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Abstract

Visual Spatial-Frequency-Tuned Channels
Separated by a Shape of Luminous Impulse Response

Functions

Masaharu Hirayama

It is important to investigate the mechanisms of human visual information process-
ing, especially for development of better human-machine interface, because the recent
development of technologies enable to spend much more resources for the interface itself.
For that purpose, I studied the spatial property of human vision.

I tried to separate spatial channels in human vision by measuring luminous impulse
response functions (IRFs) with gratings in different spatial frequencies. Because the
IRFs directly indicate temporal property of visual system, I assumed that the shape
of IRFs would be influenced by the spatial frequency of gratings. It is expected that
human visual system has some spatial channels. Thus, IRFs are not necessarily the same
in different spatial channels. These spatial channels determine the spatial property of
human vision but the number of these channels are still under discussion.

To obtain the luminous IRFs in various spatial frequencies, I used the double-
pulse method with sinusoidal gratings in a certain spatial frequency (I used 11 different
frequencies in a range from 0.43 to 4.90cpd). The gratings were displayed successively
in a certain inter stimulus interval (ISI) (a range from 6.7 to 180ms). Thresholds for
detection were measured in different ISIs.

The stimuli were radial sinusoidal gratings with a certain spatial frequency (a range



from 0.43 to 4.90cpd). The stimulus was displayed successively at variable inter stimulus
interval (a range from 6.7 to 180ms). I used Burr and Morrone’s model equation without
the assumption of minimum phase to predict the IRFs.

As the temporal property of the IRFs, I mainly compared the data in terms of 0
crossing time.

As the result from four observers, the zero crossing time of luminous IRF's tend to
be fastest at around 2 cycle per degree (cpd) (the average in all observers was 28msec).
In lower spatial frequencies, it became slower (the average was 48msec). In higher
spatial frequencies, it also became slower but faster than the one in lowest frequencies
(the average was 38ms). The ratio of the inhibitory phase amplitude to the excitatory
phase amplitude and the amplitude of the excitatory phase were also higher at around
2cpd. In addition, although it was feeble, the same tendency was obtained around 4cpd.

In order to explain the change of the temporal property of the IRFs, we made two
models. One was the power ratio change model, the other was the receptive-field model.
In the power ratio change model (PRC model), it is assumed that the phase shift between
positive phase and negative phase in the IRF's is constant because the horizontal distance
in positive and negative area in a receptive field has been determined. In this model,
the power ratio, which was defined as the ration of the inhibitory phase amplitude to
the excitatory phase amplitude would influence to the temporal property of the IRFs.
In the receptive-field model, there will be two or more spatial frequency channels which
determine the detection thresholds. The thresholds at a certain spatial frequency will be
determined by the amount of the output from one channel, which is the most sensitive
at that frequency.

As the results of these analysises to the IRFs based on the PRC and RF models,
we found that the turning point of the spatial-frequency-tuned channels is at around

2.23cpd. This suggests that spatial frequency channels can be separated by the difference

—vi—



of luminous IRF's and the turning point of spatial frequency channels can exist on around

2cpd in human visual system.

key words Impulse response function, Spatial-frequency-tuned channel
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Status 1

Excitatory signal : Strong

Inhibitory signal : Weak

Amplitude of excitatory phase : High

Ratio of inhibitory to excitatory phase : Low

Status 2

Excitatory signal : more weaker than Status 1
Inhibitory signal : strong

Amplitude of excitatory phase : High

Ratio of inhibitory to excitatory phase : High

Status 3

Excitatory signal : weak
Inhibitory signal : weak
Amplitude of excitatory phase : Low -
Ratio of inhibitory to excitatory phase : High or Lo:;

Status 4

Excitatory signal : Strong

Inhibitory signal : Strong

Amplitude of excitatory phase : High

Ratio of inhibitory to excitatory phase : High

0 4.29 Receptive-Field ModelD DD 000000 0D0O00OO0OODO,/00000O

gooooobobooboobgoooboboboobon

04290000000000000/000000000000000O00O0OOOOO0

uobobboooobboooobooboooobobbooobobboooonoboog

1. 00 1000000000000 b00o0b0obo0o0obDoob0ooboonoooooo
0000000000000 0O0DbO000O0DO00DO0DOoDOOo0OO IRFsOO O
gogbbboooooboooobbboooboobuoooobbooouboooboo
gogooogd

2.00 100b0000DbD0O0OO0bDOO0ObDbOO0ObDDbDO 200000 DbD0O0ODODOOO

gogooobobbbbbboooooooouobooobbbboooooooooooo

— 67 —



040 00O

gbobooobooboobooboboob 1oboobobOobooobobooobo
O0000O000O0D0O000O0DO0bO0o0obOOoDOO0boobOOoD IRFsOODbDOooOoo
000 1000b000b0oboboobobo0ob0oo0boobooobooDbooboboooDbo
gobooooogooon

3. 00 2000000000000 0O0DODDOO0ODODOODODO 30b0DOOODOOO
obobooooboboobo 2000b000b0Ob0DO0o0ObOoODbOOobDOoOobOoobo
0000000000000 00O0DO00DO0D0DO IRFsOOODODODOODOOODO
gogbbbooooboboboooobbbooobbobuoooobbbooounboboo
gogboboboooooboooobobobooooooo

4. 00000DO0O0DOOODOOOOO0ODOO0OODOOODOODOODbDObODbDODO 400
gobobbdooobobbuoooobbbooobobbuoooobbboouobboo
o000 200000000000 300000000 DODODOOOODODO
00000000 IRFsOOOODOO0o0OOO0obOOobOoooOoboboooooboooog

uogpobboooobobooooonoo

o0bo0ob00ooboooobDoOooboobOo 100b0b 2000000000 200000
ooobooboobooboooboo 3oboboobo 4000b0obDobooboobobobOoDo
o0 4000000000000 0O00O0ODOOOODO0ODOO 20D00Db0O0OO 400
000 Odominantd O0O0O0O0O0O00OOO

0000000000000 000 IRFsOODODOODODOODOO 10000 2000 3
oooboboooooobooo0o 20b0b0 4000b00bDO0oO0OobOObObOODODO
goobooooon

O00O0bO0o00O0bO0bOo0oOOoDOO0bOoOo0Og IRFsOOODOObOOODOODbDODO

00000000 43000 43100 43200 4330000

— 68 —



4.5 Receptive-Field Model DO OO OOOO
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4.5 Receptive-Field Model DO OO OOOO

Excitatory phase Amplitude (T.5.)
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