Text S3: Integrating binocular term over frequency and orientation
The binocular term in the response of a single energy-model complex cell is

B= 2(SLlsRl + SLZSRZ)

= ZI dxdyJ' dx'dy'l,_ (x, y)Iz (X', y')exp(_ ((X— x ) +(y - yL)2)+ ((X'—XR)Z + (y'_yR)z)J
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[cos(kxx +Kk, Y+ ) cos(k, x'+k, y'+d;) +sin(k,x + K,y + ¢, ) sin(kxx'+kyy'+¢R)]

This cell is tuned to a spatial frequency and orientation specified by the wavenumbers k, and k,, and has receptive
fields centered at (x,Yy.) and (xg,yr), with phases ¢, and ¢ respectively. We now compute the total response of many
such cells tuned to many spatial frequencies and orientations, but all with the same receptive field centers and
phases:

B, = [ Bdk,dk,

x—x, ) +(y—yL)2)+(<x'—xR)2+<y‘—yR)2)J
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= ZI dxdyJ' dx'dy'l, (x, y)I(x', y")exp [— ((
[k dk, [cos(k,x+ k, y + ) cos(k,x+k, i) +sin(k,x -+ K,y + ¢ ) sin(k,x+k, y'+¢,)

Doing the innermost integral first, we obtain

expi(kxx+kyy+¢L)+exp—i(kxx+kyy+¢L)Iexpi(kxx’+kyy'+¢R)+exp—i(kxx’+kyy’+¢R)]
N-leowilkx+k,y+g )-exp—ilkx+k,y+g JJexp i(kxx’+kyy’+¢R)—exp—i(kxx'+kyy’+¢R)]}
expi(kxx’+kyy'+¢R)expi(kxx+kyy+¢L)+expi(kxx'+kyy’+¢R)exp—i(kxx+kyy+¢L)
J. ok dk +exp—i(kxx’+kyy'+¢R)exp i(kxx+kyy+¢L)+exp—i(kxx’+kyy’+¢R)exp—i(kxx+kyy+¢L)
o —expi(kxx'+kyy’+¢R)expi(kxx+kyy+¢L)+expi(kxx’+kyy'+¢R)exp—i(kxx+kyy+¢L)
+exp—i(kxx’+kyy'+¢R)expi(kxx+kyy+¢L)—exp—i(kXx’+kyy’+¢R)exp—i(kXx+kyy+¢L)

= %j dk, dk, fexp ik, X+ K,y + g Joxp—ilk,x + K,y + g, )+ exp—ilk X + K,y + g Jopilk,x +k,y + 4. )}

- %exp i(de — )| dkdk, foxpi(kx + K,y Jexp—ifk,x + k,y)}

+%exp i(4, —g0)[ dk, dk, fexp—i(k,x + K,y Jexpi(k,x + k,y)}

= Zomilg — )| didk, emil, (¢ = x)+k (v~ )+ 2o it — )] ckck, il (x-x)+k,(y-y)
=L e (k- x)s(y - )= cos(aglolx - X)oly - )

where Ad = dr-¢, is the phase disparity of the cells. Using this result in the equation for the integral of B gives us:

B, = J' Bdk,dk, = 2cos(A¢)Idxdy exp (_ ((X xS +(y-y.) )J 1(x, y)exp [_ ((X —xz ) +(y—vo ) )] 1. (x,y)

202 20°



