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            Abstract
Visual processing in cortex is classically modeled as a hierarchy of increasingly sophisticated representations, naturally extending the model of simple to complex cells of Hubel and Wiesel. Surprisingly, little quantitative modeling has been done to explore the biological feasibility of this class of models to explain aspects of higher-level visual processing such as object recognition. We describe a new hierarchical model consistent with physiological data from inferotemporal cortex that accounts for this complex visual task and makes testable predictions. The model is based on a MAX-like operation applied to inputs to certain cortical neurons that may have a general role in cortical function.
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                    Figure 1: Invariance properties of one neuron (modified from Logothetis et al.21). 


Figure 2: Sketch of the model.


Figure 3: Highly nonlinear shape-tuning properties of the MAX mechanism.


Figure 4: Responses of a sample model neuron to different transformations of its preferred stimulus.


Figure 5: Average neuronal responses of neurons to scrambled stimuli in the many-feature version of the model.
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Supplementary information

The paper shows that the invariance ranges of view-tuned cells in our model were in good agreement with quantitative experiments using paperclip stimuli. Here we briefly describe preliminary simulations that demonstrate that this performance is not specific to paperclip objects, but rather, also transfers to more natural object classes containing many members of similar shape, such as the class of cars.
To be able to finely control stimulus similarities, we used automatic, three-dimensional, multidimensional morphing software developed by Christian Shelton in our lab1, which allowed us to create a large set of 'intermediate' objects, made by blending characteristics of the different prototype objects spanning the class. This was done by specifying how much of each prototype the object to be created should contain, naturally defining a vector space over the prototype objects. Figure 1 shows several car prototypes and an intermediate car generated as a random combination of these prototypes.
Figure 1
 (GIF 9.14 KB)
3D morphing system used to investigate the recognition of real-world object classes. In the example shown, different car prototypes were combined to generate the morphed car (top).


The model of view-tuned cells described in the paper, where each neuron was tightly tuned to a view of a single object, can be extended to object classes with a continuum of members in a straightforward fashion, as model neurons already show tuning in shape space--a group of neurons, each broadly tuned to a different representative, can thus code for the identity of a randomly presented member of the class through the distributed pattern of activation.

In preliminary simulations, we investigated recognition for a representation (in a 2AFC paradigm) based on ten VTUs tuned to randomly chosen cars, with the rest of the network, that is, from the S1 to the C2 layer exactly identical to the 'many feature' version of our model described in the paper. In each trial, the sample stimulus was a standard view (225Æ’, see Fig. 1) of an object picked from a prototype-connecting line in morph space. The match stimulus showed the same object from a rotated viewpoint, whereas the distractor stimulus showed an object chosen a variable distance away on the same prototype-connecting line in morph space, from the same viewpoint as the match object. The network was said to correctly recognize the rotated view of the sample object if the activity pattern over the view-tuned units caused by the match object was more similar (under a Euclidean metric) to the activity pattern associated with the sample object than the activity pattern associated with the distractor object.
Figure 2 shows the recognition performance of the model as a function of distractor similarity and viewpoint difference to sample viewpoint, demonstrating two points. First, recognition rate drops off with increasing rotation from the sample view of the match/non-match objects. Second, correct recognition curves tighten with increasing similarity of distractors to the match object. (Both these points seem qualitatively robust for different choices of the number of neurons involved in the group representation and of the broadness of VTU tuning.)
Note that the invariance ranges for the class of car stimuli is comparable to the results obtained with the paperclip stimuli in psychophysics and modeling2-4, demonstrating the generality of the model over different object classes and representations.
Figure 2
 (GIF 25.6 KB)
Average recognition performance in the model for objects chosen from a continuous object class (2AFC paradigm). The two plots show two different views of the same figure. Performance is shown on the z axis, x axis shows viewpoint of match and non-match objects (sample object was always shown in the 225Âº view). Euclidean distance of sample/match and non-match objects in morph space is shown on the y axis (one unit = , 20 units equal the distance between two prototypes in morph space). The plane shows chance performance for comparison.
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