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This paper describes a method that can realize high resolution range-Doppler imaging for the front and lateral 
direction of an on-vehicle radar. A Doppler shift compensation method for millimeter wave radar using stepped 
multiple frequency has been proposed. This method can compensate the spread of Doppler frequency due to multiple 
frequency transmission, range walk and Doppler walk caused by movement of the radar in a measuring period. A high 
focusing accuracy in range-Doppler image is achieved even when the measuring period is long using this method. 
The proposed method is verified by computer simulation and by applying it to a field experiment result using a 
corner reflector and a vehicle for targets of the radar. And this paper also describes the fast processing by using FFT 
for Doppler frequency spreading correction and range walk compensation with large processing load, and shows the 
results of Doppler imaging by this method. 
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Fig. 1. Transmission sequence diagram of stepped multiple 

frequency CPC method 

 

Fig. 2. Signal processing block diagram of stepped multiple 

frequency CPC method 
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Table 1. Variable definition 

 Speed of light 

 Fast time 

 Slow time 

 Signal complex amplitude 

 Target range

 Transmission frequency of step 0 

 Transmission frequency step interval 

 Pulse repetition period 

 Number of transmission frequency steps 

 Transmission frequency step number  

 Number of pulses 

 Pulse number  

 CPC code number (0,1) 

 
 

 
Fig. 3. Imaging of a stationary vehicle with millimeter-wave 

radar 
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Table 2. Multi-frequency step CPC millimeter wave radar 

parameters 

Transmission frequency  60.5 GHz 

Transmission bandwidth  430 MHz 

Transmission frequency step interval  50 MHz 

Number of transmission frequency steps  8 

Number of pulses  512 

Coherent Processing Interval  28.6 ms 

Range resolution 0.35 m 

Velocity resolution 0.311 km/h 

Maximum velocity field of view ±79.64 km/h 
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(a) (b) 

  
(c) (d) 

(a) Range-Doppler profile without Doppler correction. (b) Range-Doppler 
profile with Doppler correction between frequency steps. (c) RV map 
without Doppler correction. (d) RV map with Doppler correction between 
frequency steps. 

Fig. 4. Comparison of focusing effect by Doppler correction 
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Fig. 5. Measurement of point target by mobile radar 

 

 

Fig. 6. RV map of point target by long-time measurement 

 

 
Fig. 7. Received signal in the fast time domain 

Radar
V

Target

Target
Radial velocity

Velocity [km/h]

R
an

ge
[m

]

Spread of Doppler frequency
caused by frequency step

Doppler walk

Range walk

f0 f1 fn
Δf

nΔf
fτ



 

 457 IEEJ Trans. EIS, Vol.141, No.3, 2021 

0

0

0
0

0
0

2
, , exp 2

2
exp 2

2
exp 2

2exp 2

2exp 2

m
ic m

m

m

m

R t
S n t f G f j f

c

R t
j f n f

c

R t
G f j f n f f

c

RG f j f n f f
c

vj f n f f t
c

  

 ........................................... ( ) 

( )

 

0
2, , exp 2m m
vn t v j f n f f t
c
vv ttvpexpe pexpexp  .......... ( ) 

( )

fast time (10)
 

1

0

0

0

, , , ,

Δ  exp 2

Δ 2exp 2
2

M

ic ic m
m

c

c

Dop n Vbin f S n t f

f n f f mj Vbin
f M

f n f f n icj Vbin
f NM

  

 ........................................... (10) 

(10)
fast time

 
Fig. 8 (a) (d) (10) SPI 228.8ms

1

Fig. 8 (b), (d)

Fig. 4 (b), (d)

 

Keystone (16) (10)
m 1 exp

0 Δf n f Keystone
(16) (11)  

0

0

Δ  
exp 2

Δ
f n f f mj Vbin
f n f M

  .................... (11) 

( )  

0 Δ  
exp 2

c

f n f mj Vbin
f M

 ........................... (12) 

(10) 1 exp Keystone
(12)

 
  

Fig. 5

 

, ( , )n ic ms t (13) 0R , 0v 0mt
V  

0
,

22, exp 2 m
n ic m c

R tRs t g j f
c c

  ....... (13) 

slow time mt  

0 0m mR t R v t   ....................................................... (14) 

0

0

m
m

R R t
t

v
  ......................................................... (15) 

(13) (16)  

 

  
(a) (b) 

  
(c) (d) 

(a) Range-Doppler profile without Doppler correction. (b) Range-Doppler 
profile with step frequencies & in-band Doppler correction. (c) RV map 
without Doppler correction. (d) RV map with step frequencies & in-band 
Doppler correction. 

Fig. 8. Comparison of focusing effect by step frequencies & 

in-band Doppler correction 
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Fig. 10. Block diagram of the proposed method 
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(a) (b) 

  
(c) (d) 

(a) Range-Doppler profile with correction using known target range and 
velocity. (b) Range-Doppler profile with correction using each range and 
Doppler bin. (c) RV map with correction using known target range and 
velocity. (b) RV map with correction using each range and Doppler bin. 

Fig. 9. Comparison of focusing effect by range walk & 

Doppler walk correction 
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Fig. 11. Measurement environment 

 

 

Fig. 12. RV map obtained without Doppler walk correction 

in 28.6 ms SPI 

 

 

Fig. 13. RV map obtained without Doppler walk correction 

in 228.8 ms SPI 

 

 
Fig. 14. RV map focused on only a point target with range 

walk and Doppler walk correction obtained in 228.8 ms SPI 

 

 
Fig. 15. RV map focused on the whole by range walk and 

Doppler walk correction obtained in 228.8 ms SPI 
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Fig. 16. Static targets position 

 

 

Fig. 17. Focus position on RV map 
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Fig. 18. RV map with normal Doppler estimation without 

focusing in 228.8ms SPI 

 

 

Fig. 19. RV map focused on m = 2048 position in 288.8 ms 

SPI by the proposed method 
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Fig. 20. Multi-frequency Doppler correction and range walk 
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Fig. 21. Focus position shift and Doppler phase correction 
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Fig. 22. Doppler walk compensation 
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Fig. 23. Comparison of results between formula processing 

and acceleration processing 
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Table 4. Processing order variables and their values 

Number of bins in the range direction  13 

Number of bins in the velocity direction  625 

Number of pulses  4096 

Number of fast time frequency domain bins  64 
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