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e At the lower level, the world is broken down
Into primitive features

 We percelive the world as a unified whole

 These holistic perceptions are the result of
higher perceptual functions operating on
these feature primitives

* Perceliving the world i1s connected with our
knowledge of the world

* A system that links the products of lower
perception to memory
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o« JACHT . Conscious outcome of
sense organs and projection regions. (“I
detect something”, not necessarily conscious)

o KN . means by which
Information acquired from the environment
via the sense organs is transformed
(organized) into experiences of objects,
events, sounds, tastes, etc. (“I know,
recognize, appreciate what | am sensing”)

2007-7-20 P& S ifuy 7
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 Two complementary ISsues:

— Z{Z{0rganizing coherent objects and
events out of segregated
sensory/perceptual inputs (“binding”)

— M Parsing” the perceptual world:;
understanding which inputs belong
together and which come from separate
objects

2007-7-20 P& I
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 Perceptual
organization and
parsing
accomplished by a
variety of visual
subsystems
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I)— PG Cortex

r a1

General principle:

.\J—L Rostral STS

11 \

inferior lesions produce
STP perceptual
Impairments; superior
lesions produce
syndromes dominated
by spatial impairment

2007-7-20 By R S I 10
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e Size and Shape Constancies: reflect
mechanisms whereby perception of a
distal object stays the same despite
proximal changes in the perception

 Depth Cues: monocular or binocular
sources of information that convey
information about relative distance of
objects from viewer

2007-7-20 P& S ifuy
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Theories of Perception

o [H]¥ZF0M“Indirect” perception: perception
IS the result of interactive processes from
without and from within — use of internal
representations based on “top-down” and
“bottom-up” processing

o HEEMw“Direct” perception (Gibson):
Information from the visual world Is sufficient
to permit perception without the involvement
of internal representations - focus in “bottom-
up” processing

2007-7-20 P& I 12
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o LEOPIFZEHTFMARI. J. Gibson) KH
XoF 0o A9 [ 44 T2 R A . 19505 At
P AR HIR @mjj%njumﬁi%m
, WA ﬂiﬂ&f@ B H AR el AR

t:#&?ﬁ ® <ﬁﬂ«%ﬂ@wﬁ> lﬁﬁk_ﬁﬁus <1Bz

Jit, mmaﬁ’ﬁn %W‘HWE 1,
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— Gibsonian Theory

o AR, J. Gibson) Ak, HRARIRIBGE5CHERT, #]

CLPEEEd 5 15 8, Asean] DA XL,
Fi@%%?@%%ﬂﬁﬁﬁ@@ﬂi%% PR ASAN T L
Eﬁz%%ﬁMLﬁm@&#ﬁﬁ%% AR At ) A= 2 40
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%ﬁé@ﬁ%ﬁmw¢ LM AsE FI G B, AHEREDS
XF A HY S Y
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H_ 3= 5
“Direct” View (Gibson)

« “Optic array” contains all necessary visual
Information

e Layout of objects in space given by texture
gradients, optic flow patterns, and affordances
(implied meaning of objects)

* Perception involves “picking up’ information
through “resonance”

« Has had historical impact in restoring interest in the
perceptual environment

 Has been criticized as being underspecified, and
neglects role of knowledge in stimulus exploration

2007-7-20 P& S ifuy
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Jal FEW, 59,

o Context effects In perception: what is
seen depends upon surround

e Effects of emotion

e Visual illusions: idea is that general
knowledge about objects is applied
iInappropriately to the perception of two-
dimensional figures (e.g., Muller-Lyer)

2007-7-20 P& S ifuy 17
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Vecera& Farah, 1997

Isthe “X” on the same or different object?

» Answering this question takes longer with the
display on theright

e Suggests Gestalt processes are influenced by
2007-7-20 SEMaNtiC processesst st 36
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 Depends on “shape
constancy”
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* Objects that are
nearer should
occlude objects
that are farther
away

2007-7-20 P& S 42

H



« Relative clarity of
farther versus
nearer objects
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» Closer objects show more detail, articulation than

those farther away
2007-7-20 SRR AR
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Closer objects

,_ appear to move
8 faster than those
i ﬁ ’ farther away

s TRt . l!l!li'l!“ i [

Relative motion Direction of passenger's motion -
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M.C. Escher:
Waterfall
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— Binocular disparity: different images to
each eye as a function of object closeness;
basis of stereoscopic vision

— Binocular convergence: rotation of eyes
depending on object closeness; brain
receives efferent motor signals and
interprets distance accordingly

2007-7-20 P& I 47
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e /NHNAdditively?
e fii5cPreferential ly?
o {(Z1WMultiplicatively?
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S ML (Zeki)

responsive to color and
form

: form and motion
. color
motion
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“Vhere” pathway

M pathway

Inferotemporal

 “What" pathway

2007-7-20

Cells respond
to contrast
and motion

M-ganglion cell

P-ganglion cell

£ N

Interblob region

location/orientation




FHE)al AR

o ALE MM The “binding problem”: if
perception of given object is distributed
throughout visual areas, how does the brain
combine features to produce unitary percept?

« BIRELEHAIMConscious vs.
unconscious perception: perception of
object or object qualities may proceed pre-
consciously

2007-7-20 P& I 51
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— LGS

* Perception = Memory:

— Patterned co-occurrence in network binds
features together probabillistically (e.g.,
learning in parallel networks)

* Perception before Memory:

—“Unbound” percept matched with stored
representations (perception)

2007-7-20 P& I 52
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 \When does one object end and another
begin?

e Viewpoint independence

« How do we know that dogs are dogs
and not cats?

2007-7-20 P& S ifuy 53
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miniature copy or template of
each known pattern is stored
In long-term memory

. a

straightforward template il
rightness

theory Detector

normalized template J

theory

not adaptable

Impose large storage

requirements

Schematic of a Template System
Stimulus

Templates Light Source
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Template systems in action

STEPHEN R. DR CONSTANCE R. SCHMIDT

27006 FINEHILL CT. PH B96-9475
WVILRFREESBDTR0O, TN 37130

PAY T THE
CRDER OF

TOLLARSK

Cavalry S .

TR e o

Ba*king FA  mrestson 7 o0

il

ReEL T LGL iDL 805

numbers scanned and recognized
with template system
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Feature theories: patterns
consist of a set of specific
features or attributes

Advantages:

— elementary features can
combine to form multiple
objects

feature detector

(gl T T T F = 3 mm
-
]
Q

Schematic of a Feature Model

Stimulus

2007-7-20 L
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IR B9 R BI IR 10

 Individual instances are not stored; what
IS stored Is an “exemplar” or
representative element of a category

 Recognition based on “distance”
between perceived item and prototype

« Nature of computation still relatively
unknown

2007-7-20 P& S ifuy 57



THC
A A A A

Chject  Template Chject  Ternplate
MATCH! NO MATCH!

A A A A

Ubject  Frototype Chiect  FPratotype
MATCH! WMATCH!
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Global Processing Precedence?

Navon (1977):. Isthelarge letter
anH or an S? Arethe small

| lettersH’sor S's?
SSSSSSS8S8S8SS Decision speed for small letters
greatly affected by whether large
letter was the same or different;
decision speed for large lettters
unaffected by small letters

nonpuunnununnunonn
NN RNNNNLW

iy
CH
T
B
i
(L
B
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| e(s)

Feature extraction:
texture
stereo disparity
color contrast
motion flow
edgels

N e 5L 3R

Thevision
black box

Grouping:
Image regions

a

\ 4

Marble

building

N\

2007'?(1%8@@ processing

Perceptual
organization:
2.5D sketch:
boundaries, junctions,
foregrnd, bckgrnd

SRR RGN AR
Regions and surfaces

torso Ripe
bananas
Surface shape,
scene depth,
spatial relationships, T » motor
3D motion .
.
.
“
Recognition, ..
surface properties | > cognition
Objects, verbs,
) 60
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*ﬂ.ﬁ.%\?ﬁ% ﬁi% (representation)

* R |
— RFE—FPARE IR LT RPN F I ET R KRR FHF
RETBXLRL, ARIRA KRR WTTITE
HHR [ v & T NY
_ Bldn, PTILTESRA, b2k
o BIHFF3IX 10! +7x 1092 A 37
e MEIRIIEISHEIRELIIIEST =T
RErEX
— %A E (primal sketch)
— 2. bz E (2.5 dimensional sketch)
— =242 (3D model)
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Marr's $i o382 1

7

Grey level description

Primal sketch.
2.5 Dimensional sketch.

3 Dimensional model
sketch
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2. DR & E
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2. DR & E
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Marr-Hildreth .72

o Attempts to account for
development of primal
sketch

e |dea of “blurred
representations”

e “Zero-crossings” identify
edges within a visual image

 Only ‘reliable’ zero-cross-
Ings are kept

 Four types of tokens:
edge-segments, bars,
terminations, and blobs

2007-7-20 oA
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Intensity change

(@) (b) {)

Rate of change (1st D)

Zero-crossing (2nd D)74
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Marr & Nishihara (1978)

* Development of 3-D sketch based on

orocessing of more elementary shape

orimitives (basic primitive is a cylinder
with a major axis)

* Hierarchical organization of primitives

e Concavities important in segmenting
parts
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—Bilederman’s RBC Theory

* Objects built from primitives called “geons” (n
= 36)

e Must decide appropriate way a visual object
IS to be segmented into geons

 Two key components of decision:

— locating concavity

— deciding which edge information remains invariant
across different viewing angles (invariant
properties like curvature, parallelism, etc.)
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Overview of Biederman’s Model
Crawea T

EDGE
EXTRACTION
DETECTION OF PARSING OF
NON-ACCIDENTAL REGIONS OF
PROPERTIES CONCAVITY
DETERMINATION
OF COMPONENTS
MATCHING OF
COMPONENTS TO
OBJECT
REPRESENTATIONS
2007-7-20 79
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A: complete stimuli
B: stimuli preserving concavity information

2007-7-20 C: stimuli lacking:gengayvity information
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Key Similarities

 Edge coding

e Grouping into higher order features

e Matching to stored structural knowledge
e Access to semantic knowledge

e Naming

2007-7-20 P& S ifuy 82
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Common Elements in Object Recognition Theories

 Edge coding
« Grouping or encoding into higher-order
features

e Matching to a stored “structural
representation”

* Access to semantic knowledge

2007-7-20 P& I 83
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4 fiyfiiii& Structural Descriptions

consist of
propositions which “describe the nature of the
components of a configuration and make
explicit the spatial arrangement of these
parts” (Bruce & Green, 1990)

for
faces, objects, etc. Evidence for separate
systems: category-specific recognition
defects
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IR EX

Shading

+ Appearance varies under different
illumination.
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GBE and Reconstruction

Proposition: From as few as three images of a Lambertian
surface, taken under different highting condihans, we can
reconstruct the surface up to a Generahized Bas-Relief
transformation — without knowledze of the light sources.

(Bee also Fan & Walft97.)
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4. 4, 4 42

Input Images l
l Reconstruction
of Axis

Edges Extraction

y

! Refinement of

NURBS Fitting Planar Axis
Symmetries Extraction Reconstruction of
l Limb Edge

Axis Matching '
3D Full Descriptions

| of GC
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W% o 045 4 & P42

o AN H A mlie e AL NN S A S 5 1

HRF 7 (Attneave 1954) ;

o TR BB HI UL 2
ﬁ%ﬁﬁ:%%Efﬁiﬁﬁ)\ﬂiﬂ‘fﬁﬂﬁéﬁfﬁlﬂﬂéﬁ (Bar
1961) ;

o RGOS : WIGNLILE I A ML (R

- LT
low

RO AT MR . (Olhausen & Field,

Nature, 1996)
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X

Sparse representation

AR B sz oot
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TR gniDA By (22

WEEFAE: MNiXHHZ THRTE B 7ABSRE T I B4R 14+
v’ Sparse coding and decorrelation in primary visual cortex during
natural vision. Science, 287:1273-1276, Feb 2000.

v' Retinal ganglion cells act largely as independent encoders.
Nature, 411:698{701, June 2001.

- HEEAAE. FIRABABRGNEITEE, WEVIRREEHZTHE
BALIRER

v BTG e B

Emergence of simple—cell receptive field properties by

learning a sparse code for natural images. Nature, 3871.607-609,
1996.

v RFBTIEE AR

The " independent components’ of natural scenes are edge
filters. Vision Research, 37 23):3327-3338 1997
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IR ImED R AU — R BT

SLF NIRRT I GET R, AR ISR 2 1 D0 A HE I 3 37w W A A,
FRAHIRALSE = e A By - (e 3as) .

filters
image patch, X

image
ensemble

basis functions
~—— causes
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Cov(S) =Diagonal Matrix
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a N-dimentional state space b
of image pixel values
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[l 1) 43 24T 55 B E )&fﬁﬁfﬂﬁ} H — 37

I

iRt
o ZRVES Ny
I(x,y)=AS=Zn’,Si*ai(x,y)
o Filgmhd R 2y

E(s, A) = Z{I(X’ y) _Zsiai (X, Y)} + ESZS(%J
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T[] 70 2RAE 55 B A R m A A A — s

o YIZREHE G R 5L
Xo=(5 A 0 =50 G 1 =08, s,

o BERIREL

D(Ililz):\/i(sil_siz)z
° jtlETJEEILZ‘AJ DW — D(Iij, rﬁj)

° %WEE% DB :D(Iij, mj)
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T[] 70 2RAE 55 B A R m A A A — s

o SHE

DR:% Dis(s) = In(DRZ) = |n(zn:(s,lj - ﬁ']ij)z) i} |n(zn:(8ij ) r’ﬁi])z)
W i=1 i=1

N & B ANPE
E(s, A) = Error(s, A) + A.Sparseness(s, A) + 4, Dis(s)
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HO

o AL HEF
Min(E)
o RIS

Ijil)% * (c ) _ @l * (| ]
B ob 4 legr(By g, (2B M) 270 M)

ds. o o Z(Sij_fﬁij)z Z(Sij_r-ﬁij)z
i=1 i=1

_~

I =
Aa, (X,y) = 77<S{| (X,y) - %Sjaj (X, Y)D
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Resource Allocation Model

 What Affects
Allocation?
— Resources

* Arousal
» Avallable Capacity

— Other Effects
* Enduring Dispositions
« Momentary Intentions

2007-7-20 By R S 114
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DRI 2 18

“TEIRBATHEIE” (Spotlight Metaphor)

CrickiN WVERUHUBIR I — PR BA TSR S AR, 4T
XA (BRAFIE) (S ACBEAG g a5, my HAM A5 BRI 55 7 %2 s

“EERBEESEE” (Integrated Competition Hypothesis)

Ducanfl )&, 1812, EHIBEBARIE )50 RGN E N — AR, INAASF
RPN H T E R RS, EREEmSYIaed s (s, w4,
AT WEATENCA; EF 22 MMM EES VA4S

VE B e MR PRIX B 5 S IRV 2 A AL i) — PP oS B
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JEHg G R AEAE IR (2)

i AN SRR A 220 2 R D ANTRL R AR 2R 1 [T X
RO X W s e KA X 3, R HEAT SRR IR S AR — 2 R1

R2MRAERAK KL, R2DXIRAR TR EAR I RAFEIR

.

. R if D(i,j)<R,
I |
- @ X.={R' if R<DGj)<R
[R; if R <D(i.j)<R,
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e+ 2 RAEML R (3)

3o I v o B B A UL S 3 S SRR LR

R,V =X, 14 6 4 1
p=2 g=2

RY=% SG, RV s, 416 24 16 4
. (G, ]1=1]6 24 36 24 6

R = S G R g g 416 24 16 4
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A TFuya S B & E 8y SE R R IFHR

N 2 E (Response Salience) BEE=—
N1 22 2] B FE X —2H #5022 21 B T = X 5\ Rl K
N REERE.

o M EEME—ITERE;

o MIRFMEAT—RHZMPBANSHEE
Mo Joz St 225 14 1B K 1Y) 80 22 2 R L A 0 TS — 2R 4
LRV ABIAE—TAIE, A, EEEE
7|~ B R 222 200 R L U4 72 B
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P BEH

 HZ(HEE (Pattern
Distance) &/ 1M i 4.4
HEZENEHTIP AR J]HT
Zr, 1 27D

TSR R IVA S,
e ﬁiﬁ (L) , Jm (O
) RIS R (F) )RR

> HAEXigahoRRUE (L ;

> HEXiEFEHE XK ARRAID

RN
Yl
il

<

(0) ;
> MBREAERANRREERE ( : :
F) D(A, A)=W*N (L, L +(L, ~L, )
+W*N (Q -0 D+W,*N (F-F)
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X% BB
< X 708 (Discrepancy Distance) 77— 7 i A0 L 1EH T
JE]— I ) G2 T B BT IX HY s i DI fE s
S BN G FECHTBHIFE, L AN T A DY (S

Rj|

A eS Rk)

Diff (A, 8)=(2_ N(D(i, })) *
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o 5L B (RS)

. HE— S E S REEE (R, )
N 7 {8 A O ) 7 52 214 1

s SMEA—EATRE—RAMBERARES (S BN
IR ENRIE, BEHRIMEEHEMae
BRI R E IS, &z, FHEIF. HNEXH
A XSEERES.

RS(A)=N(R ) + 2* (1- Diff (A, 5))
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K IF R B

" PEIE L] (TSM)
TSM S FRBIIEIEBEE . 40 BB T BT,
3 TEIR B RN T G 2 TE AR, 50 2

0 if RS(A)<T
R if RS(A) =T

Output(A) :{

w L EE L] (PSM)
PSM & — Rl U BV . AR IR R 55 P (AT
R, SEEERTIHNG— o Lol (B hp) HImhE e N T
IR Kb,
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ik 1. WS

Input: HEH)RZE FIR (ET), 3EEEdE (A, EEEE (DD, 2558 W
IS HEEEES (R My B E R HES (RS).

OQutput: [#{HT
Method: &G5O .
. BT T TG4

—

3

. FATiHEAS R . WIERS, AT T, MR =R, BMR =0;

Ll

- AT R ERREE:

F.

Error(R, A) = Z Z |:11(L}:] - Z R4 (x, .‘f::l'j|
I, xy i

d

s

 WR Error2ET, W T=nT HP0<p<l, EHILE2 F 4 HNHIE
%lllt fFﬁﬂfH T.

2007-7-20 By R S I 125

J



P A TR IFF %

ik 2. R FEEAFR

Input: EHiR% LB (ET), EEEHE (A, NE&EEESE (D, JZ4EEES VR
IS RIHES (R MmN B3 E&ES (RS).

Output: L[EFIA P
Method: 700 .
1. #EHF—~ P BIWILG b THE
2. H PidiEgmts R, MERS, B THr PxMjpaips -4, WR =R,

FH R =0:

3. A TFESSE T ERREE:

2

En‘m‘(R:__ A= Z Z |:Ii(-'-'fj y)— Z. Rr“i (x, J’::I':|
I ¥ i

i

4, N Error=ET , W) P=(1+mP Hf0<np<l, EELH2 8 4, FN

TRk, W P.
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EEFR (2)
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AGSC-PA Y AR AL F M 15 5 DU 41 e Tl L AGSC-THR Y
AL ER

2007-7-20 Y S S 128



2007-7-20

wEEFR (3)

Error(s, A) = Z{I (X,y)— Zsiai (X, Y)}

Mean Maximum | Mimmuom

error error EITOr
AGSC-T | 0.1113 03929 0.0078
AGSC-P | 0.1105 03913 0.0060
SC 0.1002 03209 0.0032

FORaiim B (RIARSC) AL T EhLAIiY
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