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| nt roducti on

When information from the environment reaches
eye, it is a stream of light, shapes, and colours.
Pattern or object recognition is the process by whi
brain recognises the light, shapes and colours as
particular objects or patterns. It is the process o
"assigning meaning to the visual input by identifyi
objects in the visual field" (Eysenck 1984). This a
combines perception, attention, and memory.

Pattern or object recognition involves a numbe
abilities:

i) the recognition of familiar patterns quickl
accurately;

i) how the process works on unfamiliar object

iii) the accurate perception of objects at dif
angles and views;

iv) the ability to identify partly hidden obje
V) the ease and automaticity of the process.

Pattern or object recognition usually occurs w
conscious thought, and is instantaneous. Only in
difficult viewing conditions, like darkness, does t
process of pattern or object recognition need consc
attention and thought. The task for psychologists i
explain how pattern recognition occurs.

There are a number of theoretical explanations
a) Template Matching Hypothesis;

b) Prototype Theories;
c) Feature Detection Theories.

Tenpl at e Mat chi ng Hypot hesi s

The Template Matching Hypothesis (TMH) sees pa
or object recognition as occurring at the level of
whole object or pattern. The object is perceived as
whole, and a match is made from the templates (inte
representations) in the memory (figure 1).

This is the process of template matching used
many computer recognition programmes, and is based
memory capacity. But most importantly, there must b
perfect match between the object seen and the templ

The individual will build up a store of templa
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for every object or pattern seen in their lives. Th
taken in pattern recognition depends upon how close
pattern or object is to the template.

OBJECT SEEN TEMPLATES
A
B
B
C

MATCH — RECOGNITION OF “B”

Figure 1 - Template matching process.

EVI DENCE FOR TEMPLATE MATCHI NG HYPOTHESI S

Shepherd and Matzler (1971; quoted in Solso 19
used the time taken to recognise an object as their
experimental measure (dependent variable). Particip
were given a pair of pictures to look at, and asked
the pictures were different views of the same objec
(figure 2). The reaction time to answer was recorde

The reaction time was affected by how much "me
rotation" was required to match the different views
example, if the two pictures were of the same view
object, the average reaction time was 1.1 seconds.
one picture was at 180 degrees (ie: upside down), t
the reaction time was 4.5 seconds on average.

The time taken to answer was based upon findin
correct template in the memory, and adjusting the
rotation to fit the picture shown.

Thus common views of an object are recognised
quicker than unusual views because the common view
template view.

The TMH seems to be best for explaining the
recognition of simple stimuli like letters and numb
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Figure 2 - Example of pair of pictures as used by
Shepherd and Matzler.
PROBLEMS WITH TEMPLATE MATCHING HYPOTHESIS

The idea of template matching has a number of
problems.

1. Memory capacity problems

If a perfect template match to the object or p attern
is required, then this means a massive store of tem plates
in the memory. For example, the "A" can be written in
many different ways (eg: a, a, a, @), therewould have to
be a template for each variation, and this would me ana

lot of unnecessary information stored (hundreds of
templates of different types of "A")

Larsen and Bundesen (1992) asked participants to
write "1" to "10" in their own handwriting, and the n
tested a machine recognition system for recognition of
the numbers. Where the machine had one standard tem plate
for each number, recognition was poor. But when the re
were sixty different templates for each number, the
machine recognised about 90% of the numbers. Applyi ng
such an idea to the human brain would mean an incre dible
number of templates.

The research here is an example of computation al
modelling, which is used in cognitive psychology. | t

involves the use of computers to understand human
cognitive processes.

It would also be time-consuming and a waste of
energy for the brain to search all the templates ev ery
time we looked at an object or pattern.
2. Unfamiliar patterns

The TMH cannot explain how we recognise unfami liar
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patterns or objects never seen before, and for whic h we
have no templates.

Also the TMH has difficulty explaining objects or
patterns that are different to the original templat e-
for example, in rotation, size, or colour.

3. Conflicting interpretations

Two individuals can see the same object or pat tern
in different ways. For example, with the Necker cub e
illusion (figure 3), this can be seen as a cube inw ards
or outwards. How does this happen? Are there differ ent
templates for each version of the cube? The TMH fin ds it

hard to explain such an illusion.

Figure 3 - The Necker Cube illusion.

MODIFICATIONS TO TEMPLATE MATCHING HYPOTHESIS

Eysenck and Keane (2000) have suggested that t he
match between what is seen and the template need no t be
perfect, but quite similar a match. For example, th e

letter "a" is "normalised” (adjusted to a standard)
before searching for the "a" template.

The context of the pattern or object becomes

important also. Research has shown that individuals are
quicker at recognising simple pictures if they are
presented in a relevant context (eg: pictures of fo od

after the pictures of a restaurant), then pictures
presented out of context.

While Larsen and Bundesen (1996) have suggeste d that
features of the object or pattern are analysed firs t,
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then combined, and compared to the templates. In th
computer models, thirty-seven templates per item we
still needed for accurate recognition. This theory
seen as an attempt to combine the TMH and Feature
Detection Theories.

Pr ot ot ype Theories

Eysenck (1984) defines prototypes as "abstract
representing the basic elements of a set of stimuli
Whereas a template is an exact representation of an
object or pattern, prototypes are general categorie
example, the recognition of an aeroplane is based u
the prototypes of a long tube with two wings attach

Also prototypes allow the sharing of general
features among objects and patterns, and requires |
memory space.

Pattern or object recognition is the process o
matching the stimulus with the correct prototypes.
theories can explain the recognition of objects nev
seen before, which can be compared to similar proto
This process is more flexible than template-matchin

One version of the prototype theories is the "
theory" or "recognition-by-component” (Biederman 19
Information is stored as "geons" (3D geometrical ic
shapes), and recognition is by the combination of
"geons". Thus the emphasis is upon the components t
make-up an object or pattern, and are shared betwee
them; eg: "cylinder" shapes.

This theory is based upon the observations of
people describe objects. They divide objects into
components, like "blocks" and "funnels”, known as
volumetric concepts (figure 4).

MUG = CYLINDER + SEMI-CIRCLE
SUITCASE = SQUARE + SEMI-CIRCLE

PAINT TIN = CYLINDER + SEMI-CIRCLE

Figure 4 - Examples of volumetric concepts in objec
recognition.

This theory has been tested experimentally by
use of "recognisable" and "non-recognisable"” versio
objects. The time to recognise objects depends upon
information available in "degraded" versions of dra
of objects (Biederman 1987).

In figure 5, drawing B can be recognised as qu
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as A because there is enough information about the
"geons”, but not in drawing C.

A - FULL

STIMULUS

D B - RECOGNISABLE
\__JE

D Version

B C — NON-RECOGNISABLE

VERSION

Figure 5 - Drawings as used in experiments by Biede
(1987).

Biederman believed that all recognition is bas
upon thirty-six different "geons". But there is no
research evidence to confirm this number.

Prototype theories focus upon the perception o
components of the stimulus and then the combination
those components. So it is a middle point between t
and the Feature Detection theories.

PROBLEMS W TH PROTOTYPE THEORI ES

There are two main problems with the prototype
theories for explaining pattern recognition:

i) What are the properties or components of objects
patterns shared in the prototypes?

In other words, the exact nature of prototypes
not specified.

i) It ignores the context of pattern recognition,
assumes the same process occurs in all cases.
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RECENT MODI FI CATI ONS

McClelland and Rumelhart (1985) proposed the
connectionist model of cognition which has been use
computer modelling of the brain. Cognition occurs a
result of a pattern of activity among different
processing units (or nodes) (figure 6). The particu
pattern for recognition of an object or pattern is
stored in the brain or computer. The pattern of res
of processing units is similar to a prototype. With
response, there is also the opportunity to store sp
and general information.

T 2 3

|‘D_€' 6 4 5
7 S}CD

CAT=4+5+9 MOUSE=1+2+9

Figure 6 - Examples of pattern of nodes activated i
connectionist model of cognition.

Feature Detection Theori es

This approach to pattern recognition focuses u
the individual features of the object or pattern, a
these are combined to produce the full object or pa
seen (figure 7). There are stages in this process (
8).

A =3 FEATURES - / \

L =2 FEATURES — ‘

Figure 7 - Number of features of two letters.
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CIT!!

STAGE 1

Individual
features
analysed

P
-
—

(f)

STAGE 2

Possible
combinations
tested

“P=(a)+(c),
but other
features also

‘R" = (a) + (c),
but other
features also

T'= (a) +

(c) +(e)
+(f)

Figure 8 - Stages in feature detection of letter "T

There are a number of principles for selecting

of features for capital letters:

1) the features should be present in some memb
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the set and not others;

i) the features should remain unchanged with
variations in size or perspective;

iii) features should yield unique pattern for each
letter;
Iv) there should be a small number of features used.

EVI DENCE FOR FEATURE DETECTI ON THECRI ES

1. Letter Detection Task

Neisser (1967) showed that participants were s lower
in finding a single letter hidden among other lette rs
when there were similar features in the letters. Fo r
example, it is hard to find "Z" among "M", "X", and "E"
than among "C", "G", and "O". The first group of le tters
have similar features, primarily straight lines whi ch
make pattern recognition more difficult (and thus s lower)
(figure 9).

Figure 9 - Features shared by "Z", "E", and "X".

Likewise, it is harder (and takes longer) to
distinguish "P" and "R" (similar features) than "G" and
"W,

2. Physiological Studies

Extensive work over 20 years by Hubel and Wies el
(1979) using cats, primarily, have identified cells in
the visual cortex that respond to particular featur es of
a stimulus only. The cats were paralysed by anaesth etic,
but remained conscious. The researchers used minute
micro-electrodes to measure the electrical activity of
individual brain cells at the back of the surface o f the
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brain.

Lines of different angles and orientations wer
shown on a screen in front of the cat's eyes.
Painstakingly, the researchers measured the respons
individual cells, and built up a picture of how cel
the visual cortex work.

Hubel and Wiesel (1959) identified three types
cells in the visual cortex:

1) "simple cells" - these cells respond to
particular features of the line only (eg: horizonta
and in particular locations of the visual field;

i) "complex cells" - these cells respond to
particular orientations also, and receive informati
from the simple cells;

iii) "hypercomplex cells" - these cells are al
sensitive to the length of the line, and receive
information from the complex cells.

The information from each cell is processed in
upward direction (ie: from simple to hypercomplex).
Working downwards through the cortex, the researche
found that the cells were stacked in "ocular domina
columns" (figure 10).
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SURFACE OF BRAIN

MESSAGES FROM /

LEFT EYE RIGHT EYE LEFTEYE RIGHT EYE

sl o
- el
//
//

Figure 10 - Example of cells stacked in "ocular dom
columns”.
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Hubel and Wiesel's work is with cats. The ques tion
of how appropriate this is to apply to humans is
important. The question of animal ethics can be use d as
evaluation of this research.

PROBLEMS W TH FEATURE DETECTI ON THEORI ES
1. Role of context

Concentration upon the individual features of a
stimulus ignores variables, like context and
expectations. The same features can produce differe nt
patterns, and different features can produce the sa me
pattern depending on the context.

Palmer (1975) showed participants drawings of
ordinary objects for a brief period of time. Recogn ition
of the drawings was aided by the prior presentation of
the appropriate context. For example, participants found
it easier to recognise a pan after a picture of a k itchen
rather than after a picture of a gym. Feature Detec tion
Theories would argue that recognition time would be the
same in both situations.

Also it is easier to detect a line if hidden i na3D
drawing than in an incoherent pattern. This is know n as
the "object-superiority effect” (Weisstein and Harr IS
1974). Feature Detection should work the same irrel evant
of the context.

2. Role of expectations

Pattern recognition depends upon the expectati ons of
what the pattern is likely to be. This is an exampl e of
"perceptual set" - "a perceptual bias or predisposi tion
or readiness to perceive particular features of a
stimuli” (Allport 1955).

In a famous experiment, Bruner and Minturn (19 55)
showed participants a list of numbers or letters qu ickly
using a T-scope (tachistascope). Then the participa nts
were shown an ambiguous figure ( 18). This was perceived as
13 or B depending on the list shown beforehand (fig ure
11).

In other words, those individuals seeing a lis t of
numbers perceived this pattern as 13. According to
Feature Detection Theories, pattern recognition wou Id be

the same irrelevant of the expectations.
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11
12

A C 18

Figure 11 - Ambiguous figure as used by Bruner and
Minturn.

3. How the features are combined

Different features will be important in differ
situations, and past knowledge helps the individua
know when certain features are important and others
(figure 12).

I
RY

(a) OR (b)

OR (c)

@ OR (@
[=

Context — HE?P

The context should aid recognition as (a) “L”
and thus the word “HELP”

Figure 12 - Importance of context in pattern recogn
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Where the features are ambiguous or insufficie
information available for recognition, stored knowl
must guide the recognition process

4. Gestalt approach

The Gestalt approach to pattern recognition se
process based upon the whole stimuli not the indivi
parts. This approach takes account of the relations
between the features in perception of the whole; ie
= more than but relationship between them as whole.

Concl usi on

The Feature Detection Theories are classed as
"bottom-up” models because they use the stimuli onl
Whereas "top-down" models make use of extra informa
(like context or past knowledge) as well as the sti
in pattern recognition.

The Template Matching Hypothesis and Feature
Detection Theories are in opposition. The evidence
supports one can be used as criticism of the other.

Table 1 compares the main strength and weaknes
each approach to pattern or object recognition.

STRENGTH WEAKNESS

TEMPLATE  exact match large amount of m
MATCHING  between object  space needed for
HYPOTHESIS and template templates

PROTOTYPE flexible: focuses what is exact nat
THEORIES  on general shared properties
characteristics  between prototype

FEATURE explains pattern ignores context a

DETECTION recognition by  different percept

THEORIES  features and of same features
stages situations

Table 1 - Main strength and weakness of three appro
to pattern or object recognition.
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Refl ecti ve Essay

RCLE OF FEATURE DETECTI ON APPRCACHES | N PERCEPTI ON AND

RECOGNI TI ON OF OBJECTS

Feature detection theories emerged around the
as one set of theories to explain how human beings
perceive and recognise objects. Greene (1990) defin
feature detection:

..the basis of feature detection is that objec
are recognised by extracting cues about featur
from patterns of sensory inputs.

Investigating this kind of theory can be
problematic, because as human beings, we are consta
assessing our environment; a process so natural it
becomes hard to take it apart for analysis. One rol
this kind of theory is to offer a model to explain
objects are processed, from perception as rays of |
to recognition as whole objects in the brain. Featu
detection, from the definition above, attempts to e
object recognition in terms of an elimination proce
individual features.

One theory of feature detection, "Pandemonium"
be examined to explain and elaborate upon these kin
theory and their role. Several others, which incorp
the role of feature detection as part of the proces
object recognition will be considered in an attempt
evaluate the theory. The crucial point of context a
brief look at perception theories that totally deny
role of feature detection can be used as comparison

It would seem pertinent at this stage to separ
perception and recognition. In perceiving the world
humans take in events and objects, via sensory orga
Sensory organs are responsible for receiving sensor
inputs, which are integrated and passed on to the b
These sensory inputs provide the "cues" in the defi
above.

In this case, the sensory inputs are light, re
by the eye. The rays of light and shade pass on to
retina and stimulate layers of cells to transmit th
information to the visual cortex of the brain for
recognition. Recognition occurs as each object is ¢
against those held as mental representations in the
brain.

These ideas form the basic assumptions of the
feature detection theory - that matching of perceiv
objects and stored objects occurs, based upon assim
evidence from sensory cues.
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The theory is easier to explain in terms of an
example. "Pandemonium” was originally a computer
programme, designed by Selfridge (1959), to recogni
individual dots as features in Morse code. Lindsay
Norman (1972) reworked the idea to form the model o
feature detection in object recognition.

Letters of the alphabet (recognisable objects
already stored in the brain) are matched, in sequen
according to the features of each letter. In each |
the sequence "demons"” "shout" if their feature is
contained within the letter perceived, from the
"perception demon" to the "decision demon"”. At each
shouting level, features are matched, in progressio
downwards from lines and angles to patterns. At the
elimination the "decision demon" decides and the le
is recognised.

As a theory, this would seem to support and ec
physiological account. Rays of light passing throug
different layers of cell and neurons reach the visu
cortex in the brain as researched, famously, by Hub
Wiesel (1959), where "feature detection cells" were
specifically noted. However, cells do exist, whilst
"demons" are just clever metaphors to explain these
"bottom up" theories. In this way, Lindsey and Norm
theory can be supported by physiological findings a
potentially tested as such. Both can also be descri
terms of a hierarchical "bottom up" method, as
information perceived is passed from lower to highe
levels.

"Pandemonium” shows information as passing thr
line, angle, and pattern "demons" on up to "decisio
demon", the drive upward with the information data.

The conventional reverse, known as "top down"
processing, relies upon concept driven processes, m
downward from previous stored information to match
objects. Sensory information (ie: perceiving) alone
not enough to actually recognise objects. But featu
detection theories always assume that matching will
place - it is whether the matching occurs "top down
"bottom up”.

A theory such as Neisser's cyclic model (1976)
incorporates both "top down" and "bottom up" proces
in his "analysis by synthesis" approach. Feature
detection is included as part of this cyclical proc
where perception occurs at the analysis stage and
matching (recognition), at the synthesis, "top down
stage in an ongoing, active cycle. A perceptual mod
hence formed and tested to become a perception,
recognised. This seems to bridge the gap leftin re
upon feature detection alone to recognise whole obj

The Psychology of Object and Pattern Recognition: A Brief Introduction
Kevin Brewer & Elizabeth Williams; 2004; 1SBN: 978-1-904542-16-2

se the
and

ce,
ine of

final
tter
ho the

al
el and

the
an's

nd
bed in

ough

oving

re
take
mn or

sing,
ess,
elis
lying

ects -

18



the perceptual model idea could account for the lea
analysis of features to recognition of an object.

It also offers the idea of active integration
objects in the context of the environment whereas f
detection appears to ignore the crucial issue of co
and focuses singularly upon the object.

Another criticism of both feature detection an
cyclical model is that perception is indirect - it
through a process, from perception to recognition -
although this appears to be automatic. Treisman and
Gelade's (1980) work offered the idea that attentio
required to assimilate two or more features and hen
process would take even longer.

Gibson's (1979) theory of direct perception to
denied the idea of a processing stage, stressed tha
light stimulation alone was enough for interacting
the environment.

So, feature detection would appear to have a r
the explanation of object recognition, both as a lo
theory in line with physiological research and inte
into cyclical theories, such as Neisser's.

However, criticisms linked to the gap between
analysis and recognition, and contextual concerns w
suggest that feature detection as a model offers a
limited view of how object recognition occurs.
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