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viachine Control/Indicate

MC History

Std Single or
Double Mast MC

k)

Mastless MC 2017

RTK GPS Fully Automatic

Machine Mazh;nig;c(l)l’c ate Hydraulic Machine
i ate S Control 2000’s

“The key to successfully using GPS in the earthmoving industry is having an
accurate site design.” Equipmentworld — (This means both DTM and plan view.)

2000 Trimble 2002 Trimble 2008 Trimble & CAT offers Trimble
bouqh_t Spectra & CAT begin CAT 2nd joint SITECH MC as a STD
Precision Group joint venture venture SITECH factory option

http://www.sitechgulf.com/products/3d-machine-control/

Topcon 2000 2001 Topcon MC 2013 Topcon & Topcon MC offered as STD
Positioning Bought mm accuracy Komatsu announce factory option
Systems Javad GPS  GPS/Laser released joint venture by John Deere & Komatsu

https://www.topconpositioning.com/grading/3d-dozer-systems/3d-mc2-dozer

Lelca 2001 2005 2007 2009
G : Bought Laser Hexagon AB Hexagon AB Leica MC
L Alignment MC Bought Leica Bought Novatel Division founded

http://leica-geosystems.com/products/machine-control-systems

http://quantumlanddesign.net/services/



Office MC Software
Independent Strategy | Carlson | orall-in-one Trimble TBC and Topcon Magnet

| E | Topcon
2 Trimble E:s:ess Center - HCE Trimble P

THE CONSTRUCTION
TECHNOLOGY STRNDWAD Agtek

TTM TN3
DTM/TIN | DTM/TIN

DXF/Plan LN3/DXF
View ~ Carlson

Takeoff

Job Files Construction Job Files
~ Civil
to _'p{;:m,m DXF/Plan™

DTM/TIN M View
- Leica




For the total project ... From data
collection through office design

‘ Carlson.

BREAK NEW GROUND

Office Software -
As-Built/Layou -
SurvCE/SurvPC s Sl < civil

Field Data Office to Field Office Soft_ware
Collection and Back Road Design

Surveyor2
Handheld DC

w/SurvCE Field R

Data Collection

RT3 Tablet DC
w/SurvPC Field
Data Collection

Complete Control
of Data Flow

Robots/GNSS

Carlson
Positioning

Carison CR+ Robot



Do Everything

Cut/Fill Estimating

Material, Trench, Strata, and Roads| ,
Data Prep for the field MC Sl

From Anything

For MC Model Making: il
Electronic File — DWG

For Estimating: / “? —
PDF to CAD / N

On Screen Digitizing | B
Paper Plan Digitizing £ e




VVNat does 1akeolT DO

RoadNET - Create 3D Road Surface Models (DTM)s for:
— Cut/Fill Estimating

« Material, Trench, Strata, and Roads Volumes and Quanitites

— Data Prep for the field MC

« Stakeout with handheld DC
« Machine Control




What does Takeoff Do?

s
15 . d e ]
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Boundary Area Cut/Fill Color Map

Subgrade Araas

I_FAD
P—BOC

Strata Color Map Material Subgrades



VWhat does Takeo

Cut/Fill Centriods Topsoil Replacement

Topsoil Removal Areas of Interest



What does Takeoff Do?
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Surface Profiles in Takeoff



Data Received? Format? Output?

Planview Linework Paper Plans | Cut/Fill Volumes

Sections PDF Mass Haul
Centerline Digital Plans | Staking Points
Vertical Profile / Typ. Machine

Project Data

Section Control




stimating

Projects can come in many formats, from
most ideal to least:

1. Electronic DWG File for MC (Ready to Model!)
2. Estimating Raster to Vector — PDF to CAD
3. Estimating On Screen Digitizing - PDF

4. Estimating Paper Plan Digitizing



Two types of PDFs for estimating (not MC data prep):

Vector PDF (Preferred)
 Raster PDF or Monochrome BMP
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DWG Engine — Intellicad or ACAD
Work directly in Carlson ICAD or Autodesk DWG:

‘Less Conversion issues

Drawing Cleanup

‘Elevating into 3D, Offset 3D Polylines
Edit/Assign 3D elevation on polylines
‘RoadNET - Output to Carison TIN

TIN Files Utilities (TFU) — Merge TIN files



General Takeoff Features

- |CAD/ACAD OEM/ACAD Platforms — Three
types of DWG Engines available for Takeoff:

1) Works within Carlson Intellicad 8.2 (ICAD DWGQG)
2) Embedded AutoCAD 2017 OEM with Autodesk
DWG built-in

3) Works within AutoCAD 2010 to 2017 DWG

- 64 Bit — Added support for running on 64-bit
computers in 2010.

- Windows compatible —Windows 7, 8 and 10



Difference between Takeoff & Construction?

Carlson Takeoff and Construction compairson

Takeoff Takeoff Suite | Construction GeoTech Trench
General Features
‘CAD Enging” Fiax Flex Flex { Carlson »
User Intestace - Single Menu 4 Moduies” v v o tction
Standard Features :
CAD Editing Toois v ¥
CAD Inguiny Tooks ' ¥
CAD Drawing Tools v ¥
CAD Layer Controls v s
Transfer Dats tofroe the Fleid v v
|Earthworks
CUbFI Volumes & Repors
Subgrace Materal Quanties
Topsol RemovalRepacement

‘Cnvemxcavale Volumes

Takeoff good for Surtceoeing
Estimating & rangste ra ortou
MC Data Prep oy e et

Design Pad Tamplate
Croes-Section Convessions
End Areas Vioumes

Mazs Haul Analysks

(Centerines, Stationing, Profies, &
Typical Sections:

Stakeout & 30 Mol Export
GeoTech Features

Sirata Modeling & Volumes
Drilhole Reports & Labeling

Construction good
v for MC Data Prep
and Layout
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S R N T RN B ENE N B CE N N AN

L N R R R RN N NN I ESENE AN
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Esopmch Maps, Geciogic Colurmns.
& Fence Dlagrams

Trench Features
[Excavaton & Backull Volumes
Pipe & Manhole Rapors
30 & Plan View Visualzatons
CADnet Features
\erior FOF ko CAD conversion
Rasier Image Trace
(on-Screen Dighizing
Papar Plan DigRizing
BIM ImportExport
"CAD Engine:

OEM: Incudes 3n embedded AUDCADE “CEWT engine.

FIEX INCiugdes AN INt=1ICADE ENgINE OF 3N NN WIF ALIDCADE, ALRCCAD M3pE, O AUIDCAD vl 306 soid seperasy.

R NN

L] [t
S Y ENE NN

"4 MOdUIRE. The Takeof Suls |5 comprisad of the four modules: Consiruckion, GeoTech, Trench, and CADnet.



Create Site as Carlson DTM/TIN File (.tin file):
By DWG in ICAD, ACAD using DWG, DGN and LandXML

Create Site as DXF Planview File (.dxf file):

Planview, use Layer State Manager in CAD to output planview

Machine Control Export to Trimble, Topcon & Leica:
Trimble TTM/DXF/XML, Topcon TN3/LN3/DXF/XML and Leica...

» Commonly used CAD and Carlson 3D commands
for building models and merging DTM/TIN models

For those Carlson users who came to only learn new Tips & Tricks

RoadNET to DTM/TIN Files (.tin files):

Design multiples roads, intersections and cul-de-sacs outputting
design to one Carlson TIN file or merged into one Carlson TIN file



Design DWG as given from Civil Engineering firm using C3D
all layers turned on and a bit busy

B File Edit View Draw Inquiry Settings Points 3D Solids 3D Data Surface SiteNet Centerline Profiles Sections Roads Area/Layout Annotate Precision3D Window Help - =X

2894 TREHdeBY XEhe na X @ RAGIIvALD OO Tl A2 e A | H

OH® [ 908 '0MK BEFE PDPBOOO & VDD

AR Model/{ Layout/

Command: zp ~
Command: z

Zoom: In/Qut/All/Center/Dynamic/Extents/Left/Previous/Right/Window/ENtity/<Scale (nX/nXP)>:

Opposite corner:

Command: zc

Center of view <558401.65,491906.11,0.00>:

Enter zoom factor (nX/nXP), or view height <1659.61>: 2000 w

Command :

Ready 559830.41,492009.38,0.00

b4

4




Turn off all existing layers leaving only the design layers
(Only design layers on but still very busy)

B File Edit View Draw Inquiry Settings Points 3D Seolids 3D Data Surface SiteNet Centerline Profiles Sections Roads AreafLayout Annotate Precision3D Window Help -

284 NHMEd BV ERnelon X0 2RLGIvaAL Do T M2 deh {HE

OHP @ 9H '8 BEFE PO & DO

X
4| 4| » | »]\ Model £ Layout /
+« |Enter zoom factor (nX/nXP), or view height <1013.32>: 1100 ~
Command: _ i
¥ |Auto saving open drawings...
Command:
Command: ZC
Center of view <558454.90,491854.97,0.00>:
Enter zoom factor (nX/nXP), or view height <1100.00>: 1250 vl
Command:
Ready 559601.14,491762.65000 OpenGL A 1"= 1 0 A B L G+ £ + mopeL e o7 Q2

1:07 PM

" 4120017 B




Isolate all design structures and surfaces to be built and then
add all design contours and spot elevations to use to elevate

iInto 3D structures and surfaces.
(Save in Layer command — Layer State Manager)

Ready to start elevating all structures and surfaces!

IntelliCAD - NOT FOR RESALE [CRD: NONE] - [psite amended - 11-18-15.dwg] -
% Carison Civil 2017 with ItellICAD - NOT FOR RESALE [CRD: NONE] - [psite amended - 11-18-15.dwg]

p€

Edt View Draw Inquiry 3D Solids 3D Data St Net Centerine Profiles Sections

Fie Settings  Points ata Surface  Site Roads Area/Layout Annotate Predsion3D Wi
284 DRESBY ¥Xbheoa/ X0 tRAGIVAR O @l A2Aderk S EE

indow Help

Fle Edit View Draw Inquiy Settings Pints 3DSoids 3DDta Sufce SteNet Centerine Profies Sectons Roads Areaflayout Anmotste PrecsionD Window Help
284 TREISEY ¥XRhbe walX @ 2R vARIOOD Tl A2 dEh N EE

OH®|(® 94 0K &HFHE DPHDIOHD G VW
OHP B 95 8RR &EEE DAOOO |G DD

309392.72.676048.22.000  OpenGL A 1°= 1" £ & B b

31023957 676269
m A v P & &« S5 g v 09 A o m A a | P & « 5 9 5 09 A

Design structures and Design structures and surfaces
surfaces layers isolated along with all contours and
spot-elevation layers isolated

[}



Using Carlson Takeoff to elevate all design structures and
surfaces to 3D and creating 3DPolylines along all these
structures and surfaces create a DTM/TIN surface.

Carlson TIN and Planview DXF files created ready to output to
Trimble, Topcon or Leica MC file types!

ViewConrol | Setings | Advanced  Model y Settings Points 3D Soiids 3DData Surface SiteNet Centerine Profles Sections Roads

1309281.63675944.930.00  OpenGL A 1" =1 £ X B[ b @ 1 2 + MODEL 20T % B O D

m A aE P & & S5 8 6

Planview stored as DXF file

Design structures and
surfaces stored as one
Carlson TIN/DTM file



Export New MC Model to Trimble TTM

Output Trimble TTM, Topcon TN3 or Leica TIN files for MC

File Edit View Draw Inquiry Settings Points 3D Solids 3D Data | Surface | SiteMet Centerline Profiles Sections Roads AreafLayout Annotate Precision3D Window Help - = x

(2 8d NME S EY XD o oo PrednedBoundaris 'Blonoo| @l A2 Ol A RIHE

Triangulation Data Check

Triangulate & Contour

3= Triangulation File Utilities Trimble_Site_ MC_Model.ttm output converted from Carlson TIN file
Triangulation Surface Manager 3
Contour from...
Maodify Contours

Contour Labels

v v wvw

Digitize Contours

BB Make 3D Grid File
Maodify Grid File

-

Volumes by Triangulation
Volumes by Grid Surface
Cut/Fill Utilities
Stockpile/Pond/Pit Volumes

v v wvew

ﬂ Design Pad Template
2 Edit Pad Template
Design Pond »

Draw Surface »
l Surface Inspector

3D Views »

Line-of-Sight Viewshed
‘ Elevation Zone Analysis

Slope Analysis 3

Import/Export Surface » Convert LDT/Civil3D Surface Drawing
Import National Elevation Dataset
Impart Google Earth Surface

OHP @ @A 'SR BEMHEPDPBOOLE & BB

Import Topcon TN3 File
Import Trimble TTM File

b'e I Export Trimble TTM File
Export Topcon TN3 File

1| 4] » | m ]\ Model £ Layout /

Command: 1solate o
Select objects on layers to isolate.

FILter/<Select entitiess:

Entities in set: 1

FILter/<Select entitiess:

|Command :

|Opposite cormer: ~

130860553,67661143000 | Open6L A 17 = 17 & B L @+ & “H{moDEL o T RO G|




Takeoff/Construction commands commonly used to elevate
design entities to 3D and as breaklines for modeling a DTM/TIN

Edit-Assign Polyline Elevations i.e. curbs, walls, sidewalks ...

Draw Locate Points & Spot Elevations — Create Spot Elevations, ...

2D to 3D Polylines — by TIN, Grid, Screen Entities, Points, Spot Elevation
Leader, Text, Slope Reference and Start and End elevations

Assign Polyline Elevations — Multiple in Series, From Contour Labels, Single
3D Polyline Utilities — Offset 3D Polyline, 3DPolyline by Slope on surface,
Break 3DPolyline by Surface, ...

Join Nearest — join command for 2D and/or 3D selected polylines with the
same ending elevations and horizontal vertex location within a user input gap
2DP and 3DP Carlson polyline commands — ACAD/ICAD PL and 3DPoly
commands do not allow picking or inputting point numbers, 2DP and 3DP do
3DP Carlson command — Draws 3DPolylines elevating by a Carlson TIN file

CHGELEV command — Elevates by Differencial up or down
TINUTIL — Load and merge two Carlson TIN files into one chorg e
Pad Design — Create pad Carlson TIN files

Bench Pond — Create pond Carlson TIN files

Valley Pond — Create dam Carlson TIN files




N TOr roads

RoadNET in this example processes 4 roads, 3 street
Intersections and 3 cul-de-sacs, with 2" contours output to one
Carlson TIN merged with the design lots Carlson TIN

@ Carlson C h AD - NOT FOR Rl NONE] - [SWM_Home we o
# #7 File Edit View Draw Inquiry Settings Points 3DSolids 3DData Surface SiteNet Centerline Profies Sections Roads Area/layout Annotate Predsion3D Window Help _ = x
234 DRE SRV XBbsnaX 0 2RAEVARDOR DA 20« SEE ? 34 NMBEISRYV ¥R v X0Q 2RAE WAL OO TdA A2 cEk [N EE
3 PHASE 1 X
2
538960.60 Sq. Feet \'/\ N
s
12.33 Ac 0D 13.41 Acre:
5 ores s) Road Network: SWM_homework1 % N !
-] Done G S \ X
a N
a FR=08@® o %!\ /4
Q ; ‘ N Viaw. %
a 2 = < "‘
: aoEE=4a |2 &
) = Roads |la i
&l Main-rd — =2\
of | 2 Second-rd-design & Input-Edit Road Profile: C:.rK\Second-rd-designpro .
s
o+ Third-Rd-Design Sta: 7+54.641 Elv: 126.650 Slope: -0.099% Depth: 0.414 X
2 Fourth-rd-design 150 \
= =3k Intersections 73
e Main-rd - Start:Se 140
! Second-rd-design PN
® Second-rd-design 130
= =@ Cul-de-sacs I
& Second-rd-design 120
B Third-Rd-Design i —
Fourth-rd-design 110 ) . ,
o 500 1000 1500
&%) G [ [# [f] PVIEdiMode [Free V| VerticalExag g <
Station Elev. Slope(%) VertCurve. Sight Dist Depth
1 oo 139506 2973 00817
2 nows 138835 2973 o000 razesi our
3 a2sm 1400379 1.28%8 e 1000 0000 o078
s 25000 1440000 2238 000001400000 1201168 2000
5 7500000 1232800 35000 0 00 23755 37t
& 1500000 1382500 3638 20000 21 24780
=R AL e 7l
q Sag-CrestPoints | CREST 184557 142846 ~| | ThroughPt
Check Station
Station :’ Elev: Slope: Ref Elev: Depth:
v ——
Above DWG on Iy the road ot 1 5 -
InsertPVI | | RemovePVI | | ScreenPickPVI o &
Vertical Speed Tables Save SaveAs 03 i

C/L alignments are drawn —
Processing RoadNET with these 4 road
C/L polylines output with profiles and
road template files each the road TIN is
merged into one site Carlson TIN for MC




. pring Class Info

/ How to Add DTM Model Building to Your \
Survey Firm's Land Development Services

Questions & Answers

Jim Carlson
Carlson Software
703-627-3055

K jcarlson@carlsonsw.com /
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