
P
erception and C

ategorization of C
om

puter A
nim

ated W
alking F

igures

Jason H
arrison,  B

rian D
. Fisher, and K

ellogg S. B
ooth

D
epartm

ent of C
om

puter Science and the M
edia A

nd G
raphics Interdisciplinary C

entre
U

niversity of B
ritish C

olum
bia, V

ancouver, B
ritish C

olum
bia C

anada

C
om

puter graphics has long benefited from
 an

understanding of hum
an vision. B

asic perceptual
phenom

ena such as trichrom
acy, opponent colors, and color

JN
D

s have enabled the design of graphics hardw
are and

softw
are.  M

ore com
plex stim

uli such as hum
an

m
ovem

ents are also im
portant for graphics but are not so

w
ell understood.

For exam
ple, B

ruderlin’s (1995) w
alk generator uses

tw
enty-nine param

eters to create “hum
an like” w

alking
m

otions by sim
ulating the joint angle rotations of thirty-six

joints (eighty-three rotational angles).
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ents

•Stim
uli: Bruderlin’s (1995) W

alker
•Tw

o types of trials
1.M

otion com
parison trials

2.M
otion rating trials

•Tw
o experim

ents
1.breadth investigation of relationships
2.depth investigation of structure

•A
nalysis:
–Structure of m

otion spaces
–R

elationships betw
een m

otion spaces

Experim
ent O

ne:
O

verview
•broad initial experim

ent
•26 m

otions, random
ly paired

•4 blocks of 52 m
otion com

parison trials
•4 blocks of 26 m

otion rating trials
•6 participants:

–5 social dancers (3 fem
ales, 2 m

ales)
–1 non-dancer (m

ale)

Experim
ent Tw

o:
O

verview
•depth experim

ent 
•9 m

otions arranged in tw
o netw

orks
•4 blocks of 41 m

otion com
parison trials

•4 blocks of 9 m
otion rating trials

•30 participants:
–8 dancers (7 fem

ales, 1 m
ale) 

–17 runners (9 fem
ales, 8 m

ales) 
–neither (1 fem

ale, 4 m
ales)

•left to right (19) versus right to left (11)

Experim
ent Tw

o: 
M

otion Schem
as

Experim
ent Tw

o:
D

istance M
etric Properties

1.O
nly self distance is 0

D
(A,B) >

 D
(A,A) =

 0
2.D

istances are sym
m

etric
D

(A,B) =
 D

(B,A)
3.Triangle inequality

D
(A,B) +

 D
(B,C) ≥

 D
(A,C

)

Experim
ent Tw

o:
Conclusions
•Sim

ilarities are not m
etric

–D
(A,A) >

 e, D
(A,B) <

 e
–D

(A,B) ≈
 D

(B,A)
–D

(A,B) +
 D

(B,C) <
 D

(A,C) 

•Populations of participants:
no system

atic differences found

•Interpolation vs sim
ilarities:

non-linear but m
onotonic and sm

ooth

Experim
ent O

ne:
Conclusions
•C

om
pared sim

ilarities to distances
•M

oderately strong positive correlations (r
p )

•Linguistic m
otion space: 3-4 dim

ensions 

Experim
ent O

ne:
Com

m
on Linguistic D

im
ensions

•1st PC of 5 participants
(#

2, #
3, #

4, #
5, #

6)
•2nd PC of 5 participants
(#

1, #
2, #

3, #
4, #

6(3rd))

Experim
ent O

ne:
M

apping param
eters to descriptions

fast-slow: step length and knee swing 
flexible-stiff: upper torso and pelvis rotation 
sm

ooth-bouncy: bounciness 
young-old: arm

, elbow, and knee swing
energetic-tired: arm

, elbow and knee swing; 
average torso tilt and knee bend throughout stride
light-heavy: heel or toe strike
graceful-spastic: elbow rotation, torso sway, bounciness, and hip swing
norm

al-strange: torso sway, bounciness and hip swing
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E
xperim

ent O
ne exam

ined the classification of gaits w
ithin

the structure of pairs of opposite m
ovem

ent description
term

s. W
e found that the focus of attention varied am

ong
participants, but that sim

ilar stim
ulus characteristics w

ere
salient in determ

ining the classification of gaits:

E
xperim

ent T
w

o explored the m
etric properties of m

otion
sim

ilarity judgm
ents by asking participants to m

ake
com

parisons betw
een a lim

ited range of m
ovem

ents that
w

ere unlikely to span boundaries betw
een m

ultiple
linguistic descriptors, but w

hich w
ere perceptually distinct.

M
etric Properties:

W
e tested for correlations (Pearson’s r) betw

een the
m

echanical m
otion space (param

eters), the psychological
m

otion space (sim
ilarity judgm

ents) and the linguistic
m

otion space (descriptions).  W
e present the ranges of

participants’ strongest correlations for each of these
relationships:

O
bserved inter-participant differences suggest that

anim
ation system

s should be custom
izable not only for the

user's preferences, but for their perceptual abilities and
m

ovem
ent categories as w

ell.  If our findings are correct,
w

e can predict that this custom
ization m

ight be achieved by
altering param

eter values associated w
ith the relative

w
eights given to com

m
on perceptual cues w

ithout the need
to add new

 cues or substantially m
odify the nature of the

cues them
selves.

W
e are investigating the m

apping betw
een the param

eters
used by a com

puter to generate anim
ated m

ovem
ents

(different gaits of a w
alking figure), participants'

descriptions of m
ovem

ents, and their judgm
ents of the

sim
ilarity of the m

ovem
ents.

W
e utilize a conceptual fram

ew
ork relating three m

otion
spaces: a m

echanical m
otion w

hich com
puter anim

ation
program

s operate in, a psychological m
otion space w

hich
hum

an encode and organize m
otions according to their

features, and a linguistic m
otion space that hum

ans use to
describe m

ovem
ents using w

ords.

Tim
e

Joint Angle

Q
uestions M

otivating O
ur R

esearch:

H
ow

 should the param
eters be adjusted to m

ake the w
alk

appear faster? Y
ounger? B

ouncier? G
raceful?

C
an w

e find a concise set of descriptive term
s to define a

“L
inguistic M

otion Space” w
hich can be used to describe

the hum
an m

otions?

W
hich param

eters are m
ost perceptually salient?

W
hat are the psychophysics of hum

an m
otion?

D
o experts and novices differ in their ability to reliably

distinguish and describe m
otions?
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L
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M
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M
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L
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T
he psychological m

otion space is defined by the
participants’ judgm

ents of the sim
ilarity of pairs of gaits.

T
he linguistic m

otion space is defined by the participants’
descriptions of each gait on eight scales labeled w

ith
opposite m

ovem
ent description term

s.

•
fast-slow

: step length and knee sw
ing

•
flexible-stiff: upper torso and pelvis rotation

•
sm

ooth-bouncy: bounciness

•
young-old: arm

, elbow
, and knee sw

ing
•

energetic-tired: arm
, elbow

 and knee sw
ing;

average torso tilt and knee bend throughout stride
•

light-heavy: heel or toe strike

•
graceful-spastic: elbow

 rotation, torso sw
ay, bounciness,

and hip sw
ing

•
norm

al-strange: torso sw
ay, bounciness and hip sw

ing

C
lassification w

as som
ew

hat consistent across m
ost of our

participants w
ith the first tw

o principal com
ponents

com
m

on to a m
ajority of participants and the third and

fourth com
ponents capturing individual biases.

W
e conclude that sim

ilarity judgm
ents do not have all of

the m
etric properties but that their evaluation w

as sim
ilar

across participants.  Sym
m

etry w
as the m

ost robust:

E
xperim

ent O
ne:

26 gaits, random
ly paired

6 participants:

5 social dancers (3 fem
ales, 2 m

ales)
1 non-dancer (m

ale)

E
xperim

ent T
w

o:
9 gaits, paired according to schem

a
30 participants:

8 dancers (7 fem
ales, 1 m

ale)

17 runners (9 fem
ales, 8 m

ales)
5 neither (1 fem

ale, 4 m
ales)
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G
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T
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M
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R
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M
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C
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(Session O
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esponses

Sim
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R
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(and differences of ratings)

Param
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(and differences of param
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A
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Principal C
om

ponents
A

nalysis of R
atings

M
ultidim

ensional
Scaling of Sim

ilarities
(E

xperim
ent T

w
o)

C
orrelation

1.
Self distance often greater than zero,
non-self distance often near zero

 D
(A

,A
) >  e, D

(A
,B

) < e
2.

D
istances are usually sym

m
etric

D
(A

,B
) ≈ D

(B
,A

)
3.

T
riangle inequality does not hold

D
(A

,B
) + D

(B
,C

) < D
(A

,C
)

1.
O

nly self distance is 0
D

(A
,B

) > D
(A

,A
) = 0

2.
D

istances are sym
m

etric
D

(A
,B

) = D
(B

,A
)

3.
T

riangle inequality
D

(A
,B

) + D
(B

,C
) ≥

 D
(A

,C
)
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