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Software Defined Radio (SDR) technology has attracted attention because of its great flexibility as a multi-mode radio 

terminal. The undersampling system is developed as one of the technologies to achieve simultaneous reception of multiple radio 

systems using a single terminal. Generally in the undersampling system, the desired signal cannot be correctly demodulated when the 

other simultaneously received signal (=interference) overlaps or neighbors the desired spectrum in the frequency region after 

undersampling. Hence, the sampling frequency by which the overlapping can be avoided is usually selected. However, in the method,

the sampling frequency inevitably becomes large to avoid the generation of the interference. On the problem, the paper proposes a 

new multi-signal detection technique in the undersampling system using an interference canceller. The scheme reduces the effect of 

the interference and, as the results of the reduction of the interference, the increase of the sampling frequency is suppressed. The 

principle of the technique and the receiver configuration are introduced and they are followed by numerical analysis of the 

performance based on the computer simulations. The effectiveness of the proposed system is discussed based on the results of the

computer simulations. 
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receiver configuration using canceller 

(b) Configuration of demodulation unit (Rx) and 
modulation unit (Tx) in canceller 

Fig. 1.  Receiver configuration based on undersampling with 
canceller. x is D (desired signal) or U (undesired signal). 
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アンダーサンプリングにおけるキャンセラを用いた複数信号同時受信方式

UP
Sample

Data1
(Desired)

LPF

/ 2 phase
shifter

Deci
mation

Data1
(Desired)

LPF

Noise

QPSK
Demod

/ 2 phase
shifter

QPSK
Mod

UP
Sample

Data2
(Undesired)

LPF

/ 2 phase
shifter

Deci
mation

Data2
(Undesired)

LPF QPSK
Demod

/ 2 phase
shifter

QPSK
Mod

1

2

Q
uantization

Desired

Undesired
Memory

400kbit/s
200ksymbol/s

800ksymbol/s

500Msample/s

50.4
MHz ~

50.7
MHz ~

0.4
MHz~

0.7
MHz~

5M
sample/s

200ksymbol/s
400kbit/s

400kbit/s
200ksymbol/s

800ksymbol/s

500Msample/s

200ksymbol/s
400kbit/s

Drr DU (2)

DURD

2

2

2

22

UU

D
D

r

r

r

DDUR (3)

DURU

DURU DURD
DUR

DUR D DURD

U

2

2

U

D
DDUR  (4)

x

1

Fig. 1(a)

1

2

3 4

DUR

(DUR 0dB)

DUR

(DUR<0dB)

1

Fig. 2

Fig. 1 Fig. 2  

          

Fig. 2.  Configuration of multi-signal detection technique in 

under-sampling systems. 
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0 ~ 10 stageNumber of canceller stages
Floating point or 1~16 bitQuantization bit width
5 Msample/sSampling rate

0 ~ -80 dBDUR ( 1
2/ 2

2)

Desired:50.4MHz
Undesired:60.4~60.7MHz

Career frequency

Root Nyquist filter (roll-off factor = 0.5)
Single side length : 3 symbol

Filter

QPSKModulation / demodulation
200 ksymbol/sSymbol Rate

Table 1.  Simulation parameter.  
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アンダーサンプリングにおけるキャンセラを用いた複数信号同時受信方式
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Fig. 5. Adjacent channel interference without canceller
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アンダーサンプリングにおけるキャンセラを用いた複数信号同時受信方式

D
U

R
 [d

B
] 

40

20

0

-20

-40

-60

-80
0  100 200 300 400

Frequency difference [kHz]Frequency difference [Hz] 

Degradation of BER [dB]

D
U

R
 [d

B]
 

0 100                        200          300                        400
Frequency difference [kHz]

40

20

0

20

40

60

80

40

20

0

-20

-40

-60

-80

0  100 200 300 400
Frequency difference [kHz]

Frequency difference [Hz]

Degradation of BER [dB]

0 2dB

2dB 2dB

Fig. 7(a) DUR<0dB

0kHz 100kHz 200kHz

2dB

300kHz

DUR 0dB

-30dB

LPF

Fig. 7(a) (b)

DUR>0dB

DUR<0dB

0kHz 100kHz

-20dB -80dB 200kHz

-10dB -80dB BER

300kHz 0dB

-80dB

BER

Fig. 7(b) 0kHz 100kHz

0dB -20dB 200kHz

0dB -10dB

Fig. 8 0kHz

BER (a) 0dB

0kHz

DUR (b) DUR -18dB

(a) Without canceller 

(b) Single stage canceller 

Fig. 7. Degradation of BER when DUR and frequency 
difference are changed with canceller by floating point 
processing.

BER

DUR -10dB 1

1

123



（　  ）62

岩 井 誠 人・山 崎 和 裕・笹 岡 秀 一

Eb/N0  [dB]

B
it 

Er
ro

r R
at

e 

Eb/N0  [dB]

B
it 

Er
ro

r R
at

e 

Stages of canceller

D
U

R
 [d

B
]

0

-4

-8

-12

-16

-20
0 1 2 3 4 5 6 7 8  9 10

Degradation of BER [dB]

Eb/N0  [dB]

B
it 

Er
ro

r R
at

e 

(a) DUR : 0[dB] 

(b) DUR : -18[dB] 

Fig. 8. BER performance of desired signal and undesired signal 
with single stage canceller when frequency difference is 0kHz. 

0kHz DUR -9dB

1 3

BER Fig. 9 1

BER 2 3

DUR BER

Fig. 10

2 DUR

6

2

Fig. 9. BER performance of desired signal with 3 stage 
canceller when frequency difference is 0kHz. (DUR : -9[dB]) 

Fig. 10. Degradation of BER performance when DUR and 
number of canceller stages are changed by floating point 
processing

2

1

1 |DUR|>10dB

|DUR|<10dB

DUR

|DUR|<10dB

124



（　  ）63

アンダーサンプリングにおけるキャンセラを用いた複数信号同時受信方式
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