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PQ CHINH XAC CUA MO HINH GPT3 VA ANH HUONG
CUA NO VAO PINH VI PIEM CHINH XAC CAO
O KHU VUC BIEN PONG

NGUYEN NGOC LAU®, PHAM ANH DUNG®
“Truong Pai hoc Bach khoa TP. HCM
@Céng ty Thiét bi Khoa hoc Céng nghé Twong Anh

Tom tit:

Chiing t6i trich loc d¢ tré doi luu tir 19 ngay dir lieu GNSS (29/10 dén 16/11/2020) nam trong
cao diém mia mua bdo & khu vuc bién Dong cua 2 tram GNSS thuong truc tai Philippines va Viét
Nam. Khi so sanh véi két qua tinh do tré doi luu tir mé hinh GPT3, dé léch 16m nhdt lén dén hon 1
dm. Diéu nay dén dén dinh vi diém chinh xdc cao khi hiéu chinh dé tré doi luu dung mo hinh GPT3
va VMF3 da lam giam ty le thanh cong cua viéc gzal tham s6 da tri va gdy ra sai sé hé thong lén ¢
thanh phan d¢ cao. Sai s6 dinh vi theo hiréng Bdc, Pong va dg cao dat dwoc (0.005, 0. 004 0.1 36)
m khi xit Iy tinh 24h va (0.018, 0.018, 0.136) m khi xir [y dong. Néu coi do tré doz hew la an s6 dé
woc lwong cung voi toa do tram do, ty I¢ giai thanh cong da tri dat 97% va sai s6 dinh vi la (0.002,
0.002, 0.010) m khi xut ly tinh 24h va (0.015, 0.018, 0.050) m khi xu ly dong. P chinh xac cua thanh

phén dé cao dwoc cdi thién tir 3-13 lan so véi khi sir dung mé hinh GPT3.

1. Pit van dé

Tin hiéu GNSS khi di qua ting dbi luu bi 1am
tré khoang 2.4m & hudéng thién dinh
(Tropospheric Zenith Delay - TZD). Trong do
anh huong cua khong khi kho chiém dén 90%
(~2.3m), con lai 10% la do hoi nuéc (~0.1m). Du
d6 tré nay nho hon nhiéu so v6i anh hudng cua
tang dién ly nhung n6 lai kho khic phuc va mé
hinh héa do sy co dong cua thanh phan hoi nude.
bay dugc xem la mot han ché can khic phuc
trong dinh vi diém chinh xac cao (Precise Point
Positioning - PPP).

Céc nha khoa hoc di nghién ciru va dé xuat
moé hinh kinh nghiém tinh toan do tré déi luu
theo cac tham s6 khi twong bé mat gdm nhiét do,
ap sudt va do0 4m, vi du nhu mé hinh
Saastamoinen [12]. Mendes [8] da khao sat mot
s6 mo hinh khac nhau va két luan do tré& do tac
dong cua khong khi kho c6 thé tinh toan chinh
xac dén mm khi dung mo hinh Saastamoinen,
trong khi thanh phan hoi nuéc wéc lugng kém
chinh xé4c hon c¢6 thé dat muc vai cm.

Céc tham sb khi tuong bé mat thuong khong
6 sin tai cac tram do GNSS, hon nira néu do
cling khong dat dugc do chinh xac yéu cau do
hién tuong lan truyén nhiét gﬁn mit dat. Mot sd
nha nghién cuu da xdy dung md hinh kinh
nghiém vé cic tham s6 khi tugng nhu nhiét do,
ap suit va d6 am dé phuc vu cho viéc tinh d9 tré
dbi luu thién dinh va ham anh xa roi rac. Vi du
nhu m6é hinh UNB3m cua Leandro va nnk [7],
Global Pressure and Temperature 2 (GPT2) cia
Lagler va nnk [5], Global Pressure and
Temperature 2 wet (GPT2w) cia Bohm va nnk
[3]. Gan ddy nhat c6 mo hinh Global Pressure
and Temperature 3 (GPT3) cta Landskron va
Bohm [6]. Day la mot mo hinh thuc nghiém
cung cap cac tham s6 khi tuong trén ludi 6
vuong toan cau 5° x 5° hay 1° x 1°. Chiing duoc
ding dé tinh d¢ tré ddi Iuu thién dinh va dic biét
la ham anh xa roi rac VMF3.

Nhitng tham sb khi twong ma cidc mé hinh
trén cung cap dwa vao 1 tap hop cac gia tri trung
binh cong thém voi cac bién dong theo chu ky
hang ndm va ntra ndm cua nhiét do, ap suét, ap
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suat hoi nudc. Do d6 nd sé& bo qua nhitng anh
huong thoi tiét bt thuong nhu cac con bio.
Trong bai bao nay ching t6i mudn xem xét do
chinh xac cua TZD tinh ttt m6 hinh GPT3 trong
mua mua bio & bién Pong va viéc ap dung nd
vao dinh vi diém chinh x4c cao.

2. Trich lge TZD tir dir liéu GNSS

Chting t6i chon ra 2 tram GNSS thuong truc
& khu vuc bién bong la DANA ¢ ba Néng, Viét
Nam va PIMO & Quezon, Philippines trong thoi
gian tir 29/10/2020 dén 16/11/2020 nam trong
cao diém mua mua bdo ctia 2020 (tuong tmg véi
ngay ctia nam tir 303 dén 321). Trong thoi gian
nay bién bong da hiang chiu 3 con bao, dac biét
trong do c6 si€u bao Goni quét qua Philippines
tir ngay 30/10 va dén Binh Dinh, Vit Nam ngay
6/11.

Dé trich loc TZD cua 2 tram trén, chung t6i
dung mét bd loc Kalman dya trén phuong phap
dinh vi diém chinh xac twong ty nhu Byun va
Bar-sever [1]. Co so 1y thuyét cta viéc trich loc
TZD da duoc trinh bay trong bai bao [10]. Dé
tién cho viéc so sanh véi san pham TZD cua
IGS, chung t6i cling cai dat tuong tu [1] nhu sau:
(Xem bang 1)

Két qua cua viée trich loc TZD cua hai tram
do PIMO va DANA duogc thé hién ¢ hinh 1 va 2
(mau xanh). Trong d6 ciing thé hién két qua tinh
toan TZD dung mo hinh Saastamoinen vdi cac
tham sb khi twong tir GPT3 (mau den). Tram do

PIMO nam trong mang lu6i toan cau IGS nén co
san san pham TZD cua JPL (Jet Propulsion
Laboratory). San pham TZD ctia JPL c6 tan suit
30s va dac biét la bi anh huong boi hi¢u tng ranh
gi6i ngay nho hon nhiéu so véi IGS. Do chinh
xéac JPL TZD cho trong file san pham tir 1.5-3.0
mm tuy thude vao tirng tram do. bé kiém tra do
chinh xéc trich loc TZD, chung t6i tinh do I¢ch
TZD véi JPL rdi chuyén thanh sai sé trung
phuong c6 két qua 1a 7.4 mm. Két qua nay tuong
tu voi Mendez va nnk [9] khi so sanh IGS TZD
voi két qua xu Iy ctia mot sb dich vu truc tuyén.
(Xem hinh 1, 2)

Hinh 1 va 2 cho thdy gia tri TZD bién thién
v6i bién d6 1én dén 2 dm do lugng hoi nude tich
tu ting dot bién vi anh hudng cia cac con bio
trong khoang thoi gian nay. Trong khi d6 duong
biéu dién cua TZD tinh tir Saastamoinen va
GPT3 gan nhu 1a dudng thing. Didu nay lam cho
d6 1éch giita 2 két qua TZD 1én dén hon 1 dm.

3. Pinh vi diém chinh xic cao ding mé
hinh Saastamoinen, GPT3 va VMF3

Chung t6i dung dinh vi diém chinh xé4c cao dé
xac dinh toa d6 cia PIMO va DANA vi cac cai
dat tuong tu nhu bang 1. C6 1 sb diém khac nhu
sau:

- Thay thé ban lich chinh xac IGS bang ban
lich cia Trung tdm Nghién ctu Khong gian
Qudc gia Phap (Centre National d’Etudes
Spatiales - CNES) dé phuc vu cho viéc giai da

Bang 1: Cac cai dat cho viéc trich loc TZD

a _tri ban daun
Chiéu dai d¥ lidu
Toc 46 dix Lidu

24h
30s

Noi dung Gia tr1

Phan mém PPPC

Ban lich va ¢dng hd vé tinh | IGS

Dinh hwéng trai dit IGS

Mo hinh anten IGS Convention
T do Pha va mi GPS
Goc ngwéng vé tinh 70

Hamanhxa GMF [2]

Saastamoinent [10] va GPT3 [6]

Tham s6 khao sat

i tri may thu (hing s6), 46 tré wdt thién dinh
(bwdc ngau nhién véi phuong sai 3 mm/h),
gradients (bwde ngiu nhisn véi phrong sai 0.3
mm/'h), tham s da tri
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tri.

- Khong khao sat TZD ma hi€u chinh tri do
bang gia tri tinh dugc tir mo hinh Saastamoinen
va GPT3

- Thay thé ham anh xa GMF bang VMF3 dé
tuong thich véi GPT3.

- Xtr ly theo 2 phuong an: tinh 24h va dong.

- Toa d nhén dugc tu viéc xtr ly dugc so
sanh voi gia tri chinh xac de€ tinh do 1€ch va sai
s0 trung phuong theo cac thanh phan hudng Bac,
Pong va dd cao

Két qua trinh bay ¢ bang 2 va 3.

Bang 2 va 3 cho thiy du hai tram PIMO va

DANA cach nhau dén 1387 km nhu két qua xir
Iy ching twong tu nhu nhau. Trung binh cho ca
2 tram do, sai s dinh vi theo huodng Bic, bong
va do cao dat dugc (0.005, 0.004, 0.136) m khi
xt 1y tinh 24h va (0.018, 0.018, 0.136) m khi xt
ly dong. Theo d6 thanh phan d6 cao chira dung
sai s& hé théng 16n ~ +0.13 m. Ddi chiu véi
hinh 1 va 2, ta thdy nhiing ngdy mé hinh
Saastamoinen+GPT3 ¢6 dd léch 1o6n TZD ciling
1a nhirg ngay c6 d6 1éch 16n ¢ thanh phan do
cao va ty 18 giai thanh cong tham sé da tri khong
cao. Vi du tram do DANA ngay 10-11/11 (315
va 316) c6 d6 léch TZD hon 1dm, twong trng véi
sai s6 d6 cao ~ 0.26-0.28 m va ty 1€ giai da tri 87-
93%. Hinh 3 thé hién két qua xur Iy dong cua

Hinh 1: TZD cua tram PIMO tir b6 loc Kalman (xanh), JPL (do)
va tinh toan tir Saastamoinen+GPT3 (den)

Station PIMO

Hinh 2: TZD cua tram DANA tie b loc Kalman (xanh),
va tinh toan tir Saastamoinen+GPT3 (den)

Station DANA,
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Bdng 2: Két qua xir Iy tram PIMO khi diing mé hinh Saastamoinen+GPT3+VMF3

Negay Tinh 24h Déng % giai
Avgorth(m) | Agas{m) Atp(m) | miorm(m) | mEa(m) | mup(m) da tri
29/10 +0.003 -0.001 +0.011 0.044 0.048 0.076 98
3010 +0.004 -0.001 -0.001 0.012 0.012 0.043 96
31710 +0.000 +0.001 -0.050 0.012 0.020 0.069 95
0111 +0.008 +0.001 +0.148 0.015 0.011 0.155 99
0211 +0.004 +0.001 +0.086 0.012 0.021 0.104 97
03711 +0.000 +0.002 +0.141 0.022 0.024 0.14% 97
0411 +0.004 -0.002 +0.171 0.017 0.030 0.187 96
0511 +0.007 -0.008 +0.111 0.012 0.009 0.116 97
06/11 +0.003 +0.000 +0.042 0.030 0.033 0.066 97
0711 +0.003 +0.003 +0.090 0.016 0.037 0.105 91
0811 +0.002 -0.000 +0.097 0.009 0.011 0.105 94
0911 +0.007 -0.001 +0.147 0.013 0.009 0.148 96
10/11 +0.009 -0.005 +0.158 0.018 0.013 0.168 97
11711 +0.006 -0.005 +0.201 0.030 0.014 0.238 96
12/11 +0.005 -0.006 +0.164 0.011 0.012 0.171 96
13/11 +0.002 -0.001 +0.088 0.008 0.010 0.094 99
1411 +0.002 +0.001 +0.066 0.018 0.030 0.093 94
15/11 +0.001 +0.003 +0.021 0.032 0.022 0.073 94
16/11 +0.008 -0.003 +0.077 0.037 0.027 0.178 97
TB 0.005 0.003 0.113 0.019 0.021 0.124 96
Bang 3: Ket qua xu ly tram DANA khi dung mé hinh Saastamoinen+GPT3+VMF3
Nezay Tinh 24h Dong %% giat
ANorth AFast Aup MNarth East Mip da tr1
29/10 +0.008 +0.002 +0.134 0.016 0.013 0.145 98
30/190 +0.006 -0.001 +0.183 0.016 0.015 0.191 o4
31/10 +0.008 +0.003 +0.126 0.020 0.016 0.139 04
01/11 +0.005 +0.002 +0.023 0.013 0.013 0.045 29
02/11 -0.004 +0.001 -0.024 0.016 0.015 0.049 95
03/11 -0.001 +0.004 +0.009 0.013 0.014 0.039 96
04/11 +0.006 -0.016 +0.032 0.018 0.026 0.084 88
05/11 +0.005 -0.002 +0.2350 0.017 0.017 0.258 o1
06/11 +0.003 +0.004 +0.194 0.018 0.016 0.204 o4
07/11 +0.003 +0.003 +0.091 0.016 0.012 0.103 92
08/11 +0.000 +0.006 -0.015 0.013 0.014 0.051 96
09/11 +0.001 -0.002 +0.199 0.014 0.016 0.206 o4
1041 +0.007 -0.000 +0.281 0.019 0.013 0.286 87
1141 +0.004 +0.000 +0.238 0.010 a.016 0.267 93
12/11 +0.004 +0.005 +0.109 0.021 0.021 0.118 20
1311 +0.004 +0.006 -0.090 0.018 0.022 0.108 o4
1411 +0.004 -0.004 +0.221 0.017 0.016 0.227 91
15/11 +0.005 +0.003 +0.176 0.016 0.013 0.185 04
16/11 +0.006 -0.002 +0.101 0.01% 0.014 0.111 95
TB 0.005 0.005 0.158 0.017 0.016 0.148 93

tram DANA vao ngay 11/11. Trong d6 thanh
phan d6 cao cua tit ca cac thoi diém do bi léch 1
cach c6 hé théng mot gia tri trung binh 1a +0.28
m. Trong khi d6 thi thanh phan mit bang chiu tac
dong cua sai s6 TZD it hon nhiéu. Vi vdy chiing
t6i két luan rang khi dung TZD tinh tur
Saastamoinen+GPT3, PPP chi cung cip duoc do
chinh xac cm & thanh phan mat bang.

(Xem hinh 3)

Tiép theo chung t6i thay ddi phuong an xir 1y
TZD trong PPP. Chiing t6i coi TZD 1a 4n sb véi
3 thanh phan: do tré thién dinh, gradient hudng
Bic va gradient hudng Dong. Trong d6 gia tri so
bd cua TZD Ia gia tri tinh toan tir Saastamoinen
va GPT3 véi sai s6 0.1 m. O 1an xtt Iy nay, ty 18
giai thanh cong da tri rat cao, trung binh dat 97%
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SSTP = 0.049 {m)

NP v N N St

Hinh 3: Két qud xit Iy dong ciia tram DANA ngay 11/11

& ca hai tram do, thdp nhét 1a 93%. Két qua xtr
Iy dugc trinh bay ¢ bang 4 va 5.

Béng 4 va 5 cho thdy d6 chinh xé4c dinh vi cta
2 tram PIMO va DANA tuong ty nhu nhau,
trung binh dat (0.002, 0.002, 0.010)m khi xu ly
tinh 24h va (0.015, 0.018, 0.050)m khi xu ly
dong theo cac thanh phan huéng Bic, Pong va
d6 cao. Cac d6 léch toa do trén bang 4 va 5 thé
hién tinh chét ngau nhién, khong gidng nhu bang
2 va 3. Bd chinh xac dinh vi nay cling tuong
duong voi cac cong bd khoa hoc trude diy vé
dinh vi diém chinh xac cao [11]. So sanh véi két
qua ¢ bang 2 va 3, do chinh xac khi xur ly tinh
24h tot hon khoang 2 lan & mit bang va hon 10
lan ¢ thanh phan d6 cao. Mat khéc ty 1¢ giai tham
sd da tri thanh cong ciing cao hon (97% vs 94%).

4. Téom tit va két ludn

Dé khic phuc anh hudng cua ting dbi luu
trong dinh vi diém chinh xac cao, ching t6i di
nghién ctru va ap dung mo hinh khi tuong maoi
nhét hién nay - GPT3 két hop v6i Saastmoinen.
Két qua xtr Iy PPP khi hi¢u chinh TZD dung mé
hinh nay cho thay:

Trong diéu kién thoi tiét bat thuong do anh
huong ctua cac con bao, TZD tinh tr m6 hinh
Saastamoinen +GPT3 c6 sai s6 1én dén hon 1dm.

Viée giai tham sb da trj trong PPP co ty 18
thanh cong dat trung binh 94%. Tuy nhién co
nhitng ngay ty 1¢ nay chi dat 87%

Do chinh xac dinh vi theo huéng Bic, Dong
va do cao dat dugc (0.005, 0.004, 0.136) m khi
xu 1y tinh 24h va (0.018, 0.018, 0.136) m khi xt
ly dong. Trong ca hai truong hop xu ly, thanh
phan d6 cao déu chira sai s6 h¢ thong 16n ~+0.13

m do sai s& TZD tinh tr md hinh
Saastamoinen+GPT3.
Néu <coi TZD tinh tr md hinh

Saastamoinen+GPT3 Ia gia tri so b dé khao sat
tham s nay trong PPP, ty 1& giai thanh cong
tham sb da tri cao hon, trung binh 1a 97% va
khong c6 truong hop nao dudi 93%. Do chinh
xac dinh vi 1a (0.002, 0.002, 0.010) m khi xu 1y
tinh 24h va (0.015, 0.018, 0.050) m khi xu 1y
dong theo cac thanh phan hudng Béc, Pong va
do cao.

Vi vay ching ti két luan rang néu yéu cau do
chinh xac dat ra cho PPP & mirc cm cho thanh
phan mit bang thi ¢6 thé higu chinh TZD tinh tir
mé hinh Saastamoinen+GPT3. Tuy nhién néu
doi hoi thanh phan d¢ cao ciing phai dat d chinh
xac 0 muc cm thi chi nén coi gia tri TZD nay la
so bd voi sai sb khoang 0.1m va can phai khao
sat tham s6 nay trong xur Iy PPP.Q
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Bdng 4: Két qua xit Iy tram PIMO khi khéo sat TZD

Ngzay Tinh 24h Béng % giai
AMarth AFast Al Marth M ast muy da tri
29/10 +0.006 +0.000 +0.004 0.017 0.018 0.052 93
30/10 +0.003 -0.002 +0.007 0.012 0.016 0.061 95
31/10 +0.001 +0.001 +0.015 0.012 0.016 0.066 97
01/11 +0.004 +0.003 +0.021 0.012 0.013 0.048 97
02/11 +0.003 +0.000 +0.013 0.011 0.022 0.053 96
0311 -0.001 +0.004 -0.004 0.012 0.018 0.038 97
04/11 +0.000 -0.000 +0.012 0.009 0.011 0.037 99
05/11 +0.002 -0.001 +0.011 0.007 0.010 0.029 97
06/11 -0.000 +0.001 -0.008 0.015 0.027 0.046 98
0711 +0.000 +0.002 +0.008 0.016 0.037 0.052 98
0811 +0.002 +0.003 +0.003 0.008 0.013 0.038 97
09/11 +0.001 +0.004 +0.007 0.014 0.020 0.046 97
10/11 +0.002 -0.004 +0.004 0.034 0.030 0.037 98
11/11 +0.002 +0.001 +0.009 0.009 0.017 0.049 97
12/11 +0.002 -0.000 +0.009 0.009 0.013 0.040 99
13/11 -0.001 -0.001 +0.016 0.008 0.011 0.034 99
14/11 +0.000 +0.003 -0.004 0.023 0.036 0.066 97
15/11 +0.004 +0.002 +0.011 0.025 0.016 0.058 96
16/11 +0.002 -0.000 0.029 0.014 0.023 0.064| 985
B 0.002 0.002 0.012 0.014 0.019 0.048 97
Bang 5: Ket qua xir Iy tram DANA khi khdo sat TZD
Negay Tinh 24h Déng % giai
ANorth AFast Aln MM arth MEa:t My da tnl
2910 +0.005 -0.000 +0.009 0.016 0.015 0.049 98
3010 +0.003 -0.003 +0.000 0.014 0.019 0.050 96
3110 +0.004 +0.001 -0.010 0.018 0.014 0.053 97
0111 +0.003 +0.000 +0.005 0.024 0.020 0.062 98
0211 -0.000 +0.002 +0.016 0.016 0.014 0.049 98
03/11 -0.002 +0.005 +0.014 0.012 0.013 0.042 98
0411 +0.000 +0.000 +0.009 0.017 0.015 0.059 97
0511 +0.003 +0.002 +0.003 0.019 0.015 0.047 97
06/11 -0.001 +0.004 -0.006 0.017 0.019 0.053] 965
0711 +0.000 +0.001 -0.007 0.001 0.010 0.041 98
0811 -0.001 +0.005 +0.006 0.017 0.014 0.051 98
0911 +0.000 +0.002 -0.011 0.019 0.014 0.047 97
10/11 +0.002 +0.000 -0.000 0.014 0.013 0.045 96
11711 -0.002 +0.002 -0.002 0.021 0.012 0.040 94
12/11 +0.003 +0.002 +0.002 0.015 0.020 0.050] 96.5
13/11 +0.003 -0.000 +0.019 0.015 0.021 0.0711 95
1411 -0.000 +0.004 -0.006 0.016 0.016 0.050 97
15/11 +0.003 -0.000 +0.007 0.015 0.016 0.060 93
16/11 +0.001 +0.000 +0.007 0.014 0.016 0.043 95
TB 0.002 0.002 0.009 0.016 0.016 0.051 97
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GPT3 model accuracy and it’s effects on precise point positioning in the east Vietnam sea

region

Nguyen Ngoc Lau - Vietnam National University Ho Chi Minh City

Pham Anh Dung - Tuong Anh Science Technology Equipment Joint Stock Company

We extract the tropospheric zenith delay (TZD) from 19 days of GNSS data (October 29 to

November 16, 2020) located in the peak of the rainy season in the East Vietnam Sea area of two
GNSS permanent stations in the Philippines and Vietnam. When compared with the results of the
TZD calculation from the GPT3 model, the maximum deviation is up to more than 1dm. This leads
to precise point positioning (PPP) when correcting TZD using GPT3 and VMF3 models reduces the
success rate of ambiguity resolution and causes large systematic errors in the height component. The
positioning errors in the North, East and Up components were achieved (0.005, 0.004, 0.136) m
when 24 hour static and (0.018, 0.018, 0.136) m when kinematic processing. Considering the TZD
as an unknown to estimate together with the station coordinates, the PPP processing has the success
rate of ambiguity resolution being 97% and the positioning error obtained as (0.002, 0.002, 0.010)
m when 24h static and (0.015, 0.018, 0.050) m when kinematic processing. The Up component
accuracy is improved by 3-13 times compared to using the GPT3 model.O
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