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Connectionist Temporal Classification
For Text Recognition

Yan Xia

November 13, 2015



Background

CTC

Application

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

1 Background

2 CTC

3 Application



Background

CTC

Application

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Text Recognition is Not New
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Traditional Way

char segmentation
binarization
connected region analysis

char recognition
feature extraction
classification

post-processing
text correction using language model
...
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Traditional Way

Parameters in char segmentation changes a lot for
different scenarios
Require basically clean image background
Need a lot of rules
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Connectionist Temporal Classification (CTC)

Alex Graves, Supervised Sequence Labelling with
Recurrent Neural Networks, 2012



Background

CTC

Application

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

CTC

Given a dict A and an input sequence x width length
T, where x is consist by predictions yt

k (kth class at
time t)
Extend dict by A′ = A ∪ {blank}
Conditional distribution over π ∈ A′T

p(π|x) =
T∏

t=1

yt
πt
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CTC

Define a many-to-one function F : A′T 7→ A≤T

Eg: F(a − ab−) = F(aaa − aabb−) = aab

p(l|x) =
∑

π∈F−1(l)
p(π|x)
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CTC

Now we have

p(π|x) =
T∏

t=1

yt
πt (1)

p(l|x) =
∑

π∈F−1(l)
p(π|x) (2)

Loss function (on training set S width label)

L(S) = − ln
∏

p(l|x) = −
∑

ln p(l|x) (3)
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CTC

DP. forward variable α:

α(t, u) =
∑

π∈V(t,u)

t∏
i=1

yi
πi (4)

p(l|x) = α(T,U′) + α(T,U′ − 1) (5)

α(t, u) = yt
l′u

u∑
i=f(u)

α(t − 1, i) (6)
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CTC

The backward variable β is similar as α, and β(t, u)
defines the probability of all paths starting at t + 1
that complete l when appended to α(t, u)
Finally, we have

p(l|x) =
|l′|∑

u=1

α(t, u)β(t, u) (7)
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Text Recognition
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Text Recognition
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Thanks!
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