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A Model of T-Junction Detector Based on Visual Systems
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Human visual system can segregate objects in a complex scene even when the retinal projection
of an object is separated into pieces of fragments due to.occlusion by another object. However,
typical computer algorithms have difficulty to analyze the images with occluded region as human
vision does. One of the possible cues for the visual system in the segmentation is T-junction,
which possibly plays an important role to find occlusions. We propose a model for detecting
T-junctions based on psychophysical and physiological knowledge of the human visual system.
We applied the model to natural scenes as well as simple geometrical images and the results
showed reasonably good detection of T-junctions. We also applied the model to images with
X-junctions that gave transparency perception. The model detected T-junctions at the locations
of X-junctions, which suggests that the transparency may be perceived because T-junction
detectors respond at X-junctions.
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Fig. 1. Perceptual segmentation. (a) shows two objects
mutually occluded. The visual system seems to use T-
juncions (c) as cues of occlusion and intergrates the sepa-
rated or interpolated edges and regions into each object
appropriately (b).
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Fig. 2. Receptive fields of end-stopped cell. It responds to
end of edge.

(a) (b) (c) (d)
Fig. 3. The problem of “false responses” of end-stopped
cell. (a) and (b) are an original image and detected edge
respectively. (¢) and (d) show correct response and false
responses to the detected edge respectively. (e) depicts
configuration of “false responses.”

Awi-e7v%
FHlEN S,

Uiy 4 LBV % P D 7o RS R O ' Tovic L T
@,+%ﬁ@m@%u
s Tw3aY, Ziid Heitger 5OET VT & 5 &,
%Kki%ﬁ”i@mﬁkﬁbf%%<ﬁﬁbfbiot
WS bDTH S, Wslit A <v -7 —13, FEEf (Fig.
3(a) »omtishi-y Y (Fig. 3(b)) &xfL, Fig.
3(c) DLy YDIHEDACRIET 5 Z L BPFFS
35, Fig. 3(d) WRT Iy YORHICHGL
TLE9. ZhiE, Fig 3(e) @rnd &5 @hmsfEEA D
ZRW R b O A v — 5 =iy Y DO FHAIC—EL
LBEWAMIEH L THMRIGLTLEI 2D TH S, FE
BE o s E R A3 & 0 € TV E [FERRIC R IGE AT
2 E D AT H %73, Ehrenstein Y 75 Sl s’
FeRl e B 2 1 TR OFER, RERCRESA LT
DifH DA ERET 2P H 2 L ERB LTS, 2

T BIEEA

OREEEICHHATE S Z e’

(false response) & W9 DY

383 (31)



Inhibitory
receptive field

O
000

Edge

Excitatory
receptive field

Fig. 4. End-stopped cell consitsts of complex receptive
fields.
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Fig. 5. T-junction and L-junction.
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Fig. 6. Typical configuration of transparency perception.
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Fig. 7. Diagram of the model.
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Fig. 8. Complex cell operator. This operator detects
edges along the optimal orientation.
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(a) input image (b) 0° of stage 1

(b) and (c) show the results of stage 1 in orientation 0° and 90° respectively.

(c) 90° of stage |

(d) 0° of stage 2 (e) 90° of stage 2

Fig. 9. Input image and results of stage 1 and stage 2. (a) depicts an input image that have T-junctions and L-junctions.

They contain different orientation

components. (d) and (e) show the results of stage 2 in orientation 0" and 90°. The different orientation components are

omitted.
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detector

End-stopped
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T-junction

Fig. 10. T-junction candidate detector. It consists of an
end-stopped cell and a complex cell.
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Fig. 12. T-junction candidate detector responds to T-
junction and X-junction in the directions along edges.
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Results of stage 3. (a) shows sum of results of end-stopped cell operators of all directions. (b), (c), (d) and (e)

show results of 0%, 90°, 120" and 270° channel respectively. (f) depicts sum of results of all directions.
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(a) (b)
Results of stage 4. (a) and (b) show results of 0°
and 90" respectively.
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(a) (b)

Fig. 14. Results of stage 5. (a) shows results of 0°. (b)
depicts sum of results of all directions.
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(a) Input image

(b) Result of stage 5

(c) Input image overlaid with result of stage 5

Fig. 15. Simulation results for a natural image. (a) depicts input image. (b) shows result of stage 5. (c) depicts the

input image overlaid with result of stage 5.
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Fig. 16. Response to the left-upper T-junction of the cross
transparency image.
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Fig. 17. Metelli’s law of transparency perception.
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Ehrenstein figure

These responses vanish
for the mutual inhibition.

Fig. 18. A possible explanation by the model for occlusion
perception of Ehrenstein figure. When a line has a certain
width, responses of T-junction detector perpendicular to
the orientation of the line vanish. Therefore the remains of
responses along the orientation of the line induce the
occlusion perception.
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