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Guidance Divert and Attitude Control System Design  
Abstract

 This research investigates the design and simulation of divert and attitude control 
system for target-interceptor engagements. The emphasis of this year effort is on the 
development of system models and the implementation of simulation programs. The 
subsystem models developed include: three degree-of-freedom equations of motion 
for target and interceptor, measurement models for ground-based radar, mathematical 
models for infrared seeker, and three-dimensional proportional navigation guidance 
law. Based on these subsystem models, the simulation program is implemented using 
MATLAB/Simulink software. One of the purposes of simulation is to understand the 
effect of subsystem parameters such as radar measurement accuracy, control system 
bandwidth, resolution of seeker, etc. on the performance of the interceptor system. 
Simulation results indicate that error in radar velocity measurement has the most 
significant effect on kill probability. Future research will investigate divert and 
attitude control system design and the related six degree-of-freedom simulations. 

Keywords divert and attitude control system, three degree-of-freedom simulation, 
missile interceptor, proportional navigation guidance law 



iii

…………………………………………………………………………….. i 
……………………………………………………………………………. ii 

………………………………………………………………………………… iii 

……………………………………………………………………….1 

…………………………………………………………….2 
2.1 …………………………………………………………..2 

2.1.1 ...………………………………………………2 
2.2 …………………………………………………………………..3 

  2.2.1 IS ……………………………………...…………………3 
  2.2.2 NS ………………………………………………………..3 
  2.2.3 SS ………………………..………………………………….3 
  2.2.4 LS ..…………………………….……………………...4 
  2.2.5 BS .………………….………………………………………4 
  2.2.6 IS NS .……………………………………………………….5 
  2.2.7 IS LS .……………………………………………………….5 

2.3 .……………………………………………………………….6 

……….….…………..………..………..………..………………...7 
 3.1  ………………………………………………………7 
 3.2 TPN.…………………………………………………………………..7 

3.3 TPN …………………………………………………………………. 9 

………………………………………………………12 
4.1 ………………………………………………………………….12 

  4.1.1 …………………………………..12 
4.1.2 …………………………………..14 

4.2 .……………………………………………………………14 
4.3 & …………………………………………………………..15 
4.4 …………………………………………………………….17 

………………………………………………………18 
 5.1 …………………………………………………….18 
  5.1.1 (EOM).………………………………………………..18
  5.1.2 (radar4).………………………………………………………18 



iv

5.1.3 (ENVI).………………………………………………….19 
5.1.4 (Drag Force)..……………………………………………19
5.1.5 (Boolean)..……………………………………………….20 
5.1.6 (AUX1).…………………………………………………20 
5.1.7 (Output) …………………………………………………21
5.1.8 1(CNTL1) ………………………………………………21 
5.1.9 2(CNTL2) ………………………………………………22 

 5.2  …………………………………………………………23 
 5.3 (Miss Distance) ……………………………………………24 

5.4 ( ) ……………………………………………….. 25 
5.5 (Zero Effort Miss) ………………………………………………26 
5.6 (Kill Probability) ………………………………………………. …26 

……………………………………………………….27
6.1 ……………………………………………………………………. 27 
 6.1.1 ………………………………………………………….. 27 

6.1.2 ……………………………….. 29 
6.1.3 ………………………………….. 33 

6.2 ……………………………………………………………………. 36 
6.2.1 ………………………………….. 36 
6.2.2 …………………………………………………….. 37 

…………………………………………………… 39 

…………………………………………………………………………… 40 

……………………………………………………………………….41

A ……………………………………………………43
B ………………………………………………………………………45 



v

2.1  ………………………………………………………………2 
2.2 ……………………………………..4 
2.3 ………………………………………………..4 
2.4 IS NS ………………………………………………………….....5 
2.5 IS LS …………………………………………...………………..6
3.1 x-y ………………………………………...7
3.2 ……………………………..8 
3.3 IS …………………………………..9 
3.4 SS ……………………………………………..9 
4.1 …………………………………………………………….12
4.2 e e ………………………………………………………13
4.3 …………………………….14
4.4 ……………………………….15
4.5 ………………………………………….16
5.1 ………………………………………………………………….23
5.2 ...……………………………………………….24
5.3 …………………………………….24
5.4 ………………………………………….26
6.1 ……………………………….28
6.2 ……………………………………….28
6.3 .…….31
6.4 k …………………….31 
6.5 k …………………….32 
6.6 …………….35
6.7 n ………………………………………….35 



1

600 M
2010 1000 [13] M-9 ( ) 600

500 (CEP) 300 5
5-10

(THAAD)
(GBI) Block IVA

1997 1 24
400 (Lance) 12 2002 6

13
2006 6 22

(SM-3 Block 1A)



2

2.1
(Block 

2004) 2.1

2.1 [5] 

2.1.1
(Block 2004) (BMDS)

MK72 MK104 MK136
MK142 (KV)

( ) AN/SPY-1

( ) MK72
MK104

MK136
MK142 MK142

MK142

 (Divert and Attitude Control System DACS)
[4]



3

target
(Field of View) DACS

(True
Proportional Navigation TPN)
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(i) IS  (Earth-centered inertial coordinate)  
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(iii) SS  (Spherical coordinate)  
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MATLAB7.1.0.246(R14)
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(i) 120.9990306 24.79964167 ( )
(ii) 6367474.844 m
(iii) 0.4DC
(iv) 5N

(v) 500tm  kg 2A 1t
2m

(vi) 30tm  kg 2A 0.5m
2m

( BS ) 1.5g=14.7 2m/s

6.1

(i) NS  (472, -216, -75) km
(ii) NS  (28, 21, -45) km
(iii) NS  (-1492, 1365, -1125) m/s
(iv) NS  (1592, -31, -1077)m/s

(v) HE 10 HE 10

(vi) ZEM=51.13 km

6.1.1

( 1H s ) TPN

6.1 6.2
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1. 150time to got sec

2. Miss Distance 0  m
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6.1.2

(k) ( ) ( n )

(lock-on range)

1. (k) ( 410 rad)

( 10n Hz) =100 km 6.1

k ZEM (m) Miss Distance (m) Kill Probability 
1 28.2469 0.0011 100% 
2 28.1796 0.0011 100% 
3 28.1270 0.0011 100% 
4 28.0411 0.0011 100% 
5 27.9070 0.0011 100% 

6.1 (k)

(k)
(ZEM) 6.3 6.4 6.5

2. ( ) (k=5)

( 10n Hz) =100 km 6.2

(rad) ZEM (m) Miss Distance (m) Kill Probability 
0.0001 27.9070 0.0011 100% 
0.0003 36.4448 0.0011 100% 
0.0005 48.9222 0.0011 100% 
0.0007 63.3376 0.0011 100% 
0.0010 86.5259 0.0011 100% 

6.2 ( )

(ZEM)
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3. ( n ) ( 410 rad)

(k=5) =100 km 6.3

n  (Hz) ZEM (m) Miss Distance (m) Kill Probability 
 1 26.6551 0.0099 100% 
 3 27.5794 0.0033 100% 
 5 27.7300 0.0021 100% 
10 27.9070 0.0011 100% 
20 28.0190 0.0006 100% 

6.3 ( n )

4. ( 10n Hz)

( 410 rad) (k=5) 6.4

ZEM (m) Miss Distance (m) Kill Probability 
100 27.9070 0.0011 100% 
 50 12.1991 0.0011 100% 
 30 12.4047 0.0011 100% 
 20 11.7011 0.0011 100% 
 10 13.1547 0.0011 100% 

6.4
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6.3 ( BS )
(k=5

410 rad 10n Hz =100km)

6.4 k ( IS )
k

( 410 rad 10n Hz =100km)



32

6.5 k ( IS )
k

6.6

( 410 rad

10n Hz =100km)
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6.1.3

(n) ( v ) ( n ) (lock-on range)

1. ( v ) (k=5)

( 410 rad) (n=5)

( 10n Hz) =100 km 6.5

v  (m/s) ZEM (m) Miss Distance (m) Kill Probability 
 0.5  28.8517 0.0130 100% 
 1  31.2358 0.0422 100% 
 2  41.3940 0.1575  96% 
 5  84.8599 1.0116  37% 
10 165.2979 4.0521  10% 

6.5 ( v )

1v 100%

2. (n) (k=5)

( 410 rad) ( 2v m/s)

( 10n Hz) =100 km 6.6

n ZEM (m) Miss Distance (m) Kill Probability 
1 43.4156 0.6191  63% 
2 43.1910 0.3416  77% 
3 42.6952 0.2333  89% 
4 42.0854 0.1773  94% 
5 41.3940 0.1575  96% 

6.6 (n)

(n)
6.6 6.7
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3. ( n ) (k=5)

( 410 rad) (n=5)

( 2v m/s) =100 km 6.7

n  (Hz) ZEM (m) Miss Distance (m) Kill Probability 
 1 40.8268 0.4144  69% 
 3 41.2239 0.1952  96% 
 5 41.3022 0.1724  96% 
10 41.3940 0.1575  96% 
20 41.4273 0.1516  96% 

6.7 ( n )

4. (k=5)

( 410 rad) (n=5) ( 2v m/s)

( 10n Hz) 6.8

(km) ZEM (m) Miss Distance (m) Kill Probability 
100 41.3940 0.1575  96% 
 50 23.9241 0.1575  96% 
 30 17.7541 0.1575  96% 
 20 14.8926 0.1575  96% 
 10 13.6382 0.1575  96% 

6.8
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6.6 ( BS )

(k=5 410 rad

n=5 2v m/s 10n Hz =100km)

6.7 n ( IS )
n

(k=5 410 rad

2v m/s 10n Hz =100km)
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6.2

(i) NS  (326, -84, -139) km
(ii) NS  (28, 21, -45) km
(iii) NS  (-1549, 1386, -219) m/s
(iv) NS  (1753, -27, -788) m/s

(v) HE 17.5 HE 17.5

(vi) ZEM=51.28  km

6.2.1

(n) ( v )

1. ( v ) (k=5)

( 410 rad) (n=5) ( 10n Hz)

=100 km 6.9

v  (m/s) ZEM (m) Miss Distance (m) Kill Probability 
 0.5 200.7097 0.0140 100% 
 1 201.6301 0.0449 100% 
 2 203.8948 0.1624  97% 
 5 214.8619 1.0015  35% 
10 249.7700 3.9399   9% 

6.9 ( v )

2. (n) (k=5)

( 410 rad) ( 2v m/s)

( 10n Hz) =100 km 6.10
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n ZEM (m) Miss Distance (m) Kill Probability 
1 203.5337 0.5782  60% 
2 203.7350 0.3106  85% 
3 204.1568 0.2274  90% 
4 203.9952 0.1866  95% 
5 203.8948 0.1624  97% 

6.10 (n)

(n) (n)

6.2.2

(3.23)
cos

TV r e e

( v ) (n)

1. ( v ) (k=5)

( 410 rad) (n=5)

( 10n Hz) =100 km 6.11

v  (m/s) ZEM (m) Miss Distance (m) Kill Probability 
 0.5 198.0931 5.62e-9 100% 
 1 198.1303 8.55e-9 100% 
 2 198.0328 8.67e-9 100% 
 5 198.0980 6.16e-9 100% 
10 198.1198 4.02e-9 100% 

6.11 ( v )
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2. (n) (k=5)

( 410 rad) ( 2v m/s)

( 10n Hz) =100 km 6.12

n ZEM (m) Miss Distance (m) Kill Probability 
1 198.2405 8.64e-9 100% 
2 198.1690 9.60e-9 100% 
3 198.1253 7.29e-9 100% 
4 198.0431 7.58e-9 100% 
5 198.0328 8.67e-9 100% 

6.12 (n)

6.11 6.12 6.2.1

(3.24) (3.17) ( ) (3.18)
( )
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( )
TPN

1.
1m/s

2.

3.

4.

5.

1. ( )
2. ( ) ( )
3.

” ”
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