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Outline:

* Project Motive
* Area of Interest
* Trajectory Models

* Project Implementation

* GNSS data gathering and processing
* Application of the SLTM

* Investigation of Outcome
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Project motive

- (reate a geodetic hands-on experience using techniques such as least
squares adjustment, GNSS data, and timeseries analysis

- Implement trajectory modeling on more CORS stations.
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Area of Interest

e 16 CORS stations from the state
of Ohio.

— IBI oo @S 2 Trimble

N 5 P S IENATICHA. FEDERATION THE SCIENCE OF WHERE"




R FIG WORKING WEEK 2023
dando 28 May - 1 June 2023 Orlando Florida USA
l Working Week 2023 Protecting Our World, Conquering New Frontiers

Trajectory models

* Early scientists considered coordinates as fixed.

 Multiple trajectory models have evolved throughout history with
development of theories and technologies.

* Each new model tries to fit and better represent the data.
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USA_COLB Constant Velocity Model
Ref. Position X : 592756.1639 Y : -4859703.3526 Z : 4074680.9549 [m]

* Constant Velocity Model (CVM) e EU me () 133 244 588

* Y(t) =Yg + V,(t — tg)

* Z(t) = Zp + V(t — tg)

 And In vector notation:

o x(t) = xg + v(t — tg) £ ofF"
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USA_COLB Constant Velocity Model With Jumps
Ref. Position X : 592756.1656 Y : -4859703.3528 Z : 4074680.9559 [m]

* Constant Velocity Model | NEU rms mm] 1.31 236 5.84

(CVM) with Jumps £’ E A

o x(t) = xp + v(t — tg)
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USA_COLB Time Series SLTM Model np=1 nj=2 nf=2

e Standard Linear Traj ecto ry Model Ref. Position X : 592756.1659 Y : -4859703.3543 Z : 4074680.9568 [m]

NEU rms [mm] 1.23 2.25 5.20
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e Extended Linear Trajectory Model (ELTM)

s x(6) = B pit - ) +

« XV biH(t— ) +

. Z’,:il[sksin(wkt) + cicos(wit)] +

« Y a;log(1 + At;/T;)

« * We usually use two values for T where T1=1 and

12=0.0523

Organized By @ e @esri @fTrimbIe

NS PS o ;“O‘J‘IEM THE SCIENCE OF WHERE




@ FIG WORKING WEEK 2023

28 May - 1 June 2023 Orlando Florida USA

Protecting Our World, Conquering New Frontiers

rlando
Fi

Working Week 2023

* GNSS data processing

- Needed data is 3 years of data. e — _

- Out of the stations available in the e
OSU archive,16 spread stations are g f/Rl 4h/R1 e
selected ndex o nex 24hrs/Rinex/

. . % [parent directory]

- Obtained all RINEX files from for N:ne N ryanodiﬁed
prOCESSing_ L 2020/ 1/26/21,3:02:00 PM

uh 2021/ 1/26/21, 1:59:00 PM
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US Government security requirements no longer parmit COOIS 1o offer data via raditional unencrypted anonymous fip; this servi
October 31, 2020, All data are still avallable, however access must be via HTTPS or fip-ssl.

Instructions with examples and our FAQ can be found at- hitpa.cddisnasa.goviData_and Dedved Products/CORIS Archive Acs
If you still have difficulty after reading and attempting the examples on that page, plesse contact us at support-cddis@earthdata.r

28 May - 1 June 2023 Orlando Florida USA

* GNSS data processing

- Downloaded the
GPSACE software along
with required files such as CDDIS v wenveosonce ooy
precise ephemeris, clock A —
correction, and earth e e e als )+ oa ars

. . Carrier phase residuals (cm) : 1.99 GPS
rotation param eters f||eS Ambiguity fixed (%obs %ambs)  : 0% 0% GPS
Number of observations processed : @ GLONASS
- Number of observations rejected : 21709 GLONASS
from NASA We bSIte Number of observations deweighted : @ GLONASS
Number of observations processed : @ GALILEO
Number of observations rejected : 1712@ GALILEO
Number of observations deweighted : @ GALILEO

3.3 Coordinate estimates

CARTESTAN NAD83 (CSRS ) ITRF (IGS14) Sigma(m) NAD-ITR(m)
X (m) 592757.0734 502756.1441 0.0021 9.9203
Y (m) -4859704.7482 -4859703.3472 0.0030 -1.4009

B Z (m) 4074681.0162 4074680.9504 0.0022 ©.0658
Organized By Gr> H Diamond Sponsors Wl_@,Trimble
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Standard Linear Trajectory Model (SLTM)

x(t) = Z?-(t —tp)'!
+H(t —t;)

sin(wyt)

+y

_®cos(a)k t)]
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* Weighted Least Squares Adjustment
- £ =B 1(ATC, D)

- B=ATC; A

«C,=B1

« Ais the design or coefficient matrix

e X vector of unknown parameters
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e MATLAB Code Structure

- Import coordinate time series with sigmas

Import metadata such as jumps times.

Generate the design matrix A

Perform 15t lest squares to generate reference position

Convert coordinates from xyz to enu.

Perform 2" [east squares to estimate parameters of the model.
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e MATLAB Code Structure

- Qutlier detection and removal

- Perform 3rd least squares to estimate final parameters of the

model.
- Use the design_sltm to generate uniform time series.

- Plot the data.
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USA_PKTN Time Series SLTM Model np=1 nj=7 nf=2 pout=1.48%
Ref. Position X : 602406.4616 Y : -4923544.217 Z : 3996328.9834 [m]
NEU rms [mm] 1.34 308 8.72
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USA_OHSB Time Series SLTM Model np=1 nj=0 nf=2 pout=1.17%
Ref. Position X : 595882.9378 Y : -4736697.8318 Z : 4215608.9652 [m)
NEU rms [mm] 1.27 2.22 5.26
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 Investigation of outcome

USA_OHCL Time Series SLTM Model np=1 nj=2 nf=2 pout=3.20%

cL -1
jon X : 525641.941 Y : -4868608.3959 Z : 4073374.3889 [m] et
NEU rms [mm] 2.11 2.34 5.37 106 adannl b o o2
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*Nevada Geodetic Laboratory Plot of OHCL
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Thank you
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