Differences of Face and Object Recognition inUtilizing Early Visual Information Peter Kalocsai and Irving BiedermanDepartment of Psychology and Computer ScienceUniversity of Southern CaliforniaLos Angeles, California 90089, U.S.A.{kalocsai, ib}@selforg.usc.eduAbstract. The first cortical stage in both object and face recognition by humans isgenerally presumed to be a filtering of the image by cells which can beapproximated as oriented spatial frequency kernels. Are the outputs of these filtersmapped in the same manner to the separate patches of tissue in extrastriate cortexpresumed to code faces and objects? Complementary images of objects and faceswere produced by dividing the Fourier spectrum of each image into 8 frequencybands and 8 orientation bands. In the inverse Fourier transform, half the 8 x 8values (analogous to all the red squares of a checkerboard in a row by columnrepresentation of frequency and orientation) were contained in one member of acomplementary image pair and the remaining combinations of values (e.g., blacksquares) were contained in the other member. In a naming task original andcomplementary images produced equivalent priming (equal RTs and error rates)for objects, but name verification for famous faces showed less priming for thecomplementary image. One possible explanation for these results is that faces arerepresented as a direct mapping of the outputs of early filter values whereas objectsare recognized by means of intermediate primitives (e.g., parts), in which thesame primitives can be activated by many patterns of filter activations. Twoadditional experiments using nonface but highly similar shaped objects (chairs)and unfamiliar faces confirmed the above hypothesis.Keywords. Face recognition, object recognition, complementary pairs, Fourierfiltering1 IntroductionFour experiments will be described which were designed to assess whether theidentification or matching of faces and objects would be directly dependent on theearly spatial filter representation (V1) of the visual system. There is considerableevidence in the literature that the priming of objects cannot be dependent on arepresentation that retained the similarity space of the activation values of spatialfilters (Fiser, Biederman, & Cooper, 1997). For example, if contour is deletedfrom a line drawing of an object so that the geons cannot be recovered from theimage, recognition becomes impossible (Biederman, 1987). The same amount ofcontour deletion, when it permits recovery of the geons, allows ready recognition.Fiser et al showed that the Lades et al. (1993) model recognized the two kinds of stimuli equally well. Similarly, the Lades et al. (1993) model failed to capturethe differences in matching objects that did or did not differ in a NAP in theCooper and Biederman (1993) experiment. Biederman and Cooper (1991) showed that members of a complementary pair ofobject images in which every other line and vertex was deleted from each part (sothat each image had 50% of the original contour) primed each other as well as theyprimed themselves. The measure of priming was the reduction in the namingreaction times and error rates from the first to the second brief exposure of anobject picture. The priming was visual, and not just verbal or conceptual,because there was much less priming to an object that had the same name but adifferent shape (e.g., two different shaped chairs). In this case, humans treated themembers of a complementary pair as equivalent although the two members wouldhave different spatial filter activation patterns (Fiser, Biederman, & Cooper, 1997). To test whether faces retain and objects do not retain the original spatial filteractivation pattern, the first two experiments employed a similar design comparingthe magnitude of priming of identical to complementary images. Rather thandeletion of lines as in the Biederman and Cooper experiment, complementarypairs of gray-level images of objects and faces of celebrities were created by havingevery other Fourier component (8 scales X 8 orientations) in one member and theremaining 32 components in the other, as illustrated in Fig. 11. 2 Object naming experimentSubjects named pictures of common objects on two blocks of trials (Exp. I). Onthe second block, for each object viewed on the first block, subjects would seeeither the identical filtered image that was shown on the first block, its spatialcomplement, or a different shaped exemplar with the same name, as illustrated inFig. 2. The results of this experiment are shown in Fig. 3. Visual priming wasevidenced on the second block of trials because the same shaped object was namedmore quickly and accurately that an image with the same name but a differentshape. However, naming RTs and error rates for identical and complementaryimages were virtually equivalent, indicating that there was no contribution of theoriginal Fourier components compared to their complements to the magnitude ofvisual priming.

1 Complementary image pairs were created by the following procedure: 8-bit gray scaleimages were Fourier transformed and bandpassed filtered cutting off the highest (above181 cycles/image) and lowest ( below 12 cycles/image) spatial frequencies. Theremaining part of the Fourier domain was divided into 64 areas (8 orientations x 8spatial frequencies). The orientation borders of the Fourier spectrum were set up insuccession of 22.5 degrees. The spatial frequency range covered 4 octaves in step of 0.5octaves. By this operation the two complementary images had no common informationabout the objects in the Fourier domain.

Condition10|___________________________________________|

700720

780800820 840 620660

780820

ChairsFaces IFaces IIComplements.73.75.78Different ("No" trials).75.76.78Table 1. Average similarity for stimuli in the three same-different judgmentexperiments (1.0 similarity would indicate perfect match). Performance on identical and complementary chair images on same trials wasvirtually identical, as shown in Fig. 10, indicating that there was no effect ofchanging the specific spatial components of the chair images. However, for facesthe complementary images were significantly more difficult to match than identicalones (Fig. 11), indicating a strong contribution of the specific spatial componentsin the image.

680700720 660

690 representation would also evidence many of the phenomena associated with facerecognition such as holistic effects, unverbalizability, and great susceptibility tometric variations of the face surface, as well as to image variables such as rotationin depth or the plane, contrast reversal, and direction of lighting. Acknowledgements This research was supported by ARO NVESD grantDAAH04-94-G-0065. Parts of this paper are excerpted from Biederman andKalocsai (1997).ReferencesBiederman, I. (1987). Recognition-by-components: A theory of human imageunderstanding. Psychological Review, 94, 115-147.Biederman, I. & Cooper, E. E. (1991). Priming contour-deleted images: Evidencefor intermediate representations in visual object recognition. CognitivePsychology, 23, 393-419.Biederman, I., & Kalocsai, P. (1997). Neurocomputational bases of object andface recognition. Philosophical Transactions of the Royal Society of LondonB, 352, 1203-1219.Cooper, E. E., & Biederman, I. (1993). Metric versus viewpoint-invariant shapedifferences in visual object recognition. Investigative Ophthalmology & VisualScience, 34, 1080.Fiser, J., Biederman, I., & Cooper, E. E. (1997). To what extent can matchingalgorithms based on direct outputs of spatial filters account for human shaperecognition? Spatial Vision, 10, 237-271.Hummel, J. E., & Biederman, I. (1992). Dynamic binding in a neural networkfor shape recognition. Psychological Review, 99, 480-517.Lades, M., Vortbr�ggen, J. C., Buhmann, J., Lange, J., von der Malsburg, C.,W�rtz, R. P., & Konen, W. (1993). Distortion Invariant Object Recognitionin the Dynamic Link Architecture. IEEE Transactions on Computers, 42,300-311.Shepard, R. N., & Cermak, G. W. (1973). Perceptual-cognitive explorations ofa toroidal set of free-from stimuli. Cognitive Psychology, 4, 351-377.Subramaniam, S., Biederman, I., & Kalocsai, P. (1997). Predicting nonsenseshape similarity from a V1 similarity space. Unpublished ms., University ofSouthern California.