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PREFACE

Congratulations and welcome dear readers.

This eBook is exclusively dedicated to Geomatics students at
Polytechnic Malaysia.

Work in the field of land surveying or now known as Geomatics
involves the process of collecting and collecting data obtained
through measurement and observation in the field and this
data is then processed through calculations. The end result of
this measurement work is a measurement plan based on the
requirements of the work or project. Appropriate work steps
and work procedures to measure or analyze the work must be
followed so that the end result of the work is the best and
accurate.

It is hoped that this eBook can help in the surveying process
that will be carried out by Polytechnic students in particular
and all readers in general. This eBook will help readers
understand how to use the total station tool, as well as learn
how to process survey work data. here will show the results of
the measurement work related to the length and cross-section
measurement work until the result of the plan.

It is our hope that you become an excellent student in the field
of geomatics and at the same time experience real life as a
caliber Surveyor.

Thank you to everyone involved directly or indirectly in making
this eBook a success.
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Chapter 1

INTRODUCTION

begin doing.

-Walt Disney
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1.0 INTRODUCTION

1.1 Automation Survey

According to the ‘Dewan Bahasa dan Pustaka’,
automation means a task execution system and
automatic tools that enable various aspects and work
processes to be done with little or no human effort. If
linked to surveying then it can be defined as a method of
collecting, processing and producing surveying
information. The introduction of automation systems in
measurement work is in line with the rapid development
of computer technology and electronic equipment.

I L
11200 0
0

Today, the use of automation measurement systems has
been practiced comprehensively by both government
and private agencies. The speed of its use may be due to
several factors including the decrease in the cost of
automation systems and the sensitivity of users to the
needs of automation. It is disadvantageous if the
automation system is not fully practiced due to its
advantages such as being able to store data in digital
form that is easy to process, analyze and then export to
other software such as geographic information system
(G1S) software.
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1.2 Longitudinal Section and Cross-sections

In the construction of roads, railways, underground
pipelines of large diameter or similar, after establishing
the proposed center line on the ground, levels are taken
at regular intervals along the road and at right angles to

it to obtain longitudinal and cross sections. This is shown
in the figure 1.0

Csg Crosg.

cs
35:,?"9‘9 \_\__ %

CH 150

CH 175 \
longitudinal section ¢

along ¢ Cha

Chy 25

Figure 1.0: Long section and Cross-section layout
Sources; Surveying for Engineers J.Uren & W.F .Price 3rd edition



1.2.1 Longitudinal Section

Longitudinal sections are sections that follow some pre-
determined line defining part of a new construction and
are usually run along the center lines of the proposed work
such as new roads, canals, railways, pipelines, or river.
Longitudinal Section also known as Long Sections which is
it is a section along the direction of road. Figure 11 shown
the example of a Longitudinal section.
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DRAWING DETAILS (including title, nomes of local outhority /contractor, name ond location of scheme, horizontol
ond vertical scoles, dote, etc.)

Figure 1.1: Example of a longitudinal section
Sources; Surveying for Engineers J.Uren & W.F.Price 3rd edition
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1..2.2 Cross Section

Cross section is the section set common to a longitudinal
section which is a cross section of a road. A cross section is
a profile view of a surface at right angles to a particular
route. For example, at right angles to the road, river, or
railway. It plots elevation against the distance along a
cross-section line.

The aim of leveling the cross-section is to reproduction of
an accurate section of the ground which is to be covered
by the construction works. Cross-section measurements
are normally taken at a regular intervals along the route.
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Figure 1.2: Example of cross-section
Sources; Surveying for Engineers J.Uren & W.F.Price 3rd edition
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Chapter 2

OBJECTIVES

Knowledge without action is wastefulness and
action without knowledge is foolishness .

-Al-Ghazali

W




Automation Survey : Part 1

2.0 OBJECTIVES

Automated survey technologies preserve consistency
and neutrality for every customer interaction. They ensure
that the customer feedback is unbiased, neutral and
error-free, which leads to smarter and more informed
decision making. The objectives of this eBook are to:

1. lllustrate data collection using Total Station
2.Show data transfer from Total Station to CDS
3.Produce longitudinal section, and cross section

profiles using CDS
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Chapter 3 o

INSTRUMENT
&
SOFTWARE

Do not allow your heart to take pleasure with
the praises of people, nor be saddened by their
condemnation

-Al-Ghazali



3.0 INSTRUMENT AND SOFTWARE

3.1 INSTRUMENT P
A Total Station is an instrument used for
surveying that combines electronic and L
optical elements. It integrates a theodolite
and Electronic Distance Measurement »
(EDM) to measure vertical and horizontal
angles, and slope distance and features an
onboard computer for data collection and
triangulation calculations. Modern total
stations come equipped with advanced
features such as a data processing module.

o

Figure 3.0: Basic Survey instrumentation; Total Station, Prism
and Mini Prism

6
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3.1.1 ADVANTAGES OF THE TOTAL STATION

1-  Quick setting of the instrument on the tripod using
laser plummet.

2- Onboarding area computation program to compute
the area of the field.

3- Local language support.

4- Full GIS creation (using Maplnfo software).

5- Automation of old maps.

6- Greater accuracy in area computation.

7- Graphical view of plots and land for quick.

8- Integration of database.

9- Area computation at any user required scale.

10- The field jobs are finished and the map of the area
with dimensions is ready after data transfer.

11- It reduces the time & also measures up to 3 to 5 km
distance.

Primary FEATURES a4 range Langlisk™ fesctionality

World's first - TSabield™ system ..

[Easy ooy, enviresmantally
+ pretected USE 1.0 slat

. .+ Super long batiery life - up te
& 3 hours

o

u“muu ------------------
encedar syTiem (17 4 1)
...... Highty visible Green & Red
I LED guidelights
Quick & sarpdoume  ,.o"" ] 1
¥
" * + ExphEive “STAR-KEY™
fundlianality
Tangest Lack - Seoarely :-' ““
Tobds your angle i plate. =
Laser plum Is' . :ﬂh,;m bt LCD display

Figure 3.1: Total station parts model Topcon GTS
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3.2 SOFTWARE

Civil Design and Survey (CDS) is a specifically surveying
software that used To produce plans, subdivision layouts,
annotated contour plans, profiles, and section drawings
directly to any Windows printing device. Besides that, CDS
also can insert borders, text, and symbols onto the plan.

Lt a o Lill (Ll b LU LU
W et et il

Clivil Design & Snrvey
CDS 3.0.0.37

Figure 3.2: Civil Design & Survey (CDS)
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W ORK
PROCEDURES

"Your time is limited, so don't waste it living
someone else’s life.”
-Steve Jobs



4.0 WORK PROCEDURES

4.1 DATA COLLECTION
4.1.1 OVERVIEW SURVEYING WORK USING TOTAL STATION

Surveying is a key profession in a wide range of activities
and applications comprising construction, engineering
and land development. It is the measurement and
mapping of the natural environment which include land,
structures, and other physical characteristics. Total
station: it is an advanced surveying Instrument.

A theodolite, primarily used to measure angles with
respect to the tilted vertical axis, combined with an
electronic distance meter (EDM) and sometimes a
microprocessor to compute the angle and distance at
the same time, allows for precise distance and angle
measurements. In the introduction we will see the basic

work procedures of a survey using a Total Station.




4.1.2 Purpose of Using a Total Station

The purpose of using total station in surveying task is to
achieve high precision and efficiency in measurement
tasks. It enables surveyors to:

e Measure horizontal and vertical angles.

» Measure and calculate distances more accurately.

e Record and store data automatically.

e Perform real-time calculations to get the coordinates
and elevations value.

e Enhance productivity with integrated software and
ease to manipulate digital data.

10
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4.1.3 PREPARATION STEPS

i. Understanding Project Requirements:
o Review project specifications and
requirements.
o Identify the area to be surveyed and
determine the scope of work.

ii. Site Survey (Reconnaissance):
o Conduct initial site visits.

o Identify and mark reference points and key
features.

o Assess potential obstacles and plan for
accessibility.

iii. Inspection and Calibration of Equipment:

o Check the total station and accessories for
any damage or defects.

o Make sure the instrument is calibrated
and working properly.

o Charge the battery and provide a backup
power source.

n
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4.1.4 SETUP A TOTAL STATION

i. Station Setup:
o Choose a stable and safe location for the
total station.
o Set up a tripod over a known point or marked
reference.
o Install the total station on the tripod safely.

ii. Leveling the Instrument:
o Use a tripod leg to roughly level the total
station.
o Refine the leveling using the built-in electronic
or optical leveling tool.

iii. Orientation and Centering:
o Center the instrument over the reference
point using optical fall or laser fall.
o Ensure accurate centering to avoid errors in
measurement.

12
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4.1.5 SURVEYING PROCEDURES

i. Initialization of Data:

o Start the total station with project-specific
settings.

o Enter reference coordinates and elevation if
available.

ii. Angle and Distance Measurement:

o Aim the total station at the target point using
the sighting mechanism.

o Measure horizontal and vertical angles.

o Measure distance to target using EDM.

iii. Data Recording:

o Record the measured data electronically in
the total station memory.

o Note any relevant observations and field
conditions.

iv. Data Validation:

o Confirm measurements by taking repeat
readings if necessary.

o Check consistency and accuracy in recorded
data.

13



4.1.6 WORK PROCEDURES FOR DATA COLLECTION

The data collection process is done automatically
and stored in the measuring device (Total Station).
This provides an advantage in terms of simplifying
the process of manipulating the data obtained and
ensuring data security.

The following figure shows the procedure for
recording data into the Total Station

1) Click on [CORD] and press [F4]
NCITANECE to go to page2. To set Back sight
Ihovar % point go to BS [F2]. HT [FI] to set

| total station height and prism height.

occ. 2 QCC. is set total station coordinate.

2) First, we need to input total
station point coordinate. Point can
be input from list, click on LIST [F2]
. and choose needed point

wst coordinate. Also coordinate can be
input manually.

3) Measure and input the height of
total station. Then press ENT [F4] to
confirm.

NS HT BePUT

INS T :

Click link here:
(Data Collection) Total Station Setting

14



4) The next page will remind you to
set Back sight, input known BS
coordinate and click on ENT [F4] to
confirm. Aim on target and lock
clamping screws.

5) Set Back sight point angle and
chose YES [F4) to confirm. Check
target in telescope, click on [F4)
again.

8) Input target height and press ENT
[F4].

7) Check survey Back sight point
coordinate error with input Back
sight point coordinates. Click on [F4)
to measure coordinates.

B) Back to page | and click MEAS
[F2) to measure point coordinates.
Click ALL [F1) to record this point.
MODE is same to distance
measurement options, include:
measure 1 time, measure 3 times,
repeat survey, taking.




4.2 DATADOWNLOAD

After collecting data in the field, the data will be
transferred to the computer for further processing.
Here is shown how to transfer data from the
measuring equipment (Total Station) to the
computer.

i. Pen drive is inserted in the respective slot in the
external interface hatch at total station to obtain
the data that have been observed.

Figure 4.0: Inserting pen drive to USB slot
Sources; (Manual-Topographic Survey By Total Station by Civil Design)

16



ii. <USB> is pressed on the screen status.

iii. <T type> is selected. Then press enter for selection

USB
S ty;)e

iv. <Save Data> is selected in the USB mode

USB
Load known P1
Save code
Load code
File status ¥

v. JOB is selected and pressed enter until ‘OUT
displayed beside the JOB name. Then OK is clicked.

*JOBO1 Qut
2 254
QB0 Qut
JOBO4 0
JOBO5 0¥

vi. The output data is selected.

(Coord)

SSS§Obs]
SSS(Coord)

i

[Save data

Obs data
Reduced data

17



ii. Then, (F4) is pressed to save data in USB drive

Qate
Time
Forma

-123.4M
|'

Remaining memory / Total memory size

M IRAMSFER RAW DATA FROM TOTAL STATION DIREGTLE e
s 0
an@ kD=

Watch on B Youlwbe

Click link here:
Transfer Data Process

18
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4.3 DATA PROCESSING

The data that has been transferred earlier will then
be processed to produce the final result for a survey
work which is the Plan. CDS software is used for that
purpose. The following shows how to process data
using CDS software.

4.3.1 Create NEW FILE

iv.

V.

Vi.

CDS software is opened in laptop/computer.

File Options is clicked and select New to create
new file.

JOB is named based on preferences of the job.

“Entry” option is clicked and “Data Collectors”
selected then Import Raw Data is clicked.

“Topcon” is chosen as Total Station and “FC5,
GTS6” as GTS-239N raw data format. After that,
Browse is clicked then the raw data is selected
and transferred from the Total Station.

The warning will be shown as below. Clicked OK

and YES, then it will show the topography
surveying result as shown in Figure 4.1.

19
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[RAEN NG

T et ) chasacien

Fust chanacten i e o 7l o Jab Racand D) & ibndli B

Flraie rmongyme sty ot P hagtemed s . e shne 13 g, 3y

S50 i cdsRawimpd
Nk W i s TS20100 o i oL S, B bt e 6 e
o Lo g e marw
Wiy it ach e mrvmy o sk pooss [P g RS T ke sncad yous e el Process Complete
VO MUET 00 THES BEPO [N TERING A (T HER SN0 INTI) THE (AT COLLECTOR Faw Data now stored in Survey/Table Number(s) 1

¥ o J0 o oy o peoblem 0 S Dackoage o el e g s e B ore o)
1 g M e gy 9 ety e e i s ke e View Data Now 7

5] o |

soe page 27 TUBNTTLURNVEYT Ininace

Use Endry-Ebectronic Stadia to view/edd & store into databate

f. I 11]

Figure 4.1: Worning[ appears when CDS New File is registered

Vii.

viii.

Sources; (Manual-Topographic Survey By Total Station by Civil Design)

If the topography details being taken using the
same JOB in the same total station. Append
Stadia does not require.

Step “iv” to “vii” is repeated to insert another
data. Then, “option” is clicked, “Append
stadia/precision data” and survey number of
data is selected.

20



Options Window Help
Get Poant
Fimd Setup
Point Code
Replace Code
Feplace Code Table

Entry Type

Show Coordinates

et Databate

Fenumber Points

Calgulate Misclose
Traverse Ajustment Options b

Tradational Tolerance

Geosd Parameters

Least Squares Adpustment

Append stadia) precisson stadus

Check Shot Report

Calculate Coordinates
Check for Duplicates
Export LandXPML file

Store Data in Database

Store Dbservations as Stnings

Figure 4.2: Menu to Append stadia/precision stadia on CDS
Sources; (Manual of Civil Design & Survey Software)

ix. i.After the stadia have been attached together.
The coordinate and reduced level of the traverse
stations at the top of the data is inserted.

21



Automation Survey : Part 1

X.  Options and Coordinate are clicked to show the
coordinate. After the coordinate, have been
calculate, Store Data in Database.

xi.  Minimize is clicked.

xii. After that, Z and E is pressed on the keyboard to
zoom where the point are.

4.3.2 GENERATE CONTOUR

xiii. Adding string, String and add is selected.

Strings Cogo Contour Road Platf
$tr|ng Attributes...
Strings to Display/Print...
Short Line Table »

. - —
Change...

Minimum Area

Trawverse Adpustment >
Litilities >
Select >

Impaort old string folders
Export old string folders

Figure 4.3: Menu to Add string on CDS
Sources; (Manual of Civil Design & Survey Software)

22



xiv  Station numbers is typed to form traverse line
from point to another point. Then, ‘Finish’ is
clicked.

Add Strings =
S T [ |
Cless [0 2 pPa o
coos [N e [———

|1 234,

Show | Cancel || Finish Apoly |

Xv. ‘Contour’ is clicked to create a contour and
‘surface area’ is selected to set the area of the
points. After that, press ‘Display’ and ‘OK’

Contour Road Platform Gradin

Surface Parameters...

Form Model

Edit Model »
Calculate Contours

Save Contours

Boundaries }
Position Labels )
Contour Utilities b
Interpolate ’
Design Surfaces )

Merge Surfaces
Veolumes }

3D Views

Surface Area Point Selection >

I~ Display

Select Points By
" Extents Cancel
" Window
C Addi Pol
¥

23
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xvi In the same option of Contour *“Surface
parameter” is selected, Major Contour Interval is
set based on the preference and go to “Modes —
Display”, Display is selected by ‘Mode’ and then
to open it any layer is clicked.

s P i P e Mads T Sals e e Lfes e
e = - e e -
— e
. By

Laa ol ]

B S ey Lags o wgm ¢ % D
W wtus Sl ———

. o e -

g s

W oy

e o L Cuem
. -~
hitas Pogsanes | hitme Pat lumie  Soime T | s Fpd | e | Lfes e
L
L'/ Babn i b
P W e N e
Pomsnen 00 o T -
L O o L o
e o — - o
T L A J——
e — LR i
e ey = L Y
Lo T it e |
) L
Teag - o
g Dhewns  Om OF
Tamm L o ] - -
“ N w s L AN | - = » o -
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xvii “Form Model" is selected to form the triangle then
“Calculate Contour” is selected.

Contour Hoad Platform Gradil |comsmur Road Platform  Gradin
Surface Parameters... Surface Parameters...
Surface Area... Surface Area...

Form Mode
Edit Model > Edit Model >
Calculate Contours
Save Contours Save Contours
Boundaries » Boundaries ¥
Position Labels » Position Labels L]
Contour Utilities » Contour Utilities »
Interpolate » Interpolate ?
Design Surfaces ¥ Design Surfaces »
Merge Surfaces Merge Surfaces
Volumes » Volumes »
3D Views 3D Views

Then, the result will be shown as below.

o
D@ &)= 5] &lalad piaf « 1 8wy
1| AP W2 @EE= rlX 80 Py Tl

Figure 4.4: Example of a Contour generated in CDS
Sources; (Manual of Civil Design & Survey Software)
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4.3.3 PRODUCE LONGITUDINAL AND CROSS SECTION

Longitudinal Section

i. CDS Software is opened to key in the data for
longitudinal section and cross section.

]
(g

ii. New Job is created and rename as the
preference.

iii. Go to “Entry” and select “Reduced Levels” and click
for “Level Sheet”. Put ‘1" inside “Level Number” box
as level sheet number 1. Then “Enter Road Number
for Level Sheet Entries: 1”. Click OK

- ) 5 bl X | Surfsce) (Natural) &) S S T T
= r po . ts Strings Coge crrte R

olect mport Export  Send Tad  Ele Pree  Reduced Traoere te et et
Field Table Selection X

Lirvel Number
fi
Dialog X
ol m o Enter Foad Mumber for Lenvel Sheet Enfries 1
= [ 7
Cancel Opan Existing Harw Cancel | Ok
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Longitudinal Section

iv.

Vi.

Vii.

The line is connected from CHO until CH100 before
filling the blank column in the sheet. And the line
drawn 15 meters to the left and right of the
chainage.

The line for each point is drawn. Then, the line from
chainage to the intersection of the line 15 meters
with the point line is drawn. e. After that, the line is
selected, then right click the mouse, and select
“properties” to get the distance of the first point
from the chainage. Start with the left side of the
chainage.

The data is key in to the column of the sheet. The
data is filled a from the first chainage until the last
chainage. Start with the middle of the chainage
on the left and lastly the right of the chainage.
Offset for the middle of the chainage will be 0.000
and the left will be negative, and the right is
positive. RL is Reduced Level of each point that
have been generated in CDS.

Go to Options. “Store Database” is selected.
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Longitudinal Section

viii. Go to *“Road”, then “Profile Parameters” is
selected to set the parameters for longitudinal

section.
Surfacel (Matural) =10
Export Entry GPS View Points Strings
— - = EE
~ | o H £ Ef |
eractive| Display | Volumes Design Utilities Reports Rec
besian  'Plotting ™ ol Surface~ - -

e
=——— |/~ Display Profile

1 ¢
— F‘rf;hlg Parameters

| @ui, Plot Profile Parameters
v—u Dy L. Plot Profile Parameters

(P :ﬁ) Section Parameters
v

ix. On the “Profile and Section Parameters”. Click
“Use Road Numbers” and go to “Profile PIt” to set
longitudinal parameters. ON THE “Range of
Chainages”, click “Min” and “Max”. The scales
can be set any number depends on the job
preferences. On “Datum” click ON to set the
datum or OFF for it automatically set it. Then Click
OK.
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Longitudinal Section

[ w [ nc o Paraemrters
Poofi el St S’ | S P | Pl Py | ‘shme Frafr st i, St | S Py ool PR | g
I Pargs of Cramages _in |
Feldr- e ] ] et oad Use o saton rieral
e S L i R
= ey P Vo
Cngn
@ Clow Bachgreund The B GRO Maer e
g A Bder = om oFF NAME =] Test S
e v e D o OFF e P s Pl |5
D Vel 35
Use Sorgs Ui Pt Mt
(s & om oFF Fas
Teta O L]
At T8 it =
o
Mo Soace et fmcek
W P i
Bl oad b Cada
. et S St
e Rosd st I o )
T Lred Rosl st ]
Lead Dedpulis | Save Dedonlie o Carcsl Losd Deteuits|  Seve Detsults | o Carcal

X.  Repeat step ix) and select “Display Profile”. Click
‘Plot View” and “IP’s"”

S AN o o AT
P 4B AV

xi. Go to “Export”. Then click “DWG"” to export the
longitudinal section to AutoCAD.
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Longitudinal Section

Xii.

|5 ) & b X | Surface! (Matural) -|llo =1
?..CI , -~
. File Import Export Entry GPS View Points Strings Cogo
=h O o=b gy (== - B 7 = = - = =
VR H 0 3 -
owG  oF B WML WL 2 B e . Fan =2
HTML 12DA HEC-RAS DSpec LandXML Others

DWG  DXF ML LanddML KML C

R

File - Export

Edit and plotting the plan based on the format
requirement.

Datum REL = 28.500

PROPOSED LEVEL (m)

32949

MATURAL SURFACE (m)

CHAIMAGE (m)

10.000 33,126
20,000 |33.428
30,000 133642
40,000 |33.625
50,000 133648
60.000 [33.654
70,000 133534

80.000 133621
190,000 133,649
100.000/33 646

0Okm 0,000

Figure 4.5: Example of a Long section result in CDS
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Cross-Section

xiii. Repeat step ix) and select “Section Parameters”.

xiv. Click “Min” and ‘Max”. Set scales “HS’ and “VS”
1000, to make the drawing in scale 1:1000. Then
click OK.

. Road Works Parameters > |

Profils and Section Selection  Section PR | Profile PR | Vokume |

e C—
Chainage Rangs M ] 0.000 Max 1000.000
T Adust Chainages Tabie ¥ Delste Chainages Table
DISPLAY
Scales = P
Flavws Cols !
DWG = Model Space (seperate dwg's) Offset> Offset Y
© Model Space (ngle dwg) | o000 | o000
" Paper Space
PLOT
7 Border g oriy) [ _-_] Text Subrstitions
Plot & [ Section Layout
Scales HS. 100 vs: |00 * Bottom to top
Rewcs E] Coin |2 T Top to bottom
Text Stings U Format Duedn |
Load Deiaul!s] Save Defaul|s| [ ox Wl Cancel [‘ ] .

xv. Step xi) is repeated and select “Display Section”.
Click on “Plot View".

xvi. After that, the step xii) until xiv) is repeated.
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Cross-Section

Figure 4.6: Example of a Cross-section result in CDS
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Quiz Activity

Watch youtube, read Notes & answer all questions
in Quizizz

O

@

QUIZ LINK Link:
http://surl.li/fugnhb
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CONCLUSION

In "Survey Automation Part: 1, we explored the
journey of modern surveying, from data collection
to the creation of detailed plans. Using a Total
Station, we demonstrated how surveyors can
accurately measure land features. This data is
then transferred to powerful software like Civil
Design and Survey, where it is processed to
generate long section and cross section plans.

We highlighted the seamless integration of these
tools, showcasing how automation enhances
accuracy and efficiency. By following the steps
outlined in this eBook, surveyors can effectively
gather, transfer, and process data, leading to
precise and comprehensive survey plans.

As we move forward, the advancements in
automated surveying promise to simplify and
refine the surveying process even further. Stay
tuned for more insights and techniques in the next
part of our series.
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Interactive eBook

For an interactive look, please assess using QR code.

AUTOMATION
SURVEY

or_https://tinyurl.com/yc5vims9
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