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The neural mechanism of visual contour integration
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Abstract: The human visual system efficiently extracts local elements from cluttered backgrounds and integrates these elements into
meaningful contour perception. This process is a critical step before object recognition, in which contours often play an important role
in defining the shapes and borders of the to-be-recognized objects. However, the neural mechanism of the contour integration is still
under debate. The investigation of the neural mechanism underlying contour integration could deepen our understanding of perceptual
grouping in the human visual system and advance the development of the algorithms for image grouping and segmentation in computer
vision. Here, we review two theoretical frameworks that were proposed over the past decades. The first framework is based on
hardwired horizontal connection in primary visual cortex, while the second one emphasizes the role of recurrent connections within

intra- and inter-areas. At the end of review, we also raise the unsolved issues that need to be addressed in future studies.
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Fig. 1. The critical role of feedback connection in the processing of contour integration revealed by the transcranial magnetic stimulation

(TMS) experiment "', The results demonstrated that the earliest critical time window at which behavioral detection performance was
impaired by TMS pluses differed between V1/V2 and V3B. The first critical window of V3B (90-110 ms after stimulus onset) was
earlier than that of V1/V2 (120-140 ms after stimulus onset), thus indicating that feedback connection from higher to lower area was

necessary for complete contour integration. 4: An example trial of the contour detection task in the TMS experiment. B: Illustrations

of the TMS stimulation sites of one representative participant. C: TMS interference effects as the function of stimulus onset asyn-

chronies (SOAs) at V1/V2 and V3B for accuracy and inverse efficiency (i.e., RT divided by proportion correct). Negative value of

accuracy or positive value of inverse efficiency represents an interference effect due to TMS stimulation. Error bars represent standard

error of mean. The asterisks indicate the time windows in which the TMS interference effect was significantly smaller than zero for

accuracy or larger than zero for inverse efficiency indicated by one-sample ttests (P <0.001, P <0.01, "P < 0.05, Bonferroni-corrected).
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