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Source: Convolution by Song Ho Ahn

Definition (in Discrete Time)
o0

y\n| = x|n|x hin] = Z z|k| - hin — k]

k=—00 time-shifted

x[n] Is Input signal, 2[n] IS impulse response,

y[n] Is output. * denotes convolution.
Impulse response impulse decomposition


http://www.songho.ca/dsp/convolution/convolution.html

Impulse Function Decomposition
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In general, a signal can be decomposed as a weighted sum of basis signals.
: - a signal Is decomposed into
: w0 = l0]-oln}  =2-0ln =0 5 et of impulse (delta) functions
* /1] =z[1]-6[n—1]=3-d[n — 1 . _
: o2 =22 ol —2)=1-sn—2] o[n]is 1 at n=0
[ zeros atn# 0
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Impulse Response
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— a1 Impulse response An}

Oln =kl = eymem e Aln = Kl the system s time-invariant

c-é[n] — system

= <771 the system is linear
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Convolution in 1D
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y[0] = D «x[k] - h[0 — K]
= x[0] - R[O] + =[1] - R[O — 1] + x[2] - R[O — 2] + . ..
= x[0] - A[O]
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x[0O] - 2[1] + x[1] - 72[0O]
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y[2] = > x[k]-h[2 -k

:U:[()—]-h[2—0]+:c[l]-h[2—1]+:r:[2]-h,[2—2]+...
x[0] - h[2] + xz[1] - R[1] + x[2] - R[O]
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14 8= 3 all A3
k=—o00
o | Output: y[n]  — 0] a3 = 0] +21] k3= 1]+ (2] A3 —2] +2[3]- k[3 - 3] +
= 2[0] - h[3] + 1] - h[2) + (2] - h[1] + z[3] - h[0]
g i —3.044-045-1+40-2
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{ : y[0] =x[0]-A[0
e » n .t . 1] =x[1]-A[0] +x[0]-A[1]
° ot 23 e ] ! v[2] =x[2]-h[0] + x[1]-h[ 1
x { T 3] =x[3]-4[0] + x[2]
ydl= > akl-hA-K -
k=—00

— 2[0] - B[d = 0] + 2[1] - hd — 1] + 2[2] - B[4 — 2 + 2[3] - B[4 — 3] + 2[4] - K4 — 4] + ..
= z[0] - h[4] + z[1] - h[3] + «[2] - h[2] + (3] - h[1] 4+ x[4] - h[0]
=3-0+4-04+5-0+0-240-140-0
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Convolution in 2D
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Code: PyTorch Convld by Santi Pdp

X = torch.ones( ., |, )

5/ conv = nn.Convld(in_channels=1,

out_channels=1, kernel_size=",

stride=1, padding=", bias=

conv.weight.data = torch.ones(!,

y = cunv(x)l A
tensor([[[ 3., 3.,



https://medium.com/@santi.pdp/how-pytorch-transposed-convs1d-work-a7adac63c4a5

