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Multiple Frequency Continuous Wave (MFCW) is one of the efficient methods having both long range performance 

and range resolution. In this paper, the transmission sequences and signal processing to expand the observable 
maximum velocity and maximum range of MFCW are described. At first, we propose Hybrid Sequence MFCW in 
which frequency steps for the velocity estimation are added to the conventional MFCW to expand the observable 
maximum velocity. And then we also propose the signal processing using two initial frequencies to expand the 
observable maximum range. We show the initial experimental results on a general road. The results indicated that 
both proposed methods worked well on the field experiments. 
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Fig. 1.  Transmit frequency sequence of Multiple Frequency CW. 

 

 

Fig. 2.  Transmit frequency sequence Hybrid Sequence-Multiple Frequency CW. 
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Fig. 3.  Signal processing flow of Hybrid Sequence-Multiple Frequency CW. 
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Fig. 4.  Transmit frequency sequence of Multiple Frequency CW with two initial frequencies. 

 

 

Fig. 5.  Signal processing flow of Multiple Frequency CW with two initial frequencies. 

 

f0 f1
f2

fN-1

fstep m=0

N T

Tc

Fr
eq

ue
nc

y

Time

B=Δf N+fstep

Δf

T m=1 m=M-1

Velocity Estimation

Range Estimation

FFT
(m direction)

Incoherent 
Integration

Doppler 
Frequency 
Detection

Doppler 
Compensation

Coherent 
Integration

IDFT Target Detection
(Range Detection)

A/D 
Data

Gating

2 5  CW
CW CW
Nr Nv

L

A/D (Nr+LNv) /Nr
2x Vamb x

(17)

(13)

(11)

 

3. 2 CW 

CW
 

1
max

4
0 2n nf f

R
c

  .................................... (23) 

(12) CW

Fast Fourier Transform (FFT) Discrete Fourier 
Transform (DFT)

CW

CW 2
CW  

3 1  2
CW 4

5 fstep

1 CW
4 2 CW

f0 Δ f N/2
CW f1= f0 + fstep

Δ f N/2 CW
CW

CW ( ) ( )

0,1, , 1n N, 1,  

0

0

mod( ,2) 0
2

1
2

n

step otherwise

nf f n
f

nf f f
 

 ......................................... (24) 

mod( , )A B A B

fd,n  



MFCW  

 537 IEEJ Trans. EIS, Vol.136, No.4, 2016 

0

,

0

2
2 mod( ,2) 0

12
2

d n

step

otherwise

nV f f
n

cf
nV f f f

c

 

 ........................................ (25) 

,n mt ( )  

, ,

, ,

0
,

, ,

0

4, exp 2

4
2exp 2 2

4 mod( ,2) 0

4
2exp 2 2

4

n
d n d n

d n d n

d n

d n d n

fx n m j f T n N m R f T
c

f

j f TN m f T R n
c

f R f T n
c

f

j f TN m f T R n
c

f f 2step
f

R otherwise
c

 

 ........................................ (26) 

 
3 2  2 CW

CW

n m
 

1

0
, , exp 2

M

m

mF n k x n m j k
M

  .................. (27) 

(26) (27)
n (14)

kpeak

kpeak

V CW  

2 2
peak

d

k
V f

TMN
  ................................................... (28) 

 
3 3  2 CW kpeak

 

0
,

0

4 42exp 2 mod( ,2) 0

( , )
44 22exp 2

peak
d n

peak

step
peak

f
k fj R n R f T n
MN c c

F n k
ff f fk

j R n R otherwise
MN c c

 

 ........................................ (29) 

CW (26)

 

0

0

4 42exp mod( ,2) 0

,
44 22exp

step

f
fj R n R n

c c

X n V
ff f f

j R n R otherwise
c c

 

 ......................................... (30) 

(30)
FFT mod( ,2) 0n

0,1,... / 2 1n N
n l

 

12

0
, exp 2

2

N

n

nY l X n V j l
N

  .................... (31) 

0,1,... / 2 1n N
 

12

0
, exp 2

2

N

n

nY l X n V j l
N

  ................... (32) 

(31) (32)

peakl  

2peak
f Nl R

c
  ........................................................... (33) 

peakl  

04exppeak
fY l j R

c
  .................................. (34) 

04
exp step

peak

f f
Y l j R

c
  .................... (35) 

R (33)  
2

peak
cR l

f N
  .......................................................... (36) 

(36) R

B
2
cR
B max 2

cR f

(34) (35) R

 

4 step

cR
f   ............................................................ (37) 

R 2 step

c
f

(36) R  

maxR R a R (a )  .................................... (38) 



MFCW  

 538 IEEJ Trans. EIS, Vol.136, No.4, 2016 

 
Table 1.  Radar Parameters on the experiments of Hybrid 

Sequence-Multiple Frequency CW. 

Radar parameters 
MFCW 

(conventional method) 

Hybrid sequence 

MFCW (proposed 

method) 

Transmit frequency fo 24.15 GHz 24.15 GHz 

Switching time of frequency step T 6.25 μs 5 μs 

Number of frequency step  N 32 - 

Number of frequency step for range 

estimation Nr 
- 32 

Number of frequency step for  

velocity estimation Nv 
- 2 

Expansion parameter L - 4 

Number of sequence Mseq 256 256 

Frequency step width Δf 1.5 MHz 1.5 MHz 

Transmission bandwidth B 48 MHz 48 MHz 

Coherent processing interval Tc 

(Observation time) 
51.2 ms 51.2 ms 

Observable maximum range  

without ambiguity Rmax 
100 m 100 m 

Observable maximum velocity 

without ambiguity Vmax 
55.9 km/h 223.6 km/h 

Observable maximum velocity 

without the expansion method 
- 55.2 km/h 

Velocity resolution V 0.437 km/h 0.437 km/h 
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experiments on the Hybrid Sequence-Multiple Frequency CW. 

Fig. 7.  Velocity detection result by Hybrid Sequence-Multiple 

Frequency CW at CPI = 0. 
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Table 2.  Velocity and range estimation results at the initiation 

time of the observation of Hybrid Sequence-Multiple Frequency 

CW. 

CPI  Target Velocity [km/h] Range [m] 

0 A -66.4 83.7 

0 B -64.2 50.1 

0 C -59.0 42.0 

0 D 20.5 28.0 

 

 

Fig. 8.  Velocity and range estimation results by Hybrid 

Sequence-Multiple Frequency CW. 

 

Ve
lo

ci
ty

[k
m

/h
]

R
an

ge
[m

]

Time [sec]

A

B
C

D
E

F

G

4 A D 2
6 2

6 A D
A C

−55.2 km/h
6 A

A
A

D
3

8
1CPI

8 8 A D
A D 0.3

D E G
1 0 m

A
100 m

 
2 5

CW

(11)

9 9 CW

 
CW CW
CW

 
4 2  2 CW

2 CW
3 10

4.67 CPI 95

CW 4
2 CW

4 CPI
95 A C

10 A C
8 1CPI

11 11
30 m

 
2 CW

3 5 2 CW

Fig. 9.  Velocity and range estimation results by Hybrid 

Sequence-Multiple Frequency CW with target tracking 

processing. 

R
an

ge
 [m

]

Time [sec]

Ve
lo

ci
ty

 [k
m

/h
]



MFCW  

 540 IEEJ Trans. EIS, Vol.136, No.4, 2016 

 
Table 3.  Radar Parameters on the experiments of Multiple 

Frequency CW with two initial frequencies. 

 

MFCW 

(conventional 

method) 

MFCW  using two 

initial frequency 

(proposed method) 

Transmit frequency fo 24.15 GHz 24.15 GHz 

Switching time of frequency step T 3 μs 3 μs 

Number of frequency step N 32 32

Number of sequence Mseq 512 512 

Frequency step width Δf 2.5 MHz 5 MHz 

Difference of the initial frequency fstep - 1.5 MHz 

Transmission bandwidth B 80 MHz 80 MHz 

Coherent processing interval Tc 

(Observation time) 
49.2 ms 49.2 ms 

Observable maximum range without 

ambiguity Rmax 
100 m 100 m 

Observable maximum range without  

the expansion method 
- 30 m 

Observable maximum velocity without 

ambiguity Vmax 
116.46 km/h 116.46 km/h 

Velocity resolution V 0.455 km/h 0.455 km/h 

 

 

Fig. 10.  The targets at the time of 4.67 from the initiation on 

the experiments using Multiple Frequency CW with two initial 

frequencies. 

 
Table 4.  Velocity and range estimation results at the time of 

4.67 s of the observation of Multiple Frequency CW with two 

initial frequencies. 

CPI Target Velocity [km/h] Range [m] 

95 A -49.1 51.3 

95 B -42.8 38.0 

95 C 51.9 22.8 
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Fig. 11.  Velocity and range estimation results by Multiple 

Frequency CW with two initial frequencies. 
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