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Self-motion perception based on multiple sensory information
-sensory integration in multi-layered model-

Shinji Nakamura

Faculty of Social and Information Sciences, Nihon Fukushi University

Abstract: Psychophysical model based on multiple sensory integration is proposed in order to describe interaction

between self- and object-motion perception.

In the model, many sensory sources, such as visual (retinal) motion,

vestibular signal, or somatosensory information, as well as motor command (outfolw) of the self-motion are

considered as inputs for multi-layered inregration. Many perceptual phenomena, that is, position constancy during

self-motion, conventional vection and inverted vection which is novel self-motion illusion discovered by us, are

consistently interpreted by the model.

Keywords: motion perception, self-motion, multi-layered model, sensory integration,

1oooog
gooobooobobooboooobobooon
gboooboobobooboooobboobooo
gboboobooboboobooooboobooon
gboboobooobobooboooobooboobo
gboboobooobobooboobooobooboobo
gboobobobobooobooooboobooboo
gbooboobobooboobooooboobooboo
gboobobobobooboobooobooboobon
gbooboobobooboobobooobooboobo
gbooboooboboobooboooboobooboo
gbooobooboboobooooboobooboo
goooobooobobooboooobooobooo
gbooobooboboobooooboboboobo
gooogeeegooobooobooboboobo

goobobboooobobobboooooboboboga
gobodboboobooon

GibsonD OO OODOODOOODOOODOODOODO
gooooooooobbooooobbooooo
Joooboooooooooooooooooobog
0000000000 Odvisual proprioceptiond O O O
Oc0OGibsonD OODDODOODODOOODODOOODODOO
O0000D0O0O0ODOopticalarrayd 00000 DOO0OO
0000000 Ooptical flowD DO ODOOODOODOO
goobobbooooboboboboooouoobobog
goobobbooooboboboboouooooobobobog
gboobdoobooboobooboboboobog
gogobobboooooobobobooooooboobobog
gooobbboo00o0ouobbobbDbDOnLeed
gogobobboooooobobobbooooobbboda



0000000000000000D00D02003030

gbooboobooboobooboooboobobooobo
gboobooboboobobooobooboobooobo
O0Q0O0OC0C 0000 400000 Lishman & Leed O
gboobooboobooboboooboobooboo
gbooboobooboobooboboooboobooboo
gbooboboooboobobooboobooboo
gobooooboooooooboooboobooooboorDd
goooooooobooobooooboooobooon
gbooobooboboobooooboobooboo
obobobobooooobooobo
gboooboobobooboooobooboboon
gbobobooboobooooboobobobooboooboon
gbobooboobobooboboooboobobooobo
gboobooboboboobobooobooboobo
gbooboobobobooboboooboobooobo
gbooboboboobooboobooobooobooboo
gbooboboboobooboboooboobooboo
gboobobooobooboboobooboobooobo
goooooooobooooboooooooobooon
goooooooobooobooooboooooon
gboooboobobooboboooboobooboo
gboboobooboobooboobooobooboooboo
goobObbooooobbooooobboooooo
gbooobooboboobooooboobooboo
gbobooboobooboobobooobooboboobo
gboboboooobooboobooboboboboobooon
gbooboobobooboobobooobooboboooboo
goobObbooooobbooooobboooon
gbooboobobooboobobooobooboobo
gboobobobooboobooooboobooboo
gooooooboboooboooooobooobooo
goooooooobooooboooooooobooon
gbooobooboboobooooboobooboo
goooboobobooobooboobooobooo
gboboobooboobooboobooobooboooboo
gbobooboobobooobooooboobooboo
gbooboobobooboboooboooboobo
gbooboobobooobooooboobooboo
gbooboobooboobooboooboobooboo
gbobooooogoo
gboobobooboobooboboooboboon
gbooboboooboobooooboobooboo

OO0000O0DODOOOFischer & KornmallerD D O 0O O
ooo00O(vectionD OO O0O0O0OOOOOODOOO
goobobboooobobobooouoobobbooo
gogobobboooooobobobooooobobobog
gogobobbooooooobooooooboboboa
goobobbooooooboobboooooobobbog
goobobbooooobobbuooooobbboooog
Jooobooooooooooooooooooboa
goooooooooooboooooobobogo
goooboboooooobobooooooobobog
goobobboooobobobboooobobobogoo
OO0 8mIoooooooom

goobobbooogbobobbuooouoobobog
goobobboooobobobobooouoobobboo
gogobobboooooboobbooooobobobog
goobobbboooobobobooooobobobogoo
gooboobboooooobboooobobbogo
goobobbooooboobobboooobbbogoo
good

Joooboooooooobooooooobooo
Joooooooooooboooooobobogo
gooboboboooooobboooooobbooo
goobobbooooobobboooooobbooo
goobbbbooooogouobobbooooogooo
goobobboooobobobbooooobobbooo
gogobobbooooboobobbobouoooobobbog
gogobobboooobobobbooooobobobogoo
goobobbboooogboobboooobobobogo
goobobboooobobobbooooobbobogoo
gogoboboboooobooobbouoooobbboda
0000000000000 000000A0r reviewd
gooowpoomooooooooooooood
Jooobooooooooobooooooboobog
goobobobooooooboooooobobogo
goobobboooobobobbooooobbogoo
gd

2000000000000000000
guooooobn
gboboboboobobobobobooobooog
gbooodobooboboobobbooboobobo
gboobodoboooboboboboobooboobo



goobObbooooobbooooobboooon
gboboobooboboobooboobooobooboobo
gbooboobooboobooobooboooboobooboo
gboobooboboobooboboooboobooobo
gboobooboooboobobooobooboobo
gbooobd
goooboooboboooboobooboobooon
gbooobooboboobooooboobooo
gbooobooboboobooooboobooo
gbobobooboooobooboobobooobooobogoon
goobObbooooobboooobobbooooo
gbooobooboobooboooobooboooboo
gboboobooboobooboooobooobooboo
gbooboobooboobooobooboooboobooboo
gbooboboooboobooboooboobooboo
gboobooboboobooboboooboobooobo
gooooboboooooooooboooooooon
oMooobgoooobobobooboboooDoon
goooboobobooboboooboobooboo
gboooboooboboooboooobooobooo
gbooobooboboobooboobooboobo
gboboboooooooboonDo
gbooobooobooboooboooobooboboon
gboooboobobooboooobboobooboo
gbobobemboobOobObOObDOObDOODODD
ooooOonh@OoOooobOOoOoOoooboooooo
oooooo0db@OoOoUOOoOoUOoOoOOoOoUoOoOoo
goooobobobooooosboooooooobo
gbooboboboobooboboobooboobo
gboobooboobooboooobooboobo
gbooobooboboobooboobooobooo
gbooobooboboobooooboobooboo
gbooobooboboobooooboobooboo
goooboobobooboobooboboobooo
gbooobooobobooobooooboobooboo
gbobooboobooboobooooboobooobo
gbobooboobobooobooooboobooboo
gboobooboboooboooobooobooboon
gbobooboobooboooobooobooboon
gbooobooboboooboboooboooboan
gbooboobobobooboooobooboobo
goobobbooooobboooobobboooooo

goboooooooooooobooo

gboobooboooboobobooobooboboooboo
gboobobooobooboboobooboobobooobo
gboobdoboobooboboobooboobooboooboo
gbooboboooboobobobooboobooobo
gboobdobooobooboboboobooboobao
gbooboboooboboboboooboboboobog
gobobobooooobob™oboboooooooo
goobobooooobobbooooobbboooooo
Fig.0OODODOOOODOOOOOOODOODOODOO
gboboooooboboobooobobo, E H, BODO
gboobooooooobooboboboooboboon
OO00D0OD0OO000C0O0OOOehb,sDOO0DOOODOO
gboobooboooboobobooboobooboobo
OoeD00OODOOODOODODODOOODODOOOO
O m

oobobooooooboboooooboboooooon
gboobooboobobobooboobooboooobo
gboobobooobooboobooobobobobo

ouput/ [object-motion [—
Perception

b 1 }

Input/
Motor Command

H T Bs self motion

Process/
Representation

head rotation

eye movement
(outiow)

Tt

neck muscle
rioception somatosensory/
Ve

vestibular s’gnds}— information

proprioception of eye-
moveme muscle(inflow)

Fig.1 Multi-layered model describing information processing
underlying motion perception both of object and self-
body. Spatial information about object- or self-motion
are integrated and determined via multi-layerd
representation.

Input/

foreground:" background
Sensory Signals [t s

visual (retinal) motior

Note: Upper cases indicate represented information about
spatial location or motion
O; Object, E; Eye, H; Head, B; Body

Lower cases indicate representation (coordination)
systems

s; External-space cooedinate, b; bodycentric
coordicnate, h; Headcentric coordinate, e; retinocentric
coordinate
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Fig.2 Three possible pathways for object-motion perception
The diagrams are subsets of multi-layerd model indica-
ted in Figurel.

See the text and the Figure 1 for details.
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B S: observer'sbody movesleftin
: external space(=standard vection)
A

H head doesn't move
:against body

H : head moves left |
S in external space

i : eye doesn't move
. E h : against head

I

E ‘eye moves left
S in external space
A

inflow/outflow

background moves rightward

neck muscle
proprioception

visual motion

Fig.3 Information processing in perceiving standard vection

Note: Figure indicates the case where visual pattern (back-
ground) moves rightward (leftward standard vection is
perceived), as an example.
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Fig.4 Information processing in perceiving inverted vection

Note: Figure indicates the case where foreground moves
rightward and background does't move horizontally
(leftward inverted vection is perceived), as an exam-
ple.
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