The Generating Technology
of Wideband Radar Signals



(CIP)

/ _
,2002.1
ISBN 7-118-02543-7
.TN957.52
CIP (2001) 20390
( 23 )
( 100044)
850x 1168 1/ 32 7 180
2002 1 1 2002 1 1
:1—1000 :18. 00




1988












, DDS

6
1
2 (DDS)
: , DDS

,  DDS
3 DDS ,
DDS DDS DDS DDS + PLL

DDS

4
DDS : :
, DDS (PPL)

03236 , , DDS
, 03236 1200 1650 M Hz , 1 GHz

: 200 650 MHz

5

, T MS320C31



, TMS320C31 ;

DDS PLL
6
(Chirp) (
) Barker
M— L—
, Delphi
DDS 03236
2001 1



e el e e e L

I N N NN
g A W DN

P MDD DDDPD
g b~ W DN -

o

-

aa ~ W0 W Pk Pk

10
11
13
13
13
14
15
15
16
18
21
25
28
28

28
30
33



N DD OB DD O DD

oWk, WWW PPN

DDS
2 1 DDS
22 DDS
DDS
31 DDS
3 2 DDS
DDS
DDS
51
5 2
5 3 (DAC)
DDS
DDS +
21
22 DDS+
2 3 DDS
DDS
31
32 DDS
DDS + PLL
51
52 DDS
5 3
5 4
11

(DDS + PLL +

)

34
35
37
41
41
44
49
53
53
56
59
63
63
66
66
69
70
72
72
75
76
77
77
77
80
81
86

86
86



4 12

413

414 DDS+ PLL +

42 DDYPLL

4 21 DDY PLL

4 2 2 DDY PLL
4 23 DDS PLL

4 3

431

4 3 2

4 33 PCB
4 34

5

al

all

al?

Q2

a2l

Q22 TMS320C31

923 TMS320C31

Q24

Q25

a26 C31

927

928 TMS320C31

Q29 74F244
2210

9211 DDS 74F574
Q212 PLL M A X501

88
89
91
92
92
93

95
101
101
103
129
132
136
136
136
137
139
139
141
141
145
148
149
152
153
153
153
154
154



o
o e B~ OO W N O

i i i el ol
~N OO O B W DN B

()
H

13
14

M A X550

Barker

Delphi

DDS

Q3236
DSP

154
167
167
171
171
171
175
179
180
181
185
187
189
189
189
196
196
197
201
201
202
208
210



Contents

Chapter 1 Theoretical Analysis of Wideband Radar Signals

1.1 Classification of Radar Signal Waveforms & W ays to
Widen Bandwidth

T heoretical Basis for Design of Wideband Radar
Signal W aveforms

1.2

e

R N

.2.1 Radar Signal Waveforms-Signal Detection-

2.2

2.3
2.4

.2.5

M atchfiltering

Estimation for Signal Forms & D estination

parameters (Ry)

Radar Resolution & Signal Waveforms

Signal for Large Timewidth Bandwidth Product -

Pulse Com press

Relation between Signal Waveform & Radar
E.C.M.”

Principles of Radar Signal Waveform Design

.3.1 Genenc Method of Waveform Design

.3.2
.3.3

Problems to be Solved in Waveform Design
M utual Restriction of Radar Signal Parameters

Several Typical Wideband Radar Signals

4.1

4.2

Radar Signal with a A mbiguity Diagram of
Plumb Sharp Shape
Radar Signal with a A mbiguity Diagram of
Thumb Sharp Shape

10

11
13
13
13
14
15

15

16



1.4.3 Radar Signal with a A mbigurty Diagram of
Shear Knife Shape
1.4.4 Radar Signal with a Ambigurty Diagram of
Nail Bed Shape
1.4.5 Several Radar Signals of Special Shapes
Chapter 2 Generating Technology of Radar Signal Waveforms
& Direct Digital Synthesis (D DS)
2.1 General Develop ment of Generating Technology
of Radar Signal W aveforms
2.1.1 Pulse Radar & CW Radar (or FM CW Radar)
Signabk
2.1.2 Generation & Develop ment of Linear F M
Signal
2.1.3 Directly Digitally Synthesized Com plex
W aveforms
2 Working Principle & Charactenstic of DDS
2.2.1 Working Principle of DDS
2.2.2 Characteristic of DDS
3 Analydss on Frequency Spectrum Characteristic
of DDS Output Signals
.3.1 Analysis on Frequency Spectrum C haracteristic of
DDS Output Signals with Ideal Parameter
W aveform Output

N

2.3.2 Analyss on Frequency Spectrum Characteristic of
DDS Output Signals with Practical Parameter
Waveform Output
2.4 How to Improve The Frequency Spectrum Purity
of DDS
2.5 Consideration in Desgn of Low Spurious DDS Chip

18

21
25

28

28

28

30

33

34

35

37

41

41

44

49

53



2.5.1 Design of Waveform Memory
2.5.2 Effective Output of Optimized Phase Accumulation

2.5.3 Selection of DAC
Chapter 3 New Generating Technologies of Wideband
Radar Signal Wavefor ms
3.1 Generating Wideband Radar Signals Directly with
DDS
3.2 Widening Frequency Band with DDS + M ulaplied

Frequency
.2.1 Mulaplied Frequency Pnnciple

w w

.2.2 Scheme to Widen Frequency Band with DDS +
M ulaplied Frequency

.2.3 A Schemefor DDS Mukaplied Frequency to
I mprove the Frequency Spectrum Purity

w

3.3 Widening Frequency Band with DDS U p-frequency
Conversion

w

.3.1 Analysis on Up-Frequency Conversion Psinciple

w

.3.2 Scheme to Widen Frequency Band with DD S
U p-frequency Conversion
3.4 Widening Frequency Band with DDS + PLL
Design OFf Low Phase Nomse, High Resolution Direct

o1

Digital Frequency Synthesizer
3.5.1 Characteristics of Low Phase Noise, High
Resolution Frequency Synthesizer
3.5.2 DDS Chip & Parameter Choice
3.5.3 Design of Frequency Synthesizer Scheme
3.5.4 Design of Control Circuit
Chapter 4 Design of Wideband, Ultra- Wideband Radar

53

56
59

63

63

66
66

69

70

72

72

75
76

77

77
77
80
81



Signal W aveform Generator 86
4.1 Expanding Technology of Wide Band, Ulra Wide Band

Signal Frequency 86
4.1.1 Fundamental Principle of Digital Phase - Locked
Frequency Synthesizer 86
4.1.2 Transfer Function & Loop Circuit Parameter of
Digrtal Phase-Locked Loop 88
4.1.3 Phase Noise of Digital Phase-Locked Frequency
Synthesizer 89
4.1.4 Widening Frequency Band with DDS + PLL +
Mixture Frequency 91
4.2 DDY PLL Combinatorial Signal Waveforms
Synthesizer 92
4.2.1 DDY¥ PLL Frequency Synthesizer with Out Loop
Mixture Frequency 92
4.2.2 DDY¥ PLL Frequency Synthesizer In Loop Inset
M ixture Frequency 93

4.2.3 DDY¥ PLL Frequency Synthesizer & Analysis on

Phase Noise & Spurious 95
4.3 Design & Realization of Ultra- Wideband Radar

Signal W aveform Generator 101

4.3.1 Scheme of Ultra- Wideband Radar Signal Waveform
Generator 101

4.3.2 Design Of Ulra- Wideband Radar Signal Waveform
Generator 103

4.3.3 PCB Dedgn of Signal Waveform Generator Circuit
129

4.3.4 Experiment Result of Ultra- Wideband Radar Signal
Waveform Generator 132

Chapter 5 Design of High-Speed Control Circuits for
8



5.1

5

5

5.2
5

ol

o1 o1 o1 Oo1 O1 Ol

Digital Frequency Synthesizer
Scheme Selection & Majoe Function of High-Speed
Control Circuits
.1.1 Scheme Selection of High-Speed Control Circuits

.1.2 Host Computer Com munication Interface
Hardware Design for High-Speed Control Circuits

.2.1 Hardware Structure Block Diagram for High-Speed

Control Circuits
T MS320C31 Reset Circuit
T MS320C31 Guard Circuit
.2.4 Decoding Circuits Design for High-speed Control
System
.2.5 Memory Structure of High-Speed Control System

6 C31 Interruption Control System
7 System SelfChecking Circuit
.8 TMS320C31 Memory Structure
9 Data Input Buffer 74F244
.10 Communication Control Buffer
.11 DDS Control Com mand Output Buffer
74F574(U2)
.2.12 PLL Control Signal & M A X501 Control Output
Buffer
.2.13 M AX550 Control Signal
.2.14 Data Output B uffer
Software Design for Microcom puter Controlled
High-Speed Control Circuits

N DD DD DD DD

Chapter 6 Software Design for Wideband Radar Signal

Waveform Generation

136

136

136
137
139

139
141
141

145

148
149
152
153
153
153

154

154

154

167

167

171

9



