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Designing Vision Experiment Using Active-Shutter Glasses System
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Abstract

The effort of implementing realistic 3-D depth on 2-D images has been continued persistently with a theoretical
understanding of depth perception and its related technical development. The present article briefly reviews a
number of popular stereoscopes for studying sterecoscopic depth perception according to their implementation
principles, and introduces a behavioral experiment as a technical example in which the active-shutter glasses were
used. In the present study, participants were tested for their visual memory against perceived depth among a set of
items. The depth of the memory and test items was manipulated to be 1) monocular, 2) binocular, or 3)
both-monocular-and-binocular respectively. The memory performance was worst in the binocular-depth condition, and
best however in the both-monocular-and-binocular condition. These results indicate that visual memory may benefit
more from monocular depth than stereoscopic depth, and further suggest that the storage of depth information into
visual memory would require both binocular and monocular information for its optimal memory performance.

Key words : 3-D, stereoscope, active-shutter glasses, visual memory, Psychophysics Toolbox.
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Figure 1 An illustration of the mimmor stereoscope developed by
Charles Wheatstone(1838). The images on the lef
and right mirrors (C, D) are reflected and amive at
each eye (E, F) by the mirrors placed on the left and
right comer of the stereoscope. Adapted from
“Contributions to the physiology of vision.—Part the
first. On some remarkable, and hitherto unobserved,
phenomena of binocular vision” by C. Wheatstone,
1838, Philosophical transactions of the Royal Society
of London, 128, 371-3%4.
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Figure 2 An illustration of a no-depth-change trial example in the
monocular depth block. The participants remembered
the relative depth of four-colored squares, and reported
if the depth of an item has changed or not when the
test (comparison) squares were displayed after a
second of a memory delay. In the present exanple, the
depth of the square around the center changed
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Figue 3 An illustration of the pretest procedure in the
binocular depth cue condition. The participants
determined whether remembered depth of the
squares were on the plane of either A or C relative
to the plane of the monitor surface B. The pre-test
persisted until the participants start reporting
accurate depth of the memory squares with a
correlation above .90 between the stimulus depth
itself and their estimated depth
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<2 & 1> Psychophysics toolbox2t A== X X= HA| gHH

Psychophysics toolbox= A& 0.2 thekst Wkl o] AA A= A|A] W =
o] %ol E£HA 7bs3dlth  Psychophysics toolboxoll A 7]EZAHOo R AFEH= PAAT AA] AL
StereoDemo(stereoMode) HH A E T3l &<l 3 & 4 Uk

1. frame sequential stereo mode (StreoMode=1)

Psychtoolboxo| X X ¥sh= A |A YAAFAA 42 2 T3k A W2 (frame sequential stereo mode)
ojt}. o] FA-& Psychtoolbox”7} T 5= OSollA A Hhsk= ME| M3 AEste] AZHA0 g #eld or|A&
TAH O 2 AAIstE WHORE & F jro Aolg o|u|AE AAETE o] gAE AHEELY] AdiAE 120HzO Y
o] FAE-S 7Y 2YE 9L Quad-buffer modeS A Y= 1 F7L=(4l: nVidia AFY] Quadro FX series, ATiAF2]
FireGL, FirePro series &), L2]3 active shutter Y22 o]&3l= YAQHnVidiarte] 3D vision, Cambridge
research systemAF2]FE-1, Real D A}2] Crystal eyes series 5)3% SHEY ZUE Q] F7]3E ZA3}= IR emitter 5
o] JQasirt

2 b

lo

2. Parallel display - Free and Cross fusion (StereoMode=4, 5)

PAANE AAT= F HA A2 o|wAE g shdo] Yks] AlAlsk= 4] o]t Psychtoolbox= #, 5-9] &

o7 Sojzt Z4zto] olu|R|E Ztz} F $-Z(free fusion mode)T $-, FZ(cross fusion mode)ol] LFeH3] A A3k}
o] WAE o]&3t7] A= shte] 2aWE F NE UHA B F e BE E7E ARESAY (JAE ),
T EE ulEAM AFS SIS0k ST waPHolu qF HPH S o] ]

3. Anaglyph stereo for color filter glasses (StereoMode=86, 7, 8, 9)

Al A RS BAIA D (anaglyph) & AHEShE WH O R, o|H| A& A 52 HAl Y] = ajd R
Lol A gk 23 °ﬂ AA A=A Dt AF{AE G A 23] BAJYA RS 288k AP st
A =, A=) A E7) i A4S AFEtal RS W ASThe jolEQ o 24 YREAIRLE A SHA
A= PsychtoolbOX"ﬂH—E olgfgt A-H, -7, A-=, -4 A JE RS E AUtk

4. Dual-Window stereo mode (StereoMode =10)

dl AR W42 dual-window stereo WA O2A, F o] S EYE ] A5 AAshs Aot o] 4
AA AL WA GAAL o 8al F & woll ThE 23208 WFE o2 MRS AT o] WAL F
RUE Afole] AA] AbE 937 98] 15 2Hrt=e RUEE Ba g 30, Windows 2 FAA ol
Me i A4 o)A elolw o7} e Aowm dux ).
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<2 & 2> Frame sequential 4] & o|2st 20| X|Z}

pretest script — psychophysics toolbox

% ¥ 23 HEE Psychophysics toolboxol| A #|&3F= stereoscopic YAA] AA] 23 HE (stereoDemo.m)=
% Frarste] Aol AgslEs A EH A
Ex

% - A~ Windows7, Matlab 2008, Psychophysics Toolbox version-3 27 SlollA4 B AEEH IS

function stereo_pretest
%%%stereo setting starts
AssertOpenGL; Screen('Preference’, ‘SkipSyncTests', 0); ScreenNumber = max(Screen('Screens'));
[win, rects] = Screen('OpenWindow', ScreenNumber, [0 0 0], [1, [], [], 1); % stereco mode 1
HideCursor; KbName('UnifyKeyNames')
% Assorted variables
[wWidth,wHeight] = RectSize(rects); CentX = wWidth/2; CentY = wHeight/2;
depPix2=[ -30, -15, 0, 15 , 30] ; %binocular disparity (in pixels)
trialN = 20; stimsize = 50; % number of trial and stimulus size
colorList =[255 0 0;0 255 0;0 0 255;255 202 0;255 71 222;0 255 255;128 128 128];
mycolorList = zeros(trialN,3); expEnd =0; %initializing parameters
for k= 1:trialN

colorIndex = randperm(7); mycolorList(k,:) = colorList(colorIndex(1),:);
end
tempN = size(depPix2,2);
if tempN < trialN ;

tempN2 = trialN/tempN;

if mod(trialN,tempN) ~= 0 ; tempN2 =tempN2 - (mod(trialN,tempN)/tempN) + 1;

end

for i=1:tempN2-1 ; depPix2 =[depPix2 depPix2]; end
end
indexdep = randperm(trialN);
for i=1:trialN ; depPix(1,i) = depPix2(1,indexdep(i)) ; end
depList = depPix ;
% Clear Screen
Screen('SelectStereoDrawBuffer', win, 0); Screen('FillRect',win, [0 0 0]);
Screen('SelectStereoDrawBuffer', win, 1); Screen('FillRect',win, [0 0 0]);
Screen('Flip', win); WaitSecs(.2);
% trial start
for i=1:trialN

if expEnd == 0

keyfCode = 0; termination =0; depPer =0; myDep = depPix(i);
table1(i,1) = myDep; waitSecs(.5);

% memory item presentation
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while termination = = 0

end

% frame drawing

Screen('SelectStereoDrawBuffer', win, 0);

Screen('FrameRect', win, [255 255 255], [CentX-300, CentY-300, ...
CentX+300, CentY+300], 50)

Screen('SelectStereoDrawBuffer', win, 1);

Screen('FrameRect', win, [255 255 255], [CentX-300, CentY-300, ...
CentX+300, CentY+300], 50)

% colored-square drawing

Screen('SelectStereoDrawBuffer', win, 0);

screen(win, ‘FillRect', mycolorList(i,:), [CentX-stimsize-((myDep)/2)-depPer, ...
CentY-stimsize, (CentX)+stimsize-((myDep)/2)-depPer, (CentY)tstimsize]);

Screen('SelectStereoDrawBuffer', win, 1);

screen(win, ‘FillRect, mycolorList(i,:), [CentX-stimsize+((myDep)/2)+depPer, ...
(CentY)-stimsize, CentX+stimsize+((myDep)/2)+depPer, CentY+stimsize]);

Screen('Flip',win);

%response for the next step

[a,bkeyCode] =kbCheck ; inputKey = find(keyCode);

if isempty(inputKey) = = 0
if stremp(kbName(inputKey), Return') ; termination=1; end

end

%% response routine starts

termination2 = 0; depEval = 0; keyCode =0; a=0; b=0; waitSecs(.5);

while termination2 = = 0

%% head drawing

Screen('SelectStereoDrawBuffer', win, 0);

Screen('FillArc', win, [255 255 255], [CentX-50, 600, CentX+50, 700],0,360)

Screen('SelectStereoDrawBuffer', win, 1);

Screen('FillArc', win, [255 255 255], [CentX-50, 600, CentX+50, 700],0,360)

%% monitor drawing

Screen('SelectStereoDrawBuffer', win, 0);

screen(win, ‘FillRect', [255 255 255], [CentX-200, CentY-150, (CentX)+200, (CentY)-145]);

Screen('SelectStereoDrawBuffer', win, 1);

screen(win, ‘FillRect', [255 255 255], [CentX-200, CentY-150, (CentX)+200, (CentY)-145]);

%% colored-square drawing

Screen('SelectStereoDrawBuffer', win, 0);

screen(win, ‘FillRect', mycolorList(i,:), [CentX-stimsize, CentY-150-depEval, ...
(CentX)+stimsize, (CentY)-145-depEval]);

Screen('SelectStereoDrawBuffer', win, 1);

screen(win, ‘FillRect', mycolorList(i,:), [CentX-stimsize, CentY-150-depEval, ...
(CentX)+stimsize, (CentY)-145-depEval]);

Screen('Flip',win);

A
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[a,b,keyCode] = kbCheck ; inputKey = find(keyCode);
if isempty(inputKey) == 0
currentInput = kbName(inputKey) ;
if stremp(currentInput,'UpArrow);
if depEval > 100 ; depEval = depEval;
else depEval =depEval + 1;
end
elseif strcmp(currentlnput, DownArrow')
if depEval < -100 ; depEval =depEval; else depEval =depEval - 1; end
elseif strcmp(currentlnput,'Return');
termination2 = 1; depEval = depEval; table2(i,1) = depEval;
elseif strcmp(currentlnput,'F2'); expEnd = 1; break
else depEval = depEval;
end
end
end % for termination2
end % for expEnd
end % for i
tempNum = size(table2,1) ; tablel = tablel1(1:tempNum) ;
display(strcat('correlation :',;num2str(corr(tablel,table2))));

Screen('CloseAll'); close all ; clear all ; ShowCursor;



