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Abstract. Build up the Autonomous V ehicle target uniform motion model, according to the rea-time
target static character information, give out the reasonable estimation for the uniform motion of the
Autonomous Vehicletarget by improved least square algorithm, and simulate the parameter estimation,
then verify the real-time and the reliability of the algorithm.

Introduction
Target identification is the key of autonomous vehicle local path planning. The identification
includes the static feature of the target shape, size and location. At the same time, the target speed,

acceleration and other dynamic characteristics are also captured[l’z]. Based on the assumption that the
sphereisthe autonomous vehicle identification target in the paper, the coordinate of the sphere feature
point is captured and identified from the real-time sonar information. In other words, it is how the
target static feature identification is completed. According to the target static character time
information accumulation, the target istracked. Then the reasonable estimation for the uniform motion
of the Autonomous Vehicle target is generated by improved least square algorithm.

Target Identification
Sonar Detection Area

The autonomous vehicle sonar detection radius is R, horizontal open angle is theP Space stereo
area. Within the coordinate system oxyz, the autonomous vehicle target location coordinateis (% Y:2) |
the autonomous vehicle centroid coordinateis (0.0.0) , the sonar isingtalled in the front of vehicle with
the distance to center of mass is | ;that means the sonar installation location coordinate is (1,0,0)
According to above assumption, the sonar detection area can be calculated as below.

JX?+y?+2? <R
8

|Z| SS'n—

Which: X =x—1, Y=Y 7=z
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Movement Target |dentification
The Sonar Information to the Target Surface Point Conversion

Each beam can be identified by a three tuple (NdEX(1, 1).1€ngt) 14 renresents the i layer, the |
column of thewavelength €9t of the beam. 1f the beam three tuple (IN4eX(, 1).1€n0th) enrecent the
target surface point location within the coordinate system OXYZ as (Xops1 ¥ ‘o Z'ce) , then,

X' s =l +length-cos((i +0.5)- 3/3—3/2)-cos((j +0.5)-«/80—a/2)
Y' s = 0+length-cos((i +0.5)- 3/3—3/2)-sin((j +0.5)-a /80—« /2)
Z' s = 0+length-sin((i+0.5)- /13— 3/2)
Which, ICS—Sonar installation location to the autonomous vehicle centroid distance, m;
a—Sonar horizontal open angle, rad;

B __Sonar vertical open angle, rad;
Target Feature Pointsin the Coordinate System
Thetarget feature points mentioned here isto describe the spatial position of autonomous vehicle
target, based on the assumption of the target is a sphere, the sphere center as target feature points.

Assuming that the three sphere points R(Xy. ¥, Zl), Ro(X2.Y2:2,) : R(X3:Ys:22) are not in the
same large circle, sphereradiusis R, sphere center isO(XO’ Yo %) . Then the following equations are
established

(% =%)*+ (%= Y)’ +(z-%) =R
(%= %)+ (Y= ¥o)* +(2,—2)* =R
06 =%)" +(¥a—Yo)* +(z—2)" =R
Thetarget feature points 0%, Yo: %) can be obtained by using the generalized inverse method of

the least square solution of nonlinear equations.
Target Feature Pointsin the Earth Coordinate System

Assume that in earth coordinate system E&n¢ , autonomous vehicle location coordinate is
(X ¥:2) | the attitude angle is (#:?%) , the autonomous vehicle target feature point coordinates is
(Xope Yobs» Zote) . And the target feature pointsin the coordinate systemis 0%, Yo: %) » According to
the theory of motion and modeling, the following equations are established,

Xobs | X
yobs — S yO + y
Zys) %] |2

Which the transformation matrix S satisfy the following formula
costycosf cosyysinfsing —sSiNY CoSy COSYSINGCcosSp+ SNy sSing
S=|snycosfd sSnysindsing+Ccosy cosy SNy sSiNg cosy —cosy Sing
—sind cosfsing cosd cosp
At this point, according to the real-time sonar information, the autonomous vehicle target
recognition can be realized within the sonar detection area
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Parameter Estimation

Because of the short time period, any movement of the autonomous vehicle target can be
considered as a uniform linear motion, so the uniform linear motion model is the most basic model[3] .

M athematical M odel of Uniform Motion
In the 3D space, the mathematical model of the autonomous vehicle target can be expressed as

X=ut + X,
y=vt+ Yo
Z=Wwt+ 7,
Which, UV W__Respectively, target/objective velocity (Constant) in the three axis directions
XYz , m/s;
%o Yo ZO—R&spectively, displacement of theinitial target (Constant), m;
XY z__Respectively, the moment t target displacement, M

Assuming that the target X ¥ 2 are independent of the observation sequence of the three axis

directions{ xHy}{z} , the parameter estimation problem can be considered only in one direction.
Least Squares Estimation
Through the assumption of sonar information processing, the position coordinates of the

autonomous vehicletarget are obtained as (Xope Yobs» Zote) , (short as ObS,  the same below) And only
consider the parameter estimation of the direction of the axis of the coordinate axis X, the target
motion model can be expressed as X=Ut+% which Uand* isunknown constant parameter, and a
sequence of observations {x} for K different i (1 =12Lk)

A sequence of observations 1% for K different &i | using a linear regression, then there are K
R=u+% (i=12Lk,

linear equations: )
In the form of amatrix: <k = T/
%, (1
)2 2 _ t 2 1 u
/R R 'S
Sameas | X« te 1
A ~
The difference between the regression value and the observation value is recorded. =« = %= X«
& 1%
ez — )‘ZZ _ XZ
TR
Sameas (&) (&) [X
k
. J, ZZQZ o A _ Ak _ -
Make performance index =1 Minimumvalueas’” k. Theoptimal valueof “¥ isestimated

A — (TTT \ 17T
by the least square method,then the conclusion can be drawn from A= T) T Xk.

Improved Least Square Algorithm

The target state estimation is obtained by using the least square method. If the new measurement
data is used to modify the parameter estimates, a recursive formula is used to correct the estimated
value. That isthe improved least squares algorithm for the estimation of target state estimation.
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Definition Re={cT) , asimple modification of the least squares estimation algorithm based on

[
Jk — Z)\k—iqz
Aisintroduced. Take the performanceindex for i=1 (0<A<1) themean square values
from the newer data will be given a greater weight to emphasize the role of the new data, then the

solution At a time k+1 can be calculated through the solution Avat time k by below formula.
Recursion formular A1 = At G —TiA

Gain adjustment formula: Gt = RELA +T,REL]

Covariance matrix updating formula: R = (R=GafdaR) /A

Which S =t 1 usually take A = 0.85~0.98

When the measurement noiseis zero, the least square estimation is unbiased. Covariance matrix of
measurement noise R ,then the covariance matrix of estimation error can be drawn by formula
P=TT)'T'RT(T'T)* .
Simulation Resultsand Analysis

In a different time K assumptions have been obtained K observation of target position value,
Application of the least square method to the estimation of the dynamic characteristic of target

Assuming that K observation of target position value have been obtained at K different time, the
estimation of the dynamic characteristics of the target using the improved least square agorithm.
Simulation results for parameter estimation are shown in Figure 1.

Target motion parameter Target motion parameter Target motion parameter
estimation in direction X 14 estimation in direction y 10 estimation in direction z
20
= 12 t
A 10 g ° T £
| oy
15 ¥ Pl g
- . = 8 yr ¥ EE i - ¥
£10 " z - " =18
& Observed value J —*— Observed value 4 - —e— Observed value
s | {.’a &— Estimated value IE"”- #— Estimated value 3 ) & Estimated value
2
F
"
0 i . 0 0 L
0 2 4 & 0 z 4 & ) 7 4 g

t(s) tis tfs)
Figl Uniform motion parameter estimation
The true value of the state is U=40, v=20_ w=10 %=10_Y¥=20 2=30
the observation period is 0.5s, the observation sequence superimposed the zero mean variance is 0.5
white noise, theinitial value of each state istaken as 2.0. After tenth beats, the state estimation value
is 0=40527  V=20472 W=08915_ % =0899%6 J,=205954 2,=30633 [
Figure 1,we can see that the algorithm can quickly follow the target and effectively suppress the noise.

Conclusion

In this paper, we give the implementation and simulation results of the improved least square
algorithmto improve the algorithm. For uniform linear motion parameter estimation, the algorithm can
quickly follow the target, calculate the speed, good real-time performance, high reliability, and can
effectively suppress the noise.
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