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　　 Abstract　 The goal in designing a GPS code pseudor ange smoo thing algo rithm is to smoo th the

random noise of the code pseudo range by means o f the ca rrier observ ables and to im prove the position-

ing accura cy w hen the r equir ement fo r real-time kinematic point determination is satisfied. The per fo r-

mance of smoo thing a lg orithm is domina ted by thr ee facto rs o f the receiv er perfo rmance, the choice of

w eigh t facto r, and the r ecursive time. Th eo r etic discussion o f eva luation o f the smoo thing alg o rith m is

made in this paper. And a smoo thing alg o rith m with optimal weight fac tor is giv en he re, which has the

fastest noise reduction pe rfo rmance.
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　　 The basic posi tio ning models fo r GPS users are code pseudorange and carrier phase pseudo r-
ange posi tioning , the detailly ma themaic models of which a re giv en by B. Ho fmann-Wellenho f et.

al
[1 ]
. The advantag e of using GPS carrier phase measurements is tha t they are precise to a few

millimeters. The code pseudo range smoo thing tech nique by GPS carrier phase observables over-

comes the shor ts o f the bad accuracy o f code pseudo range posi tioning and the time consumption of

carrier phase posi tioning. The fi rst ex tensiv e investiga tion of this subject w as provided by

Ha tch
[2 ]
.

1　 The Smoothing Algorithm Description
[1, 2 ]

For an epoch tk , the smoo thed code pseudorange is given by

ls ( tk ) = wl ( tk ) + ( 1 - w ) le ( tk ) ( 1)

w here　 w i s a w eigh t factor; l ( tk ) is the iononsphere-free combina tion of the dual-f requency P-

code pseudo ranges PL 1 ( tk ) a nd PL2 ( tk ) , w ri ting as

l ( tk ) =
f
2
1PL1 ( tk ) - f

2
2PL2 ( tk )

f
2
1 - f

2
2

( 2)

　　 The ex t rapo lated value le ( tk ) a s the forw ard estimation fo r code pseudo range is giv en by
le ( tk ) = ls ( tk- 1 ) + Wl ( tk ) ( 3)

w here　 ls ( tk - 1 ) is the last code pseudo range smoo thing value; andWl ( tk ) i s the co rrection term

consisting of ca rrier phase observ ables. By int roducing the w ide signal

H( t ) = HL1 ( t ) - HL 2 ( t )　　 ( cy cles) ( 4)
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we have the common-erro r-f ree correction term

Wl ( tk ) = λH( tk ) - λH( tk - 1 )　　 ( meters) ( 5)

w here　λi s the w aveleng th of the wide lane signal.

A recursiv e alg orithm of smoo thing tech nique is obtained from Eq. ( 1)～ ( 5) under the initial

condition l ( t0 )= le ( t0 )= ls ( t0 ) .

2　 The Error Estimation of Observables
[3, 4 ]

The P-code pseudo range measuring error is composed of systema tic g roup delay bias and ran-

dom noise. The system biases on L1 and L 2 channels are given by

Δlg 1 = Wli 1+ Wlt + Wlc+ Wlel + Wlep ( 6)

Δlg2 = Wli2 + Wlt + Wlc + Wle2 + Wlep ( 7)

w hereWli 1 andWli 2 are the ionospheric delay ranges on carrier f requencies L 1 and L 2 , respectiv ely;

Wlt i s the t ropospheric delay range which holds the same value fo r L 1 and L 2 channels;Wlc is the co r-

responding range o f the dif ference o f the sa tellite clock and receiv er clock;Wlel andWle2 a re th e e-

quipment g roup delay ranges which have a lit t le bias betw een L1 and L 2 f requencies and can be re-

moved by int roducing a numeric model;Wlep i s the epheride erro r.

Acco rding to Eq. ( 2) , the ionosphere-free combined code pseudo range errorΔl ( tk ) has a mean

va lue fo r arbi trary epoch

_ 1 = Wlt + Wlc+ Wle + Wlep ( 8)

w ith assumption thatWle= Wle1= Wle2 . The approximate value for_ 1 i s 5. 6 m. The noise of l ( tk ) is

increased by the factor of 3, thus the va riance o fΔl ( tk ) is obtained from

e1 = 3ep ( 9)

w hereep is the variance of random noise fo r P-code pseudorange w hich has an approxima te value

o f 1 m. Soe1 holds the value o f 3 m.

Because the co rrection term of Eq. ( 5) deriv ed f rom the wide lane signal is the di fferential

range of the changed distances measured on L 1 and L2 channels, theΔWl ( tk ) behavouring as a no r-

mal dist ributional v ariable w ith the mean and va riance a re

_ 2 = 0 ( 10)

e2 = 1. 7ec ( 11)

w hereec is the va riance of the carrier phase measurement, and ho lds about 2 millimeters. So the

cor rection term has an approxima tely noise lev el o f 5 mi llimeters.

3　 Performance Evaluation

Deno ting the mean value and variance of the code pseudorange smoo thing value erro rΔls ( tk )

as _ ( k ) ande( k ) respectiv ely , and assuming the independence is betw een the observables, the

resursiv e of _ (k ) a nde(k ) are giv e by

_ (k ) = w_ 1+ ( 1 - w )_ (k - 1) ( 12)

e(k ) = w
2e21 + ( 1 - w ) 2e2 (k - 1) + ( 1 - w ) 2e22 ( 13)
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　　With the ini tial condition _ ( 0)= _ 1 ande( 0)= el , w e have the closed equa tion for_ (k ) ande

(k ) as follows

_ (k ) = _ 1 ( 14)

e(k ) = ∑
k- 1

j= 0
w
2
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2j
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e
2
1 + ∑
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2j
e
2
2 ( 15)

w ith the assumption tha t the w eight factor w holds a s a constant. According to Eq. ( 15) , and be-

cause 0 < w < 1, we have

e(∞ ) =
w
2 - w

e
2
1+

( 1 - w ) 2

1 - ( 1 - w ) 2
e
2
2 ( 16)

　　 From above, a conclusion is deriv ed that the smoothing technique can reduce the random code

pseudo range measuring noise, but has no abi li ty to elimina te the systema tic bias giv en in Eq. ( 8) .

The fi rst pa rt of the right-hand side of the Eq. ( 16) decreases wi th the reduced w , while the

second par t increases wi th the reduced. Becausee2 e1 , it is rea sonable to reduce w great ly. Fig . 1

giv es the illustrations o f the noise lev els wi th inco rpo ra ting dif ferent w eight facto r into the algo-

ri thm giv en in the fi rst section o f this paper.

Figure1　 The illustra tions o f noise r eduction　　　　　 Figure2　 The illust ration of noise reduction

with the optima l w eight facto r

4　 Choice of the Weight Factor
The cri terion of the optimal w eight facto r choice is that the algo ri thm has the fastest noise

reduction performance. Acco rding to Eq. ( 13) , we have

e
2
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2
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Let
 e2 (k )
 w (k )

= 0, the optimal w eight facto r w opt i s deriv ed as follow s
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e
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2
2

e
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1+ e
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2
2

( 18)

　　 Fig. 2 giv es the illustration o f the noise lev el wi th the optimal w eight facto r. Table 1 gives the
rela tionship betw een the smoo thing and the resursiv e time when optimal w eight factor is av ai l-

able.

Table 1　 Performance of the smoothing algorithm with the optimal weight factor

k 0 5 10 20 30 50 100 1 000

e/m 3. 0 1. 22 0. 90 0. 65 0. 54 0. 42 0. 30 0. 13
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5　 Conclusions
The smoo thing tech nique is an effectiv e method to smooth the measuring noise embeded in

code pseudorange. The th eo retical discussions and tests i llust rate that the smoo thing accuracy de-

pends on the choice of weight factor, the recerv er noise, and the recuresive time. As a result , when

recursiv e time is la rg er than 100, a smoothing accuracy of 30 cm is derived w ith the optimal

w eight factor inco rpo rated into the smoo thing algo ri thm and wi th the condi tions giv en in the sec-

ond section o f this paper.
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基于载波相位的 GPS码伪距平滑算法设计
*

邓　强* *　　黄顺吉
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【摘要】　文中给出了全球定位系统接收机可获取观测量的误差估计 ,基于此讨论了平滑算法的性

能。平滑算法的精度与接收机性能 ,权重因子和平滑递归的次数有关。给出了载波相位平滑伪码伪距的

具有最快的噪声对消的递归算法结构 ,并且对其性能进行了评估。 当递归次数大于 100,码伪距和载波

相位的测量精度分别为 5. 6 m和 5 mm时 ,具有最优加权系数的平滑算法可提供优于 30 cm的伪距测

量精度。
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