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Fig. 1 LED backlight tachistoscope setup and timing diagram
(a) The tachistoscope comprises screenl (LCD and LED1) and screen2 (texture film and LED2), seperated by a semi-transparent mirror in a light-proof

box. The relative position of the three components are adjusted to create the impression of a single screen 75 cm away when observed from the viewing
window. (b) After a new picture is updated on the LCD panel (light shaded), it is not visible unless LED1 is turned on. Stimulus exposure duration (dark
shaded) is determined by the short LED1 pulse, not affected by the sluggish and asynchronous nature of LCD. LED? is in the anti-phase of LED1, so

that the texture on the projector film will be visible when LED1 is turned off.
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Fig. 2 Examples of visual display in each condition
The odd quadrant in the example display is the 1st~ 4th quadrant for
(@) ~ (d), respectively. The fixation point was in the center of the
display (not shown).

LANTE, TR 3 AN L AN Ek. RIRAS
LR AR SE, 2 T0E AR RS 2 IR
FIW, ML 4 NGRS R B R A A I
05 8 AN A R R BB e, 78 S5 vh 45 MR Bl AL
L.

2.1.3 UifE.

BTS2 AR T L2508 O AN B B S 0. BB 1
I B 2 IRk B R Ik g5 e A AR ), i —A
I (14 2 e A R B R N [R] PR 5. B2k
TR E RN A bR TS e R R AR A,
U MR AR A O B k.
Jii, 23k 1000~ 2000 ms FIBEHLIEFE, B Lotk
NI — IR R E . R RS, b ks ie
ANVERL L T I R el S R
LED2 Whor, et 30 7 iy im0 n 48 il R ) =
M. SZRMAT SRR E e K5, AT RedEf
b B AR T A I — AN 5 PR I At 5 B 1 A
[ R T B AN OFRT G R R R, 2R
PAGEE B) R — AR T, AT AR B e s s A
CURIIEFE.

TEIERSERFFLAT, RS LA R I
R AT SIS, H AR AT SE AT 55 R
O ABE R BT B

B L, AR R A BB v AR MR IR
(1 SR BT I, R 4% A 1D S BN ] ply — ANk ST
IR BRI YRR 2 F 1 BRI, AR ks
I R 4 4 B AE K 1dB(1.122 1%). 4 Fh 445 A
HREEALHE I, RIS e 40 MRk By
B 145, BTSSR 4 P& T
SIS TR AR, T A 1 R B 2 T I
[) PR 9 [

TERYBE 2, TATTR TR A 45 1 1 [ o0
FEMY B 1 P S LS [V 5 L pA) e ) 5 45 1] P 1)
6 ANANIE] BRI R]. BERR AR A A BEAS SN [A] % 5
5216 IRk, DASEMERBEAL L. Ik 384 AN iliK,
YR RALSERR. BB KAl G, BTSSP E
52 IR O B B M2, G SRR I S BN ] Y i
PAATAR, AT KA RS SR N4,

W S0 53 PR AN BOEAT A T S i MR 4
A2 AR B0 1138 DY, b 6 [ ) Sk i i
il K 4 Bl R R A — L 2 B2 N T
By b2 R S R AR P e R R B AE b, R
R DAL A 55 A 1)1 1 25 2] 559 57 280



<162¢ EESEYIEER

Prog. Biochem. Biophys. 2016; 43 (2)

2.1.4 HEotr 55

BATELL B 2 194 20 Bds . 4 S bR 5230
I TRIE HARRT R, SR KSR T 5 18
bk % (logistic function) JE 3 1.0 38 4 38 il 2, i
BENLAKF A 25%, RN 1%, RSS20 AR
A G, LG S A E A X R A B B
(bootstrap) Fifi L F K FE 1 000 Yk BEAT Al . B
SN IERAZE A 70.7%0 ¥ SIS TR), AR )5 g 4%
1) AT BEATLRLN R 4 23 A

I3 BT 2eXT 4 BRI T LA AN AR PR 2R AT
N EEWER Ty 200, ERN REN, T
PRPHECRT ¢ A5, Rrae 45 3 PE R A Holm 2 &
BRI
22 HRE5IHE

BATE S HET HIR G PR B MR IE i 2% 2
AL, GIF AL RS, PR EE WD)

Ji ZEAYRT 4 SRR S BRI E N A B2, F(3, 33)=
0.503, P=0.683. H T-{EASLIG o FRATTH AN I L]
P T- LI AN [v) G RO AS ) LAAT 1 Jon T3 1 5%
ey, [ st g2 5 (1R R 2 2 S B 5 At A
RZMAZHAEM, HEEREMTHEIET 4405 H
HOEAE/TN

Kl 3 W T — AN Az OB E ih 2. )
T4 B UATAAS Y, 324806 H kRS R AT 1) 1F i 6
#0552 FI SIS (] (1) 5 2 6, oAl logistic #R %L
U b 2R IR B I S PR AR i R, ap
DLUFH /Cy 40 B 2 35 st AR 6 LA AN AR P 22 S 1)
R Ik AR . v R B I A 2 B S B R AR A AR R
P, KL 15 ms 2 Wt NBEHLACT BT 3] T B2k
PRI, TR (1 2 2 R 78 70 MBI T R ORG 4t 14 4
2 T A] P 2R T A o ) A ST 110

Psychometric functions (4AFC) of C.H.M.

@ (b)

®

’ ;
1.0¢ 0 Error bars indicate|95!/o Cl
0.8} I ol 11
06} I
0.4F l ] 0.8}
g o2t
3 i . i
gﬂ 0 0.6}
£ () (d) :
3 10f .. F
£ g ° 0.4}
0.8}
0.6} F
) I I == : Euclidean
0.4} k/‘ . 0.2f == : Affine
0.2} b L I I I = Projective
’ I 11 == : Topological
0 1 1 1 1 1 1 L 1 1 1 1 L 0 L L 1 L 1 1
3 5 10 203050 100 3 5 10 203050 100 3 5 10 20 30 50 100

Stimulus duration/ms

Fig. 3 Psychometric function in each condition for one subject

(2) Euclidean. (b) Affine. (c) Projective. (d) Topological. (e) The same four psychometric functions plotted together for easier comparison. The dashed

vertical lines indicate stimulus duration threshold at 70.7% percentage correct. The error bars indicate 95% confidence interval of the threshold

estimated using bootstrap procedure.
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(@) Mixed constant stimuli (b) Concurrent transformed staircase
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Fig. 4 Group analysis results for stage 2 (mixed constant stimuli) and stage 1 (concurrent transformed staircase)

(a) Stimulus duration threshold for each condition in stage 2 (main results). Each marker represents the threshold data from one subject. The light gray

lines connect data points from the same subject across conditions. (b) Stimulus duration threshold for each condition in stage 1 (pilot data). For both

panels, the error bars indicate standard error of the mean.
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High Speed LED Backlight Tachistoscope Reveals Fast
Processing of Topological Invariants”

QIAN Chen-Can*?, LIU Zu-Xiang"™
(Y Key Laboratory of Brain and Cognitive Science, Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101, China;
2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Primate visual system is extremely efficient in extracting stable invariants from environment, despite
various transformation and degradation. The timing and dynamics of invariants perception provide important
constraints for theories of vision. We developed a high speed LED backlight tachistoscope capable to deliver visual
stimuli with 1 ms exposure and adjust the duration in submillisecond precision, which enabled us to investigate the
relative speed of processing topological, projective, affine, and Euclidean invariants in configural superiority effect
paradigm by manipulating the access time to visual input and estimating the psychometric function for sensory
evidence accumulation. The results suggest that topological invariant requires shortest exposure time, consistent
with the prediction of global-first theory.

Key words configural superiority effect, topological invariant, timing, psychometric function, tachistoscope
DOI: 10.16476/j.pibb.2015.0300

*This work was supported by grants from National Basic Rearch Program of China (973 grant)(2012CB825500, 2015CB351701), the National Natural
Science Foundation of China (91132302), and Science Foundation of the Chinese Academy of Sciences grants (XDB02010001, XDB02050001).
**Corresponding author.

Tel: 86-10-64888565-808, E-mail: zxliu@bcslab.ibp.ac.cn

Received: September 29,2015  Accepted: January 7, 2016



