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Fields Utilizing GIS

Business, Telecommunications, Defense,
Health, Homeland Security, Education

Oil & Gas, and many more...
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Engineers and Surveyors

Even Civil Engineers and Surveyors are using
GIS,

But not to its full extent.
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Municipal Clients

Civil Engineers and Surveyors working with
municipal clients are finding themselves
having to supply their clients with data that
can be incorporated into the clients’ GIS

database
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CAD to GIS

A CAD file (.dxf, .dwg) has typically been
used as the mechanism to transfer the
engineer or surveyor’s work to the

municipal client
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CAD to GIS

The CAD file (.dxf, .dwg) provides:
» Exchange of geometric graphics
» But not a good mechanism for
exchanging attribute data
» Attribute data Is becoming more and

more important for municipal clients
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A New Approach

Avoid the CAD to GIS transfer by
performing the design within the GIS,
that is, design with ArcMap !
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Design within ArcGIS

By creating custom commands and tools, we
can utilize ArcGIS as the graphics engine for
performing Civil Engineering and Surveying

applications
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Start to End Approach

By creating custom commands and tools, we

can utilize ArcGIS to design and draft in a

GIS environment

""drafting as a by-product of the design process"

The CEDRA Corporation ESRI Survey and Engineering GIS Summit 2007



Custom Commands/Tools

Visual Basic 6

ArcObjects } —p  Active X DLL’s
Avenue Wraps
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Design Processes

Survey — Field Work Roadway Templates
Digital Terrain Model Roadway Surface
Horizontal Alignments Earthwork Quantities
Cross-Sections/Profiles Subdivision Design

Vertical Alignments P&P Drawings
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Topographic Mapping

Create a digital model of the project site
comprised of
contours and existing features utilizing:.
, and/or

, better yet

The CEDRA Corporation ESRI Survey and Engineering GIS Summit 2007



Field Survey Data

Create a custom command for the
mass importing of field survey data Iin
a variety of formats, and with the
ability to generate line and curve

features from point codes
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= Import Poinis

Specify the Pointz File Format and O ptions:
File Farmat: |Hf“l"

=] OK
) P —— e LIST OF POINT. LIME AHD POLYGOH
Create Lavers from Codes [v'=yesz, M=no: |r'| ﬂ T eat II'uFﬂP’.T FORMATS
Create Lines from Codes [v'=yes, N=na]: |r'| ﬂ . / \
Hor -~
W
b
- . WL
With the indicated choice list data fields, the ussr may 1D 52N
Control the import of features as indicated belows: o ‘T':H'
TOP Select the format undsr which the subject :gﬁ;ﬁ
Features are to be imported. .
p D34 Z Cade
MICDLE Ising the code associated with the subjedt D2 Code
festures, the user may assign features of 5 DY ZDesc
certain code to an individual layer. ID v =2 Desc
ID = 2. Code Desc
BOTTOOM U=ing the code assodated with points being 1D 2 CodeDesc
impoarted, the user may cause points of the ITOPO Pointz File
zame code to be conneded with & line. EPAMET Map File

LIMEOS Survey File

Line Connectivity File

Line Coordinate File - 1

Line Coordinate File - 2

Line Coordinate File - 3

Folpgon 1 [lat long in Quad 1]

Import Conventional Field  |fie 2iimer i

Falygon 3 [lat.lang in Quad 3]

FPolygon 4 [lat.long in Quad 4]
Folpgon & [lat long in all Quads]

Su rvey Data Faolpgon & (=9 wd Bearing & Tieline)
Faolygon 7 [« v Bearing]

Falyagon 8 [y we Azimuath]

Folpgon 3 [.u w Cartesian)

Folpgon 10 [px w/ Bearing]

Falygon 11 [u.@ w, Azimuth]
Polpgon 12 [p.x w Cartesian] ht




Contouring

Create a custom command for
creating contours from:
Radial survey, and

Cross-sectional survey
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Radial Survey
Data



Cross-Sectional Survey Data
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Requires special contouring algorithm



= from Foints

Contours from Points
Contours from Polpgons
Regenerate Contours

Flip Triangles

Azzign TIM Mode Numbers
Falygons from Sections
Ferge 2 Polygon Layvers
Folpgonl=] Boundary

Dialog box for selecting the
point attribute bearing the
elevation, and comtrolling
the break lines (lines that
cannot be crnossed by a TIH
trnangle).

Dialog box for specifiying
the vanous contournng
parameters.

Contouring
Parameters

Menu combo box for generating and manipulating
TIH= and contours.

m. Contours from Points

Select the Attribute to be Contoured:
=

Attribute: 0K

Foints to be Processed: |.-5.II Foint=

|G_BREAKLM

CAMNCEL

Break Line Laver:

Finimize Break Line Trangles [v=yes, MN=no]:

im. Contours from Points

Enter Contour Parameters:

Interval - ft [m): 1 (m] 4
Heawy - ft [m): |5 CANCEL
Found:  |100

Digitz to Right in Elewation Annotation: |EI

Text Spacing - [t [m]: |'I 25

Text Size - it [m]: 7

Lllowwable kinimum Elewvation - [m]: |58D

Alloveable b axinmun Elewation - fE [m]: |EEI:I

Adiuzt Triangular bMesh [W=pesz, M=no]: |r‘|

L] 4]

Double Strake Heawy Contours [vW=pes, M=nal: |r'|




GeoDatabase

Stored In a geodatabase are the:
(polyline features

with the elevation stored as an attribute)

comprising the TIN (3D

polygon features)
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Roadway Design

Requires Geometry and Design Data

*» Design Data Is assigned an Identifier
o+  Custom Commands reference the

Design Data ldentifier
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T Specification of Design Data

Deszign Parameters (D
Traffic Wolume & Speed
Stap. Dist, & Height of Eye & Object| -
Superelevation
Aligrment

R ighit-of-Aa &y
Favement Ribbor
Subdivizion Lotz

Menu combo box for the assignment
of roadway design information

w. Right-of-Way Design Parameters

Enter the Dezign Parameters far the Right-of-ay in Feet or Meters:

Dezign Parameter |D: |1 0K
b ain Roadway Left OFffzet - f [m]); |3EI
CANCEL
Sample dialog box tain Roadway Right Offzet - f [m]; |3EI Ty
for the specification
of design information b ain Roadway [ntersection Beturn Value - £ [m);
regarding ROW lines

and cul-de-sac design b air B oadway Intersection Beturn Type: |F|an:|ius

Cul-de-zac Main Radiuz - ft [m): |ED

Cul-de-zac Center Offzet - ft [m]: |E|

Cul-de-zac Left Curve Return B adius - ft [m):

Cul-de-zac Right Curve Return Radiuz - f [m); |3EI




Horizontal Alignments

An Interactive design feature to introduce
one or many PI’s with curves and spirals,
and dynamically display alignment
changes as each PI is dragged across the

monitor screen
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&, Specific Horizontal Alignment Data Z E‘ﬁ__ﬂ

Menu combo hn_x fn_rthe as&_:ignrrﬂﬂ of -
roadway centerline information Enter the Design Data for a Specific Horizontal Alignment;
Huorizontal Aligriment 10 Nurmber, |2 oK
Starting Station Value - ft [m]: |'| a0
CANCEL
Station [ncrement Yalue - ft [m); |5I] .
&ligriment Offset far Paint Projection - Bt [m); B0
Design Parameters |0: ‘1 j
Single roadway or Secondary Alignment |0 gingle -
Alignment Dezcription; |

Horizontal Alignment
with 2 PI’s

Sample property comer J



Horizontal Alignment Editing

Specialized commands were developed to
facilitate the editing, or modification of the

horizontal alignments
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Huorizontal &ligrmet 10 < i owe COF HO riZO ntal Align me nt

Haorizontal Alignrment |0
Haorizontal Alignment D ata

Draw Haonzontal Alignments Commands and TOO |s
Save Haonzontal Alignments
Delete Horizontal Alignments
Random Points

Odd Stations

Locate Station and Offzet
Compute Station and Offset

Tool bar for the dynamic design of hoizontal alignments

Generate ROW -~ Menu combo box for the definition and manipulation of roadway alignments
Generate ROW w/ Cul-de-zac

Generate Report Some of the menu commands include the automatic Station annotation,
Generate Stationing application of typical roadway sections (templates), digplay of curve data,

Generate Curve Tables generation of alignment reports, etc.

Define Surface Templates

Define Link Paints

Generate Propozed Surface
Generate 502 File

Load 502 File v

w. Define Alignment Pl

Enter Pl Data
Sample dialog box for the specification £ e e |1 OK
of base curve data ¥ coordinate [eazting): |55'I 214 CANCEL
The displayed coordinates is echo : e SR
information which may be ovenwritten Y coordinate [rarthing): |535I?'.45'I

Back Spiral Length - Bt [m): 0.0

Curve Radius - ft [m: |EI.EI

Forward Spiral Length - ft [m): |EI.EI




Post-Processing

Specialized commands were developed to
post-process the horizontal alignments so
as to facilitate the drafting process
(automated generation of lines, curves and

annotation features from design data)
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Dialog boz, in response to the [Generate ROW w! Cul-de-sac] command E he follawing
{=ee the menu combo box of Figure 8), for the mass generation of ROW nier the fallowing:

lines, with or without cul-de-zacs. The same command can be used to

mass generate pavement ribbons, gutter or curb lines, and the like. Alignment hurnber range (start end). |2 OK

Right-of-fay Design Parameter |0 |'| ﬂ CANCEL

Mass generation of features
representing the right-of way

M

and the cul-de-sac of one, Q

or many selected alignments
with one command execution



Cross-Section/Profiles

Using the horizontal alignment
existing ground
cross-sections and profiles can be

extracted from the digital terrain model
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— Cross sections at 50° stations,
and at control points —

S
&

N |

N
\\\/I” /7

| ' B = Entert he cross-section stripping parameters
! ) Horizanta | &lignment ID: |2 | 0K :
' | Profile Offset - it [m} 0
' _ CAMNCEL
4 Left #-zection Limit - ft [m]: |25EI
In thi le th . L
;ati::;?:;r;?uz & Riight x-zection Limit - ft [m); |25'1
from the left to the right. »¢ sections/Profile | dentifiar 5
A positive profile offset ectians/Frofle |dentiher: ||:|g P
would strip the profile
here,
A negative one would / / / / // / / / / \ S { s
strip the profile on the Ll
opposite side of the
alignment.

Cross-Section/Profile Extraction



Vertical Alignments

An Interactive design feature to introduce
one or many PVI’s with parabolic curves,
and dynamically display alignment changes
as each PVI Is dragged across the monitor

SCreen.
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Vertical Alignment Design

Thig area i reserved for the plan view

Existing Ground

PUC

PUT

Pul

) PYT ‘ e
=

Proposed Ground




Vertical Alignment Editing

Specialized commands were developed to
facilitate the editing or modification of the

vertical alignments
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1

i e To0)| bar foor the dynamic design of vertical alignments

Werhical Alignment 10

Annotate Vertical Algnments Menu combo box for the definition and manipulation of
Annotate Surface Elevations vestical alignments Some of the menu commands include
Create Elevations Table 4 the automatic annotation, display of curve data, and
Create Alignment Input File generation of alignment reports.

Compute/Display Low Points

. Create Elevations Table

Enter Elevations Table Parameters;

Vertical Alignment 1D; ‘1 oK
Unginal Ground: —— |og] pro
Sample dialog box for th ificati g |g_p b
ample dialog box for the specification i P
of vertical curve data - Start Station; |1 000

Erd Station: | 3500

Vertical Alignment | semicent [
Commands and Number of Digits Right of Decimal Faint:

TGO Is Teut Size [paints] |?
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Proposed Ground Templates

Proposed ground templates (typical
sections) are drafted using a custom tool
for handling offset distances as well as

slope and distance values
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Typical Proposed Ground Template
And its Components

EHD SLOPE CONTROL

CUTFILL CONTROL

MAIN

CUTFILL COHTROL

EHD SLOPE CONTROL

14

-——n-
:_]\_.TGL
=i

TON




Proposed Ground Surface

Proposed ground surface created by
combining:
“*Horizontal Alignment
s Existing Ground Cross-Sections
“*Vertical Alignment

“*Proposed Ground Templates
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Site Contours created from the Proposed
Ground Surface

. Generate Roadway Surface

Erter Generate Roadway Suface Parameters:

Harizontal Alighment (D Murber: |2

Yertical Alignment [0 Mumber: |2

Starting Station: |1 oo

Ending Station:  |3933

Fropozed Surface Suffs [slp, sub, bas, etc.];

Original Ground Surface:; |c:g2_:43c:




Cross-Section Plotting

Fully Annotated Cross-Sections

are produced by using a custom

command which stores the line
and annotation features in a

geodatabase
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Sections from Contowurs

Sections from Contowurs
Sections from Polpgons

Flaot Original Ground Profile i
Plat Praofile T able o Menu combo box for cross section and profile

Flat Profile from Palyline plotting and computational report=.
Flot Crozs Sections

Generate E arthwork, A eport
Faintz from 5 ections

iw. Plot Cross-Sections

Enter the zheet layout parameters:

Beginring Station - ft [m] - Omit the + :

Ending Station - ft [rm] - Ormit the + :

CAMNCEL

Diztarnce to Flot LEFT of BL - ft [m]:

Dialog box for the Digtance to Plot RIGHT of BL - Ft [m):
specification of . .

cross section Sheet Width - in [mm; E:
plotting

parameters — gau | Sheet Height - in [mm): |25

Top Margin - in [mm): |2

Bottorm Margin - in [mm]: |D.5

Horizontal Sheet Spacing - in [mm]: |'|

C mss-Seetion ertical #-section S pacing, datum to datum - in [mm];

Haornizontal Scale - fAin [mdmm]: |5EI

Parameters | vewssce wnmmm [

Cffzet Ticks Interval - i [m]: |5EI

Plat the Full Grid 2 Yes




Cmss-Secti0n§ with Earthwork
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Subdivision Design

A “Block” of land can be subdivided into

>T
>T

Individual lots by specifying:

ne four sides comprising the block and

ne design zoning criteria identifier
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Irihialize Block Start Side
Iritialize Block Hear Side

D efine Block Start Side
D efine Block Rear Side
D efine Block Ernd Side
Subdivide Blochk
Irterior Lot Envelopes
Corner Lot Envelopes

m. Subdivide Block

E rnter subdivizion parameters:

Initialize Block End Side Menu combo box comemsands
Fecall BElock Sides ——agly for automaticalhy subdividinog
O =fine Block Front Side a parced of land.

Dialog box for Starting Lot 10 I'l
dividing a block

into lots in accond Firzt Lot Type: |I:Drner
of pre-estabhlished

criteria. Last Lot Tupe: |Cnrner

Elock 1D: [1

D es=sian Farameter 10 |'I

. Subdiwvision Design Parameters

Enter the D esign Farameters For the Subdivision in Fest or b eters:

D e=zign Parameter 1D |'|
FAiminunm Lot Frontage Along BO - FE [ma]: |I:l
Set-Back Distance from FO - FE [m]: |?5
Dialog box for Interior Lotz S et-Back “wfidth - ft [m]: I'I 20
spe-_t:@ng tl‘!E
=oning criteria Interiar Lats kdinimmum Lat Area - ac [hal: IEDDDD

affecting the

subdivisaon of 2 2 _ .

a parcel of land. a Irterior Lots Start Side Clearances - fE [mi: |1 o
Interior Lots End Side Clearance - Ft [m): |2l:l
Corner Lotz S et-Back “+Fidth - FE [mi]: |'I 50
Corner Lotz Pinimum Lot Asrea - ac [hal: |4I:II:IEIEI

S bdi i i Corner Lotz Start Side Clearance - Ft [mi]: |5l:l
u v s Gn Corrmer Lotz End Side Cleararnce - FE [mi]: |2I:I

Fear vard Cleararnce - ft [mi]: |25

Des ign Data House Footprint Depth - FE [m: [z0

Hous=s Footprnnt S idik - FE [z |4|:I




A four sided “Block” and its automatic division
into lots conforming to zoning regulations

Block Rear Side —\

Block Rear Side —/



Annotate Azimuth

Annotate Bearing

Annotate Distance and Azimuth

Annotate Distance and Bearing 0 s ’

Annotate Parcel PIM
Annotate Parcel drea

Pt »Metes & Bounds and
» House envelopes




Plan and Profile Drawings

P&P Drawings are created by specifying:

» A sheet identifier and

» The components to be included on the
drawing, as the plan view, profile view,

north arrow, drawing sheet border, etc.
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— Menu combo box commands for creating final design drafting sheets.

Define Clip Sheet Data
Delete Clip Sheet Data
Clip Shest

P&P Drawing Components

Dialog box for assembling final design drafting sheets

Define Build Sheet D ata

Edit Build Sheet Data

Delete Build Sheet D ata
Delete Sheet Component Data
Build Sheet

Build Grid

Activate Data Frame

Print D'ata Frame

w. Edit Build Sheet Data

- BX]

Enter Sheet Parameters for Sheet 1 [Page 1 of 1)

Shapefile or PD FeatureClas: Scale Hotation Base ¥ Baze Y Mewx  Mew'
C:AProj0281 45SitePlan. mdbh\Sheet_T 30 1204854.165683 |785082.556093 1.5 144
C:AProj028145Site\Profile1. mdb\Sheet_T 1 0.000 0.000 40 |1.850
C:\Proj02a1 44 Bordershg_brd.mdbhg_brdin 1 0 I 0 0
C:4Proj0281 44B ordershg_brd. mdbhg_brdts 1 0 I 0 0
C:\Proj02874\Bordershg_brd.mdbg_brdpg 1 0 I 0 0

0K ‘ Cancel ‘
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Design Data Exchange

During the design, pertinent information can

be stored with the drawing features such as:

Lot Number Pipe Length  Street Name
House Number Pipe Material Design Speed
Block Number Pipe Size etc.

data which is pertinent to the municipal client
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Summary

» ArcGIS can be used as a graphic engine
for design and drafting applications.

» Performing the design in ArcGIS enables
the engineer to provide a more compatible
product for incorporation into the

municipal client’s GIS.
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Summary

» The fundamental ArcGIS concept of
combining data with graphics in one
environment provides a path towards the

total design process of a project.
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