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Introduction

• Current and coming SAR missions
– KOMPSAT-5, Sentinel-1A, Sentinel-1B, TerraSAR-X, ALOS-2, Cosmo-SkyMed 5G, PAZ, 

SOACOM-1a, SOACOM-1b, Radarsat-2, Risat-1, KOMPSAT-6

• Preference of One general SAR Processing algorithm
– Low cost for development, maintenance V.S. increment of complexity, processing 

time

– Merits of standard SAR processing and standard SAR products

[Fig. 1. KOMPSAT-5 currently in operation and KOMPSAT-6 operational from 2021.Nov.]
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Introduction

• Multiple SAR systems with multiple operational modes

– Mono or bi-static and stripmap, scanSAR, TOPS, sliding spotlight, staring 
spotlight

• Characteristics of SAR observations

– Multiple beams for subswaths with different hardware parameters

– Azimuth beam steering

[Fig. 2. General SAR operations]

(This figure is copied, made by DLR)
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Chirp Scaling Algorithm(CSA) 
Based General Algorithm

• Application of technical functions

– Resolution for the Characteristics of SAR observations

[Table. 1. Applied technical functions]
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Chirp Scaling Algorithm(CSA) 
Based General Algorithm

• Algorithm flow diagram

[Fig. 3. Flow diagram of Chirp Scaling algorithm based General SAR Processing Algorithm]

- The range processing flow of the 

proposed algorithm, until 𝐻𝑅𝑃𝐶 at 

marked as 𝐻4, is that of the CSA of the 

reference (Ian G. Cumming, Frank H. 

Wong, 2005). 
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Chirp Scaling Algorithm(CSA) 
Based General Algorithm

• Algorithm formula

– Azimuth Scaling

𝐻4 𝑓𝑎, 𝑟 = 𝐻𝐴𝑆_𝐸𝑇𝐹4𝑍𝐷𝑇 = 𝑀1 𝑤𝜂 ∙ 𝑒𝑥𝑝 −𝑗
𝜋

𝐾𝑠𝑐𝑙 𝑟
𝑓𝑎
2

ℎ𝑒𝑟𝑒,𝐾𝑠𝑐𝑙 𝑟 = −
2𝑣𝑒𝑓𝑓

2 𝑟

𝜆𝑟𝑠𝑐𝑙 𝑟
, 𝑟𝑠𝑐𝑙 𝑟 = 𝑟

𝑀1 𝑤𝜂 = exp[𝑗 2
2𝜋

𝜆
+

𝑤𝑟

𝑐
𝑅𝑟2 𝜂∗ +𝑤𝜂𝜂

∗ ]

𝑅𝑟2 𝜂 = 𝑐4𝜂
4+ 𝑐3+4𝑐4 𝑡1 𝜂3+ 𝑐2+3𝑐3𝑡1+6𝑐4𝑡1

2 𝜂2

𝑀1 𝑤𝜂 is referred to the reference, (Jae Chul Yoon). 

𝑡𝑎

𝑓𝑎

𝑡𝑎

𝑓𝑎

: target azimuth signal

: azimuth filter applied
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Chirp Scaling Algorithm(CSA) 
Based General Algorithm

• Algorithm formula

– Azimuth Deramping1

𝐻5 𝑡𝑎,𝑟 = 𝑒𝑥𝑝 −𝑗𝜋𝐾𝑟𝑜𝑡_𝑔𝑒𝑜𝑚𝑒𝑡𝑟𝑦 ∙ 𝑡𝑎 − 𝑡𝑚𝑖𝑑
2

ℎ𝑒𝑟𝑒,𝐾𝑟𝑜𝑡_𝑔𝑒𝑜𝑚𝑒𝑡𝑟𝑦 𝑟 = 𝐾𝑟𝑜𝑡1 𝑟 = −
2𝑣𝑒𝑓𝑓

2 𝑟

𝜆𝑟𝑟𝑜𝑡_𝑔𝑒𝑜𝑚𝑒𝑡𝑟𝑦
and 𝑟𝑟𝑜𝑡_𝑔𝑒𝑜𝑚𝑒𝑡𝑟𝑦 is the geometrical beam rotation distance.

𝑡𝑎

𝑓𝑎

𝑡𝑎

𝑓𝑎

: target azimuth signal

: azimuth filter applied
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Chirp Scaling Algorithm(CSA) 
Based General Algorithm

• Algorithm formula

– Azimuth Deramping2

𝐻6 𝑡𝑎,𝑟 = 𝑒𝑥𝑝 −𝑗𝜋 𝐾𝑟𝑜𝑡2 𝑟 − 𝐾𝑟𝑜𝑡_𝑔𝑒𝑜𝑚𝑒𝑡𝑟𝑦 ∙ 𝑡𝑎 − 𝑡𝑚𝑖𝑑
2

ℎ𝑒𝑟𝑒,𝐾𝑟𝑜𝑡2 𝑟 = −
2𝑣𝑒𝑓𝑓

2 𝑟

𝜆𝑟𝑟𝑜𝑡2 𝑟
is the azimuth deramping Doppler rate and 𝑟𝑟𝑜𝑡2 𝑟 = 𝑟 ∙ 𝜉.

ξ is to be set in accordance of the azimuth beam steering scheme with the beam hardware parameters.

𝑓𝑎

𝑡𝑎

𝑓𝑎

𝑡𝑎

: target azimuth signal

: azimuth filter applied
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Chirp Scaling Algorithm(CSA) 
Based General Algorithm

• Algorithm formula

– Azimuth compression

𝐻7 𝑓𝑎, 𝑟 = exp 𝑗
𝜋

𝐾𝑒𝑓𝑓 𝑟
𝑓𝑎
2

Here, 𝐾𝑒𝑓𝑓 𝑟 =𝐾𝑠𝑐𝑙 𝑟 − 𝐾𝑟𝑜𝑡2 𝑟 .

: target azimuth signal

: azimuth filter applied
𝑓𝑎

𝑡𝑎

𝑓𝑎

𝑡𝑎
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Chirp Scaling Algorithm(CSA) 
Based General Algorithm

• Azimuth deramping2 (𝐾𝑟𝑜𝑡2 𝑟 ) control
– Conditions

1. Azimuth time span of the processed scene is not extended too long compared to the 
azimuth time domain of the original raw data

2. Azimuth bandwidth of any target is larger than 0 Hz after deramping by 𝐻6

– 𝜉 setting

• For stripmap or scanSAR or TOPS : ξ =
𝑟𝑟𝑜𝑡_𝑔𝑒𝑜𝑚𝑒𝑡𝑟𝑦

𝑟𝑚𝑖𝑑

• For sliding spotlight or staring spotlight or any in between them : optimization of 𝜉
among the two conditions above

– First Condition 
(The constant value, 1.25 can be adjusted for tuning the processing. )

ξ = 1 +
Δ𝑡𝑎0

𝛾1∙𝑇𝑎−Δ𝑡𝑎0
, 𝛾1 > 0 𝑇𝑎 is the total azimuth time length of the raw data, Δ𝑡𝑎0 is the 

processed azimuth scene length in seconds. Here, the range 
Δ𝑡𝑎0

𝑇𝑎
< 𝛾1 < 1.25 can be used 

then, allowed ξ range is found.

𝜉min_𝛾1
= −∞ < ξ < 1+

Δ𝑡𝑎0
1.25 ∙ 𝑇𝑎−Δ𝑡𝑎0

= 𝜉max_𝛾1
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Chirp Scaling Algorithm(CSA) 
Based General Algorithm

• Azimuth deramping2 (𝐾𝑟𝑜𝑡2 𝑟 ) control

– 𝜉 setting

• For sliding spotlight or staring spotlight or any in between them : optimization of 𝜉
among the two conditions above

– Second Condition 
(The constant value 0.75 can be adjusted for tuning the processing. )

ξ =
𝑣𝑒𝑓𝑓 𝑟𝑚𝑖𝑑 ∙𝑇𝑜𝑏𝑠

𝑣𝑒𝑓𝑓 𝑟𝑚𝑖𝑑 ∙𝑇𝑜𝑏𝑠−𝛾2 ∙𝜃𝑎𝑧∙𝑟𝑚𝑖𝑑
, 𝛾2 > 0 𝑇𝑜𝑏𝑠 is a target observation duration in seconds, 𝜃𝑎𝑧 is 

the 3dB azimuth beam width in radians. Here, the range 1 < 𝛾2 < 0.75 ∙
𝐵𝑎_𝑇𝑎𝑟𝑔𝑒𝑡

𝐵𝐹𝑂𝑉
can be 

used then, allowed another ξ range is found.

𝜉min_𝛾2
=

𝑣𝑒𝑓𝑓 𝑟𝑚𝑖𝑑 ∙ 𝑇𝑜𝑏𝑠
𝑣𝑒𝑓𝑓 𝑟𝑚𝑖𝑑 ∙ 𝑇𝑜𝑏𝑠− 𝜃𝑎𝑧 ∙ 𝑟𝑚𝑖𝑑

< ξ <
1

1 − 0.75
= 𝜉max_𝛾2

Where, 𝐵𝑎_𝑇𝑎𝑟𝑔𝑒𝑡 =
2𝑣𝑒𝑓𝑓

2 𝑟𝑚𝑖𝑑

𝜆𝑟𝑚𝑖𝑑
∙ 𝑇𝑜𝑏𝑠, 𝐵𝐹𝑂𝑉 =

2𝑣𝑒𝑓𝑓
2 𝑟𝑚𝑖𝑑

𝜆𝑟𝑚𝑖𝑑
∙
𝜃𝑎𝑧∙𝑟𝑚𝑖𝑑

𝑣𝑒𝑓𝑓 𝑟𝑚𝑖𝑑
.
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Chirp Scaling Algorithm(CSA) 
Based General Algorithm

• Azimuth deramping2 (𝐾𝑟𝑜𝑡2 𝑟 ) control

– 𝜉 setting

• For sliding spotlight or staring spotlight or any in between them : optimization of 𝜉
among the two conditions above

– Apply optimization rule among the two conditions

In the case of 𝜉max_𝛾2
≤ 𝜉max_𝛾1

then, ξ =
𝜉min_𝛾2+𝜉max_𝛾2

2
. In the case of 𝜉max_𝛾2

> 𝜉max_𝛾1

and 𝜉min_𝛾2
+ Δ𝜉𝑜𝑛𝑒 𝑡ℎ𝑖𝑟𝑑_𝛾2 ≤ 𝜉max_𝛾1

then, ξ =
𝜉min_𝛾2+Δ𝜉𝑜𝑛𝑒𝑡ℎ𝑖𝑟𝑑_𝛾2+𝜉max_𝛾1

2
. In the case of 

𝜉max_𝛾2
> 𝜉max_𝛾1

and 𝜉min_𝛾2
+Δ𝜉𝑜𝑛𝑒 𝑡ℎ𝑖𝑟𝑑_𝛾2 > 𝜉max_𝛾1

then, ξ = 𝜉min_𝛾2
+Δ𝜉𝑜𝑛𝑒 𝑡ℎ𝑖𝑟𝑑_𝛾2.

Here, let Δ𝜉𝑜𝑛𝑒 𝑡ℎ𝑖𝑟𝑑_𝛾2 =
𝜉max_𝛾2− 𝜉min_𝛾2

3
.

𝜉

:     𝜉min _𝛾1 ~ 𝜉m𝑎𝑥 _𝛾1

:     𝜉min _𝛾2 ~ 𝜉m𝑎𝑥 _𝛾2

𝝃 selected
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Test Results

• K-5 Stripmap mode processing test

[Fig. 4. Corner reflector 
measurement 
(a) Processed image, 
(b) Contour plot, 
(c) Azimuth IRF, 
(d) Quality measurement]

: expected Ideal IRF

: signal

: signal oversampled

(d)

(a)

(b)

(c)
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Test Results

• K-5 Sliding spotlight mode processing test

[Fig. 5. Corner reflector 
measurement 
(a) Processed image, 
(b) Contour plot, 
(c) Azimuth IRF, 
(d) Quality measurement]

: expected Ideal IRF

: signal

: signal oversampled

(a)

(b)

(d)

(c)
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Test Results

• K-5 ScanSAR mode processing test

[Fig. 6. K-5 ScanSAR mode Processed image
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Test Results

• Sentinel-1A TOPS mode processing test

[Fig. 7. Sentinel-1A TOPS mode Processed image
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Conclusion

• Conclusion
– “One general SAR Processing algorithm” has been developed successfully.

– It can be applied properly to all kinds of SAR observations, mono or bi-static and 
stripmap, scanSAR, TOPS, sliding spotlight, staring spotlight and any in between them.

• Future Work
– Applying Replica for the internal calibration.
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