Location and Surveys

TGO Network Adjustment

Minimally Constrained Adjustment

ADJUSTMENT / DATUM (default is WGS-84)
2. ADJUSTMENT / ADJUSTMENT STYLES — pick 95% Confidence Limits

Active Style: |95°/° Confidence Limits

[

fidence Limits Eemesl
99% Confidence Limitz
One Sigrma Edit...

Hew...

Copy...

Bename...

il

Delete

Edit... to check defaults
a. General Tab — Sigma Scalars  Univariate 1.960 Bivariate 2.447

95% Confidence Limits i 21X

General | Covariance Displayl Temestial Eontrolsl Setup Enorsl

s

[+ Restrict Covariant Tems to Observed Lines

™ Compute Conelations for Geoid Model

Fesidual Taleranc: - Sigma Scalars

To End lterations: |D-DDDDBBSH Univariate: I‘I .960 'I
Einal Convergence Cutaff: |D 016404t Bivariate: |2 447 'l

M auimum lterations: 0

)
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Location and Surveys

b. Covariance Display 1.96 Horizontal 1.96 3 - Dimensional

95% Confidence Limits ' 21x|

General  Covariance Display | Termestrial Eontrolsl Set-up Enorsl

= |
— Harizontal

Express Precision as: w| Constant Term [C): IU-UUUUUUUUSﬂ
Propagated Linear Eror [E]: IU.S. 'l Scalar on Linear Erar [S]: I'I.SBD Vl

 Three-Dimenzional

Express Precision as: |F|atio vl Canstant Term (C) IU-UUUUUUUUSrt
Propagated Linear Errar [E): m Scalar on Linear Emor [S): 1.960 -

¥ Use Elevation emors if available

Ok I Cancel |

C. Set-Up Errors  Error in Height of Antenna = 0.002 m or 0.007 sft  Centering Error = 0.003 m or 0.010 sft
(You will need to add the Set-Up Error values the first time)

95% Confidence Limits ' el
Generall Covariance Displayl Terestrial Controlz  Set-up Emars |

—GPS

Error in Height of &ntenna:

|m

LCentering Error: ID.D1 Oasft
~ Temestrial

Errar in Height of Inastrument: IU.UUUSfl

Centering Error: ID.DDDSH

ok I Cancel
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Location and Surveys

3.  Constraining One Control Point

a.

ADJUSTMENT / POINTS -- from the Points dialog box choose one of the control points to be
held 2D by highlighting the control point and checking the 2D box to the right

Points 20|
Points: Adjustment Diatum: WES-84 oK I
Foint Morthing E azting Height Elew Fiwed

4 Earl Smith 727653, 345sft 2043744741 5ft 382.843sft R ME [e] ﬂl
GUNTER 716792, 365sft 1954319.945sft 316.826sf [418.837s Fix
GARMER RESET |709319.71%9:k 2123137.255:f 301.857:h [411.199: v B
DERWARD 7E0857 691 sft 2124696.016sft 23.112sh [339.47 32 Il :la bt
TURMKEY 514333.568sft 2045409.096:f 267 B72sh [371.0772 r EI -

Eley:

* Grid " Local  WiES-84

ADJUST NETWORK  -- select ADJUSTMENT / ADJUST
-- choose the ADJUST icon from the project bar (on left)

Review and Evaluate Minimally Constrained Results

- REPORTS / NETWORK ADJUSTMENT REPORT
- Statistical summary — global statistics — FAIL?

- Adjusted observations

- Histogram of standardized residuals -- OUTLIERS?
- Point error ellipses

Do we have any If YES, make note of the baseline number and continue to Step
OUTLIERS? 4

If NO, go to Step 6.
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Location and Surveys

Take a good look at the residuals of each Outlier. On occasion you may find that one bad
observation throws several observations out as outliers. By disabling the worst outlier and
readjusting, you may find that the other observations work. Do not remove observations from
your adjustment without first looking at how the removal will affect the network configuration. At
times, the residuals of these outliers are so small that they do not significantly effect the

Network and can be left in the adjustment.

4. ADJUSTMENT / OBSERVATIONS / GPS Tab (uncheck baseline # of the outlier)

& GPS | R Tenestriall )3 Geoidl

Observations:

oK

Cancel

Usge I Obs I Fram point l T o paint I Type I ariance Group

Pl

| Std Fres (Ma) | Filter...

B2 GARNER ... DERWARD  Static
EB1 & Earl Smith  GUMTER Static:
GARMER ... AEalSmith  Static
ES TURMKEY  DERWARD  Static
B3 GUMTER TURMKEY  Static

K KR & &
o
E=

<GPS Defaults
<GPS Default:
<GPS Default>
<GPS Default>
<GPS Default:

1.7
1E3
1E7
.44
127

5. Return to Step 3b

6. DOES NETWORK PASS CHI-SQUARE TEST?

Review and Evaluate Minimally Constrained Results (See 3c)

If YES, goto Step 12
If NO, go to Step 7
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Location and Surveys

7. ADJUSTMENT / WEIGHTING STRATEGIES / GPS Tab

Set scalar type to ALTERNATIVE

Weighting Strategies

2|
# GPS | A Tenestriall el Geoidl

—a&pply Scalars To Scalar Tvpe Sealar Value: I? Cancel |

¢ Al Observations " Default .

" Each Observation Lack | Eilter.. |

" Yariance Groups Apply |

i  Automatic

Obszervations:

Obs I Fram poaint I To point I Mext Scalar I Tupe I Yariance Group I

B1 A Eal Smith  GUNTER 0.43 Static <GPS Default>

B2 GARMER ... DERWARD 043 Static <GPS Default>

B3 GUMTER TURMEEY 043 Static <GPS Default>

B4 GARMER ... AEalSmith  0.43 Static <GPS Default

BE TURMEEY  DERWARD 043 Static <GPS Default

8. ADJUST NETWORK

Repeat Steps 6 and 8 until network passes CHI-SQUARE TEST, then go to Step 9.

9. REPORTS/ NETWORK ADJUSTMENT REPORT/ STATISTICAL SUMMARY/
WEIGHTING/ STRATEGIES / GPS OBSERVATIONS

Check to see what scalar was applied in order for the Network to pass the CHI-SQUARE TEST
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Location and Surveys

10. ADJUSTMENT / WEIGHTING STRATEGIES /GPS Change scalar type to USER
DEFINED

Take the scalar that was applied in the Network Adjustment Report and round up to the nearest
tenth.
Example: If the scalar was 3.71, Use 3.80

& GFS | A Terrestriall I Geoidl
ey otalare To Scalar Type———— Scalar Yalue: |3E‘ Cancel |
* Al Observations " Default -
" Each Observation  Alternative Look | Eilter.. |
" Variance Groups % User-defined Apply |
] . Automatic
Dbszervations:
Obs | From point | To point | Mext Scalar | Tupe | Yariance Group |
B1 AEarl Smith  GUMTER 1.00 Static <GPS Defaul>
B2 GARMER ... DERWARD 1.00 Static <GPS Default>
B3 GUNTER TURMKEY  1.00 Static <GPS Default>
B4 GARMER ... AEalSmith  1.00 Static <GPS Default>
BS TURMKEY DERWARD 1.00 Static <GPS Default>

11. ADJUST NETWORK
12. LOAD THE GEOID MODEL --- ADJUSTMENT / OBSERVATIONS / Geoid Tab / Load

F 2 GPSI R Tenestial 1 GEUidl 0K |
Observations: Uriload I Cancel |
Usge I Obs I Fainit l S eparation I Error I Wariance Group I Std Res I Eilter... |
A& AEarl Smith  -105.477sft  2786sft  <Geoid Defaults ?
M GUMTER A02.011sf 2.786sft <Geoid Default ?
M GARMER ... -109.342sft  2.786sft  <Geod Defaults ?
M DERWARD  -108.361sft  2.786sft  <Geoid Default ?
M TURMKEY  -103.508sft  2.786sft  <Geoid Default: ?
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13. ADJUSTMENT / POINTS

Make sure the original control point is highlighted, Check the Elev. Box to the right.
You are now holding this control point Horizontally and Vertically

Points 2| x|

Points: Adjustment Diatum: WES-84 oK I
Foint Morthing E azting Height Elew Fiwed

& Earl Smith 727659 346sft 2043744 74Tsh | 382.500sh 488.3193b ﬂl
GUNTER, 716792 370sft 1954319945 |316.570sh |416.58Ts R
GARNER RESET |709321.894:h 2123146236 |302.240s0 |411.582¢
DERWERD 7E0857.707sit 2124696016 |231.496sft |339.858
TURNKEY 514333 578sft 2045408.087sh | 267.315sht |370.820

* Grid " Local  WiES-84

14. ADJUST NETWORK

Note — When controlling Preliminary Mapping step 15 can be omitted since a calibration is not
needed.

15. ADJUSTMENT/ CALIBRATION COORDINATES/ Save...

Use the second option “New points with suffix”. Leave suffix as _GPS.
This will create New points inside your Project to be used in the calibration that have a _GPS

suffix.
Save coordinates for calbration———————————————
" Existing points
Cancel |
& Hew points with sulfix; _GPS
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Location and Surveys

Fully Constrained Adjustment

At this time, decisions have to be made whether the control can be used
or if there is any control points that do not agree and may introduce error
into you network. If you have used HARN and CORS stations exclusively in
your network your control should agree. If you are mixing Horizontal and/or
Vertical control stations from non GPS network adjusted points you may
find the control points may not work.

The Adjustment should be done as a continuous operation until competed. If you have to stop and
get out of your project part way through the adjustment you may have to adjust it a couple of time to get
back to the point you were at before you exited.

16. CHANGE DATUMS -- ADJUSTMENT / DATUM — Select NAD 83

17. ADJUSTMENT / WEIGHTING STRATEGIES / Geoid Tab
Set scalar type to ALTERNATIVE

&P GF'SI R Tenestial IID GEDidl 0.
—&pply Scalarz Ta Scalar Type——— Seeler Wl I? Cancel
& Al Observations " Default _
= Each Dbsemvation ¥ Altemative Laock | T

[l

€ aniance Groups 7 Userdefined dapply
Obzervations: ) Auornaic

Obz | Pk | Mext Scalar | Separation | Errar | Yaniance Group |
G17 MCRD 1.00 33.23m 0.77Em <Geaid Default:
G18 MCLI 1.00 -33.012m 0.77Em <Geoid Default>
G19 MCFA, 1.00 -33.517m 0.776m <Geoid Defaults
G20 HCkM 1.00 -35.749m [.77Em <Geoid Default:
G bd351-1 1.00 S33.773m [.77Em <Geoid Default:
G2 b4951-4 1.00 -33.816m 0.77Em <Geaid Defaults
G23 b4951-2 1.00 -33.784m 0.776m <Geaid Defaults
G4 bd951-3 1.00 -33.813m 0.77Em <Geoid Default:
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18. View the NETWORK ADJUSTMENT REPORT / Control Coordinate Comparisons and find the
station that agrees the best in horizontal and vertical. Go under POINTS in the ADJUSTMENT MENU and
check the 2d and Elev. Block of the point you want to hold.

a. ADJUST the network

At this time you can see how this affects the network by going back to the NETWORK

ADJUSTMENT REPORT / Control Coordinate Comparisons and see if remaining control points
continue to move closer to their published values.

b. Continue to fix the control stations one at a time and adjust (step 17a) in the order
of the precision.

19. ADJUSTMENT / WEIGHTING STRATEGIES /Geiod Tab
Change scalar type to USER DEFINED

Take the Geoid Scalar that was applied in the Network Adjustment Report
Example: If the scalar was 0.11, Use 0.11

Weighting Strategies

a2lx
& EF'SI R. Tenestial IJ Geoid |

—Apply Scalarz To Scalar Type———— G ealar Value: A Cancel |

& Al Observations ™ Default _

" Each Dbsenvation = Alternative Lock | Filter.. |

£ Variance Groups % Uzer-defined Apply |

I :

Obzervations: Atoalic

Obz | Paint | et Scalar | Separation | Errar | Y ariance Group |

G17 HWCRD 1.00 -33.23m 0.776m <Genid Default:

G185 HCLI 1.00 -33.012m 0.776m <Geoid Default:

G19 MHCFA 1.00 -33.517m 0.776m <Genid Default:

G20 HCEM 1.00 -35.749m 0.776m <Geoid Default:

G2 b4951-1 1.00 3377 3m 0.776m <Geoid Default:

G2z b4951-4 1.00 -33.816m 0.776m <Geoid Default:

G23 b4951-2 1.00 -33.784m 0.776m <Geoid Default:

G24 ba951-3 1.00 -33.813m 0.776m <Genid Default:
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The adjustment is now complete, although there are a few checks yet to do.
20. Make sure to CHECK --- REPORTS / NETWORK ADJUSTMENT REPORT

Does network pass CHI-SQUARE TEST?

If NO, you may have to go back to ADJUSTMENT / WEIGHTING STRATEGIES / GPS SCALAR
type and change to ALTERNATIVE and ADJUST NETWORK until your network passes the CHI-
SQUARE TEST.

If YES, check REPORTS / NETWORK ADJUSTMENT REPORT / ADJUSTED OBSERVATIONS to
see what kind of value you have for the deflection in longitude ( a value over 10 seconds may
indicate a problem in vertical)

TGO Network Adjustment Flow
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Localizing the Project

Note — When controlling Preliminary Mapping steps 19 and 20 can be omitted since a
calibration is not needed.

21. Localize Project — FILE/ Project Properties

Select the Coordinate System Tab

Project Propetties e |
Features | Reparting | Recompute |
Project Details Coordinate System | IUnits and Format

— Coordinate system setting

Site: Mot selected Change... |

System: U5 State Plane 1983

Zone: Morth Carolina 3200

Datum: MAD 1983 [Conuz]

Geoid model: Geoidl3 [Conug] MC Sub Grid

— Local site setting

Froject latitude: 7 Change. .. |

Project longitude: 7

Froject height: 7

Coordinate display: Gnd coordinates
Details. .. Save az Site...

Cancel Spply

Select [Change...] for Local site settings

Local site settings N

— Project location

Morthing:

-2

= Elevation: |2 Cancel |
?

& Grid " Local  WGES84

Easting:

[ Use ground coordinates

Ground scale factor: I‘I 0000000000

™| Eormpute sale Factar from project Incation

Ground coordinate display

& Horthing offset: ID.DDDsft Easting offset: ID.DDDsft

€ 4 digit coordinates Erample:
Farth: 0L000sf becomes 0000 s
€ B digit coordinates East; 2000000003 becomes 2000000 D03z

TGO Network Adjustment Flow
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Input Coordinate for Localization Point
Toggle to use ground coordinates
Enter Scale Factor*

Local site settings

x|
— Project location ’TI
Maithing: [EF494 459 | Elevation: |2.910m Cancel |
E asting: 712835.35Tm
+ Grid " Local  WES-84
V¥ Use ground coordinates

Ground scale factor: |1 onoE 4

[™ Compute scale factor from project location

Ground coordinate display

& Naorthing offset: ||:|, 000m Easting offzet; ID.DUDm

4 digit coordinates E xarmple:
Morth: 66434, 4539m becomes B6434.453m
B digit coordinates E azt: ¥12835.351m becomes 712835.351Tm

* Take Note that the Scale Factor is the inverse of the Combined Grid Factor used to
localize the Project

Press [OK]. Project has now been Localized.

TGO Network Adjustment Flow
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GPS Site Calibration

Note that calibrating will remove the Network Adjustment. However copies of the Network
Adjustment reports are in the REPORTS/NETADJUST folder under the project.

22. Calibrate Project - SURVEY/ GPS SITE CALIBRATION

a. Check Horizontal and Vertical Adjustment as shown in the following figure.

GPS Site Calibration 2=l

— Calibration components g |
[™ Datum transformation
¥ Thres parameter Cancel |
") Seven parameter o |
™| Update default projection origin —
¥ Horizontal adjustmert Saveasdite... |
[™ Set scale factor to 1 Coord Systen.., |
Geoid modsk Geoidd3 (Canus) NC Sub B‘L"l

Point List... |

— Computation surmmary
Huorizontal adjustment zcale factor

b an wertical adjuztment inclination;

I ax horizontal rezidual:

{11

& wertical rezidual:

b. Select POINT LIST

TGO Network Adjustment Flow
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C. Under POINT LIST match the points w/ the _GPS suffix as the wgs84 reference positions and the
points without the suffix as the Local values.

LPS Site Calibration - Poink Lisk

el

Fuoints:
M arme W 5l |
— = = C | |
+-GPS Faint Lakewood_GPS SIS
[+-Grid Poirt Lakewood | |
: nzert
LTupe Horizontal
[+-GPS Paint R2303C-9 GPS Delete |
[+-Gind Point R2302C-4
Type Horz and Wert
[+-GPS Paint R2303C-10_GPS
[+-Girid Paint R2303C-10
Tupe Haorz and Wert
GPS Paint r2303d-2_GPS

(rid Paint
: Horz and “Yert

Type

=l

— Statistics

Harizontal adjustment scale factor:
Max vertical adjuztment inchnation:
b4 ax harizontal residual;

b ax wertical rezidual:

1.00000071 8
3.958ppm
0.028f
[0.07 2sft

Watch the Statistics box to see how you calibration is working as you add points. You may have to make
decisions on using some points as horizontal or vertical only if the point makes the residuals high.

d. Select OK when you are satisfied with the points you have selected.
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GPS Site Calibration

Location and Surveys

2|

r— Calibration components
I~ Datum transformation
& Thres parameter
€ Seven parameter
I™ Update default projection origit

v Huorizontal adjustment
I~ Set scale factar o 1
v Vertical adjustment

Canicel |
Complte |
Save az Site... |
Coord Spstem. .. |

Geoid rmodel: GEOIDAES [Conus)

Point List... |

Repart... |

— Computation summary
Harizontal adjustment scale factor:
tdax vertical adjustment inclination:
M ax horizantal residual:

b ax vertical residual:

1.000000718
3.958ppm

ID.Dszl
ID.DF"sfl

e. Select COMPUTE and check the COMPUTATION SUMMARY for agreement.

f. Select Report to create a Calibration Report to be used later for Plan Control Sheets.
The file will be saved under the TGO project, Reports, Calibration directory.
f. Select OK to accept Calibration.

Exporting Data from TGO

23.

At this point in the project it is recommended to export “ Master “ files which

will be the foundation for future surveys. In particular it is a good idea to export
.DC and .CTL files. The .DC file can be put into your controllers and be used as
template to make job files that work correctly for both GPS and Conventional

methods.

Survey Control files (.dc):

This export is under the Survey tab and creates a file for the controller.

Survey | CAD /ASCI | GIS | Custom |

Antenna detals to Survey Contioller =

Backaround map to Survey Contraller [* DXF)

Comma deimited coordinate fle to Survey Contraller [~ C5Y)

Diata Dictionaty to Survey Contraller [ ddf)

Diatum giid to Survey Contraller [ cdg)

Description fle to TDS Device [* ]

DTM points ta fis [* dii)

DM points te Survey Cantroller

Featurs and Attibute Library to SDR33 file (% sdr]

Feature and Attibute Library to Survey Controller <)

Featurs and Attibute Library to TDS Device [= ]

Gieoid e to Survey Controller (*.agf]

Gioid fle to TD% Survey Fro CE (~ggf)

NGS Blusbiook Files

Freode file to 360045500 GDM [~ pea)

SDR files [* sdi)

STAR-NET 2D cantrol points

STAR-NET 3D cantiol points
s

|

Jid 5

Cancel
Mew farmat...
Edit format.
Delete famat

Optians.
Customize..

Export
£ Selestion
& yhole database

TGO Network Adjustment Flow
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Most of the exports you need for DOT are under the CAD/ASCII tab.

Geopak CTL : Creates files for Geopak in .CTL format.

Geopak INP file :  Creates files for Geopak input format.

Geopak : Creates an comma delimited ACSII files for Geopak as Point Number, X,Y,Z ,LCode
PCode

GPSPRJIxx.xlt : Creates files for input into the old GPSPRJ speadsheet.

L&S Survey Control Sheet — Adj. Coordinates :

L&S Survey Control Sheet — Ref. Coordinates :
Exports Localized and WGS84 points to be used to recreate the calibration. The
L&S Survey Control Sheet — Adj. Coordinates should have only Localized points
and the L&S Survey Control Sheet — Ref. Coordinates should have only _GPS
points.

NCDOT Photogrammetry Export :
This file is in the proper format for Photogrammetric panels

24. Files that need to be saved for the future.

Calibration.html :  The Calibration.html file, which is in the project directory under reports, needs to
be saved for future use in the Survey Control Sheets. This file along with the L&S
Survey Control Sheet — Adj. Coordinates and the L&S Survey Control Sheet —
Ref. Coordinates file need to be sent in with the Control sheets. They will be used
by Construction to recreate the Calibration.
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Appendix A

outlier
Outliers are observations which are identified by statistical analysis as having a residual too large for its
estimated error. The term derives from the graphical position of an observation in a histogram.

residual
The correction, or adjustment, of an observation to achieve overall closure in a control network. Also,
any difference between an observed quantity and a computed value for that quantity.

Chi-Square Test
This value lets you know how well the adjustment network fits together. If the reference factor is close
to 1.0 and the degrees of freedom is acceptable, and the network is fitting together mathematically, and
the Chi-square test passes.

When performing a successful least-squares adjustment, mathematical closure of the network is one
important factor. Consider the Chi-square test to be your first indicator of mathematical closure.

tau (value)

A value computed from an internal frequency distribution based upon the number of observations,
degrees of freedom, and a given probability percentage (95%). This value is used to determine if an
observation is not fitting with the others in the adjustment. If an observations residual exceeds the tau, it
is flagged as an outlier. Known as tau lines in the histogram of standardized residuals, vertical lines left
and right of the center vertical line.
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