
Z I X U A N  Z H A N G

FROM SPATIAL
PERCEPTION TO
MACHINE
VISION
H O W  M A C H I N E S
U N D E R S T A N D  S P A C E



W H Y
M A C H I N E
V I S I O N ?

Human vs  machine percept ion
opens a new way to understand
space.
Machine v is ion i s  not  “seeing”
but  comput ing.
This  ta lk  examines machine
percept ion ,  media art ,  and my
robot ics  project .
Based on four  books on AI ,
technology ,  cybernet ics  &
sensory envi ronments .

M A C H I N E  V I S I O N



We perceive space through
embodied exper ience:
emotion ,  memory ,  spat ial
intu i t ion .
Space is  qual i tat ive ,
atmospher ic ,  exper ient ia l .

H O W  H U M A N S
P E R C E I V E
S P A C E

M A C H I N E  V I S I O N

P e p s i  P a v i l i o n  ( 1 9 7 0 ) :  f o g  e n v i r o n m e n t  +  s o u n d  f l o o r s  +  r e f l e c t i v e  d o m e  t r a n s f o r m i n g  p e r c e p t i o n .

D e m o n s t r a t e s  h o w  h u m a n s  r e l y  o n  m u l t i - s e n s o r y  i n t e g r a t i o n .



Machines convert  sensory
input  →  p ixels  →  features  →
coordinates .
Machine percept ion i s
quant i tat ive and geometr ic .
No emotion ,  memory ,  or
abstract ion—only
computat ion .

H O W
M A C H I N E S
“ P E R C E I V E ”
S P A C E

M A C H I N E  V I S I O N

H a r r i s  C o r n e r  D e t e c t o r C o r n e r  D e t e c t i o n

R e s u l t  o f  t h e  F e a t u r e  D e t e c t i o n  A p p l i e d  T h e  R e s u l t  f o r  t h e  b o x _ i n _ s c e n e . p n g  i m a g e



Farocki  analyzes “operat ional
images”—images produced for
machines rather  than for  human
viewing.
The work includes footage from
industr ia l  robots  and mi l i tary
target ing systems.
Machine v is ion i s  shown guiding
automated act ions  such as t racking
and welding.

H A R U N
F A R O C K I :
E Y E / M A C H I N E
( 2 0 0 1 )

M A C H I N E  V I S I O N
F a r o c k i  o p e n s  W a r  a t  a  D i s t a n c e ,  2 0 0 3 ,  w i t h  m i s s i l e  f o o t a g e  f r o m  t h e  I r a q i  w a r .



Trained us ing the ImageNet
dataset—a foundat ional
dataset  in  computer  v i s ion .
The model  ass igned users
biased or  of fens ive labels  such
as “cheer leader , ”  “ fai lure , ”  or
“rapist . ”
Demonstrates  eth ical  i ssues  in
dataset  label ing and
class i f icat ion .

T R E V O R
P A G L E N :
I M A G E N E T
R O U L E T T E
( 2 0 1 9 )

M A C H I N E  V I S I O N

T r e v o r  P a g l e n ' s  " I m a g e N e t  R o u l e t t e "

I m a g e N e t  R o u l e t t e  H a p p e n e d



M A C H I N E  V I S I O N

H I T O
S T E Y E R L :
H O W  N O T
T O  B E  S E E N
( 2 0 2 3 )

Uses mi l i tary  resolut ion targets
and pixel  gr ids  to demonstrate
how machine v is ion detects
bodies .
Performance-sty le inst ruct ions
parody “ t rain ing programs” for
avoiding automated
survei l lance.
Exposes how digi tal  systems
def ine what becomes v is ib le or
inv is ib le .H o w  N o t  T o  B e  S e e n

https://www.google.com/search?sca_esv=e0ee5455e7f1c925&sxsrf=AE3TifO2VIqiy704dpRCJIVcMQ1dNTzjow:1764839662882&udm=7&fbs=AIIjpHybaGNnaZw_4TckIDK59Rtx4SKIllobNTOb5JmKOE7pCsTbaG7pg3zynqmCU6EAdkO4BkFpwHqV0qODvsKbTcEa3etMg-cFz16Z-12_q6B3zeSHOijzZaKrenVYxDH62EG0AtA5atMnTSHu0UwTOVjyujnSUWQb7dDsmp6P6MPZSU9RJx3yjsoOyHoTkOBPqalCwf_h47wUPiDrR__WvvQoFYGdFg&q=Hito+Steyerl:+How+Not+to+Be+Seen&sa=X&ved=2ahUKEwju8MOJzKORAxUWHUQIHelNG-EQtKgLegQIHBAB&biw=1128&bih=671&dpr=2#fpstate=ive&ip=1&vld=cid:7e0da4fa,vid:WbOmXEnluzg,st:0


M A C H I N E  V I S I O N

E A R L Y  C O M P U T E R
V I S I O N  E X P E R I M E N T :
T H E  M I N S K Y T R O N
( 1 9 6 0 S )

A computer  program s imulat ing
part ic le mot ion in  force f ie lds .
Produced images
algor i thmical ly  us ing t ime-
lapse photography of
osci l loscopic output .
Displayed in  the 1968
exhibi t ion Cybernet ic
Serendipity .

h t t p s : / /www .ma s swe r k . a t /m i n s k y t r o n /

https://www.masswerk.at/minskytron/


M A C H I N E  V I S I O N

A M A Z O N
R O B O T I C S  &
V I S I O N - B A S E D
W A R E H O U S E S

Robots  use QR codes for
navigat ion .
Machine v is ion ver i f ies  i tem
placement and shel f
inventory .
Human robot col laborat ion
depends on real-t ime
detect ion .
Space becomes h ighly
st ructured for  machine
readabi l i ty .



H O W  M A C H I N E
V I S I O N  W O R K S

M A C H I N E  V I S I O N



M A C H I N E  V I S I O N

A R U C O  M A R K E R S :
A  M A C H I N E -
R E A D A B L E
L A N G U A G E

Used in  drone landing systems for
precise autonomous navigat ion .
Appl ied in  warehouse automation for
robot local izat ion and coordinat ion .
Can Detect

     ID number
     Rotat ion
     Or ientat ion
     Dis tance
     3D pose est imat ion

Ideal  for  robot navigat ion and
tracking         



M A C H I N E  V I S I O N

R O B O T I C S  C A S E
S T U D Y
( X U E  G A O & Z I X U A N
Z H A N G )

Raspberry  P i  camera detects
ArUco marker
Calculates  dis tance + angle
Sends commands v ia ser ia l  to
Zumo 32u4
Zumo adjusts  mot ion to fo l low or
maintain a constant  dis tance
Machine v is ion = spat ial
re lat ionship control



M A C H I N E  V I S I O N

W H Y  M A C H I N E  V I S I O N
M A T T E R S  F O R  F U T U R E
S P A T I A L  D E S I G N

Machine v is ion wi l l  in f luence:
Autonomous navigat ion in
archi tecture
Smart  envi ronments  that  respond
to users
Adaptive l ight ing ,  HVAC,
access ibi l i ty
Human–robot coexistence in
shared spaces
Data-dr iven spat ial  p lanning



M A C H I N E  V I S I O N

E T H I C A L  &  C U L T U R A L
I M P L I C A T I O N S

Survei l lance & Data
Extract ion

Class i f icat ion Bias Pol i t ical  Consequences
of  Automated Spat ial
Control

Who Has The Right  to
“See” a Space?



M A C H I N E  V I S I O N

W H A T  D O E S  I T  M E A N
F O R  M A C H I N E S  T O
“ S E E ” ?

Do machines t ru ly  “see,”  or  do they only  calcu late?

How does machine percept ion reshape the meaning of  space?

What happens when human percept ion and algor i thmic percept ion conf l ict?

How should des igners  respond to the r i se of  machine-readable envi ronments?



C O N C L U S I O N

Machine v is ion = computat ion ,  not  human
sight

Art  exposes inv is ib le machine percept ion
systems

Robot ics  show how machine percept ion
controls  movement

Future des ign involves  both human &
machine percept ion

Understanding machine v is ion reshapes how
we bui ld envi ronments

M A C H I N E  V I S I O N



M A C H I N E  V I S I O N

B O O K S  R E F E R E N C E S



M A C H I N E  V I S I O N
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