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Tracking mobile target by composed Kalman leap prediction method
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Abstract: By using the input matrix of state equation G(k) to make up the acceleration tem of the constant angular velocity
model, esablishing the deviation ratio of state noise and test noise @/ R and optimizing the ratio @/ R for theodolite following the primr
ciple of least standard deviation of Kalman predication curve from practical curve, composed Kalman leap prediction method is proposed
for application to a theodolie for tracking mobile targets. Simulation research was conducted for tracking mobile targets at different target
beacon velocities with predictions of 1, 2 and 3 leaps made. Simulation results showed that composed Kalman leap prediction method can
be applied to a theodolie for tracking mobile targets.
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X(k+ 1)= Ok+ 1,k)X(k)+ G(k)W(k),
(1)
Y(k)= H(k)X(k)+ V(k), (2)
X(k)ER" n . Y(k) €
R" m ,W(k)ER  V(k)ER"

: Q(k)
R(k) O(k+ 1,k)ER™ G(k) ER""
H(k)ER™"
WW(k) V(k) :
E[ Wk)] = O.E[W(k)W(j)] = Q(k)38
E[ W (k)] = O,E[V(k) V(j)] = R(k)§
Xo Wk), V(k)
E[XoW(k)] = 0, E[XoV (k)]= 0

K(k)= P(kl| k- 1)H (k)
[H(k)P(k| k- H (k)+ R(k)]™" (3)

Pk+ 11 k)= ®k+ Lk)[1- K(kJH(E)]
Pkl k- 1) F(k+ Lk)+ G(k)Q(k)G (k).
(4)
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X(k+ 11 k)= D(k+ Lk)X(k| k- 1)+
O(k+ L k)K(k)[Y(k) - H(k)X(k| k- 1)] ,
(5)
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(
x2(t)=xi1(t),

| {m)} {o 1”x1m}
x(t)=1|. =
wa(t)] L0 0 | xa(t)
0
- x(1) . (6)

Tk = th+1— &k,

1 T T3/2
x(he )= | (k) . wik), ()

y(k)= (1 0)x(k)+ v(k), (8)
(1) (2) Ok+ 1, k)=
{1 Tﬂ T3/2
CH(k)= (1 0), G(k)=
0 1 k
O(k) R(k)
G(k)
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Tab.1 Kalman prediction results and optimization results
” ” .M 4 4 ” VC]OCiy
Dee(") Dmax(”) Dmin(") O/ R Dee(') Dmax(') Dmin(") O/ R
( points/ circle)
2.131  8.287 - 16.400 4.160 26.880 - 16.400
10 000/ 0. 002 6 000
2.089  6.468 - 5.319 4.83 11.095 - 11.513
8.266  26.401 - 28.669 10.015 30.280 - 35.883
10 000/ 0. 0003 960
8.877 34.727 - 26.134 14.971  48.174 - 46.216 10 000/0. 000 014
9.379 26.605 - 28.649 9.884  27.884 - 28.493
10 000/ 0. 000 004 580
7.270 22.607 - 17.837 6.326  19.994 - 14.370
13.288 37.053 - 31.672 14.826 36.520 - 37.161
10 000/ 0. 0000015 460
10. 063  31. 621 - 27.523 8.436  25.728 - 19.004
( ) Kalman 2
( ) : 3
O/ R= 10 000/ 0. 000 014, 2 3
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Tab. 2 Kalman leap prediction resuks
One leap prediction Two leaps prediction Three leaps prediction Velocity
Dee(')  Dmax(")  Dmin(')  Dee(”)  Dmax(")  Dmin(’)  Dee()  Dmax()  Dmin(") ( points/ circle)
5.355 32. 641 - 31.045 6.702 33.454 — 33.485 8.416 43.424 - 40.624
4.095 16. 247 - 17.622 19.432 73.707 - 75.593 12. 187 67. 604 - 66.481 6000
11.682 46. 877 - 52.919 21.132 87.932 - 119.409 31.462 160.226 - 164.011
13. 064 53. 637 - 55.157 24.687 124.449 - 136. 264  36.840 264.799 - 205.597 20
21.713 69. 793 - 82.709 40. 117 150.102 - 183. 646  57.747 254.038 - 311.622
12.801 52. 410 - 36. 191 28.027 102.754 - 98. 204 34. 146 205.393 - 127.589 >0
33.432 102. 643 - 110.315  59.009 226.957 - 211.434  89.504 390.327 - 382.021
18.413 79. 758 - 40.778 37.703 189.836 - 107.963  47.881 279.713 - 151.535 0
3 Kalman
Tab.3 Composed Kalman leap prediction results
Predicting 2nd point Predicting 3rd point Predicting 4" poirt Velocity

Dee(')  Dmax(’)  Dmin(')  Deq’)  Dmax(')  Dmin()  Dee()  Dmax(')  Dmin(") (point/ circle)
7.230 32. 641 - 31.045 11.262 33.454 - 33.485 19. 175 67. 626 - 66. 836
5.784 16. 247 - 17.622 32.372 73.707 - 75.593 26. 420 72.738 - 71.380 o0
16. 304 48. 288 - 52.919 38.246 127.646 - 119.409  68.037 201.261 - 218.645
18.891 57. 874 - 55.157 43. 146 152.990 - 136.264  79.699 264.799 - 220. 6547 70
30.777 69. 793 - 82.709 69. 086 153.742 - 183.705 117.085 279.848 - 311.622
17.883 52. 721 - 36. 191 50. 442 126.999 - 126. 580  67.599 244.129 - 127.762 >0
47.236 102. 643 - 121.126  102.380 242.593 - 262.301 177.919 390.327 - 393.627
25.951 79. 758 - 41.728 60. 122 189.836 - 127.787 101.581 336.243 - 178.988 0

(4) 2 Dee <47. 236 ;

3 Dee<102.380 ; O/R ,

Dee <177.919" Kalman Dee Dee
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