4538 % 46 4 M & ¥ 4l Vol. 38 No. 6
2017 46 H Chinese Journal of Scientific Instrument Jun. 2017

YL B IR ZE XF GNSS E i B9 52 g 4 4

Wik 2 SRR, '
(1. FEBFEEZZN TG V% 7106005 2. FFEREERAES FHEM S EMNBEATLAELHE 1% 710600;
3. pEBRERERKF Jbad 100049)

T R B B A B SR T A B A5 SR . DAFHIS i 3 a6 W 7 TV 5T T R O LA 1 2 X S B 4 SR
SN SRR b ORI 7 AR — B i S H S IR WS LS A 22 Xk 5 B B R s S HERR TR B iR 2
FISZIA , A IGS $24L 0 D EKE AL E 38 5| AR R A eSO U B 22 T R, X e 0 A 25 SR 04T T e ; P8 2o 2
WO A A AR 53 BT AN [ 5 1] EAR AN [R) e R 67 B 1R 25 T GPS/GLONASS LAY I ECHs , 43 BT 1 5L BRig A7 358 i i
BRZENHE L B SR AR, IR 2 TR DL 6 B 2R R 0 e T 2 1 4 o 43 SR A v B RS B P A i ), 4
JERZERRHIR 17, %) GPS HI GLONASS 72 B YA BE A 520 43 31 /N T 515 ns, WP R FE 5200 43 1/ T 10 F1 15 ns; R 22 5
R 1", %5 GPS 1 GLONASS HEff BE A2 M /N T 1 ns, XPFGE BERZIA I /NT 10 ns s @ AR AR AR AM S 2R 22 BRI AN m, 2 B2y
3 ns [ AR 25, % B AR e BE RS2 I NI K 24 0.3 ns/m, ZESEBRRL A, F P A S35 A SO 451 iR T 8 IR B I 3 oK,
% I I R SOR L A AL R B R 60

KRR EHHEIHL O B R 2 Ak ST R R G E i

hE4S S TH762.4 TN965.5 XEFRIRE: A ERREZRSERKED: 420.40

Analysis of receiver position error impact on GNSS timing
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(1. National Time Service Center, Chinese Academy of science, Xi'an 710600 ,China ;2. Key Laboratory of Precision Navigation and Timing
Technology, Chinese Academy of science, Xi'an 710600 ,China ;3. University of The Chinese Academy of Science, Beijing 100049 ,China)

Abstract ; Inaccurate receiver position information directly influences the timing results for users. The impact of receiver position error on
timing is studied in the terms of both theory and experiment. Theoretically, the biggest impact on receiver position error is obtained by
differentiating the pseudo-range equation in the first order. To avoid the influence of satellite position error, the precise satellite positions
provided by IGS are used to correct the theoretical results. In experiments, the impact of position error on timing result is also studied by
analyzing GPS/GLONASS receiver observation data under the errors in different directions and orders of magnitude. The different
situations in the practical scenarios are also analyzed. Experimental results show that the timing accuracy of GPS and GLONASS is less
than Sand 15 ns by every increase of 1 arc second latitude error, and timing stability is less than 10 and 15 ns respectively. The timing
accuracy of GPS and GLONASS is less than 1 ns for each additional arc second error of longitude, and both less than 10 ns of timing
stability. Every increase one meter of elevation error can cause about 3 ns timing error and the influence on timing stability is about 0.3
ns/m. In the practical applications, users can refer to this conclusion for considering input coordinates of timing receivers according to
the demand of timing precision.
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Fig.1 GPS single satellite timing error
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Fig.2 GLONASS single satellite timing error

*1 GPS DEREERRESIT
Table 1 Statistics of GPS single satellite timing error

(ns)

u 2 5 13 18 20
R E 33.18 37.49 17.93 24.15 35.04
F/ME -57.20  —47.79 -23.03 -57.29 -56.54
B -25.58 -18.06  -7.31 -30.98 -23.03
Ty 29.42 26.29 12.18 25.95 30.15

%2 GLONASS I E#EFHRESIT
Table 2 Statistics of GLONASS single satellite timing error

(ns)

u 1 13 15 17 24
HRME 36.35 36.24 35.62 37.48 36. 81
B/ME  -55.65 -57.65 -57.47 -57.61 -57.54
B -22.89 -20.89 -20.54 -20.77 -23.83
I 26.82 27.28 27.76 26.69 27.00

|

K13 GPS TR Z B iRZEA L
Fig.3  GPS multi-satellites timing error

¥4 GLONASS T & £ B iR 22481k M £k
Fig.4 GLONASS multi-satellites timing error

%3 GPS/GLONASS £ EHZSEMIRESITR
Table 3 Statistics of GPS/GLONASS multi-satellites

timing error

(ns)

i GPS GLONASS

ISPN] -6.61 36.81

/MH -34.79 -57.66
i(E -21.01 -22.52
ik 5.00 19.58
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Fig.5 GPS single satellite timing error

16 GLONASS T3t #i 5 I iR 22 A8 fhu il 2k
Fig.6 GLONASS single satellite timing error
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Table 4 Statistics of GPS single satellite timing error
(ns)

M 8 13 20 25 30

IS oNi] 331.79  374.93  179.31  241.54  350.43
FoME -572.02 -477.92 -230.29 -572.86 -565.41
W -255.75 -180.60 -73.10 =-309.75 -230.31
Vit 204.21  262.92  121.76  259.52  301.52

%5 GLONASS IEREFERIRESIT
Table 5 Statistics of GLONASS single satellite timing error
(ns)

M 1 13 15 17 24
BARME 363.50  362.40  356.17  374.78  368.15
/ME -576.49  -576.53 -576.73 -576.10 -575.42
¥ -228.89 -208.94 -205.37 -207.72 -238.26
% 268.17  272.76  277.62  266.88  269.99

El7 GPS DREZREERREAIL

Fig.7  GPS multi-satellites timing error

K18  GLONASS TR % B iR 22 fh il £k
Fig.8 GLONASS multi-satellites timing error

#F 6 GPS/GLONASS £ ELZ&EHIRESITR
Table 6 Statistics of GPS/GLONASS multi-satellites

timing error (ns)
“ GPS GLONASS
RKRME -66.07 368. 15
/M -347.87 -576.56
BifE -210.06 -225.15
ik 49.97 195.81
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Fig.9 Schematic diagram of the coordinate

offsetting experiment
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Table 7 Relative delay between lab and reference receiver

(ns)

AHIXT e 2 GPS GLONASS
Pl -97.77 —102.46
T 1.65 4.47
4.2 HRERIAE

AR 8 ~ 10 HHES 2 FNA 2 A L 7 [ (4 A8 bR
B R AE B S SR LI 7 B AR R, Rl B AR RS %
PEWHLARE B0 25 AR AR R AR o R & B UL IR] B 32 AT, 3R
eI AR, SCke 1k B [R5 FEA A i H (MJD) 57 696
~57 705, SEE A F BB w2l BE Ak b, 6 4 B A bR 4k R
¢ 8 P 2 A I ARG SR AU RO RIE 2
FRARAREAAS . PR B AR AR BRI B A 12 h, 22
il R AL FR AR LAAR R A 7 VA T B . SR IR 2SI LA [R]
i B 5 LA 52 B85 o 52 FBR 9 & S MOHL Y
R AE | S AT i AN () -f2 AN () K /N I X 52 56 B IS
REiTERE AT

B2 R A bR BAG E K GPS Al
GLONASS T3 1) 2 sf i 2 i & e 10 ~ 11 iR, Geit
ZEIRINFE 8 ~ 10 iR .

®8 GERESIEMRERERITER

Table 8 Time difference caused by latitude error

P ALat/ (") dx/m dy/m dz/m Mean;pg Std pg Mean; oxass Std cronass
1 0.2 1.15 -3.29 5.09 1.40 2.80 3.43 3.28
2 0.6 3.44 -9.86 15.27 3.22 5.55 9.99 3.21
3 1.0 4.59 -13.14 20.35 3.94 8.35 12.36 8.54
4 1.5 7.45 -21.35 33.07 6.83 11.89 19.79 13.28
5 2.0 10.31 -29.57 45.79 7.97 18.13 25.00 22.16
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Table 9 Time difference caused by longitude error
= ALon/ (") dx/m dy/m dz/m Meangps Std ps Mean; oy ass Std g onass
6 0.2 -4.82 -1.68 0 0.30 2.44 0.04 4.99
7 0.6 -14.47 -5.05 0 0.92 4.99 0.06 5.68
8 1.0 -24.13 -8.41 0 0.22 8.20 -0.47 5.10
9 1.5 -36.19 -12.62 0 -0.05 12.27 -1.78 9.23
10 2.0 -48.25 -16.83 0 1.44 14.76 1.51 16.43
Fx10 FRREENFEEESITE
Table 10 Time difference caused by height error
& AH/m dx/m dy/m dz/m Meanpg Std ;pg Mean; onass Std ;1 onass
11 0.5 -0.13 0.39 0.29 1.29 1.87 1.45 4.99
12 1.0 -0.27 0.78 0.57 2.26 1.80 1.95 5.68
13 5 1.36 3.9 2.83 11.47 2.17 10.50 5.10
14 10 2.71 7.79 5.75 21.54 2.40 17.98 9.23
15 50 13.56 38.97 28.23 103.97 9.19 103.95 16.43
16 100 -27.17 77.93 56.45 203.89 15.79 193.50 29.52
17 150 40.76 116.91 84.68 310.15 27.30 313.74 39.52

K10 UL B IR ZES [ GPS 22 B 5E I I 1) fi 22

Fig. 10 GPS multi-satellites time difference caused by receiver position error

E 11

HMHLAL BRI GLONASS 25 B3 IR ik [H] 4 22

Fig. 11  GLONASS multi-satellites time difference caused by receiver position error
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