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Abstract

The intent of this book is to present guidance and control principle of tactical missiles. It includes basic
concepts of guided missile, fundamental concepts of vehicle dynamics, dynamical equations and kinematic
equations of vehicle, longitudinal state equation and transfer functions, lateral state equation and transfer
functions, fundamental principle of missile guidance and control system, guidance laws, autopilot design,

command guidance systems, homing guidance systems, and guidance and control system hardware-in-the-loop

simulation.
This book is suitable for international postgraduate and advanced undergraduates majoring in navigation,

guidance and control, and also suitable for engineering and technical personnel engaged in the design and

development of guided missiles.
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Preface

The intent of this book is to present guidance and control principle of tactical missiles.
The book describes onboard control and guidance devices and off-board guidance devices, and
moreover, discusses the analysis and design about the system. This book consists of eleven
chapters. Chapter 1 introduces basic concepts of guided missile. Chapter 2 presents the
fundamental concepts of vehicle dynamics. The forces and moments acting on the vehicle are
also presented. Chapter 3 discusses vehicle dynamical equations and kinematic equations.
Based on small-disturbance theory, Chapter 4 discusses vehicle longitudinal state equations
and transfer functions. Chapter 5 deals with lateral state equations and transfer functions.
Chapter 6 presents fundamental principle of missile guidance and control system. Chapter 7
focuses on guidance laws. Autopilot design is discussed in Chapter 8. Chapter 9 is devoted to
command guidance systems. Chapter 10 focuses on homing guidance system. Chapter 11
summarizes guidance and control system hardware-in-the-loop simulation.

To help readers understand the concepts presented in the text, a number of worked-out
examples are given throughout the book. MATLAB source code listings about these
examples are also presented in the text. The examples demonstrate ideas in analysis,
computer-aided design, simulation, and numerical algorithms. The examples, which are
easily reproducible, offer reference for students to study or for engineers to perform
engineering design. This book differs from similar books on the subject in that it presents a
detailed account of vehicle aerodynamics, vehicle mathematical models, flight control, and
guidance devices (mainly including radar guidance devices and infrared devices). The book
maintains certain essential contents about guidance theory. Further more, it discusses
guidance techniques from engineering application view. Guidance devices and guidance
methods directly or indirectly come from actual missile types. Hardware-in-the-loop
simulation is a vital phase in development process for guided missiles. This technique is
described in the book as well.

This book is intended as a textbook for the guidance principle course for international
postgraduates, and will be of benefit to advanced undergraduates majoring in navigation,
guidance and control as well. The book offers very useful help to engineers engaged in the

design and development of guided missiles.



Guidance Principle of Missiles

I would like to take the opportunity to thank many people who contributed in some way
to the contents and publication of this book. First of all, I would like to express my
appreciation to Dr. Zhao Haiyuan for her support. Next, I would like to thank Professor Li
Chunjin who reviewed the manuscript and made many helpful, constructive suggestions. In
addition, I would like to thank my student, Miss Guo Yanlin, who checked the manuscript.
Finally, I would like to express my gratitude to the editorial and production staff of Beihang
University Press for their hard work in the publication of this book.

To this end, all criticism and suggestions for future improvement of the book are
welcomed.

Jiang Jiahe
November, 2011



Contents

CHAPTER 1 Introduction to Missile Guidance :--rserrerrerereiritiiiiiiiiiiiieiictictnceneeneenees |

Development History of Rockets and Missiles
Categories of Guided Missiles
Missile Gilidance SYSTEIS --- sreass 6554s iaarts sanans ssaiies i5asns Svasns 154isas Fpoidos sescass spanis b

Introduction to Command Guidance System

= = B = =

.5.1 Basic Concept and Classification of Homing Guidance System

© 0 00 & P DN =

.5.2 Introduction to Seeker
1.
1. AULOPIlOts =++veesresremrsunsuestontentinentm it i e it st st e e s e e e aeeaeeaes |4
1.8 (Vitliie: GF TRE BUOGIE e wvoome nan s mun masiis isisan 18A58 EERERE RHAINE BipERs vt ssvg s sosia i psonk 1

R CE P AIGEE,  #vs a8 55 5505065150 505 #5838 i S0 R S8 EPOTES, RSO EOMERR Fuoits ¥ ¥oiiais o woio o Koo s ¢ wiwwie. 116

1
2
3
4
5 Introduction to Homing Guidance System ««««--esseeesmeesmsmniirimin.
1
1
6 Brief Introduction to Cuidance Laws saseusesswesssenes ssnissssssions sasmss savas snsas s momusn 13
7

CHAPTER 2 Basic Knowledge of Flight Dynamics TR TR T, 4

Coordinate Frames creceeeeeeeseeenettiteteiiiiiiieiieiieisnistsoteetsocsossessencscnsnessees |7
Motion Parameters ereeereresecttnettiiittiiiitttiitttticttataattisttsssiesssscssssccscescannees |9

Geomebrical Parameters. of Nehicle: st ssusss voness susiows sonmes seminss suvmes sumsoe somans wiszin. 9D

DD DN NN

1
2
3
4 Forces and Moments Acting on Vehicle +reerereerrrmneriamiiiii e 23
2. 4.1  GTAVity ceeeeeeessesenssneome ittt st e e e ses s e e s e e s 24
2.4.3 Aerodynamic FOrces —wsereeeesrmsrsemenmnemsniimitoniitineiee s 26
2.4.4 Aerodynamic MOments w-eesssserssnsessnnsassnsennnnsnnneeinsanniis e inesneeens 30
2.5 Hinge Moments of Control Surfaces =+=«ssssssssereersumntermniiiiiiii . 36

Relbtotican sscessssussssossrmnssssnss dsnnsstinsts arsuvs Gons b Asss5E 0o sesmse sonuss savmns drwvnnnwsnnvth BT
CHAPTER 3 Equations of Motion for Vehicle ««-«cctceoeeteeseeiriiii .. 38

3.1 TNtTOdUCTION  rreeer e eessenonnoaeeesseeassonoeeoesassossossosssssossssscssansocssnssssensssnonenns 38



Guidance Principle of Missiles

3.2 Dynamic Equations - 40
3.2.1 Force Equations - 40
3.2.2 Moment Equations - 41

3.3 Kinematical Equations seswsssvssssesisnsssas srvsnsrsnnss sssare snswon sasmon sonnn ssnnsa aonssnsss 42
3.3.1 Kinematical Equations of the Mass Center of Vehicle - 42
3.3.2 Angular Motion Equationg s-«sssscevssscrosssensss sivstnscunes ssssansre sosspgaesses nooss &5

3.4 Small-disturbance Theory - 47

References - 51

CHAPTER 4 Longitudinal Motion -:-:-:-:v--e- i b2
1 State Variable Representation of the Linearized Longitudinal Equations  «+------ 52
2 Longitudinal Transfer Functions - 54
3 Longitudinal AppProxXimations -« «t+sssssssressseecrsseeensuenrunecseeessstesnnssessnnsccneesss 56
4,3.1 Short-period Approximation - 56
4,3.2 Short-period Approximation Transfer Function - 57
4. 3.3 Effect of Altitude and Airspeed on Short-period Mode Characteristic
Parameters - 58
4.3.4 Long-period Motion Approximation «s«+-«essssssseessresmssssimsuntisieneniensinees 59
4.3.5 Effect of Altitude and Airspeed on Long-period Mode Characteristic
Parameters - 60
4.4 Effects of the Variation of Aerodynamic Derivatives on the Longitudinal
Motion - 61

4.5 Solution of the Longitudinal Equations (Control Surface Locked) - 62

4.6 Transient Response of Vehicle - 67

4.7 An Integrated Example - 70

References - 76

CHAPTER 5 Lateral Motion - 77

5.1 State Variable Representation of the Linearized Lateral Equations ««-+seseesreeeeees 77

t 9 Dateral Transfer FUDCiGnS, sovess s simssnsssensgvisvessnisiss . 79

5.3 Lateral Approximations - 83
5.3.1 Roll Approximation «e:eceseeeeeces ceeee 83
5.3.2 Effect of Altitude and Airspeed on Roll Mode Characteristic Parameters --- 84



Contents

5.

5.

5
5

5
4

5

. 3.3 Dutch Roll Approximation -+-++++
.3.4 Effect of Altitude and Airspeed on Dutch Roll Mode Characteristic
Parameters
.3.5 Spiral Approximation
Effect of Aerodynamic Derivative Variation on Lateral Dynamics
Characteristics
Examples of Lateral Motion

Small Disturbance Motion Equation Reduction for a Missile with Two

Symmetrical Planes -

References ««+«-«--

CHAPTER 6 Flight Control of Missile

6.
6.

1
2
6
6
6

3
6
6
4
5
6
6
6
6.
7
6
6
8
9
6
6

Introduction

Control Force Generation «-:esseeeseeeeseens
.2.1 Aerodynamic Force Control ----
.2.2 Thrust Vector Control

.2.3 Rocket Injection Control
Steering Components cesesscesscsanes
.3.1 Aerodynamic Control Surfaces «=-+=++---:-

.3.2 Jet Steering Components
Missile Maneuverability and Load Factor
Control Surface Specification
Flight Control System with Attitude Control
.6.1 Control System Components
.6.2 Longitudinal Control «-«=-«---
6.3 Lateral Directional Control
Guidance System with Acceleration Control

.7.1 Acceleration Control «:----

Roll Rate Stabilization
Missile Sepvos sessss snssssss
.9.1 Pneumatic Servos

.9.2 Hydraulic Servos

.7.2 The Two-acceleration Lateral Autopilot -

- 84

« 85
- 85

- 86
ws 87

- 96
- 103

-+ 104

- 104
- 105
- 105
- 107
- 109
- 109
- 109
« 111
- 112
- 114
- 116
- 116
- 117
« 119
- 121
- 121
- 124
- 126
- 126
« 127
- 129



Guidance Principle of Missiles

6.9.3 Electric Servos

6. 10
6.11
6.12
6.13
6. 14

Gyroscopes

Free or Position Gyroscopes
Rate Gyroscopes
Accelerometers ----

Altimeters «----+-+

References wemsmessmpsiduesn

CHAPTER 7 Guidance LLAWS vvvererenteneeetniiiiitttttetiotcetoneessscnsesonsstsssssssonsonsscnses

7.
7.

Motion of a Target
Remote Control Guidance Method

.2.1 Three-point Method

1
2
7
7.2.2 Lead Angle Method
3
4
5

7. Homing Guidance Relative Motion Equations

7. Pursuit Method

i Constant-bearing Guidance

7.6 Proportional Navigation

R el orenaes ot o s slesains et smaroneloeeles e civallsseiomals selomelma i s so

CHAPTER 8  Autopilot Design ««««««+eeseeessnntmttntamtnnuiitiit ittt et sas s i

® 0 0 20 2 ® 0o
(o2 S B N

T

Introduction

Autopilot of Roll Channel =« s «wseeersumemmsien et ettt e e
Autopilot Design Considering Body Flexibility «+-+essssseeeessrenseenieniiiiiiiiin
W
-« 182
- 187
- 192
- 198

Nonlinear Stability Loop Design for Roll Channel
Acceleration Control System Design
Longitudinal Control System Design for Cruise Missile

Lateral Control System Design for Cruise Missile

RiE O TGOSt 1+ v o st onsionis s Hsma e Saanasies SaBie s waiha e Ak bo S

CHAPTER 9 Command Guidance Systems

9.1

Principle of Command Guidance

9.1.1 Introduction

9.1.2 Actual Flight Phases ««teseeeseesrsrssnemteeumtemniitin ittt e e e

- 130
- 130
- 133
- 134
- 135
< 137
- 138

139

- 139
- 142
- 143
- 149
« 150
<« 153
- 155
- 155
- 164

165

- 165

167
171

< 199

= 199
< 199

203



Contents

9.1.3 Command Generation - 204
9.2 Guidance Stations - 207
9.2.1 Basic Concepts of Radars - - 208
9.2.2 Types of Guidance Stations #ecssseessesseistassessoossssscsssisssssasssssasassscscsscse 213
9.2.3 Radats of Guidance STATIONS ««- osee- ssonse ssass sasmss sonnnn snnnns swsnes srmons sanessaon D15
9.2.4 Guidance Radar Systems - 216
0.8 Linear Soamn RAGAE o cwascn ssumwss svens dosssh xoin s soe, o8 (930K 00ues 1aas) s svissn yasiss sesnes wiy B
9.3.1 Angle Measurement - 218
9.3.2 Range-tracking Systems - 221
9.3.3 Components of Linear Scan Guidance Radar «+-«+eeeeeeeeneenes - 223
9.4 Commands Transmission - 227
9.4.1 Transmission Channel - 227
9.4.2 Command Types «+«++eeseeeressre s smnemnemsmentmeuisit st seeseeseesnsesnsnn s 227
9. 4.3 Multiplex Manners of Commands - 228
9. 4,4 Modulation of COMIMAnds s+ «=sse«sssses ssasnesanwss sossos asssns sevsss soswanvonsns voses 298
9.4.5 Transmission Time Arrangement of Command Pulses «=+«teeseeereeeeeneeaeanes 229
9.4.6 Command Pulse Encoding - 231
9.4.7 Command Decoding and Demodulation < 232
9.5 Brief Introduction to Optical-electronic Technique - 233
9.6 Monopulse Guidance Radar - 234
9.6.1 Amplitude-comparison Monopulse - 234
9.6.2 Phase-comparison Monopulse - 239
9.7 Phased-array Radar - 241
9.7.1 Principle of Phase Scanning «+««e-«e-sessssssesssreesesimnassenneiinensnsenneneenes 241
9.7.2 Space Feed - 245
9. 7.3 Phase Shifters «-+e--reesessssseessenrnereamnereamnnnteeriiiiineeeieessnennnsnenaneseenns 247
9.7.4 Angle Measurement of Phased Array Radar «-+-ssereveeeseeereeenecneneceninnees 248
9.7.5 Range and Angle Tracking System of Phased Array Radar - 251
9.7.6 Brief Introduction to Multi-function Phased Array Radar « 252
9.8 Command Guidance System Design ««+«seeeeeeeeeees - 253
REFCrONCES. hsess ssaisss souinns £anps & $5wwa s oxniws s awaimss umeians anman b bh SIAFAK S4sSnE 152003 401883 n80iens wnoives QB



Guidance Principle of Missiles

CHAPTER 10 Homing Guidance Systems

10.1
10
10
10
10

10.2
10
10

10.3
10
10
10

10. 4

10.5
10
10
10

10. 6
10
10
10
10

10.7
10
10

10. 8
10
10

Basic Concepts of Homing Guidance s+ +sssssreersenctccastcsioccscsesssnsessessssassessas

.1.1 Components of Homing Guidance System

.1.2 Classification of Homing Guidance

. 1.3 Rate of Change of Line-of-sight «+-eceeceveeeeeeens

.1.4 Guidance Command of Homing Guidance System
Homing Heads «+++seeeeeeee

.2.1 Introduction to Homing Heads «+-eseseereeeeeeeennaens

.2.2 Radar Homing Heads «:+sseeeeesevesaeeenes
Semi-active Radar Homing Heads -

.3.1 Main Technique Performance «=««++++:+

.3.2 Work Principle of a Semi-active Continuous Wave Seeker =+ -+ sreeeeeeeeeens

.3.3 Target Illumination «=--=eesereeeee

Brief Introduction to Active Radar Homing Head
Antenna Boresight Stabilization and Track «:eeceeeeeeeeeernneenes
.5.1 Gyl’O Stabilization Platform Scheme «eeeeeceecererenttettttiaiiieietetieincnoenans

.5.2 Rate Gyro Feedback Scheme -

.5.3 Noises Acting on Homing Heads
Infrared Seekers

.6.1 Infrared Radiation

. 6.2 Introduction to Detectors

.6.3 Infrared Point Source Seekers

.6.4 Infrared Imaging Seekers

Homing Guidance System Design ««:sssssssssssessesusumeuntumiuneiiuii

.7.1 Homing Guidance Geometrical Relation

.7.2 Example of Homing Guidance System Design «::«scceeeesereerneenaeeseennennnans
Homing Guidance System Model

.8.1 Nonlinear Kinematical Element of Homing Guidance ----+sceeeesrerececenees

.8.2 Block Diagram of Homing Guidance System Model

Rl GRGHEEE s 55visss s ssiovs s ¥tass sumsss sxowes sy eaes seamermus wusanosnnsss snnssd S5LS I 580

-~ 256

256

v 256
- 257
- 259
oo 260
- 261
- 261
- 263
e 264
e 264

267

- 280
- 280
... 281

282

seess 283
- 285
- 286
- 286
- 287
s oo 289
- 292

294

- 294

295

- 297

297

- 298
- 299



Contents

CHAPTER 11 Hardware-in-the-loop Simulation of Guidance and Control System -:------- 300

11.1 Functions of Hardware-in-the-loop Simulation = ++eeeseereereeeiiiiiiiniiis 300
11.2 Hardware-in-the-loop Simulation System -+« «s+seesseeesreemmenieieiiiiiinsneeenees 300
11.2.1 Hardware-in-the-loop Simulation System Components «:-:+scseeveeeeneeeess 300
11. 2.2 Subsystem Functions «+-essssesessessmsnmnmmniitimtiiiie e iiiseeseeeenees 302
11.3 Simulation EQUIpmMents «««esesseeeersrssesumemuminiieiitaiene e see e eeeseens 304
11.3.1 Three-axis Flight Simulator «ecessseseeeereseremrmioniia s 304
11.3.2 Hydraulic Load Simulator «e«esesseeeeseessmeumemiiiiiieienieeiieiniee e 308
11.3.3 Linear Acceleration Simulator «--sssesessesssssconssencesssssossssossnsassrssssssces 310
11.3.4 Simulation COmputer ««+-s-esssesssssessesemeammumeusiianieneseesaesneesnensssees 311
11.3.5 Infrared Target Simulator «e:eeeeeeseeseeermrmmmoiameneenneeiieeiee e 311



CHAPTER 1
Introduction to Missile Guidance

1.1 Development History of Rockets and Missiles

The primitive rocket was a great creation of Chinese ancient laboring people. As early as
the beginning years (about A.D. 682) of Tang dynasty of China, the writings of alchemists
recorded recipes about the powder and at the time the powder was invented. Until Song
dynasty (about A. D. 1000) the rockets made of the powder appeared, and were used to
resist invaders. This rocket consisted of an arrowhead, an arrow body, an arrow tail, and its
powered device, which was a section of bamboo full of the powder and tied on the arrow
body. See Figure 1.1 — 1. Although the primitive rocket is not as complicated as modern
rocket, it is an embryo of modern rocket with a warhead (corresponding to an arrowhead) , a
propulsive system (corresponding to a bamboo full of powder) , a rocket airframe (corresponding to
an arrow body), and a stabilizing system (corresponding to feather). After the black powder
was ignited, the arrow is shot from a bow. Obviously, the rocket could increase the range
and speed of the arrow. The weapon had been used in wars until Ming dynasty about 360
years ago. In the thirteenth century, the powder, rockets, and flames invented by Chinese

people were introduced into Arabia. Later, they were transferred from Arabia to Europe.

< ( 0

Figure 1.1 -1 Chinese ancient rocket

After the rockets were introduced to Europe, they were developed to the rocket

projectiles in the end of the eighteenth century. After the rocket techniques underwent
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tortuous road in the nineteenth century due to the invention of the artillery, the rocket
weapon went into rapidly developing period during World War [[. On October 3, 1942,
Germany successfully launched V—2 missile. The V—2 was powered by a liquid-propellant
rocket,

The V—2 was the first long-range, rocket-propelled missile to be put into combat. The
V—2 was a supersonic missile, launched vertically and automatically tilted over a 41° to 47°
angle a short time after launch. Furthermore V—2 had a liftoff weight of 12 873 kg (28 380 1b),
developing a thrust of 27 125 kg (59 800 1b), a maximum acceleration 6. 4g, reaching a
maximum speed of about 5 705 km/h (3 545 mph), an effective range of about 354 km (220
miles) , carrying a warhead of 998 kg (2 201 Ib). In addition, the powered flight lasted 70 s,
reaching a speed of about 1 828. 8 m/s (6 000 ft/s) at burnout, with a burnout angle 45°
measured from horizontal. No control was exerted after the propelling motor was shut off.
Subsequently, the V—2 continued on a free-fall (ballistic) trajectory.

At that time, Germany developed aerodynamic missile V—1. The V—1, the forerunner of
modern cruise missiles, was a small, midwing, pilotless monoplane, lacking ailerons but using
conventional airframe and tail construction, having an overall length of 7. 9 m (25. 9 ft) and a wingspan
of 5.3 m (17. 3 ft). It weighed 2 180 kg (4 806 lb), including gasoline fuel and 850 kg (1 874 1b)
warhead. Powered by a pulsejet engine and launched from inclined ramp 45. 72 m (150 ft)
long and 4. 88 m above the ground at the highest end, the V—1 flew a preset distance, and
then switched on a release system, which deflected the elevators, diving the missile straight
into the ground. The engine was capable of propelling the V—1 up to 724 km/h(450 mph).
A speed of 322 km/h had to be reached before the V—1 propulsion unit could maintain the
missile in flight. The range of the V—1 was 370 km (230 miles). Guidance was
accomplished by an autopilot along a preset path. Specifically, the plane’s (or missile’s)
course stabilization was maintained by a magnetically controlled gyroscope that directed a tail
rudder. When the predetermined distance was reached, as mentioned above, a
servomechanism depressed the elevators, sending the plane into a steep dive. The V—1 was
not accurate, and it was susceptible to destruction by antiaircraft fire and aircraft.

At the end of the war, the United States and the USSR captured a number of V—2s,
parts and staff. On the basis of V—2 and V—1, their guided weapons got rapid
development, various missile weapons came out one after another, and a complete missile

system was formed.

1.2 Categories of Guided Missiles

A guided missile is defined as an unmanned vehicle which contains the warhead, is
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driven by its own propulsion, depends on the guidance system to guide its flight path, and
ultimately hit a target. Missile-borne engines are all jet engines which include rocket engines
(solid rocket engines and liquid rocket engines) , aerojet engines (turbojet engines and ramjet
engines) , and composite engines (solid-liquid composite engines, rocket-ramjet composite
engines). Generally, a missile includes the following parts: @ a propulsion system, @ a
warhead section, @) a guidance system, and @ an airframe. According to incomplete
statistics, up to now, the types of missiles have reached more than 600 types. 200 types of
them have released from military service. 400 types of them are on active service. Missiles
are important weapons in modern wars. Almost all of military forces are equipped with
missiles. For convenience of analysis and research, it is necessary to classify missiles.
Customarily, according to the physical area of launching missile and the physical area of the
SSM,
SAM, @ air-to-surface missiles ASM, and @ air-to-air
AAM. We further make division as shown in Figure 1.2 —1.

target, missiles are divided into four categories: (D surface-to-surface missiles

@ surface-to-air missiles

missiles

Ground-to-ground missiles

Ground/shore-to-ship missiles

Ground-to-submarine missiles

|| Submarine-to-ground missiles

— Surface-to-surface missiles

Ship-to-ground missiles

1 Ship-to-ship missiles

Missiles [ Ship-to-submarine missiles

I Submarine-to-ship missiles

Submarine-to-submarine missiles

— Ground-to-air missiles

Surface-to-air missiles Ship-to-air missiles

Submarine-to-air missiles

|—- Air-to-ground missiles

Air-to-surface missiles Air-to-ship missiles

Air-to-submarine missiles

Air-to-air missiles

Figure 1.2 -1 Categories of missiles
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In addition, there are other classifications. For example, in view of fighting missions,
missiles include strategic, operational, and tactical missiles. As to ranges, there are short-
range missiles, medium-range missiles, intermediate-long range missiles, long-range
missiles, and intercontinental missiles. In respect of warhead, missiles are divided into three

categories: (Dnuclear missiles, @conventional missiles, and ®special missiles.

1.3 Missile Guidance Systems

A missile guidance system is defined as a group of components by which the missile is
directed and controlled to fly toward a target. That is, a guidance system is composed of a
directing subsystem and a controlling subsystem. The function of the directing subsystem is
to measure the missile-target relative position, make manipulation, and then form control
(i. e. guidance) commands. The function of the controlling subsystem is to execute the
control commands from the directing subsystem, and hold stable flight as required.
Normally the missile guidance system includes sensing, computing, stabilizing and servo-
control components.

In general, a guidance process is divided into three phases: @ boost or launch,
@midcourse, and @terminal. For example, a surface-to-air missile is launched by a booster,
which is an auxiliary propulsion system. The boost phase lasts from the time the missile
leaves the launcher until the booster separates from the missile. Generally, during this phase
a missile may employ self-contained guidance, such as programmed guidance and INS
(inertial navigation system). The characteristics of a missile vary radically before and after
booster separation. The midcourse phase, when it has a distinct existence, is usually the
longest in terms of both distance and time. During this phase, a missile is guided to desired
course until it enters a required area (in parametric space) from which terminal guidance can
successfully take over. During the midcourse phase, a missile may employ command
guidance, GPS (global positioning system), or INS (inertial navigation system). The
terminal phase lasts from the end of the midcourse phase to impact with a target. During this
phase, command guidance or homing guidance may be employed.

According to the source of intelligence, guidance systems include self-contained
guidance, non-self-contained guidance,and combined guidance systems.

In the self-contained guidance system, the generation of guidance commands does not
depend on information of target and interference of external system, but rely on missile-

borne instruments to measure flight data of missile and then determine flight path. For

1
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example, inertial navigation system is a typical self-contained guidance system. In inertial
navigation system (INS), navigational data come from self-contained sensors (i. e. , gyroscopes and
accelerometers) , which include a vertical accelerometer, two horizontal accelerometers, and
three single-degree-of-freedom gyroscopes (or 2 two-degree-of-freedom gyroscopes). The
inertial navigation system depends on integration of acceleration to obtain velocity and
position. The accelerometers are mounted in gyro-stabilized inertial platform, which is used
as reference. After being supplied with initial position information, the INS is capable of
continuously update accurate parameters about position, ground speed, attitude, and
heading. A strapdown INS employs mathematical platform instead of mechanic platform. In
this way the gimbal structure is eliminated. Sensors are directly mounted on the vehicle. In
strapdown INS, the transformation from the sensor to inertial reference is “computed” rather
than mechanized.

In INS (including strapdown INS), since the navigation data comes from itself, the INS
is insusceptible to external environment, and provides reliable all-weather navigation data.
The INS is applied to ballistic and cruise missile. Other types of missiles use it for launching
phase and midcourse phase.

Remote control guidance and homing guidance belong to non-self-contained guidance.
The remote control guidance includes beam-riding guidance and command guidance.

Figure 1.3 — 1 shows an example of a beam-riding guidance system. Referring to Figure
1.3 - 1, there are four components: (Da tracking and guiding radar, @ a launcher, @ a

missile, and @ a target.

Target

Missile launcher e :

Beam-forming radar

Figure 1.3-1 Beam-riding system



