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B EGRTERLARE, B, HLEx KR 6 2R B R BOER A 691 A ST, KA SHA @
FT7PEEAR GNSS S5z 35 69 5k B R TR 2 R H38 4% 8 89 iR B B EAE A EGNOS/UNB3m/GPT/
GPT2 W A TRHERFTATEARARK . ARAEFWERBRREFT oM, ERIEF.4 A8 RMS 3 H 4~5
cm, &BEA RMSZ £/ F 1 cm, 2 GPT2 454 6§ RMS & v ;4 A4 A 64 F 34k £ (BIAS) % 1 cm £ 4,
GPT2 # A ¢y BIAS®R K, 4 1.5 e 8F ] L, EAMBEREAEHE S BERK, XX RAAERAFE R E
BEREMBEX ;TR L, EBNERAHLEFEARK BARH T HEERE, B R TR B
S Sh AR R AR H N SEF A R, @i xR E AR A P B R RGO ES5AT, B IR A
EREA T A P B R LR B e SRR — WA,

SESRIA) A B R TR RE R 5 A B AR s [ AR b IR A

B &4 %S . P228. 42 MERIRERS A

KAIE R JE 2 BRF AT TR R 48 (Global Navi-
gation Satellite System, GNSS) ) 3= H iR ZH 2
— o RAHE R F2 240 45 0 0 )2 8GR 5 )= A
B JEE A LUE S TR B 2 SRR . X2 E
Ry R THERFAE R, TER vl LUl i R4 5
A AR T S R A NS B AT ARG o L
R AR I ST B K GNSS 2% W 4% 45
M R TH Y ) N 2 A FE IR (zenith total de-
lay, ZTD)Zyk 2.3 m,fF S & J7 0] 1 4 15 75
B3 3 e 5 pR %% (mapping function, MF) ., 0
NMEF" (GMF'" \VMF1'7 S A7 558 78 57 JE
S AR B AR E AR AT A 20 m™,

Xof L JE R THUAE 3R & m] DLl B AR AR (nu-
merical weather model, NWM) $#2 it i) X %2 2 %4
P A ROR I S AR B R
AEET NWM 55 X% i )2 K TAE 3R (1 25 3R 3 F
A% A R T TR e S B i R R ] —
fi] B AR Y T 55 K TS i J2 A€ 3R, 41 Saastamoin-
EGNOSH | UNB3m!"®'%,  GPTN,
GPT2M™ &5 X s A 0 2 I TR S50 BUE
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RERY AR A — RGN TR TOUAE 3R B[] ) 51 43
B 48 5 (9 SO IE AR A L a0 AR 48 [ B GNSS iz 45 (In-
ternational GNSS Service, IGS) 4 FRu; 52 ZTD
B IE] 5 810 6% B IE B ALY R P NWM B
ZTD i 8] /7 4 1 2 1 2 B IGGtrop™ | GZ-
TD™ (SHAO™ %, | R A5 AL 7 4 BR v [l A9 RS
EEABZ WIS ER A A E X R
TR . Bl R X TR A A 6 B G
JE A W6 3 JL R TR B A FH A S ORS B R AT OF
i o A SCR A R SCH iR 55 0 B S M (erustal
China,
CMONOC) #t 223 s 2012 4 1  ~2013 4
12 A 5288 % EGNOS, UNB3m ,GPT .GPT2
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MZFZ M.
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sis Center at Shanghai Astronomical Observato- ~2013 4 12 A E X880 7 4 IGS M 1y
ry. SHA) X4 ER 110 4~ 1GS i) 5 Fi o [ X 38, 14 SHA ZTD 5 1GS ZTD [ ¥4 22 (BIAS) ¥y
260 A fiti 25 9 35 19 GPS/GLONASS Wi il %5 4 5 MR 2 (root mean square, RMS), 55 i/ 5 I,
HEAT AL B SR AR 2 0 B 2 S e T R (DL IGS ZTD RAEMBE N 5 min, S8 it H L
R R E 58 2 F M E S 1GS — 2. HERFHEZE 1 h, £WE Y SHA ZTD Gk W
SHA 7Ef Haf, X B S B v BE  £1,
GPT R () T 48 53R 4, 4 /I8 B Ak 31— - 48 3R
WUIE B, WS BRBCR F GMES

IGS fi# 3.1 ZTD &5 T 2443 0 (anal-
ysis center, AC) %55, S N —2 mm™, %
FEMIBE R 5 min, Ry PPAl SHA X i )2 48 3R 7 i
CF3CHRiFR SHA ZTD) WRG B G2 it 2012 4F 1 J

N
1 5 ,
MS = |= 1Gs SHA y2
JR S Nél (ZTD; ZTD) 0

N
_ L 1GS SHA
BIAS = Z, (ZTD! ZTDSHA )

1 SHA thE X IGS i i 33 7% B 7= @ 15 B /mm
Tab.1 Accuracy of SHA ZTD Comparing to IGS Solution/mm

BJFS SHAO CHAN LHAZ URUM KUNM TWTF MEAN
BIAS 1.2 —0.7 1.5 1.5 1.0 1.0 1.0 0.9
RMS 2.0 2.0 2.3 2.6 1.6 3.8 1.6 2.3

ML ] LU W P E X S A SHA BRI 223 AN, B A s 2012 451 H ~
ZTD 5 1GS ZTD — S R &, 45 I3 5F- ¥ BIAS 2013 48 12 A ¥ [a] i EGNOS, UNB3m, GPT,
$ 0.9 mm, F-# RMS 3 2.3 mm, #EF % GPT2 % 4 Fpii A R AL R , 5 SHA ZTD b4,
() SRARE W FEAS [ 1 B IGS 2846 7 24 s Gk AR BLRL Y BIAS 5 RMS(2{ (1)), BIAS
A5 A SHA ZTD () mm 2 i A5 B2 DIPE Sl S8AEZ 22l T 258 i i (8] 43 9%

I EL A TR S Yy 1 dL i Se ZTD 4 32 4 /N — 6 3
{8 I o S2 ZTD | RAE AR — A, &5
2 BESH T T 5 R AR LI 1), L Ah . 15 4 il 3

PR ZTD $HE . 25 R LK 1(b)
g VA AS [ A R (%) SR TOT A iE 3R ORS B, AR SC ik

90°E ‘ 105°E 120°B
(a) -3k fy v (b) -3 (Y Z TDIAME

BI1 £k i e FE & ZTD H#){E (2012~2013)
Fig. 1 Distribution of Elevation and Mean ZTD of Each Stations (2012~2013)
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R DX 55 K 5 s ZTD 5 0 3y o A 0 AR I B 05 GPT2 A 7E 4 [ 15 [l Py 45 3 1 BIAS B% K
e RE R AR A ZTD BN AR F X AR A T EGNOS,UNB3m, 7£ (30°N, 105°E) ff iz 8
I ZTD B K 5 117 U &6 b X, I H: 2 7 780 1 Jirt X R, | KAE A K 5 em; 5 EGNOS, UNB3m,
e R AR 38 ZTD A XTI GPT2 A, GPT BB % 75 j 5 g 1) BIAS B &g

H AL BIAS 5 RMS 50 WL 2. 3, R K e R AT IR 100 em, 78 T 98 #5843 X 458 0] 4 /)N
ME 2 Rl AE H L ENGOS, UNB3m B BI- (UNF—5 em) i3 i 7E 4 [ V1 BN A0 4 K O 8l J2:
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XFJi A D s 4 AP LR ) RMS Fi BIAS i 17
Giit AR WK 2. K 2 Pl LLE ), 4 R Al
iR 22 5 em, Hor, GPT2 #E B BE % &
RMS % 4. 65 cm; EGNOS i % K5 B g 2%, N
5.59 cm; UNB3m 1 GPT £ &I 15 RMS 43 51 Sl
5.16 cm.5. 00 cm; GPT A 7147 Xt i B B 4R %
T4 SH(60%), 2 RMS 54 /N F EGNOS,

UNB3m,{HH RMS & KEA % 11. 49 cm, KT
HAbAL A B RMS £ K{E (7~9 cm) ; EGNOS,
UNB3m #7% [) BIAS ¥ {E /N T 0, GPT 1% 1
BIAS #J{H KT 0. {H & = Fi Al BIAS ¥J{H fY 45
XHEAR/NTF 1 cms #H L, GPT2 #5281 ) BIAS 2
fH0 1.53 cm, 45518 2, 0] A GPT2 BERLEF 43
I AFFE R K ) R Gi i 2%

%2 REMEEEERS0HE/ m

Tab. 2 Accuracy of Different Models/cm
EGNOS UNB3m GPT GPT2
RMS 5.59 [1.62, 8.20] 5.16 [1.52, 7.79] 5.00 [1.71, 11, 49] 1.65[1.42, 9.56]
BIAS —0.59 [—5.85, 4.23] —0.33[—5.04, 3.59] 0.74 [—7.96, 9.45] 1.53 [—3.88, 7.71]

VDL 07 M5 SRR

GEvt BT W s AN A A By 4% BB LR ) RMS
5 BIAS %18 . & 4 Frn. WK 4 Al LE H
4 FORLRY ) RMS 5 BIAS 43 fii ¥ 52 BUAH [F] (1 5=
WRRE L BTN FE R 7R R RMS #R Gk 3l
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HZIKIRE 6 WL R AR b ) 21 A5 TR X LUK o
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121
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Fig.4 ZTD Accuracy of Different Models with Respect to Time
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Assessment of Tropospheric Delay Correction Models over China
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3 College of Transportation Building Engineering Academy, Shandong Jiaotong University, Jinan 250357, China

Abstract: As one of the main error sources in the Global Navigation Satellite System (GNSS), the ac-
curacy of tropospheric delay correction model influences the estimated coordinates, especially in verti-
cal direction; therefore, it is necessary to make assessment of different tropospheric delay correction
models. An assessment of four commonly used models, including EGNOS/UNB3m/GPT/GPT2, is
made in this paper. The result shows that the RMS of the four models remains 4-5 cm, and the differ-
ence between each model is less than 1 cm, with GPT2 being the most accurate model; and the RMS
of each model in summer is relatively much bigger than in winter, due to the abundant water vapor in
summer, which makes it harder to model tropospheric delay precisely. All models show poor accuracy
in southeast China, thanks to the rather changeable weather and the abundant water vapor there; and
no model is sensitive to the height, since the accuracy varies little with respect to the variation of alti-
tude. These findings provide a reference for the GNSS users in China area when choosing a suitable
tropospheric delay correction model.
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