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Mixed Signal Detection/Identification

* Mixed signal: multiple

Spectrum Analysis of mixed signals

signal components i o~ 0 02
. . o o Spectrum Overlap: 100 %
with significant 0 .
spectrum overlap 5!
* Spectrally congested K
and contested i
environment 1ol
* Cognitive radio and 4 |
dynamic spectrum 3 . ! R |
Frequency (Hz) 10"

access network



Spectral Correlation Function (SCF)
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SCF and SOF of Mixed Signals with Higher-
order Modulations
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SOF based Mixed Signal Detection
and Symbol Rate Estimation

Three-step algorithm to AN————

{In Flat Fading Channel: SNR = 10 dB, pawer difference = 3 d8)

H Signal 1: BPSKF (1)=20kHz, R (1)=2.5kHz, 1 (110, ¢, (10
detect signals S 2 QPO F 2 e R oA, R0 o0
. . Spectrum Overlap: 100 %
1 . EStI m ate th e m IXed Speciral coherence features for mixed signals T T T

(In Flat Fading Channel: SNR = 10 B, power difference = 3 dB) 07
Signal 1: BPSK F (1)20kHz, R.(1)52 8kHz. t.(1)50, 9,(1)50

Signal’s Carrier Singal 2: QPSK F (2)=20.1kHz, R (2)=2.4kHz, 1.2)=0.1,4 2)=20. 9056 "
A 07 Spectrum Overlap: 100 % 2 ﬂ‘rj: -

frequency f. and null-
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through spectrum N
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analysis. 02 ="

2. Calculate the SOF ' Lt 1
around B/2 for a im0 2 20 20
cyclic frequency span
of B with fine
resolution.

3. Identify the number of
signals and estimate
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SDR Implementation
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SDR Implementation

Kalos Technologies, Inc.



SDR Implementation




Mixed RF Signal Generator
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SDR based Mixed Signal Generator

Global Parameters Local Parameters

Signal No. Modulation Amplitude Frequency Symbol Rate  Phase Delay Time Delay
Component 1 - offset (Hz) (Hz) (degree) (ms)
Number:

LoEesk o [ o | o | | [ o [ o
Sampling 1E5
Rate (Hz): 2 : | 1 | 0 | 1 | 0 | 0
Lowest

145E6 3 ( 0 (
RF (Hz): | 1] | | 1 | o] | ?
Transmission 4 | 1 | 0 | 1 | 0 | 0
. 15

Time (s):

) 1l 0 1 0 0
window Cl | | | | |
Type: anning

Setting Parameters Transmit! Exit




Global Parameters

Signal
Component B
Number:

.

Sampling 1E5
Rate (Hz):

Lowest 145E6
RF (Hz):

Transmission
Time (s):

1!

Tpe,  Raised Cosne 2
Type: aise osine v

Raised Cosine

Hanning I
None

Setting Parameters J

Pulse Shaping Filter

Local Parameters

o, Modieton  Amohute IR Smisiiae Pty T o

w1 — —

2w [ —

> w1 ——

=l " ——

s e 4 [ 1| — —
Transmit! Exit
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Modulation Type

Global Parameters Local Parameters
ignal . . F Symbol Rat Phase Delay Time Del

?c?r?\?) et :|5 . No.  Modulation  Amplitude o;fizl:e(gcz))/ )’m(:z) i (taisleez)ay Im(?ns)e ay
Number: 1 l ) | 8 | - | - l -
Sampling 1E5
Rate (Hz): 2 l 1 I 0 | 1 I - ’ 0
o | 1458 - R o | [ o [ o
Transmission Iils 4 l 1 | 0 | | | 0 l 0
Time (s): .

5 BPSK  ~ | 1 | 0 | 1| | o | 0

window . :
Type: Raised Cosine v

Setting Parameters J Transmit! Exit J




Global Parameters

User Number: 3 b
Sampling
Rate (Hz): | 1E6
Transmission | 1
Time (s):
Window Type: Hanning v

Setting Parameters

Other Parameters

Local Parameters

User  Modulation  Amplitude

Frequency (Hz)  Symbol Rate (Hz)

1 8esk o | 1| | 2.450e9 | led
2 opsk o | 2| | 2.4503e9 | 2e4
3 8SK v | 3 | 2.4497ed] | 3e4
S —  —
5 = | 0 | 0

[ o

Transmit!

Exit
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Mixed Signal Detector

RRAGDE

Panel

oot | .

Center Frequency(Hz) 145E6

Sampling Rate(Hz) 1E5
0.9 |-
Alpha Min 0.00000
Alpha Max 0.50000
) 0.8}
Frequency Resolution(Hz) 100
Read data J ‘
0.7 -

% 0.6 -
L s
% 0.5
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Case 1: Signals without Overlap

Global Parameters Local Parameters
Signal No. Modulation Amplitude Frequency Symbol Rate  Phase Delay Time Delay
Component 2 v offset (Hz) (Hz) (degree) (ms)
Number:
1 BPSK  ~ | 1 | 0 | se3 | o | 0
Sampling 1E5
Rate (Hz): 2 BPSK  v] | 1 | 134 | 7e3) | o | 0
Lowest —
145E6 3 BPSH v
RF (H2): | | | o| | 1] | o | L
Transmission | 15 4 BPS v | 1 | 0 | 1 | 0 | 0
Time (s):
5 BPS - i 0 1 0 0
Window C | | | | |
Type: anning v
Transmitting...
Setting Parametters _ =i




Case 1: Signals without Overlap

RO @ ‘-;:‘
Panel
N USRP
Center Frequency(Hz) [ 1ase6 |
Sampling Rate(Hz) 1ES
Alpha Min
Alpha Max
Frequency Resolution(Hz) 100

Data has received, and saved to file:
temp_rx.dat

received signal
T
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Case 1: Signals without Overlap

SV AR -
Panel
—
Center Frequency(Hz) [ 1ases | v ] ! ! ! ] ] ! ] !
Sampling Rate(Hz) 1ES
Alpha Min 0.00000
Alpha Max 1 -
Frequency Resolution(Hz) 100
Read data I Analyze data '

Time Domain 08 ]

__ Frequency Domain_|
¢ C

% 0.6

Data has received, and saved to file: 04 4
temp_rx.dat
0.2f 4
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Case

Center Frequency(Hz) 145E6

Sampling Rate(Hz) 1ES

Alpha Min

Alpha Max

Fregquency Resolution(Hz) 100

Read data ‘ Analyze data ‘

Time Domain
Frequency Domain
SCF -- Symbol Rate

SCF -- Carrier Frequency

Analyzation finished.
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3D map
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Case 1: Signals without Overlap

RAOL9E =

Panel

<108 a view result, accumulated all
T T T
Center Frequency(Hz) 145E6

Sampling Rate(Hz) 1ES 2 i
Alpha Min 0.00000
Alpha Max 181 T
Frequency Resolution(Hz) 100
16 -
Read data I Analyze data I

Time Domain 14 H .
Frequency Domain
SCF -- 3D 12 H —

SCF -- Carrier Frequency 1K * ‘ 7

The 3 peak(s) was found from the symbol rate

figure: ' ”
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Case 2: Signal with Significant

Panel

Center Frequency(Hz) [T1asEs ]
Sampling Rate(Hz) 1ES
Alpha Min 0.00000
Alpha Max |%
Frequency Resolution(Hz) 100
Read data ‘ Analyze data |

Time Domain
__ Frequency Domain_|
__sc-m |
__SCF - Symbolrate |
_SCF — Carrir Frequency |

Data has received, and saved to file:
temp_rx.dat
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Case 2: Si

R RV AOR'

Panel

Center Frequency(Hz) 145E6

Sampling Rate(Hz) 1ES
Alpha Min ) 0(
Alpha Max ,7
Frequency Resolution(Hz) 100
Read data J Analyze data I

Time Domain
Frequency Domain
SCF -- Symbol Rate

SCF -- Carrier Frequency

Analyzation finished.
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Case 2: Signal with Significant
Overlap

VOB ~

Panel

—'] %109 o view result, accumulated all
T T T T
Center Frequency(Hz) 145E6

Sampling Rate(Hz) 1ES
Alpha Min 0.00000 12 .
Alpha Max ﬁ
Frequency Resolution(Hz) 100
Read data | Analyze data | 10 7

Time Domain
Frequency Domain

8 H -
SCF -- 3D
SCF -- Carrier Frequency
6 H _
The 3 peak(s) was found from the symbol rate
figure: a A A 1
OHz(F1); AN
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Global Parameters

Signal

Component 3 v
Number:

Sampling | 165
Rate (Hz):

Lowest | 14566
RF (Hz):

Transmission | 15
Time (s):

window -

Type: Hanning +

Local Parameters

No.

Setting Parametters

Together

Case 3: 3 Signals Mixed

Modstion  Amplitude RSN SO e e Y Ty

- | 1 | se3| | o | 0

- | 1 | se3 | o | 0

| 1| | 7e3 | o | 0

sk~ | 1| | 1| | o | 0

BPSH - 1 | 1| | o | 0
Transmitting...
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Case 3: 3 Signals Mixed
Together

R0 E

Panel

_—[ x108 o view result, accumulated all
T T T T
Center Frequency(Hz) 145E6

Sampling Rate(Hz) 1ES
Alpha Min 25|t |
Alpha Max
Frequency Resolution(Hz) 100
Read data I Analyze data I >l |

Time Domain I

Frequency Domain J

SCF -- 3D I

I 15[ 1

SCF -- Carrier Frequency |

The 4 peak(s) was found from the symbol rate \ [“[
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Cyclostationary Analysis based Mixed Signal
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