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& Carlson

About Today:

With the use of modern GNSS Equipment used more and more on everyday Land Surveying Projects
we will take a deep dive into the tools available for today’s users of Carlson Software’s most recent
product offering. Real world projects will be studied and with the use SurvPC 7 with advanced
control survey field collection options is where we will start. From there we will take a look at
processing GPS/GNSS baselines and how this is done within Carlson’s Survey GNSS Post Processing
Software. From there a discussion on Carlson Survey and the options for Least Squares Adjustment
options in the popular Carlson Survey Software. Last but not least we will also review a feature
that’s been asked about by many of you, so we’re doing a session on this as well! SurvPC’s Trig
Leveling functionality for level runs with your Total Station. The goal here is to do a live presentation
and then review the data with you. Other subjects that we will cover is the workflow and how “Your
Data’ can be used and evaluated for your Land Surveying Projects!

& Carlson Agenda for the Day!

<+ Project Settings -- SurvCE/SurvPC (Field Software) and Carlson Software (Carlson Survey)
= Setup and use within SurvPC

= Setup and use within Carlson Survey

<+ GPS Field Location with GNSS — Topo Point Location vs. Control Point Location
= Best Practices Discussion and review
= Topo/Side Shot
= Establishing the ‘Base-Point’ within SurvPC

<+ SurvPC -- What's been added and updated as well as what's been their (Review and Discussion)...
< Importing, Exporting and Reporting from SurvPC / Field Data

< Introduction and to your .rw5 file — Let's process a file!
= Processing of GNSS and TS Data
= Compass and Least Sq Adjustment with Traverse Data as well as GNSS Data / Alta Survey / RPA Reports / Trig Leveling and More

<+ Classroom Field Exercise on Trig Leveling — Report and Processing

<+ Finish up with some of the New Options within SurvPC 7 and other hidden ‘Gems’ within Carlson Software




Carlson.
@M seful Links

Carlson Software Website: www.carlsonsw.com

Carlson Academy Learning Center: https:/account.carlsonsw.com/login

05.php

Carlson Software Knowledge Base Articles: https://web.carlsonsw.com/files/knowledgebase/kba:

Carlson https://web.carlsonsw.com/files/manuals/manuals05.php

Carlson Software YouTube Channel: https://www.youtube.com/user/CarlsonSoftware/videos

Carlson Software Support Information: https://www.carlsonsw.com/support-and-training/

NGS Website Info:

https://geodesy.noaa.gov/GEOID/GEOID 18/maps/geoid18 difference conus.png

https://geodesy.noaa.gov/GEOID/GEOID 18/maps/geoid18_uncertainty_conus.png
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& Carlson

Yes, learning can be fun....

Let's make that a Goal of Today!
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‘ Carlson Project Settings > SurvPC

Distance:

Display
Input:
Angle:
Lat/Lon:

Zero
Azimuth:

Geoid:

Projection:

v, X

Format Options Stake

US Survey Feet

[Decimal Feet

]

Degrees, Minutes, Seconds v { Time:

!Local v |

[Degrees, Minutes, Seconds ' | Date:

North v|

ContinentalUS_NGS2018.gsb

USA/NADB83(2011)/Pennsylvania (North)
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New Functionality and
Improvements

SurvPC 7

Storing Jobs in Folders

By default, new jobs will

now be created in folders &5 Job Settings

and all associated files will New Job System Format
be added to the folder.

This simplifies manual
transfer of jobs. This
setting can be disabled

under
[[Jnete Ges scale factor per paint
[Astore GPS Accuracy in Raw File

Job Settings->Options... [¥auto Append sutfix to Base [0 in Raw File

if it is not preferred.

[Juse Feature codes for Descriptions
SRR

v X

Stake




Custom User Hotlist

available by double tapping in the top

A quick access user hotlist is now & Command Hotlist X

bar. A selection of handy shortcuts [ ommr [ ol ]
come preinstalled with the software,

and the user can customize the hotlist || rors ][ meomea | [ e |
using the gear icon in the top bar. I Inverse ] I Carlson Cloud l I Set Web Maps On l
Advanced users can even create their - et settnes oo
own hotlist items using python = | =T
scripting! [ reowrecotes ][ nosauen |
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New Interface with your Point List

& Pts:6<=302

The point list now includes

I for datelti d PTID NOR(ft)  [EAS(ft) _|ELV(f) DSC__|Date HI(f)§
columns for date/time, ro @1 4129605.175 5488928.980 390.500 02/01/2023 08:15:21.6.755
height, and point source, ‘@2 4129611.031 5488921.276 390.504 02/01/2023 08:15:28 6.755 |
represented by an icon. *$4 4129705.175 5488928.980 386.500 02/01/2023 08:18:09
“@300 4129613.938 5488912.978 391.280 02/01/2023 08:15:47 6
f@301 4129613.938 5488912.978 350.000 02/01/2023 08:16:44
51302 4129627.833 5488918415 390.500 CORNER 02/01/2023 08:18:32 0
The point list now functions as a
full featured raw data explorer N
and editor.
o [ eat  J[ A ][ Fnd ][ pelere ]
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Rod height modification

Rod height can now be edited from the Point Info->Edit screen. The
software will offer to modify the rod height of the current point only or
reprocess the file. In a full reprocess, all points measured with the selected
rod height will be adjusted, as well as cascading updates to all dependent
points.

A modification report will be presented,
and modifications will be tracked in point history!!!
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Improved Reporting

New HTML/PDF reports are available
for coordinate lists, stake reports,
volume calculations and full job
details. Reports support email output

and have fully customizable templates. C:\data\stakeReportDec30.html X

LS

Other new export options include GVX,
Full job as a ZIP, and GCP.

1/11/2025
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Point Report

. C:\data\SALES TRAINING\DemoJobs\pointinfo\pointinfo_3.html

The report icon at the top of
point info now generates a
PDF or HTML point report
with user selectable logo
and options for session and
measurement details.
Report template can is fully
customizable by editing the
template file.

14

Email Output — Email the project data to yourself
or your project manager or tech in the office!

Email output is now available
for reports, exports, and more
throughout the software.

New Email: Add

Address Book: Send to:

BECKY@SURVEY123.COM & IMATTHEW@SURVEY123.COM
Use the address book to store c 123.0M ROMI €Y123.C0M
GARRETT@SURVEY123.COM Add> SARAH@SURVEY123.COM
frequently used addresses JESUS@SURVEY123.COM

KEN@SURVEY123.COM
123.C0M
IMATTHEW@SURVEY123.COI ¥
»

<Remove

& Email Settings v

15




& Carlson.

Q SurvPC 7 (NEW)

= Imports/Exports
= .txt, .csy, etc.
= Don't forget about .crd/.crdb  Export
File Type POFReport (pd) ]
Format; Point Report v

Data Transfer

« Project data

v
o [ Email Coordinates e ——

*rwh
» Other files as well...

1/11/2025
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Enhancements to Carlson Cloud

= Automatic login at startup Sarah_W, limestone X
* Helmet indicates login status Send To:
1

= Online users now indicated in the user list 1

& 09/09/22<< File attached

= Define user groups

= Send company or user-group wide
announcements

+ Separate chat windows for each
conversation

= New user options for notifications < ﬂ
* Unobtrusive helmet icon ‘QJ
- Immediate screen popup (current method)
= No notification
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Redundancy Notation and Blunder Detection

Average multiple measurement sessions automatically

by using the same point ID. Configure a 2D or 3D

coordinate match tolerance for blunder detection.

Review session statistics to enable/disable

measurements before storing the point, and access full Ganeral U] Average GNSS

details later in the point info screen. _—
Point Averaging Mode: from Raw Data v

Users who prefer the legacy “=* method of tagging

points using the description field now have an option

for auto tagging based on position. Using this method, = [8eep on rejected measurements

when a measured position matches an existing point DLog Average Observations
within the set tolerance, the description field will be Dlnutomatically accept average results
replaced with the duplication tag of the user’s choice X .

automatically. In addition, positions manually tagged Coordinate Match Tlerance (=3 2 @D O
as being equal will be flagged as a potential blunder if
positions do not match within tolerance.

18




& Carlson.

Import Export vs. Data Transfer vs. Graphics vs.

QSurvCE/SurvPC ’ = ————
.Bah Transfer @

= Imports/Exports

= .txt, .csv, etc. Manual Transfer d
= Don't forget about .crd/.crdb ’
=%
= Data Transfer =
« Project data ==
« .crd -_ai
- w5 D:\Data\, i

GO hereslasiwsil= Copy Current Job to Folder Set Folder

Copy Job to Folder [¥incive

1/11/2025
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Enhanced Point Averaging options

GNSS Average now allows the selection of Average GNSS X
multiple requirements for average SATS:23/25 Status:FIXED(Sim) Hrms:0.067ft Vrms:0.111ft
completion. Customize minimum T TR
measurement count, time, and required AMin. Measurement count 10
standard deviation between measurements. dfime in minutes 30.000
[Astandard Deviation H: 0.020 Vi 0.030
The new redundancy sessions option n
allows for unattended measurement = )
¢ é . ime Delay: 20 Minutes
redundancy. Simply configure the required
time delay and the software will perform [ contawe J[rotemnces ][ wontorsipir
repeated averages with RTK resets.
Graphical Averaging Interface — Real Time!
« View error ellipses (1 sigma and 2 sigma) in real time or tap on graph to
switch to elevation view
+ Pause/Resume
* Choose to add more data at the end — Print and Report/ Email
Horizonal Vertical
5. session 10f1 v/ X & sessioniof1 v X
Status:FIXED(Sim) Hrms:0.034f Status:FIXED(Sim) Hrms:0.064ft
Latency: 1.0 Sats:23/25 PDOP:2.4  Vrms:0.109ft Latency: 1.0 Sats:23/25 PDOP: 24  Vrms:0.109ft
05 of 60 measured O HDev>0.020 0035 of 60 measured 2 HDev <0.020
verage 24 Seconds 2 VDev <0030 erage 35 Seconds  @Voe <00
N: 4129532.936 ft ncine: 000" N: 4129532.934 ft ncline: C0F00"
E 5488714589 ft § E 5488714589 ft |
z 4107181t z 4107151t 4 N\ il
HRange: 0058t = H Range: oonr VYTV g
ZRange: 0002t g 2 Range: 0.064 ft Wi
HDev: 0021 ft Hpev: 0018t i
Voev: 0014t — VDew: 001f T =
Pause

21
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& Carlson.

Averaging Interface

Remove Outliers Before Storing

«, Measurements

H Res HRMS)V V Res VRMS PDOP Incline latency Type

0.012 0.004 -0.0050.008 1.346 0°11'25" 2.0s

. 0.010 0.004 0.021 0.008 1.346 0°11'25"2.0s  FIXED

0.012 0.004 0.027 0.007 1.346 0°10'55"1.0s  FIXED

4 0.006 0.005 0.014 0.009 1.292 0°11'25"2.0s  FIXED

Average Range Std Deviation N

N: 4129530.3369ft 0.0384ft 0.0060ft ks
E: 5488714.4228ft 0.0486ft 0.0055ft g
Z: 550.0721ft 0.1341ft 0.0179ft 8
B
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Session 1{

SEESe]

Session

& Carlson

& 2 Sigma

g Average — Error Ellipse

= H c
Northing 2 ]
Range Vertical

b Individu 1 sigma : Range 2

=3 Measuremen Error Ellipse . 3

S t

H -0.06ft 0.00 0.06ft L

Easting Range
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SURVNET IN THE FIELD

BOUNDARY SURVEY CERTIFICATION

Field Procedures to reduce error

Dual baseline: protects against wrong base setup or
bad coordinate control

Time Delay: protects against bad fix or multipath

& Carlson
SurvNet In The Field

(e Settings \/ x

Control
Include BP as control Add Control Points:

Standard Errors:

North: 0.01 ft East: 0.01 ft Elev. 0.04 ft

RPA
Point Range: ALL

Tolerance: 0.07 ft PPM: 100 KY Rural v

Blunder Detection O20 @3p Tolerance: 02 ft
Minimum Time Delta: 0.33 minutes []Include Sideshots
Vector Std. Err. Factor: 0 [JAuto  Instrument Centering: ~ 0.01 ft

26

Carlson SurvNet Least Squares Adjustment

4
5. Resuts: oodwalosos22 Swo 8
ol ) Connections 58
SurvNet least squares Pontssed. Jf majcrd Jf contel Jf Comnectr 83 5
adjustment is now available in el e O S e e 950 g v i) 38¢ =
SurvPC for GPS boundary 23054 17423 38120 (At caed vecir . Fcar 0500 g 3
survey certification. Access the
feature through File->Raw data. o osssons st fen—
Compute results and create and i o tee s RNy 0 v
emall HTML and PDF rel_allve [ Results ) T connections
point accuracy reports without 10 Connections Examined. All pased at tolerance of 0,070 + 100 ppm.
leaving the field. Simplified di2t0pey
5t 15t 2 Resul Disance_Calclated Er._|ActualSer-rafor Allow Ser-major| &

output screens allow quick

4| (1492186 0.0062 + 100ppm o084
assessment of survey quality. 2 4/ 251269500046+ 100ppm 00205 00551
Easily modify settings and L2 v o omets oo oo acecs
recompute, remove poiats, oF | ' Loy oot esoon. oo oo
resurvey data if necessary. 4 »

27



sest.  Relative Point Accuracy: Best Practices

Two or more local bases, 20 min time difference (setu{: base, measure, move base, measure)
Single base + Network Base (NOT VRS) with time difference 1
Single base + VRS - time difference (measure VRS, set up base, measure with base)

ACCEPTABLE:

Two baselines, no time dif‘ference_ljtwo bases are setup simultaneous\){)) )
Single base + Network Baseé_NO VRS) no time difference (measure both before moving)
Single base + VRS- no time difference (measure both before moving to next point).

ACCEPTABLE BUT... May struggle to pass

Local base with time difference. 2
VRS with time difference — YES, but it may be harder to pass. Not ideal
Network base with time difference

NOT RECOMMENDE!

Single base with NO time difference (with RTK Reset)

Single base, no time difference, no reset (just measure twice)
Network base, no time difference, RTK Reset 3 /
Network base, no time difference, no RTK Reset (just measure twice)
VRS, no time difference, just RTK Reset |

VRS, no time difference, no RTK Reset (just measure twice)

SurvNet In The Field

< Settings

Control
Include BP as control Add Control Points:

Standard Errors:

North: 0.01 ft East: 0.01 ft Elev. 0.04

RPA
Point Range: ALL

Tolerance:  0.07 ft PPM: 100 KY Rural
Blunder Detection O20 @3p Tolerance: 02 ft
Minimum Time Delta: 0.33 minutes []Include Sideshots

Vector Std. Err. Factor: 0 [JAuto  Instrument Centering: ~ 0.01

1/11/2025

& Carlson
Final Report — Many Types To Review!

X C:\dat..it\floodwall080922\floodwall08092220220906_164117.html X

Profectint

o toosmaoatszz

prsen USANAS3201 ey Snge Zone

s Coatan Profcts O GRS Cotraraus NGS2018 380

S
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& Carlson
Let’s look at that Raw File

= Carlson’s .rw5 file ‘reads or creates’ a raw data file that
contains various lines of data (records) that could be
likened to a surveyor's field book. You can specify point
coordinates, job information, notes, and the angles and
distances that make up traverse or sideshots records
(and much more)

Once the raw data is created or read it can be
processed/reduced to coordinates that are stored in the
current coordinate (.crd; .crdb; .cgc; .mdb; .zak) file.

1/11/2025
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& Carlson
Let’s look at that Raw File

» When you select the Edit-Process Raw Data File command you
are prompted to specify the name of the raw data (.RWS5) file.
The current coordinate file is used automatically. To change the
current coordinate file, use the Set Coordinate File command in
the Points menu before starting this command. If no
coordinate file is current, the program will prompt you to set
the current coordinate (.CRD/.CRDB) file.

» Within SurvPC/CE you also can access the ‘Raw Data’ for edits
or adjusting field collected data.

» Reminder: It's always advised that you back up your work
prior to any major editing of a .rw5 file ©

32

& Carlson

Let’s look at that Raw File
Carlson SurvNET

= Processing a Traverse within SurvNET
= Processing a GNSS/GPS Control File

= Trig Level File

= Alta Survey Processing and Reporting

= And more...

33
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& Carlson.
Useful Links — Again...

Carlson Website: www.carlsonsw.com

Carlson Academy Learning Center: https://account.carlsonsw.com/login

Carlson Software Knowledge Base Articles:
https://web.carlsonsw.com/files/knowledc kbase05.php

Carlson https://web.carlsonsw.com/files/manuals/manuals05.php

Carlson Software YouTube Channel: https://www.youtube.com/user/CarlsonSoftware/videos

Carlson Support i https://www.carlsonsw.com/support-and-training/

NGS Website Info:

https://geodesy.noaa.gov/GEOID/GEOQID18/maps/geoid18 _difference conus.png

https://s noaa.qov/GEOID/GEOID18/maps/qeoid18_uncertainty conus.png

1/11/2025
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& Carlson

@, [7108:20230802_ALPHA-RTK_BMS

4] @]
Sl coGo |[ Road | BiM |
[ l
[2 Stake Points n‘,__ ][7 Resection g ]
[3 Stake Line/Arc U;; ][8 Set Collection " h. ]
[4 Stake Offset ﬂ'_? ][9 Leveling \/ &J
[5 Elev Difference ]2’]

1 Store Points 3 ][ 6 Feature Survey
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& Carlson

, Leve! v X
Instrument: Current Total Station
Level File: C:\Use. LEVELING\20230824_TRIG_LEVELING - Copy.tiv
Project: HAINESPORT BMs
Operator: K
Loop: 1
Date: 08/24/2023 Temp: 70
Time: 10:37:52 Press: 30
[(Juse Road Files
Centerline: C:\Carlson Projects\Data\CL1.cl
Profile: C:\Carlson Projects\Data\$5tmppts$S.pro

36
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‘ Carlson.

.‘-, Leveling

Desc: N

BM

Ready for next reading.
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ts\Dats\20730828_TATG_LEW

3 1853650

047,817
58
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‘Carlson,

Haimesport oM St 20250106 dwg” X |+
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1/11/2025

Point Occupied AntHtm]  StanTime
5350 1.666 2023.08.0813:43:13
7235 1.540
7236 1712
7237 1.629
7239 1621 2023.08.0816:14:16
5350 1.686 2023.08.08 16:45:32
7236 1.744 2023.08.0817:17:17
7237 1516 2023.08.0817:45:29
5350 1.749 2023.08.0818:18:31
7235 1.657 2023.08.0818:29:03
7236 1.739 2023.08.08 19:06:58
7237 1.666 2023.08.08 19:43:30
7239 1.762 2023.08.0820:22:10
5350 1.738 2023.08.08 20:51:34
7236 1.817 124:10
7237 1.659
FromPoint  ToPoint BX(UFT) AY{UFT) AZ(UFT) Azimuth & Helght (UFT) Vector Length (UFT)
5350 7237 890.753 52143 166180 103758533 .792 910.7
5350 7237 890.781 52,155 BBABT  103°5G523 3.784 910,824
7236 7238 855580 41125 06011 T4TII00E 2.070 980,203
7236 7235 855623 411,308 205815 741247 1933 980,229
7237 7236 1627.425 792,751 9612 TIHSL 2.784 1853.622
7237 7236 1627.449 792858 399578 TERSAE 2679 1853.881
5350 7238 1921457 1295243 06201 24I°S0045  9.866 2488.142
5350 7238 1922039 1294530  G06208 4150546 10218 2488.431
5350 7236 2518.172 834558 233418 BIB05T 0.921 2679.348
5350 723 2518.179 864,996 233387 &IR0TL 0.604 2679.349
7237 7239 2912080 1387642 740081 25246126  -13.450 3221963
5350 7235 W37 1296.206 429398 B0S9S00 2.975 3650.098
5350 7235 333878 1296144 439381 BUSOSLE 3.065 3650.162
Adjusted Grid Coordinates, (US Feet)
H: E: 2 (Geoid): SEErr M:  SEErr E: SLErr 2:
— 5350 420175.740  462103.870 37.620  0.005 6.605  0.00%
statistics 7236 420470.123  dea7es.762 3551 e.013 e.013  0.013
- 7235 420733.875  405710.742 20,592 0.016 6.016  0.016
Solution converged in 2 iterations | 7237 419952.513  402986.829 41,377 @.012 8.012  0.012
7239 219009.309  399996.330 27.910  e.014 e.012  o.015
Total observations: 50
Total unknowns: 15
Degrees of Freedom: 35
bservation Count  Sum squares std. Error
of StdRes  of nit wt.
Coordinates 3 000
VertDiff: 8 1.873
vector: £ 74.687  1.654
Total: s0 94.330  1.642
Reference variance:2.695

Standard Error Unit Weight: (+/-)1.642
Failed the chi-Square test at the 95.0@ significance level
20.569 <= 94.357 <= 53.263

42
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‘ Carlson.
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‘Carlson,

Adjusted Grid Coordinates, (uS Feet)
a. N Z (Geoid): STEFr W:  STEFr Ei STEFr Z:
5350 A20175.780  402103.870 37,620 0.003 0.0 0.003
statistics 1104 BASE_  487689.622  448147.879 55.580  0.020 0.019  0.033
7239 419009.364 399986, 361 28.047  0.048 0.043  0.006
Solution converged in 2 iterations [ 7237 419952.588  402986.823 41,373 0.039 0.036  0.005
7236 420470151 404766.735 38,578 0.031 0,029  0.007
Total observation: 7235 420733849  405710.782 40,577 0.036 0.035  0.008
Total Unknowns: 18
Degrees of Freedon: 44
Observation Count  Sum Squares Std. Error
f Stdnes  of Unit Wt.
Coordinat 3 0.000  0.000
vertpiff: 8 4.084 0,933
vectar 51 35.400  0.989
rotal 62 40.347  0.9%
Reference Variance:9,917
Standard Error Unit Weight: (+/-)0.958
Passed the Chi-square test at the 95.00 significance level
27,575 <= 39,108 <= 64,201

45
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‘ Carlson.

Base Rover RTK BMacmg® X | +

‘ Carlson.

Bt Latit Timm
Swa s 23 1079
occuaTon
e Latitude wation Date time
05 17, 19609° 18,200 W e
3 ssear 1068 a3 teary
o 3*5a° 0. 001 ames w2ramy ey
e aevsase.oess e azes
secon occue

s "9 09, 8020 ; ams
e aevsar mm weaams

10,2197 07272023 13203
e s 18,8107 Wy 1
17,5000 w1 1

74%49" 84,0838

‘ Carlson.

16



‘ Carlson.

POINT 5350

DESIGNATION - HAINESPORT
PID — DJ5350
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POINT 7239
DESIGNATION - 27239
PID — DM7239
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MON 27239

= e =
——
e -

Y

) hazi =
e i (M

e

53

& Carlson

POINT 7237
DESIGNATION - 8844
PID — DM7237

54
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& Carlson

from chserved gravity valoes.

1/11/2025
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& Carlson
POINT 7236
DESIGNATION - 8843
PID - DM7236
57
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POINT 7235
DESIGNATION -3P 3
PID — DM7235
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k > final_Adjusted Coordinates

81 2 Compare BMs_Static_Pub_Elev_w_Static_Trg. Levelingisc
B 3 Compare BMs Static_Pub_Flev_w_RTN Oniy_3 Occupation:

61 5 Compare BMs Static_Pub_ Elev.w. TN Only_tst Occalsx
B2 6 Comgare_BMs.

1 7 Cormasre_BMs Static_Pub_Fle,w ATN,_Only_2nd,Oce sise

1 8 Comgare BMs: Static_Pub_Elew. RTN Ordy_3rd Occarise
B2 10_Compare. M Stabi Pub Blev w TNy

B} 12_Compare_ B Static_ b Elev_w TN Only_2nd 3rd Oce
1 13 Compare s Static P Eev.w, TN Goly, 1t 3

B3 14 Compare. BV Statc Pub. Flev.w_-R R Only_3 Occups
B3 15 Compare. 8Mis Statie_PubFlev w8 R RTX Tri

0 1 Hainesport Bues Ststic Only_Compare NCAT NG3-11 VeBisx

6 26 Compare
tie_Pub_Elev.w_RTN_Trig_Leveling_1st Occadsx. 2% Compara JTN.Onky Ind O
B 8 Compare BMs Static_Pub_Elev w_RTN_Trig_Leveling 2nd_Occaksx

Leveling 30 Oce ise
e w KT Ooly 3t 2nd_Occisx

Ocestsx

Oceupationsaist
Blec S e B8 Fley g 8. BT iy 1o Oz

@Y 16, Compare BMs_Static_Pub e w_B-R_RTK Ondy_1st Oceslsx
B 17 Compare BV
B2 18.Compare Bis_Static_Pub Bl -8 RTX Only_2nd Gccicr
G2 19, Compare, SM_Static Pub B v 8- RTK ]

ig_2net Creexsx

1B 22 Compare EMs Staric_Pub Elex in_B-R_RTK. Ondy 151 Ind Occaisx
161 23 Compare SMs Static_Pub Elev.w_6-R_KTK_Gnly. 200 3 Occalse

1@} 24 Compare, M Static Pub, Elex.J»_B-%_RTK Gefy, 15 30 Occ xi
. Thg Leveling

@Y 25 Compare ATH Only 1. Occ_to_2nd Occ s

B2 27_Compare T
@l 25 Compare 8-R_RTK Oaly_tet Oce_to,_2nd Oce visx
8% 29, Compare,8-R_ATK, Only 2, 0cc_to_3rd Ocessx
6 30 Compare 8-_RTK Only 35t Oce_to 3w Occxisx
8} 31 Compare, BMs_Pub,_Elew w_Tnig Leveing xioe

stsx

ionaatsx
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B35 31_Compare_BMs_Pub,_Elev_w_Trig_Leveling.xisx

Iy 8 c o E ¥ G H ' ) K i ™

1 Hainesport BMs Static Ad) Horiz_and_Pub_Eley. V88, cav Halnesport BMs_Trig Laveling Only Adjusted G5V Trigminus Pub

2 POINT NORTH  EAST ELEV  DESIGNATION PID  POINT NORTH  EAST ELEV on De [

3| 5350 4017574 40210367 37.62 HANESPORI DIS350 5350 -900009999 000090009  37.611 WO G 0000
i 7235 42073388 40571074 4064 3P3  DM7235 7235 -999099%99 -999999999  40.577 trerres sesenes 0063
5 7236 420470.17 AO4TE676  38.56  BBA3  DM7236 7235 999909999 000099999  34.561 WeeREe dsNeReen  0.001
6 7237 41995251 0758683 4139 884  DM7237 7237 99999999 099999999 41357 SEERRRR ERBIERER  0.00
7 7239 41900931 39990633 2802 27239  DM7239 7239 -995000060 -999999999  28.02 BEERRRR BONIRIER 0.0
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5_Compare RTN_ Only_1stOcc_to_2nd_Ocexisx

8 c
5_Algha RTK ATN Only_ 15t Occ.CSV

]

G

H

1/11/2025

1 7 Algha-RTK_ATN_Only 2nd Occ.CSV
2 PONTNORTH  EAST  ELEV  DESGNATION PID  FPOINT NORTH  EAST  ELEV
3| 530 42007878 40210067 3762 HANESPORT DISISO 5950 401578 4210087 3182 000 eoo0 0ok
7235 42073388 40571075 40.587 3P3 DM7235 7235 42073385 40571076  40.583 0.034 0.006  -0.004
5 723 4204702 40476668 38.605 BE43 DM7236 7236 42047009 40476681 38515 0.112 0132 -00%0
6| T awszes aomesds 4106 ves DWW 77 A199es? dozeeen 416w oo a1 o
7723 AI0093 SWMEI 2748 278 DMIZI 7200 1900934 3UME38 2605 003 op0s 0102
| B! 30 Compare_B-R_RTK Only_ 1t Occ to_3rd_Occadsx
A ® o £ [ 3 H ' ) L ™ N
16 Base Rover KK Orly_151_Gee.GSV 20 Base-Raver_ RIK_Only_3rd_Oce.CSV 3rd0ce minus 13t Oce
2 POINT NORTH EAST ELEV DESIGNATION PID POINT  NORTH ELEV On De
3 | 5350 420175740 402103670 37.620 HAINESPORT DIS350 530 A0ITBTA 0210087 362 000 000 0000
4 7235 420733.803 405710.756  40.659 ar3 DM7235 7235 420733.82 405T10.76 40.56 0.021 0,002 0,096
5 7235 420470.136 404766.781 38.580 8843 DM7236 7236 420470.11 40476675 362 0.026 0031 0.038
6 7237 419852.495 402906.623 41412 BBl DM7237 7237 A419952.52 402986.81 4142 0.027 0,010 o011
7 7239 219009.333 399906.319 28.062 27239 DM7239 7239 41900936 399906.29 210 0.023 -0.028 0,038
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AN

CONTROL SURVEYING

COMBINING GNSS VECTORS, DIGITAL LEVELING OBSERVATIONS AND 3D TOTAL
STATION MEASUREMENTS TO

'SH SURVEY CONTROL POINTS & TARGETS

Presented by Professional Surveyor, Jesse Kozlowski, PLS(NJ)
sssekoziovsxibgn

MEETING POSITIONAL ACCURACY STANDARDS FOR
CONSTRUCTION & MAPPING PROJECTS INVOLVING 3D
LASER SCANNING, MOBILE LIDAR AND UAV MAPPING.

66
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Presentation Preview

TEAK TO FEAK RANGE = 0 40 1T |+

ELEVATIONS US SURVEY FEET

TIME B:15 AM to 11:08 AM 11/5/2013 |

1/11/2025
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Maryland Society of Surveyors
2023 Spring Technical Conference

Session: Least Squares Adjustments
Tuesday Feb 28,2023 12 noon - 2pm.

Jim Carlson
Carlson Software

Jesse Kozlowski, PLS(NJ)
Independent Consultant
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Survey Measurement Analysis Software

Microsurvey [Jre— ==

STAR'NET

TRIVINET Plus

LANAINS UeseD

Trimble Business Center

[

69
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Carlson SurvPC7 w/ SurvNet

S P C Results: 230216-A-CROWSWOODS-X

6 Connections Examined. All passed o1 a tolerance of 0,066 + 50 pom.
Worst connection (passed) at less than S0ppm.

1/11/2025

& Carlson

Why Least Squares?

*What is the alternative?

+*Compass Rule? No.

*Combining GNSS Vectors, Total Station &
Leveling - Only Least Squares.
*Unadjusted TXT or CSV files?

*ALTA-NSPS Relative Positional Precision.
+ASPRS Positional Accuracy Standards

+QA/QC Survey Data - Project Spec
Achieved®?

71

@ Carson

Problem Guaranteed — No QA/QC

Do NOT accept coordinate data
exported out of the data collector
from the field without QAQC analysis
and verification the project

[J] specification has been achieved.

E WIS 0
€7

72
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QA/QC From Least Squares Adjustment

% Standard Deviations

Insist On Receiving The /
Positional Accuracy Of The

Control Points & Targets

1/11/2025
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& Carlson.
BRx7 GNSS Receiver Specifications
$Carlson
£ =
i ,;’
Peationig 3 RMS (677) IDRMS (957)
74
& Carlson.
BRx7 Test On NGS EDM CBL At Folsom NJ
75
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BRx7 Test On NGS EDM CBL At Folsom NJ
@ FOLSOM CBL D

onal Geodetic survey, Ret ate = FEBRUARY 23, 2023

Kess0
DRGS4D DESTGAATION - FOLSOM CBL O
PD 4
v

8540
WAZATLATIC

us

WEWTOIVILLE. (2019)

SCURRENT SURVEY. CONTRGL
WAD B3(1986) POSTTION- 79 36 05,75 (W) 074 50 35.76 (W)  HO_WELOV
BAVD 13 ORTRO WEIGHT - 28473 (meters) (frer) AodsiED
1o T Tmeters GEoios

IC WELGHT 4 {reters) .70 (feet) COW
W0

WOOELED GRAVITY - 9 "

FIRST  cuss 11

5 mere determined by differentially corrected
other cosparabie pasitioning techniques

neight was determined by @i
e WATICHAL GEBDETIC SURVEY

erential leveling snd

1/11/2025
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BRx7 Test On NGS EDM CBL At Folsom NJ

POINT HORTH East v DESCAIPTION  WRMS  VRMS SATS  TIME (2/25/2009)]
10001 85340287 12050410 8866 DKGSIOFOUSOMCELO 0005 0009 26 03958
10250 BSMOITE 12030423 I8A78 DKGSADFOLSOMCBLO 0006 0009 27 185404
AVIRAGE  BS3083 12050416 2BAT) TOTALTME 31406
ax 85300291 120500423 28901

N 85340172 12050407 7884

RANGE o021 0016 0053

STOEV 0004 0003 010
PUBLISHED 510281 10500418 IBETE

PUB. AVE 0002 0002 o007

e = e TE
lox o §=|Pressroisomc
N:85 130 La49m E:120520.4186m
Hem:0.006m Vrms-0.009m PDOP:1.01 GDOP:1.15
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BRx7 Test On NGS EDM CBL At Folsom NJ

ELEVATIONS METERS

+{13:2419, 28.848]

TIME 10540 AM TO 2:58 PM 2/15/2023 (TOTAL & HOURS 14 MINUTES) |

78
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BRx7 Test On NGS EDM CBL At Folsom NJ

FURLIGNED = 20,878 06

ELEVATIONS METERS

[T 10:40 AM TO 2:54 PM 2/15/2023 (TOTAL 4 HOURS 14 MINUTES)

1/11/2025
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Standards, Specifications and Best Practices

NOS NGS-58 GUIDELINES FOR ESTABLISHING GPS-DERIVED ELLIPSOID HEIGHTS 1997

80
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Standards, Specifications and Best Practices

NOA Tochakl Memarambun 08 NG 85

o e bt T Bk
W e

NOS NGS-59 Guidelines for Establishing GPS-Derived Orthometric Heights 2008

I I
[2 0ccuPATIONS SEPERATED BY DIFFERENT DAYS & TIMES |

81
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Standards, Specifications and Best Practices

An examination
of commercial

I

If the coordinate quality
found that sohution quality and robustuess
double-window position averaging. For topoy
window average reduces the
v ising o sefs of averaged windows o y
20 minutes Was found 1o vield 10-20% coordinate sccuracy compared with a
™ ( solution. This coul groved 1o up 1o 30% if the double window

improvement was obtained

1/11/2025
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Standards, Specifications and Best Practices

F COMMERCIAL
o NETWORK RTK GNSS
SERVICES IN
@  GREAT BRITAIN e

FURTHER TESTING OF COMMERCIAL NETWORK RTK GNSS SERVICES IN GREAT BRITAIN 2012

———

83
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Standards, Specifications and Best Practices

GUIDANCE NOTES FOR GNSS NETWORK RTK SURVEYING IN GREAT BRITAIN 2015

Improving selution rebustness

> Forprocia wor, sspacially ahams the height comperart i

e length separated
i

2 yeid a 10 = 20% improvement
vl yield mprovecd a

> Fortopograph
e efct of indivi

prcally provide spprec:

84
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BRx7 Test On NGS EDM CBL At Folsom NJ

ELEVATIONS METERS

[rmMe_10:40 am 10 2:54 PM 2/15/2023 (TOTAL 4 HOURS 14 MINUTES) |

85
& Carlson
SurvPC7 Example
" MAP VIEW i X
g.‘ FILE VIEW DRAW €OGO TOOLS
Cmd:
&
€
€,
€
'ﬁ‘.a..
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SurvPC7 Example
" MAP VIEW X
g“ ZI[Ed VIEW DRAW COGO TOOLS
&\
€
€,
€
A
87
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SurvPC7 Example

| MAP VIEW

g. FILE VIEW DRAW COGO TOOLS
“

&+

\

=

-

@\
€

R

Cmd: Layer: o
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SurvPC7 Example

Control

[Ainclude BP as control Add Control Points:

Standard Errors:

North: 0.005 ft East: 0.005 fr Elev: 002 ft

Relative Positional Accuracy
Point Range: Al

Tolerance:  0.066 ft PPM: 50 [ALTA/NSPS
[“lBlunder Detection O @30 Tolerance: 01 f
Minimum Time Delta: 0.01 minutes  [ZInclude Sideshots

Vector Std. Err. Factor: 0 [JAuto  Instrument Centering:  0.01 ft

89
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SurvPC7 Example

Results: 230216-

m Points Used | Control

|Enable Pt ID/V-Range H-Range Redundancies Bases Time Delta (min)

2 00164 00360 9 2 315

3 00104 0.0294 8 2 313
4 00181 00192 8 2 325

90
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SurvPC7 Example

Results: 230216-A-CROWSWOODS-JK v X

Points Used Control

Solution converged in 2 erations
Failed the Chi-Square test at the 95,00 significance level (pessimistic)
110.020 <= 61.465 <= 175.765

Observed Points: 54 Unknown Points: 7
Degrees of Freedom: 47 Examined Vectors: 156
Number of Control Coordinates: 2

1/11/2025
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SurvPC7 Example

Re 0216-A-CRO 00D

Results Points Used Adj.Crd Control onnectio

6 Connections Examined. All passed at a tolerance of 0.066 + 50 ppm.
‘Worst connection (passed) at less than 50ppm.

St. 2 Result| Distance | Calculated Error| Actual Semi-major

low Semi-major Ra &

2 611 less than 50ppm 0.0775 0.1
1 3 \/ 418.4138 less than 50ppm 0.0106 0.0865 0.1
1 2/ 3594309 less than 50ppm 0.0100 0.0836 01
3 4 o/ 587.9535 less than S0ppm 0.0108 0.0950 01
=
' 0]
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SurvPC7 Example

93
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SurvNet - Examples

94

SESSION
EVALUATION

RVEYORS' HTTPS://WWW.SURVEYMONKEY.COM/R/2025PSLSEVAL

202
[ﬂ el

‘Carlson,

Thank You!
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