
Precise Digital Leveling

Presented by Daniel Determan:
Northwest Regional Geodetic 

Advisor (WA, OR, ID)

DAY 2



Overview:
Leveling Unit/Crew

Safety
Equipment, Use and Setup

Collimation Check
Review Terminology

Observation Guides and Field Notes
Important Information

Equipment & Field Technique Videos
Tips

NGS’s 3rd Order Reset Document



Typical Level Unit
• One Observer (Instrument Person)*
• Two Rod People*
• One or Two Vehicles

– One capable of transporting equipment – rods*
– Drop one vehicle at end of day’s work

• Safety People if Necessary
– Warning Person to drive behind crew

• One Pacer to Help with Setups
• Computer to Download and Process Data*

* Required



Level Unit
One Observer
Two Rod Persons

+ Support Personnel



Safety is Paramount!



Please be Safe!



Please be Safe!



“Motorized” Leveling

Photo courtesy of Coleman Engineering Co.



“Motorized” Leveling

Photo courtesy of Coleman Engineering Co.



Call Before You Dig!
September 14, 2008 near Appomattox, Virginia



Call Before You Dig!
September 14, 2008 near Appomattox, Virginia



Precise Digital Leveling

Section 2
Leveling Equipment and Setup



Turning Pin – Cap Off

Turning Pin – Cap On



Turning Pin – Cap On

Urethane Faced
Dead-Blow Hammer



“Turtle” with Removable Pointed Feet



Single-Piece, Bar-Coded Invar, Calibrated Rod with Brace Poles 



Carrying Level Rod and Hammer and Turning Pin

Do Not Place Hand 
Directly on Invar



Setting Rod Brace Poles – One and Then the Other



Always Protect Bottom 
of Rod 

Do Not Place 
Rod on Ground!

Place Rod on Shoe 
When Idly Holding or
Temporarily Showing 

Rod



Using Dead Blow Hammer to 
Drive Turning Pin – Cap On



Turtle Setup on Asphalt



Rod/Turtle Setup on 
Asphalt



Special Case Only
Turtle Being Prepared for 

Setup on Asphalt
Points Removed



Special Case Only
Turtle on Asphalt
Points Removed
Location Swept
Turtle Stomped



Rod on Turning Pin
Using Centering Guide



Centering Guide on Turning Pin
Not Base of Rod!



Rod on Turning Pin
Without Centering Guide



Spacer Set on High Point of Disk
Adding Height of Spacer



Rod Mark With Disk

Disk in Bedrock

Concrete Post

Class A and B Rod Mark

Control on Horizontal Surfaces



Y 30, MY0497, 1, SACS, 20030918

Leveling
A “Flat” disk and the way 
it’s set the High Point is 
located between the “S” 

and “U” of Survey

Where do you level to?

GPS
Where do you measure HI 

from?

The bottom of the 
recessed cross!

Note where the mark was 
leveled to in the Back-Up 
recording sheets and in 
written station description.



NH0303, Q 102, 3W, 20061016







“Dappled Light”
Instrument may not 
be able to read rod



Rigid Leg 
Tripod
With 

Thermister
Equipment



Temperature Data Logger for Geodetic Leveling



PLAY VIDEOS
Using a Turning Plate (Turtle)

Using a Centering Guide
Using a Spacer
Dappled Light
Thermisters



Vertically Set Bench Mark





VIDEO
Setting Up on a
Vertical Mark



Rules – Short List
• Never Setup on Asphalt
• Double Run Everything
• Never Read Below 0.5 Meter on Rod 
• All Three Crosshairs Must be on Invar
• Same Rod on Starting and Ending BM
• Use Turtles and Turning Pins for Turning 

Points
• Always Keep a Hand on Rod when Setup
• Keep Setup Imbalance at a Minimum



http://www.topcon.co.jp/eng/survey/tripod.html

GST20 RANGE OF WOODEN TRIPODS
These Tripods are well regarded by the market for being extremely stable 
and long lasting. The GST20 range consists of the GST20, GST20-9, 
GST120-9 and GST40 wooden tripods. Being highly rigid and with good 
vibration characteristics, these tripods are recommended by Leica 
Geosystems to be used with TPS for surveying and engineering 
applications.
The GST120-9 model provides a unique, patented self-closing feature for 
quick set-up and stowing.
The GST40 model is recommended for the DNA digital levels providing 
extremely high stability and fast set-ups due to the rigid legs. 

http://www.leica-geosystems.com/corporate/en/ndef/lgs_6161.htm





Rigid leg tripod, 
available in four models: 
68" and 72" inches in 
height, with fixed center 
head or slide head. 
Made of hardwood ash, 
grown and made in 
Europe.

NOAA commissioned. 

SuperTripod.com



http://www.hixonmfg.com/



VIDEOS
Tri Pod Care and, 

Maintenance
Tri Pod Set Up



Precise Digital Leveling

Section 3
Collimation Check and Field Notes



Collimation Check
C-Check
Peg Test



• Allow instrument and rods to acclimate prior 
to performing the collimation and/or leveling 
(allow equipment to adjust to the working 
environment for 10 minutes or more)

• Perform Collimation Check on level ground at 
the work site in the work environment 

• Perform a Collimation Check at the beginning 
of every day that geodetic leveling is 
performed or when the level is jarred or any 
time there is a question about the instrument  

Collimation Check



• Perform a Collimation Check whenever the ambient 
temperature changes more than 10 degrees Celsius 
during the course of leveling during the day 

• Remove parallax and sharply focus the instrument 
and ensure all circular levels are in adjustment  

∙ Apply collimation to all future measurements (also 
note in digital data files that this correction has 
been applied to all measurements)

∙ Record collimation (arc-seconds) on Backup Recording 
Sheet

Collimation Check (continued)



Collimation Check - Kukkamaki Method
A x B x

10 m 10 m 20 m

Instrumen
t

Position 1

Instrumen
t

Position 2

Rod A Rod B



10 m

Rod A Rod B

Instrumen
t

Position 1

Collimation Check - Kukkamaki Method
A x B x



10 m

Rod A Rod B

Instrument
Position 1

Collimation Check - Kukkamaki Method
A x B x



20 m

Rod A Rod B

Instrumen
t

Position 2

Collimation Check - Kukkamaki Method
A x B x



40 m

Rod A Rod B

Instrumen
t

Position 2

Collimation Check - Kukkamaki Method
A x B x



Collimation Check – FÖrstner Method
A x x B

15 m 15 m 15 m

Instrument
Position 1

Instrument
Position 2

Rod A Rod B

1/3 1/3 1/3



15 m

Instrument
Position 1

Rod A Rod B

Collimation Check – FÖrstner Method
A x x B



30 m

Instrument
Position 1

Rod A Rod B

Collimation Check – FÖrstner Method
A x x B



15 m

Instrument
Position 2

Rod A Rod B

Collimation Check – FÖrstner Method
A x x B



30 m

Instrument
Position 2

Rod A Rod B

Collimation Check – FÖrstner Method
A x x B



VIDEO
Taking a “C”-Shot
(collimation check)



Rod 1

Rod 2

B

Backsight Foresight

F

Δ
h

SB

S
SF

Setup of Leveling, Δh = B – F and S = SB + SF



Section of Leveling
ΔH = Δh1 + Δh2 + … + Δhn and S = S1 + S2 + … + Sn

Δh
1

Δh
2

Δhn

Rod 1

Rod 2

ΔH
n

S

S
1

S
2

S
n

Rod 1
Rod 1

Rod 2



Section of Leveling

BM A BM BTP 1 TP 2 TP 3 TP 4 TP 5

BM = Bench Mark
TP = Turning Point



Accumulated Distance Imbalance
Dbal = (Bd1 + Bd2 + ... + Bn) – (Fd1 + Fd2 + ... +Fn)

Rod 1
Rod 2 Rod 1

Section Length (219.5 m or 0.22 km)

Backsight Distance1 Foresight Distance1

Setup Length1 (110.2 m) Setup Length2 (109.3 m)

Backsight Distance2 Foresight Distance2

Example:

Bd1 = 55.7 m; Fd1 = 54.5 m  Setup Imbalance = +1.2 m (short) 
Bd2 = 54.3 m; Fd2 = 55.0 m  Setup Imbalance = -0.7 m (long)
Section Accumulated Imbalance = +0.5 m (short)

55.7 m 54.5 m 54.3 m 55.0 m

Bd1 Fd1 Bd2 Fd2



Level Line

BM A BM B BM C BM D

BM = Bench Mark



Level Loop(s)

BM A BM D

BM L

BM 
B

BM R

BM 
S

BM K BM 
J

BM H

BM G

BM FBM EBM C

BM MBM N

BM 
P

BM Q

BM = Bench Mark
= Forward Running



Level Spur

BM A
BM D

BM S

BM 
B

BM R

BM T

BM FBM EBM CBM Z BM G

BM = Bench Mark
= Forward 

Running
= Backward 



Single Run

BM A BM CBM B

BM = Bench Mark
= One Way Leveling



Double Run
BM A BM CBM B

BM = Bench Mark
= Forward 

Running
= Backward 



VIDEO
Running a Section



Observing Guides and Field Notes





Required Leveling Notes
Entered at the beginning of the day

Or for change in observer, or instrumentation

Entered at the beginning of a section

Temperature readings inserted after each set-up
For recording gradient temperatures

Entered at the end of a section

9999 Entered at the end of day
Or for change of observer or equipment



Required LEVEL NOTES

Beginning of Day or Change in Observer/Instrument Type

Date (mmddyy)
Observer’s Number (1, 2, 3, etc – observer specific for project)
Instrument Type (DNA03, DL101C, DINI12, etc)
Temperature Code (0 for Celsius  or 1 for Fahrenheit)

Equipment Used   

Instrument Serial Number (like 90810)
Collimation Check Error in Arc Seconds 
Rod 1 Serial Number (like 25458)
Rod 2 Serial Number (like 25534)



Required Notes Entered Per Section

Start of Leveling Section

Start Time (hhmm, 24 hour local)
Rod on Mark (1 or 2)
Starting Temperature at Instrument 
Wind and Sun Code

Temperature Gradient
(Recorded in instrument only - after each complete BF setup)

Info 1 Lower Probe (decimal or no decimal by instrument type)
Info 2 Upper Probe (decimal or no decimal by instrument type)



Required Notes at End of Leveling Section

Ending Time (hhmm, 24 hour local)
Rod on Mark (1 or 2 – should be the same as starting)
Ending Temperature at Instrument 
Wind & Sun Code (00 = Calm/Cloudy; 02 = Calm/Sunny, etc.)

Wind Code:
0 – Calm Wind speed averaged less than 6 mph during section
1 – Breezy Wind speed averaged 6 to 15 mph during section
2 – Windy Wind speed averaged greater than 15 mph during section

Sun Code:
0 – Cloudy Less than 25% of setups are performed in sunny conditions
1 – Partly Cloudy  25 to 75% of setups are performed in sunny conditions
2 – Sunny More than 75 % of setups are performed in sunny conditions

9999    End of Day or Change of Observer or Change of Equipment



Sample Backup
Recording Sheet



1st Order, Class II
4√1.47782 = 4.86262 

mm

2nd Order, Class I
6√1.47782 = 7.29393 

mm

F =  -13.23456 
m
B = +13.23750 
m

+ 0.00294 
m Allowable
Section Closure



Precise Digital Leveling

Section 7
Wrap-up and Bench Mark Resets



Leveling Tips
• Follow safety protocols - Watch for moving vehicles!
• Slow or no readings? Reduce sight lengths for:

– Heat shimmer (scintillation)
– Instrument vibration due to wind
– Standard deviation won’t come down
– Dappled light on rod(s)

• Carry instrument upright between setups 
• Check rods’ and instrument’s circular levels weekly 

or after receiving abnormal bump or shock
• Minimize latency between backsight and foresight
• Do not leave the instrument setup unattended
• Do not let thermistors or level get wet



• Cross pavement (roadway) at right angles to 
minimize uneven sight conditions

• Clearly focus level instrument before measurement
• Stabilize both turning points and tripod every setup
• Never read below 0.5 meters on rod
• Ensure upper stadia crosshair is not above Invar 

when reading near the top of the rod
• Maintain tight setup imbalances
• Don’t point the instrument into the sun
• Orchestrate setups so instrument is not pointing into 

low sun angle

Leveling Tips (continued)



• DO NOT DROP RODS!!
• Keep one hand on rod at all times
• Keep rod faces clean – do not touch Invar
• Always protect base of rod – keep off ground
• Never setup rod or instrument on asphalt
• Turn rod to change shadows if measurement fails
• Rod person calls out BM designation for check
• Start and end with the same rod on mark
• Backsight rod person does not move until foresight 

has been recorded and observer directs

Leveling Tips (continued)



• Make sure base of rod is directly on the turning 
point or BM, not on centering guide

• Be aware of your surroundings carrying rod
• Spacer must have a backsight and a foresight 
• Do not forget to retrieve spacer after setup
• Double run all required sections
• Plan reverse leveling during a different time of day 

from the first level run
• Place visible mark on rod to indicate 0.5 m

Leveling Tips (continued)









3rd Order Reset



Method 1
Direct Old to New Mark

Elevation Transfer

Tolerances

Method 2
Reference Points to “Hold”
Elevation Prior to Transfer
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