment. Through physical computation and
digital fabrication, several steps of kinetic movement within animals’ skins are explored, including
observation, notation, simulation, etc. Finally, different “Bio-Skin” prototypes are proposed and
assembled in the real site. This study provides new architectural design learning directions, in-
cluding bottom-up design thinking, multidisciplinary design learning, and computational design
integration. These will provide architectural intelligence references for adaptive architecture in
the future.
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1. 518

AR U AT N (Fit) B2 4 22 AR O A 2 W 1T ) B U8 . Alexander (1964) 5 1 18 3% (adaptation) 75 3L i1+
P EEME[L], —MraR B A B EE RIS, T Lk AT SR s It e A s, AT B
AR S e NFNIREE (55K, SERT o S B 1E . IS RS TEIRA BIZ R BH%E, 75K F AR B ] DL
M— =, XFPT7 E A 1487 ik ST IRHTE 7t “ATHLAI ROk B T 280, shaT DLE i, 1 “0i4
XN J. E. Steele (1960) [2] & SG@ H, EZE ARV N IR 495 2], Mazzoleni (2013) [3]7E Architecture
Follows Nature i1, Kffj 4 A AE LM K2 (skin) B T- 204N 2% 2], BdE: WIRE. Wil KT
AR 2, o H & E R RREA SR, WNIRE RS BRI B A EEN . B,
Aldersey-Williams (2004) [4]# #5477 AP B SUH SR DY A F ML . RAERROTE . A0 ZXDIRet
AL SIS UTER DI A SAE MO . ARBE R EASE WO 4, SRS BT HLSI(Wis . S
HEEVDT B AEME S SN, JREEG @R SEANATE, TUORE S ERSREN L, #
T A A AT RO PR SR 2

TERRPAUR, B IRMEAE — N P, RN FEEHEES RPN R, B
FEBBERSGHaR, FamiRas KEnFD, BTRERERESERS, LG TENS
HMERIREL AH HAE M OC R [5]. £E S5 TR, BFEA SRR REEE . B 5520
R, 4R A 7 R 48 5 KA, GG T — Mo i 7 (B8 i 5 50 R —— R 25 A) BORR 45 B 25 1A,
AE B R sh M 5 SR S (Rl 5 5, B0 E URA @R Z A€ NI R B E L5730
W 2% &, Wi H Bh(interactive). [F115 (responsive). % & (intelligent)%5[6]. EIFE LK Giedion (1941) [7]
A TR AR, T 8 & T Chris Anderson (2012) [8]f#) Makers: The New Industrial Revolution
— 45, “Makers” (HI&EHIE3N)NU A5 MEEES, AU HEH TR, Hofgm T~ —
POl IR B K, K AliE R EA TR0 3D FTEINL) . HFBORMS MR HiEH k. mumbliE L) 558
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AT L2 o

THDOT X L8 HT H R BR8Nl A B B I 85 58 1 £ R Bk, a8
MIBGE, BB a . 1 H BT AE R R A RO TAE=S KR, WEE University of Stuttgart
[ Bio-Mat R E TIia E AU A M EL S50 58 M3 (L8 F8 55) 2 oo, AR &
f)5= - (pavilion) (M3 https://www.itke.uni-stuttgart.de/institute/biomat/); PHEEA €% A IAAC ZH 2B
SRV S AT N ZIETT, 4 S0 I & R 8 SE PR v B (W3 https://iaac.net); & E{E 3 UCL
PPt 2 Bio-ID MRAE, (mEAMIRA S = R I SVE B SR (i e . Sk, W55, IRdiGisFET
BTk SEEG (ML https://linktr.ee/bio_id); 3% BHE LL VK% GSAPP SO £, Ho A AL vt T s 8 ) F J5
HEBYAPIRHERLS, (E IS M TS 5 SRR (P HE - https://www.arch.columbia.edu/faculty/1

75-kate-orff); 5 & T Benyus (1997)F1/i4: ¥ it (Biomimicry)283£[9], Chiu (2019) [10]/E G V8 &g K2

ST B HRAE, WA E T2 08252 S AR P gt A7 B44t (analogy) I 7 AL & 1O A ¥ i, A
S A BRI AL T Y R AR SEAL o

AHT Bl m R, BATRIES SV EZPURIN “@site” A BN T “mEhiE” i
PHIEAN BRI B AEAF M H A, AT, AR OE TRZEEF BT TR Mok, =
TR MR R A R e iE SHLE], T A FE A AT B B IR, AR eI ARSI,
BRIZRM, RIRDIRESE, JPRIXE R RGN & TR M s B, #Ema g — A B a2
SR 2 4ETE (PR Bio-Skin), PRSI BRERACHIUGE, BEAETE AT LA E B H S i & MR 1384k, B
RO P EFE R AT RS, ENEEH AT R TR R AT RErE( 1).

KINECT ECXTE

)

Figure 1. Framework of dynamic architectural skin prototype (Bio-Skin)

[& 1. Bio-Skin BT B AR et (AR T 22 TE)

2. MEYMFES: KENEIRSEEN

A B R W] DL WA O 1 Ao AE B, AR Ah BR 38 2 DR g A2 0% P 1t B A DA S
J& TR ARSI AT P22 R, DR EOR 0 o A BT T AT Tt R L BB . P A L, VD
NN T I 2 IR A PR AT FEpL ], AR R s A 2R S R T 3, AR AR A,
(S SIEAL S e =i N i 9 =i T = & 8 5/ - <19 V5 O w35 /) 8BRS /i R 4 e SR S P P N o
A UAL 82 A RERIRSE I K OB, A b R ki B ou g o, ARMFLIRIIaY, BRI BTN
fay i AR E, BIREGZA M B AR, HEARRRENETK EMARRNES, BRAERNE
Y b EARAARBIZhRE, (HEGRANR Bl R 252 (14 2).
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A

FERT L IENIG, RECK I OB RSN BEA G VLR B R A Bt — B 1A X T R JZ 4k
MEBRIME, NRAEMHARNEBLR, AN, HEBREZSANEZR, FEWNKEBRAONE
B, MRINZE DB IINER EERF AR, RS 2 a2 K RERE N RRZ, PR
EoRARZ LG, MERNWERA -ERER, WEBRMZELEEEM, TRAZ b Bk .
MR EA G WRABOAARFNZSR, 7 HEINE 2 MRERCR, DENFEIE BRI, EARIN
WRAHNIEZE, O3 7 H SRR R, b B EUR. BE, 3T RIE AR RAE TR ILA
M5, FE X RS A R B, DURIAEAE T-A%ch, T fi i R PA) £ 25 mT DA% IV A 34 38 Gt 1 4%
NEERCR, FEIFIRIE L3 T DA TG

Figure 2. Skin construction in macro and micro
2. EEENERFIHR(AMRELE)

AFEEAE G T PEAEAR, SO AR ERA R, B S AMANRERE RS, Bt
FEHRRMIEs 5 HERAE T ESR . N EREVRGRERZEILEIT G, BATHE 7 EER A F
DX A AR AT AR R AR A, 8 PR S R PR B b SR B[R] — SRR, 38 S R B AT B R BT AL
MR BRACE B, BUREA RN E AT A T5 25 5 2 BIA B2 MR, BB RI MR A, 5 BT
CLAIB A R, XX AR, A A RER A TE R REWEIE N . 2 Xt B R AW R FU R, A
WAL B RS BZ A B U B SR A IIRE, S — 0 WA B J= AR BT 3R, IF IR0 Bl
TIUMEREs), GEHKIT. =R BE. M. M. . WY K 8 A k(K 3), Rkt
Jiig b, AR SRR T KO IR 2K (K 4), X LIz s AU S o A K e SR AT 5 30 85
.

B3 ) o
\ O) L [u L}
KIF ‘/ ﬁ"lt\[ =~ BE. BE LEN #73K

Figure 3. Kinetic forms within animal skins

[ 3. YK ERE R (A EE)

S

o HUREBIRARCUR TR : A0 FERANA B2 LK A i e 35 B ORI 15 18 15 5k KA i L 245
B, TR AR B AR BRI R IR RS R AR (1 A 0 e B IO 1T B R AR T e

o AR EHEH LLMATIR L VDI TE O AT T OGBSO AR, YRR 5 5 DLRUIR B b 1
B G AR SN -

o IR RGEHA IR AL : W3R AR (9 507 )2 P DA ORaL 368 B 0 A58 e 2 Gt 21 14
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Figure 4. Kinetic mechanisms of animal skins for thermoregulation
4. YR R RIRREHHLE (AR EE)

3.

AR “HAMER”

ESMER: KENEESER)

RIS LK S R \“..

EA M E R ﬁ
B A E N E &

FERERNEE

TR W 6 4% 2 2 B 3 A B2 18
REFERWHE
HERE

Alexander (1964) [1]fi3& )yl ML LB MG RN, SR — M S LR R SRS T
RS, GRS H IR UPCEME —E N 53R b R EBNIR S
H, ARRITEERE A B NE LD, A DR S E B s A G ST, P

HHIRIZNSH A
FEE BB A Y, Tahal LB SHIE s, RS SAR R G IF A AT LU 5 S B R AR
S, BEAURE I A DS ST MM B RS, BRI AIE R RS, H D
MNATTRIE 7 5 R BRI A TR, S SR A — R R EOR, /&R B A2 BRI S A AR [11]
(K 5). FFE MM, SRS LIRBIH T, AT SN, 42615 LA G5

“HAAZ T BTN SRR S S ARG I, R A TR

\ Microcontroller Programming

l

Nee

o
C 11
Transducers 11

oOo

Tb

Figure 5. Mechanisms of physical computation [11]

& 5. EEEERGAHHI[11]

Serial
Communication

R A AN A RIS N, B HEATE A, AR T B RS A R RIS e H T

DOI: 10.12677/ass.2021.107242 1754

AR


https://doi.org/10.12677/ass.2021.107242

A

A LRt S Re e N BRI AT 2R AC B, &1 Fox A1 Kemp (2009) [12]4EFTE T Interactive Ar-
chitecture T A28, IAFE SRR EIRE, 5 ERsICEARWESCERATGH A, Fid B 3h 4R
WACFRNUI I, L Z A 125 (B FIR RS HAT — R A SE 5 AP DhRE . X2 0 ) A A2
ik BN TSGR BE) R EEIE B (3 71 5 ) B B RS OB I T RE M, $RAE T @R E MM RE BBl iis
BOALH, AR RN ST

filtn: 2007 4F, BN Bl Giselbrecht it 1 —#Ril XU 41 % Show Room (] 6 /1), 7EXHRE T
AN, A TORE M A B E T, AR AN ST ENUAR T SR R i Sh AR
H 2 B WM HE N B . 2012 4, Aedas Architects 7EFi AR 4L b %31 Al Bahar Towers, H:
HE R R TR 2 B0 MHERR MR, S@hforERMEmSRods, mMREEREE
PR IR E 5 30 B 1) R e AL K2 (1 6 ) o TSR AN JZ G, 0 AR el 26 BB SRl 1 ) M A
B 2% CIRLBE R 28 ) T 5 HE B 0 SRR AR (R /AR K AR 2, TSRS 2 A R AR A e 4 5
MRER, 1kUk R 2 R G0nT Lhis 54k S5 hl ik 5 2 A E R I

Figure 6. Show Room (Left); Al Bahar Towers (Right)
6. Show Room (% [&); Al Bahar Towers (£ &)

4. T R: 28, E3h5HE

TE3E4T Bio-Skin [ HsE88H, wnfal B 3= ME 0 B Bl (interaction), LK 4nfa] 4 24 1132 3l (Kinetic) & H 2
MBS, BERITE Z HTG S A (2015) A4 IR BT IR B (B 2 A 05 AR T Rk 3) [13], Wik s i T A A dE s
iRIE S (R AT IR Arduino IDE Mg 5P 6. ) Arduino TR A FRES 45) AT H = HLE)), JF
Bi & SR =L A (LEGO Mindstorms) R 5w Zh R AR, SRR A S B B E R LA R k1544 3))
773, BEiE UG ARG (B 3D AT IR EE), KA AR [l 1) B 58 R s AR R SR mT AT R (] 7).

1) SHfREH T H

SEAAIE AL PT 7324 Input & Output, LA 2 [AME AL o SRz 5 3 S 20 Rl e B b A\ AA i) 4
fil 554, WA I USR5 A EE RS, HOR RS e 3 s o S ML AT S i B RS, B A 47 11 (Serial)
BTN, FE AR5 B LA AL TR S o 555 WA TR 38 42 1) EL AT fEL 1 (3] B 1 SR IR o S 45
T NIRRT SN o b B 25 2 FH SR 2050 5 4% % Digital & Analog (iS5, 3 H 7] DL Digital & Analog
ST EHLRE LU RS, AR A AL B RS . ABN3 . fRIREE.

2) RiEpLEE AR

LEGO Mindstorms EV3 & 5k =14 7] Mindstorms 541 (1) 55 = AAHLEE N o 1IX— A8 NEAF 2 tpkas 20
e, SRS E T AERBE(MIT) S LEGO G 1ETT K . KA & AL SR ok, B &I A7) it i 25
FERREAE N — PRI . RERARLE S T EFMWEL, HIWURE S5 HENFEF %, ARy a
e B bR TAE.
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3) 3D FTEIHL

3D FTEIMLAL BT B2 5y (K28 IRy stk (B Se i, o 1A GE BRI £ it id fE . Bid s
DA B SR AR Bk, RILERHRIF S ZIE, 94k T “Learning by Doing” fRSEAE, [FII, it
] DAHS R ety iig TR, PR AR P SR B A B, IR S SR SEAR HEAT AR5
Seft i R B O S AR

Figure 7. Physical computation equipment/LEGO Mindstorms EV3/3D printer
7. EIFEHEIR&/IRSLEE AELR/3D FTEIH

5. ¥itscEd: Bio-Skin BUESLE

Bio-Skin 5T S50 2 PLR VTR 2% 3 50 & K DU AL 3 2 371 A% % (Robotic Architecture Studio) -tz %
ARSEIENT B, UL AN EIARI R R T IR R Sk . L TAE S smiABSUR R i), REGER
WERIE RS A RS, BEVE. B3 BT WIS LR 2 RN, R h ki
(physical computation)5 %5 il it (digital fabrication)fJsE/EMisLEk, £ BEALMILERUE B N (2015) 17 A= iF
WA E[13], AR NP BREOEE. i, Dokm. Do, bofilis), MOiEER R
BIENUHI A R RT3 7, R BB EA R R AT AT HEANE . AN FR A= B2 S AT T O i 5
HER T fE5A44, Bio-Skin 22K RNUMAETE 2 W ERAER LR 5 /ANDER, HEGHBLB I

F—, MERINEL: & HE B AR AN R R PRIRALHI I T Ak, DSBS H)
W ORI CHERIAT R B, X AEY R Z BT AREAME IO MG, B R BRI AL s,
JAEN“E” BIRIEHLE], T AME RS AT e A 1% 1 H T B input AOBLE]

B SMEREL: KA R RORRALR T R A s s AR, — BB AR S aE iR, IRz
B B2 SRR 5 6 A (T 9 ) A S C ] (notation) 03 T3k, A EDUL B BHOUE ) £ 2 MLEZAT 5%, MO S
b AR I prototype FIRT—2 .

F=, IMEMIEL: D RS AU E R RTREE, BRSO 2 G M ELS B 1B R E,
DT 6 FH 55 e PRI T 46 FROBSEAUL S BRIz s WL, DAV 2R B 2 LR R B (prototype) PR A4 L filh, B T 4944
PV ZHIVERII A1, RRERUR 2 A8,

0, ZEREE: #EERBERRNESEZSIN T AR B, LR R AR R — L G
5%AF), FRENUSIEA Bt BT DL TR LS S #2757 (Arduino IDE MIFRF1ES), FIFIEC7 B
AL, K Input 15 BN BB E, F T EIE S Al 08t 7 B4 Output 7= 4E

[l
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A

5510, SOTEIIHER : K prototype KR il 5416, BUARERINMN, W] LAERLHE K% 2 F K, prototype
FEREREI M ENRR, BB PSS T, Aoy BR G s ER, &
AR, T HIES A FIZSHE A, LR S I 1A SR R

2 LR AN RS EIIRE T, SAAR RS, Rt 3D 4TEIHL. R UIHIA S TR,
PRAFAE R, O SR RO S, JF BRI & 45, ATAERER IS, FIATX L
T HEHOA R 1 prototype BAIERI RS LG 23, LB AR B, 50 o e [ e XA
TP JEMTE BIRIIRIED TR, LA 4 (UL ABCDEFG RFR) &k £ — Ay (vt B, ¥
B EEE. KRR KGR VIR ETIR), RS ek B AR TR (B ORK) ) B JE g ANE s 2 (5K
Jhy TR WA . MEE. b gAY IKR)ATRT L, IR RE-LRANE Bio-Skin {1 H EMEZ &
FBRAEI (1] 8), VAL N FAE-CRI AN 25 ) e vt Bl @am, # st 5t 4% . iEad B\ B E T B
FOE, FERFENK, RRZE X TURESIE iR LE AR, KA prototype, iAERIIEFERT Y
A% ZXAFR PRI, AR RBUR TR, FARE - WUHRoTER, BN 7 EZEN A
RETE, ik R AU A& KW TN 2 HE

| s =
. | / (Q
r B
)1 7 ¥ <7y 77 i
i by NPy == 444 E
A A A -
A
EdjEes Rk

Figure 8. The relationship of students’ Bio-Skin prototypes and kinetic forms
8. tAIF4% % KA Bio-Skin #ERFE N N X R E(AAREE)

e, RRAEEATR AN B SRR IR L 0 B R A S SRS, O S A T I A BRI AL BUER
ARSI e e A RIS AR I I di A e AR AR (0 R LR, 3 I R A S st 1
TR/ 9), FHRLFIAE MM KRR A At AL A M 5 (18] 10 /i); B[R] YD A1 01 0 5% 11 KPR K B R
B, KR NER T &2 B R AE) SR M ) S A PR AR G, R AR B 22 vk
WA L (K 10 £7); C IR YD TSR T (0 BE P Sk T IROK SR IR K P I AMIE, A f g T 224k
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BB E M A SR P ARG D[R] SR T e AT P 2 3 AR B JER IR BT R R DT 4 K Rou
BRI, T i B 2T S BV R B RSERIRTK BRSO 2 B PR, AR 1@
WA SR U BT SLE] F RS20 FE AR BRI AR K TRAS , WF 7T DAZR 2= s LT RS
HSOEKNMEET; G 2D R B 4K 53R B RREUKHES, AR HE L = RIT& U 2
UL K FKII RS

Figure 9. A thermoregulation bio-skin prototype transformed by rotation of the chameleon skin crystals

E 9. ZTekKEREIEE: UK E RIS

oMt

agesele)

Figure 10. An emotional landscape in Great Barrier Reef (Left); A thermoregulation landscape in Greenland (Right)
10. EUNKBREAERESHFR(EE); REZIKLAESFERBR(GE)

6. ZM5itie

A 7T & T 5 1 BT 7T (qualitative research), 281 B3R (Wit S5, AT K BB AL AR TR JE )
Bio-Skin FEI K EHUMHEIL < 5, A YA EZ A K2R BGEERR S, FH 0T UERAR R 7T
2%, AFE. JUTRR. AR ADMEEEE, DURRAR SIS

1) JUTRR

PR EL B 12 JZ RN LA R 7 30, 5 M FOLDING (H138) 54 A FolR 20 & B2 56 i R g5 1), g
FHARRFT R =GR A, A DU IRECER A AR LA i 502 il T 2s foie e 24, RIA LA EJL
OB, BB B0, Rk, ROCEIF O R AERAE, B LR EAT LY k=M, B
N = H T BA K ] 52 (AN 2 AR T R 1T L RT ADIEME AT J LA TR 2 i i) B AR B G TE 451 i
FAE, W-PAT UL A SO A B BB 4E R PAT RS IR, AN AT 7S AN IE =M AT H .
B JEATURE BRI AR A R P B 2 R X 6 JUART TR R P A — o Je =425 B R 2 5 7= 2

2) HEHA

TERBIZ A, BAVAGH J LA R SR onH A 77 20 iR — MRS G, F 2 55 H A I,
ARERUAIR I 5 3R L BURAR B 1 75K, R RIS 5 R Bl WIS e i & 5 O RS = M.
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A

B F X PR ARTE AR R v, 5028 5 R4 Bt 3 e 5 SRoe Rl 4, DL AGE Bhid B &) K &R,
DR A A, B S A = A TR AL IR T 7 o 2R ARSI, DR B T 5 B 8] () ZH R 2 2R AR A1
TEHA LT REVE AR, @R A EE KT E & R . Fonz mAEE, Wbl
BONEFRINAE R AR, BTG E R RRIEANIE, B0 B R cdilG, Bahipis, (F
LA R = A i, R HPIRMEHHES], S U ERCRI/NTE O, ] 582 8 AR 5)
MGG, R Ie LA J7 T O A R G hig sh RS — IR 8%

3) MAEEA

HUBRES A BG4RGB 2 AR L, JFREMCR — BB AR Y, iR E SN Eal e S5
et BBk i EALEOT T, BENE SRS HE B HEAN R 2 18] R IR TR, T e s B U
B A AME KRR (try and error) 38T AR . IEQARIT AN AR & BRI AE AL, RIB IR
MThee, —ANUFR R TR TEAS R 7 s R AR B AP O R 7 s 2o A 4h, AN | 3 BB A4
R, Hanf oA B E B FHEE, BATVCNBICZ (M VIR 2 EZ 0, DREEA
JyFEfi(agent-based) 43 A TN T2 RE SR AL AT BE G 7 %[ 14].

4) ARG

E A0 — Bl AR ) KRR X B IR 10 2 B — I 4EFRIR B KK oy 107 32X, (HBLA #8710 0% S Ak ok
M K2, R R — AR IR R T K2 b CIRIE R o BATTHE A3 T LA 4k SR AT 7 25 DN e i
R385y, 3R BT A BT DOE R &S 4L G o Bl 1 bt ta 5 1k e, B RE gk 4Rt e 2
sl BRI, Fik. KEEES, KRGO DRI S, AR S R S 1 T T AT
WA T BRI 07 AL AU T 28 R, TR VA B30T 1018, 38H B T ih RITE 2 WU 5 B
D5 TR P

7. EREEIW

AR U I 1A AR WA S TR BB, SRR B R IR ARG 523, SO R A AN F S,
JA RS R e F G BB SRR AL B R AT Bio-Skine IXLEHLAL JF AL AE SR BRI [R] SR K [a] ]
Wk, SRR E VTR E A, JE AR SRSk, B SRS S S A B
kit tt, DAL BB ET & N 5 TR AR 15 B (data) 5 55 # (link), 7 B AL B kT sk . 15
o GG HAREAESURE O, FRR R S R BT SRR IR R, TR
AT, MRS B R TIT T AR R R SEAEfG, bt SEsE R se, Wik Aty
RGBSR, X B T @SB R B S B

&, AFTURBL X SRS O A v R, 183 MR, BURMRIESE, KT
FEMEARMKBN S BRI B EN 5 AR, RIS, FE e BRARALIE s ER KA AU SE R, iX 4% Bio-Skin
HEFCAMIT AR BN RE SR, LB AW 5 2 W v S 1. ARRBETTT FIRER T
BEMRIAFMPON TR, thr] DR RS0G5 REATTRRER, HE oA R £ B2 0 s i
&, Pl WTRERERE I, (AR AR S BT Re R R R A Ak, AT AMEF EE 1
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ili A (BB 96 VA IR) LB (19 2 5 AN A Bio-Skin (RIS R AT -
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