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Abstract We have already proposed a multiple target detection for stepped multiple freqeuncy interrupted CW

radar for targets those distances are short and speeds are low. We represented the possibility of the range estimation

error caused by the Doppler frequency differences which are derived by the differences of the stepped frequency when

the target distances are long and the target speeds are high [2]. In this paper, we propose a compensation method

that can reduce range estimation error caused by the Doppler frequency differences. Moreover, we represent the

range estimation error of reflected points is reduced by 1/4 time beyond with the proposed method, when the length

of the two reflected points is 1/2 distance resolution and S/N is 0 dB.

1. ま え が き

ICW (Interrupted Continuous Wave)

[1] ICW

FFT(Fast

Fourier Transform) ( S/N )

( )

[1] ICW

FFT

[2]
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2. 通常のドップラー補正を行う多周波ステップ
ICW方式

[1]

ICW

1 [1]

ICW 2

[1]

FFT

2 1

u1,np , u2,np , · · · , uNf ,np

(1 <= np <= Np) Np

Nf nr

u′1,np,nr
, u′2,np,nr

, · · · , u′Nf ,np,nr

A/D

A/D

s1,np,nr , s2,np,nr , · · · , sNf ,np,nr 1

A/D

s1,np,nr , s2,np,nr , · · · , sNf ,np,nr

snf ,np,nr = Anf ,nr exp
(
j2π

2v

c
fnf (np − 1)NfTPRI

)
+wnf ,np,nr (1)

fnf = f1 + (nf − 1)Δf (2)

c :

v :

Δf :

Anf ,nr : snf ,np,nr

TPRI :

Anf ,nr

r nf j2πΔf 2r
c

wnf ,np,nr A/D snf ,np,nr

FFT

A/D s1,np,nr , s2,np,nr , · · · , sNf ,np,nr

FFT S/N

FFT p1,nd,nr , p2,nd,nr , · · · , pNf ,nd,nr

nd (0 <= nd <= Np − 1) pnf ,nd,nr

pnf ,nd,nr =

Np∑
np=1

snf ,np,nrhnp,nd (3)
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hnp,nd = exp

(
−j2π nd

Np
(np − 1)

)
(4)

hnp,nd FFT nd

FFT p1,nd,nr , p2,nd,nr , · · · , pNf ,nd,nr

CFAR(Constant False Alarm

Rate)

ñr

ṽ ñr

L-PRF(Low-Pulse Repetition

Frequency) ṽ

( )

ṽ nd ñd(nf )

( fnf

nf ) ñd(nf )

FFT pnf ,ñd(nf ),ñr

rnf = r′nf
r′′nf

(5)

r′nf
= exp

(
−j2π 2ṽ

c
f1 (nf − 1)TPRI

)

r′′nf
= exp

(
−jπNp − 1

Np

)

(5) r′nf

f1
2ṽ
c
f1

r′′nf

(r′′nj
) nd pnf ,nd,nr

pnf ,nd,nr =

Np−1∑
np=0

snf ,np,nr exp

(
−j2π nd

Np
np

)

= C exp

(
−j2πnd(Np − 1)

2Np

)
(6)

C =
snf ,1,nr∣∣snf ,1,nr

∣∣
∣∣∣∣∣∣
Np−1∑
np=0

snf ,np,nr exp

(
−j2π nd

Np
np

)∣∣∣∣∣∣
nd + 1 pnf ,nd+1,nr

pnf ,nd+1,nr =

Np−1∑
np=0

snf ,np,nr exp

(
−j2π nd + 1

Np
np

)

= D exp

(
−j2π (nd + 1)(Np − 1)

2Np

)
(7)

D =
snf ,1,nr∣∣snf ,1,nr

∣∣
∣∣∣∣∣∣
Np−1∑
np=0

snf ,np,nr exp

(
−j2πnd + 1

Np
np

)∣∣∣∣∣∣

=
Np − 1

Np
π (8)

qnf ,ñd(nf ),ñr FFT

pnf ,ñd(nf ),ñr rnf

w2nf ,ñd(nf ),ñr

qnf ,ñd(nf ),ñr

qnf ,ñd(nf ),ñr = pnf ,ñd(nf ),ñrrnf

= Anf ,nr

Np∑
np=1

exp
(
j2πθnf ,ñd(nf ),ñr

)
+ w2nf ,ñd(nf ),ñr (9)

θnf ,ñd(nf ),ñr =

(
2v

c
fnf −

ñd(nf )

Np

)
(np − 1)

−2ṽ

c
f1 (nf − 1)TPRI − {ñd(nf )− ñd(1)}Np − 1

2Np

q1,ñd(1),ñr , q2,ñd(2),ñr , · · · , qNf ,ñd(Nf ),ñr MUSIC(MUltiple

SIgnal Classification) [3] ESPRIT (Estimation of Signal

Parameters via Rotational Invariance Techniques) [4]

Anf ,nr (

(1) ) j2πΔf 2r
c

r

3. 提案のドップラー補正を行う多周波ステップ
ICW方式

ICW

FFT

3 ICW

FFT

αnf ,np,ñd(nf )

αnf ,np,ñd(nf )

= exp
(
−j2π 2ṽ

c
fnf (np − 1)NfTPRI

)
(10)

(1) A/D snf ,np,nr (10)
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3 ICW

s′nf ,np,ñd(nf ),ñr

whnf ,ñd,ñr s′nf ,np,ñd(nf ),ñr

s′nf ,np,ñd(nf ),ñr
= snf ,np,nrαnf ,np,ñd(nf )

= Anf ,nr exp

(
j2π

2(v − ṽ)

c
fnf (np − 1)NfTPRI

)

+whnf ,ñd,ñr (11)

s′nf ,np,ñd(nf ),ñr

p′nf ,ñd(nf ),ñr

αnf ,np,ñd(nf ) (10)

p′nf ,ñd(nf ),ñr

p′nf ,ñd(nf ),ñr
=

Np∑
np=1

s′nf ,np,ñd(nf ),ñr

= Anf ,nr

Np∑
np=1

exp

(
j2π

2(v − ṽ)

c
fnf (np − 1)NfTPRI

)

+wHnf ,ñd,ñr

wHnf ,ñd,ñr =

Np∑
np=1

whnf ,ñd,ñr (12)

FFT

FFT

4. 性 能 評 価

4. 1 パラメータの設定

Np : 16

Nf : 8

f1 : 10 GHz

Δf : 1.25 MHz

Tfft : 4ms

v : 300m/s

4. 2 超分解能処理入力信号の振幅変動と位相変動の評価

( ) (

)

Anf ,nr

( )

Anf ,nr

qnf ,ñd(nf ),ñr (9)

— 4 —- 10 -



�������	
��


�������	
��


1 2 3 4 5 6 7 8
0

0.2

0.4

0.6

0.8

1

送信周波数番号

振
幅

 [最
大
値
で
正
規
化

]

1 2 3 4 5 6 7 8
-3

-2

-1

0

1

2

3

送信周波数番号

位
相

[ra
d]

(a) (b)

4

�������	
��


�������	
��


-30 -20 -10 0 10
10

-2

10
-1

10
0

S/N [dB]

   
   

   
  距
離
差
推
定
誤
差

 [1
/4
パ
ル
ス
幅
で
正
規
化

]

-30 -20 -10 0 10
10

-2

10
-1

10
0

S/N [dB]

   
   

   
  距
離
差
推
定
誤
差

 [1
/4
パ
ル
ス
幅
で
正
規
化

]

(a) (b)

5 S/N

=

Np∑
np=1

exp
(
j2πθnf ,ñd(nf ),ñr

)
(13)

θnf ,ñd(nf ),ñr =

(
2v

c
fnf −

ñd(nf )

Np

)
(np − 1)

−2ṽ

c
f1 (nf − 1)TPRI − {ñd(nf )− ñd(1)}Np − 1

2Np
(14)

p′nf ,ñd(nf ),ñr
(12)

=

Np∑
np=1

exp
(
j2π

2δv

c
fnf (np − 1)NfTPRI

)
(15)

δv = v − ṽ

δv f1

−
2

δv

(16) −1.17 × 10−1m/s

δv = −
2

× c

2f1

= −1.17× 10−1m/s (16)

4(a)

4(a)

(13)

(15)

4(b)

4(b)

(13)

(15)
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4. 3 測距誤差の評価

7.5m 20MHz (2.5MHz×
8=20 MHz) 15m 1

2

240 m/s f1

v − ṽ

5 S/N

5 S/N

(a) (b)

S/N

dB

15m S/N

S/N 0dB

1
4

5. ま と め

ICW

FFT

S/N 0dB 1
2

1
4
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