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metadata

KeywoRds Computer Science - Computation and Language, Computer Science -
Machine Learning, Computer Science - Sound, Electrical Engineering and
Systems Science - Audio and Speech Processing

includes QuartzNet, CitriNet & MatchboxNet
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jaspeR

FiguRe: Jasper B× R model: B: number
of blocks; R: number of sub-blocks. FiguRe: Jasper Dense Residual Model
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quaRtznet

solves the same problem as jasper



quaRtznet aRchitectuRe

FiguRe:Quartznet Architecture

Uses separable conv instead of conv.
1D Conv (along time)→ 1D Conv (along
frequency)→ Batch Norm→ ReLU
instead of
1D Conv → Batch Norm→ ReLU→ Dropout.



sepaRable filteRs

9× 9 separable Gaussian filter with
constituents as

N (x; 0, 0.3) along the x-axis; and
N (y; 0, 0.15) along the y-axis;

each resolved within limits [−1, 1] into 9
discrete units.



sepaRable filteRs
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sepaRable filteRs
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sepaRable filteRs

Mxy = Fx × Gy



sepaRable conv

If F and G constitute a separable filter M so
that M(x, y) = F(x)× G(y), the following
equivalence for convolution ⊗ over a given
signal X, holds true,

M⊗ X ≡ F⊗ G⊗ X

≡ G⊗ F⊗ X



leaRnable sepaRable conv

If M is a learnable 2D filter with size k× k;
the num params is k2

If M is also separable into F and G, then, for
a given signal X,
M⊗ X ≡ F⊗ G⊗ X,
with F and G bearing k params each. Hence,
num params becomes 2k.



sepaRability in quaRtznet

In Jasper, for a given convolution layer,
Let inputs be x ∈ RCin×t;
Let outputs be y ∈ RCout×t′ ;
Let 1D conv filter be of size k;
num input time steps = t;
num input channels = Cin;
num output channels = Cout;
num params required for each channel
of ouptut = k× Cin

num params required in total
= k× Cin × Cout

InQuartznet, the same op is implemented in
2 layers,

F(x) → y′ : y′ ∈ RCin×t′

G(y′) → y
F convolves over the time axis,
separately for each frequency (input
channel); hence num params = k× Cin

G convolves over the frequency axis,
with same kernel for each time step;
hence num params = Cin × Cout

Total num params
= k× Cin + Cin × Cout
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citRinet

solves the same problem as jasper



citRinet aRchitectuRe

Uses squeeze and excitation attention on top of
conv + bn and before non-linear activation.

SE (x) = x⊗ Fsc ◦ Fex ◦ Fsq(x)

where, ⊗ is the Hadamard product
(element-wise product)
Conv is Time–channel separable Conv as in
Quartznet.



citRinet aRchitectuRe

Uses squeeze and excitation attention on top of
conv + bn and before non-linear activation.

SE (x) = x⊗ Fsc ◦ Fex ◦ Fsq(x)

where, ⊗ is the Hadamard product
(element-wise product)
Conv is Time–channel separable Conv as in
Quartznet.



squeeze and excitation

SE (x) = x⊗ Fsc ◦ Fex ◦ Fsq(x)

The image is from the original squeeze and excitation paper; and shows SE in the context of 2D Conv. But recall that in
the context of speech recognition we have 1D Conv; and the same concept is extended trivially.



squeeze and excitation

Fsq(x) = x̄ = 1
T
∑

t xt performs global average pooling;→ 1× C

Fex(x) = RELU(W1x+ b1) conv+RELU; 1× C → 1× c; typically c < C;
Fsc(x) = sigmoid(W2x+ b2) conv+sigmoid; 1× c → 1× C;



Results

Citrinet shows comparable performance with
significantly lower number of params.
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matchboxnet

Uses a similar architecture as jasper for keyword spotting aka speech command
recognition;
Designed for devices with low computational and memory resources;
SoTA performance with significantly fewer params.

Also,
Fixed length input (1 second long utterance).



matchboxnet aRchitectuRe



matchboxnet aRchitectuRe



Results
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