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ALl ABS)) dian (e (g9 B S g hally ALKy alall Lislisl) 33a Gelas (6 oaslolail Joad Alajar pualaall Cinill e
Ciliiyde 8 (Kinetic Art) (Sall cnill ¢95 aa 3B ppanl ) clladll il ¢ (Mimesis)daull) slSladl aus Al
Chaia by Adlsgll LS ol clismia ) Yoemg colips daespas e aseli ia dls) & o cpnpdal) Q) il
Qs Gaadyl) Linsl il sy ¢ (Wiener, 1961) sy Cayiysi & (e (Cybernetics) () alell Guals e ¢ alall ol
Cydie) Allg (1970 aleThe Senster 8yl afigaia b (iidgilia] 3)lgaly sl (eYsSs Jlac (b Alidie el Cldfing
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ANV AL gl Cad dnens Lo ) Lelsat dallaal) dupmall GUSH ) (ol aslgi€al) geadl) 13a (Sensor) Guleal)
Al Al B i) gl of Sy 4adnn Al Jeall 33 Cus ¢ (Manovich, 2018)4:4)
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Laglshyge i ] (Real-time) adl) gl 8 lobisasy cduall dupilly Al bl (e dlila i dallas o deaind)
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= i) ISA ile s a5 Cus (Continuous Topological Optimization): aicsal) (s5iahll) oastsashll cpeal) .1
Llles a8 o Blial) ae cdyaill dalses =Ll aa Lg3)lg Glacal d83laall Llanall cligaiall SLEY) gl aany
(McCormack et al., 2019).’\:5;:\ el Crray aanl) d2dL

glaall tlage Jia (Ll e dasglgull G)LEY) Ligas (Cross-Modal Translation): Jailugll snle LSl daa all .2
ELA Ui e AlKhe iy dpole S L)) A8 (paall dshyuad) lld) il of clall wlias Sl (EEG
(Anadol, 2020).9.231 <y

1 Anadol, R. (2020). Machine hallucinations: Nature and data sculptures in the post-digital age. In Proceedings of the
International Symposium on Electronic Art (ISEA2020), Montreal, Canada.
2 Lozano-Hemmer, R. (2018). Relational Architecture and cybernetic installation art. Digital Creativity, 29(2), 143-156
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(Research Problem)ca) A<,
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(Research Hypotheses)&uaull (g 4.

i) donglgiyge CilSolu alg (& Jelil) cnill (8 (RL) Somill abaall cilia) s g palet Jg¥) p2jill o
Al B1uN) Ay oS cAaigie s A3EL (RS
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(Research Objectives)cuall Cilaal.
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(Research Significance) ..l daaal.

s QL edlae 3 Ll <)
Cliad) pe RS e 5,008 4S5 Ailase Clavasy Sligaie yughiil Gyealead) Golaill Latg Levia Sy avie Landss o
(Smart Cities). £l 4 yaall

Manovich, L. (2018). Al Aesthetics. Strelka Press3
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(Research Limitations)&adl asaa.
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(Cognitive Extension). Ll ailiaag aSha¥ alxialS dasy i el H92 (2h Y el (SM1 o
C'_:;.\S\ clalbhaa,

gl o 5l diseal) dipand) KA e AR dugulal) LakiY) (Generative Al): galgill elilaa) oISU o
Byaias COlAN o Bl 35S &bl 4SS Gl jia

Aalay adi g A€ )s dale Ay elliay sVl 5 amas (Cybernetic Interactive Sculpture): L._';.ab.\:\,«.uﬂ gis:biﬂ\ caill e
S gl hasy e Al (Al ae Alie daal) A3

O Lol S Uail laalgy ) Aedgiall e Ay 2S5l cililaiuY] (Emergent Behavior): ¢ sl skl o

A0 U dvee Ana
Gand) clallacad L)Y iyl

Al ALSE ASm B a3y Ll bl dalles e 4nSal il
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fSA e e Leml‘ Dsgeall bl iyt didas o Bl o) )Sie ey el IS Lgehiy LIS Gy
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(Theoretical Framework) &l (gylail) Uay|.

(Cybernetic Ontology of Sculptural Mass)azasll bl 4.) o) laa ol gl :S(j

~shne die J)aY) ljallay dshallal) ABalil) e 3 Saill o A sgde CanSE e Baas Dol D55l eaall 18 Guns
el caill W Lo cSLll sl Wysaas (i Liacas 35S caild 8 Tasag’ e oS salidl) il o) sy
Lasag dulen ADe b Al Jead) Jay Cus ¢ (Pour-soi) AY) Jals 4313 Ja¥ seag’ M Jsaid ol oISHL ladl)

A1 A G aS sl Jamy 5 o shaall i e (s3a% = gihe Al ases pUai S el canil) iy ol i) a

psgie ASE A Cua Cloglaall o s lagite Lolkas Bgaiall muai ¢ (Wiener, 1961 )els¥! Lihuad) cilagylal e 2l

OLSI Laa Vg 5ol gl Jy edalall adadl Lidl) glaation A_L.:uj 83l 2 al s 4V ¢ (Tool-Being)ds si<ll A" Jsn yama

Ladle 2liad dbiagy il ShAll Caupad alay us ¢"Bpaicaal) LUK 8)9 puall’ (o Alls (3135 8jaiunal) daa)l) L2 () Saal)
(Lozano-Hemmer, 2018).1:Ackiﬁ

Wiener, N. (1961). Cybernetics: or Control and Communication in the Animal and the Machine (2nd ed.). MIT Press*
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(Non—-Human Creative Agency)iil e delay) A :Lals

(Actor-delgall Aad 4yl e alaie Wl ¢ Sl uall szl 8 (Anthropocentrism) duydall 433S5all clSdy jgaall 128 o520
268l iy (531) (gpdall sl sl 8 oy =Y DAl ddabe g5% ¢ sadsill casill & )60 39 5INetwork Theory)
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Aaai s s 45l

' (Emergent Agency) il Aldiwe Ay elliay ¢ (McCormack et al., 2019)ellaysSle ragy LS lia elibiay) oS
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" (Distributed Creativity). Sadll &39all #lalYV" asgta ) "vagll Calgall' aggia

(Topological Fluidity and Open Space)zsisall eliadll dauldy duaglsd gall Agand) Ll

(e il Jea (New Materialism). saoall Lol byl ¢ jslg dia 2ie” (The Fold) ' dawdd e jsaall 138 5S35
4alll" (Topological Fluidity) daaslgghall dgand” Ao €5l ) (ala) o i) saldl LAY daganlly cldll e 35
fsaialls Jomall 1Al (f o LAY Lgingh a8 (090 seinaall pansigll Jsadll e 83l AES) i (Manovich, 2018) e )
RS e Jon (igdiiny Gapmion WS Sl seall Aas Gy Sl " (Saalion (558 Jan" ) Joas i el Bam 39ns Y

Al (Fuilg 4 Q) Lglang Tl £l

(Scientometric Global Data)ggull & e lhwa¥l oSN aladin) alitg 4figal) clilasy)

iy 3hae alin ) 2026 ) 2016 (e 8538Web of Science) s (Scopus daallall Glilall aelgd (e dajiiced) clilull i
1) &) Jsaad) mamsy LS ecamilly bl (sl o lihaal) oS3 Jays A Al Slay) &

o Laga) Al claay  Laagal) Clilgdiuy saill L] Lalle 3ygdiall igant) aael|

A
Eyganl (Citations) 4. (%) sy (Scopus/WoS)
Processing / Pure Data 320 - 45| 2016

McCormack, J., Gifford, T., & Hutchings, P. (2019). Autonomy, agency, and emergence in artificial intelligence art. IEEE >
6Computational Intelligence Magazine, 14(3), 12-2
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Eygal (Citations) 4.t (%) gyinsd (Scopus/WoS)
Wekinator / OpenCV
890 %148.8 112 2018
MaxMSP
StyleGAN / Runway ML
. 2,450 %203.5 340 2020
Arduino
PyTorch / TouchDesigner
5,600 %129.4 7801 2022
Grasshopper
Midjourney 3D / Stable
11,300 %82.0 1,420 2024
Diffusion v3 / ROS
Generative Mesh
Transformers / Nvidia 22,400 %51.4 2,150 *2026
Omniverse

(2016 - 2026) e lilaua¥) £Sally Conill Grgny 3 QT Jsall il Jana ol 2(1) a8y Jgan

aladl (e gV Chaill Adlyian) ciydisall e 2l 2026 sle clily tilaadler

(Practical Framework) sl Leall jUsY).

il g8 OS50 e Aleaia damay Sl Aol (o LS Lle latl) ilgaiall dugnl JalSiall illy oaasall Uil ()6
: IS a5 ¢« (OSC [ MQTT)ds s
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| (e ol usYr olstey gias 0SC)
v
e -
| $LSETly alleall susy LA gaeiaall |
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o e e +
| iagtaiyasall Zasyill Fdss SATLEN gaiaaidl |

| iy TouchDesigner (oLs;a!l 1u3:3) + Grasshopper (SLasy! otuxil)]|

e ey
——————————————————————————————————————————————————————————————————————————
|
| (psas olass 1] olstaadt Jasxs G-Code)
v
Bt +
| SLojusll 1asia 1l Basy faal 31l g eSealt [
| i3 Arduino Mega ———> sijyiu il olSyass dubill olSyaall olasaia |
e +

il = 3laty YIAS Aaddiueal) Cilinaydl Jsaait

[a—

daly 4043l da gidall duguladl da5))) A58k dinap 224330penCV (Open-Source Computer Vision Library):

= z)aiulev2.CascadeClassifier alla asiig ¢« g il A$)a Jalaill haalSI o6 LE1)al 1ea )IC++/Python

4badl) ASyal) Jasaty ¢ (Skeleton Tracking) gyl (calaall Ul i Cilaay jlsd e NAPTN &g cogansll

$(X, Y, Z) $. slady) 48Dy 4l Ay i) ddghas )

ldss o . sl 8 Aelall V) aledl &bl = 3Ll aal (ya danajall 638 axiWekinator (By Rebecca Fiebrink): .2
2aala O iyl 63 (e daac ASuh zgad cu)Xig ¢ (INputs)BlAeS OpenCV (e dwdldll ASal)l cildlaals
sliai) L) 4 g (Outputs) Bycices ilajie il ledll gl 8 gl3)a (MLP — Multi-Layer Perceptron) laal)
Agiaal) adadll

dawag Jayy dgalsS 2a3%ud (Node-Based). Mall Ao 4l 4 pasl) dna 3l ZuTouchDesigner (Derivative): .3
Glage gty AS)all arats cililasy a5k «<OSC (Open Sound Control) JsSsig e AV ela:\ bl Jhanay
sgenll Balial) @lall e malill cabill e LSSl GlSaall lead 208863 4Sralinn
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alsas ol il acenall Za3lall daglieg 25LaY) L) JilailFirefly 4ilia) ae aaiisGrasshopper 3D (Rhino): .4
Sl alaill Gl @l lsa e Hall Aall ol lguany 40K ehall Jaln ae Glacag (galdll

(Collision Detection).

(Empirical Validation & Likert Scale Metrics)g_sju_;l\ A il Jlaa) sl

el aa al) Ll Lo glaiall Agaiag Lol Aisaic) shiial) dolenl) 7 3laill ¢ Liad) o5 ¢ Q1 Asgladl) Aualall Aol puall gl
el ki) (.\453....4\ a ’\S_)L«Im ($N=120$) gl g8 é.\ N PI7E2EY ccaadl) SJEL.‘.& ¢l alaal) &A'.'\;.A (e aliaa 4 glie
Adlaad) Gl il dpald jglaa 5 le dejge (Bady Gilse = 5 Bady ajies = 1) uledd) CST Gl o aai

ALasYISPSS V26 dejs Aanlsy lilall ulat o5 L S canl) olusg 55ala)

AN (geid & A Ol i)y o gial
p-) duginall  t-) A (il Slaal (il Al al auddl) jead|
(value, (value, (%) (SD) (Mean)
¢ Sensory ) uall Guleddy
> p "
14.32 %92.4 0.48 4.62]| (Wl jeaill 538 saa :(Immersion|| |
*2$0.001 i kel ol 3 e {imme
Asiall by oAkl gl
> p$ :(Emergent Unpredictability
18.65] %95.0 0.39 4.75 ( ) 2
*%$0.001 Sl Sl (g AN S 13
S
Co-) 4gjidall due iyl Syl
b alal) % :(creative Agency
*$0.01 > p8|  11.20]  %87.6 0.61 gag| S 3

-“- .S
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(value (value (%) (SD) (Mean)
¢ Aesthetic ) Jdlall jl<iN|g Saal
> p -
“230.001 13.88 %91.0 0.52 4.55 Loalag S 451 2w :(Novelty)| 4
' gl Sl canill law 550
Adaptive ) <) Al el
*$0.01 > p$ 12.04| %88.2 0.58 4.41 Llaiud 483y de s :(Intelligencel| 5

(SN=1208 Sl e lil) cnill 50US Joa sl obY oS} Jlean) sl 2(2) o8 Jsan

($p < 0.0018).2ic Tas Allag ¢ ($*p < 0.01$)Asinn AV (s5ina die Liluan] Ay 4))
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aol aclall ey Y ey

%99 55lat dilias) &ty il Abnd) il il S5y Dujiall Ay il) (28001 (e
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