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1. What is FFT?

- Fourier Transform

Based condition : All periodic signal may be expressed sum of sine and cosine

Discrete time Fourier Transform(DFT) is Sampling Data’s Fourier Transform. 

𝑋𝑘 =  

𝑛=0

𝑁−1

𝑥𝑛𝑒
−𝑖2𝜋𝑘

𝑛
𝑁 𝑘 = 0, . . . , 𝑁 − 1 at, 𝑒−2𝜋𝑖(

𝑛

𝑁
) = cos(−2𝜋𝑖

𝑛

𝑁
) + i ∗ sin(−2𝜋𝑖

𝑛

𝑁
)

DFT’s computing time is )𝑂(𝑁2 .  But FFT’s compute time is )𝑂(𝑁log2𝑁 .

- Removing the portion of the periodic
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2. FFT Based Technique

2.1 Block Diagram

Reference 
image

Sense image Final image
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3. Simulation

- Block Diagram

Reference image Sense image
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3. Simulation

3.1 Zero Pad and FFT

𝐹1(𝑥, 𝑦)

𝐹2(𝑥, 𝑦)

Frequency domain

𝑓1 𝑥, 𝑦

𝑓2 𝑥, 𝑦

Cartesian domain

Zero Pad
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3. Simulation

3.1 FFT and High-Pass Filter

F1’s FFT and shift F2’s FFT and shift
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3. Simulation

3.2 Log-Polar Transform

What tis the Log Polar Transform

Scaling and rotation in Cartesian domain corresponds to pure 
translation  in log polar domain

𝑥, 𝑦 → (𝜌, 𝜃)



9

3. Simulation

3.2 Log-Polar Transform

What tis the Log Polar Transform

𝑥, 𝑦 → 𝜌, 𝜃

= 𝑥 − 𝑥𝑐
2 + 𝑦 − 𝑦𝑐

2, arctan(
𝑦 − 𝑦𝑐
𝑥 − 𝑥𝑐

)

𝛼𝑥, 𝛼𝑦 → (𝑙𝑜𝑔𝛼 + 𝑙𝑜𝑔𝑥, 𝑙𝑜𝑔𝛼 + 𝑙𝑜𝑔𝑦)

Scaled by a factor of 𝛼

𝜌′ = 𝑙𝑜𝑔 exp 𝜌 𝑐𝑜𝑠𝜃 − ∆𝑥 2 + exp 𝜌 𝑠𝑖𝑛𝜃 − ∆𝑦 2

𝜃′ = 𝑎𝑟𝑐𝑡𝑎𝑛
exp 𝜌 𝑠𝑖𝑛𝜃 − ∆𝑦

exp 𝜌 𝑐𝑜𝑠𝜃 − ∆𝑥 ∗ 𝑎𝑡 𝑟 = 𝑒𝜌
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3. Simulation

3.2 Log-Polar Transform

L1’s FFT and shift L2’s FFT and shift
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3. Simulation

3.3 Phase Correlation

Convolution

- What is Correlation?

Dot product

Cross correlation
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3. Simulation

3.3 Phase Correlation

- Compute Cross power spectrum of F1 and F2

※ Phase of the cross-power spectrum is equivalent 
to the phase difference between the images. 

Find the location in images 

of the peak of the phase correlation
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3. Simulation

3.4 Compute angle of rotation

𝐹 𝑢, 𝑣 = 𝐹(𝑢, 𝑣) 𝑒𝑗𝜃 𝑢,𝑣

At, 𝐹(𝑢, 𝑣) 𝑖𝑠 𝐹𝑜𝑢𝑖𝑒𝑟 𝑠𝑝𝑒𝑐𝑡𝑟𝑢𝑚 𝑎𝑛𝑑
𝜃 𝑢, 𝑣 is phase spectrum

𝜃1 − 𝜃2 =  Angle of rotation
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3. Simulation

3.5 Transformation and Translation

- Final image.- Reference 
image

Recovered scale 

& 

de-rotate Sense 
image
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Future Plan

FFT

Image 
processing


