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Total Station Setup And
Operation

Mastering Precision: A Comprehensive
Guide to Total Station Setup and
Operation

In the world of modern surveying and construction, few tools are as
indispensable  as  the  total  station.  This  sophisticated  piece  of
equipment combines an electronic theodolite, an electronic distance
meter (EDM), and a microcomputer to measure angles, distances, and
coordinates with incredible accuracy. Whether you are a seasoned
surveyor, a civil engineering student, or a construction professional



looking to upskill, mastering the nuances of total station setup and
operation  is  critical  for  delivering  reliable  data  and  successful
projects. This guide will walk you through every essential step, from
unboxing the instrument to collecting precise field measurements.

Understanding the Core Components of a
Total Station

Before diving into the setup process, it is important to familiarize
yourself  with the key parts of  the instrument.  Most modern total
stations share a common architecture, which includes:

The Base and Tribrach: The tribrach is the quick-release
mounting plate that connects the total station to the tripod. It
houses the foot screws used for fine leveling and an optical or
laser plummet for centering over a point.
The Alidade and Telescope: The alidade is the rotating upper
part of the instrument. The telescope, which is mounted on the
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alidade, is used for sighting targets. The vertical and horizontal
motion of the telescope is controlled by tangents and clamps.
Keypad and Display: This is the user interface. Depending on
the model, it may be a simple keypad with a monochrome screen
or a full-color touchscreen running a Windows or Linux
operating system.
EDM (Electronic Distance Meter): This unit emits an infrared
or laser beam to measure the distance to a prism or, in
reflectorless mode, to a solid surface.
Optical or Laser Plummet: This is a vertical sighting system
that allows you to precisely align the instrument over a survey
point (nail, hub, or marked cross).
Battery and Data Storage: Most units use a rechargeable
battery pack and store data on internal memory or an external
SD card.



Step 1: Choosing the Right Location and
Tripod Setup

The accuracy of your entire survey hinges on the stability of your
setup. The process of total station setup and operation begins long
before  you  power  on  the  device.  Start  by  selecting  a  firm,  level
ground surface for your tripod. Avoid soft soil, loose gravel, or asphalt
that  is  too  hot,  as  these  can  cause  the  legs  to  shift  during
measurement.

To  set  up  the  tripod,  extend  the  legs  to  a  comfortable  working
height—usually around chest or eye level for the user. Spread the
legs evenly to form a wide base, and press each foot firmly into the
ground. Ensure that the tripod head is as level as possible by sight. A
rough leveling now will save you time during fine leveling later. Once
the tripod is stable, mount the tribrach and total station onto the
head, securing it tightly with the central mounting screw.
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Step 2: Centering Over the Station Point

Centering is the single most critical step in total station setup and
operation. A misalignment of even a few millimeters will propagate
through your entire survey, causing significant errors in coordinate
calculations.

Look through the optical or laser plummet. You should see a clear,
illuminated view of the ground directly below the instrument. Adjust
the tripod legs slightly (without moving the tripod head drastically) to
bring the crosshair or laser dot over your survey point. If using a
laser plummet, you may need to toggle it  on via the instrument's
menu. Once you are roughly centered, tighten the tripod leg locks
completely.  Fine-tune  the  centering  by  loosening  the  tribrach
mounting screw and sliding the total station laterally on the tripod
head until the point is perfectly centered under the crosshair. Tighten
the screw again.



Step 3: Leveling the Instrument for
Precision

With the instrument centered, you must now ensure it is perfectly
horizontal. This is achieved using the tribrach foot screws and the
circular bubble level (bullseye level) on the base or tribrach, followed
by the electronic level or plate level on the screen.

Coarse Leveling: Turn the foot screws to center the circular1.
bubble. A common technique is to turn two screws
simultaneously and then adjust the third. This brings the
instrument into a rough horizontal plane.
Electronic Leveling: On most modern total stations, you can2.
access an electronic level screen. Rotate the instrument 180
degrees and check if the bubble remains centered. If it shifts,
adjust using the foot screws again. Repeat this process until the
level indicator shows zero error.
Recenter the Plummet: After leveling, always check the3.
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plummet again. Leveling can shift the instrument slightly off
center. If it has moved, loosen the tribrach, slide to recenter,
and repeat the leveling process. This iterative method is
essential for achieving perfect setup.

Step 4: Entering Instrument and Target
Heights

Once the instrument is stable, centered, and level, you need to tell
the data collector or the internal software how high the instrument is
above the ground point. Use a graduated prism pole or a measuring
tape to measure the vertical distance from the station point to the
center of the instrument's trunnion axis (the horizontal pivot point of
the  telescope).  This  is  known  as  the  instrument  height  (HI).
Similarly, if you are using a prism pole as a target, you must measure
and store the prism height (height from ground to prism center).
Enter these values into the total station's job file. Accurate input of
heights is non-negotiable for correct elevation calculations.



Step 5: Calibration and Backsight
Orientation

With the setup complete,  it  is  time to orient the instrument to a
known  direction.  This  step  is  where  the  total  station  begins  to
function as a powerful coordinate measurement tool. The process of
setting  the  reference  direction  is  called  backsighting  or
orientation.

Known Point Orientation: If you have two known control
points, set up on one point (Point A), sight the prism on the
second point (Point B), and tell the instrument the coordinates
of Point A and the coordinates of Point B (or the azimuth from A
to B). The instrument will calculate the horizontal angle and set
itself to zero along that direction.
Azimuth Orientation: If you know the true bearing or azimuth
to a distant landmark, you can enter that angle directly, then
sight that landmark.
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Direction Set: In some cases, you may simply set the horizontal
circle to a specific angle (e.g., 0°00'00") in the direction of a
reference target. This is common when setting up for a stakeout
or layout job where precise orientation to a baseline is required.

After sighting the backsight target,  lock the horizontal clamp and
verify your angle reading. A second check is always advisable: turn
to a third known point to confirm that your calculated coordinates
match the known values.  This  process,  known as a  "check shot,"
validates your instrument orientation and setup.

Step 6: Basic Operation and Data
Collection

Now that the instrument is configured, you can begin collecting data
or  staking  out  points.  The  workflow for  data  collection  generally
involves:



Point Identification: Assign a unique point number or name1.
(e.g., "CP-1", "BldgCorner-A").
Sighting: Point the telescope toward the prism or target. Use2.
the fine motion tangents to center the crosshairs on the prism
exactly.
Recording: Press the "Measure" or "Record" key. The3.
instrument will shoot the distance using the EDM and
simultaneously read the horizontal and vertical angles. The
coordinates (X, Y, Z) are calculated internally and stored.
Data Management: Most instruments allow you to store points4.
in a job file. You can later download this data to a computer via
USB, SD card, or Bluetooth for processing in CAD or surveying
software.

Advanced Operation: Resection and
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Stakeout

Resection (Free Stationing)

Sometimes it is impossible to set up directly over a known control
point—for example, in the middle of a busy intersection or near a
building foundation. Resection is an advanced total station setup and
operation procedure that allows you to calculate your instrument's
position by measuring angles and distances to two or more known
points. The instrument solves for its own coordinates using a least-
squares  adjustment.  This  is  incredibly  powerful  for  flexible  field
setups.

Stakeout

Stakeout is the reverse of data collection. You have coordinates for a
point  (e.g.,  a  building  corner  or  a  utility  line),  and  you  need  to
physically  mark  that  location  on  the  ground.  Enter  the  target



coordinates into the instrument. The total station will calculate the
horizontal angle and distance you must turn from your reference. It
will guide you left/right and forward/backward until you are exactly
over the target point. This process is fundamental for construction
layout.

Troubleshooting Common Setup Issues

Even experienced surveyors encounter problems during total station
setup and operation. Here are a few common issues and solutions:

The bubble level keeps drifting: This usually indicates the
tripod is settling or the ground is unstable. Re-tighten all leg
joints and consider moving the setup.
The instrument is not pointing in the correct horizontal
direction after setup: Double-check your backsight procedure.
Did you enter the correct coordinates? Is your target prism
perfectly centered over the known point?
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The EDM is not returning a distance: Check the prism mode
vs. reflectorless mode. Ensure the laser is on and the prism is
facing the instrument. Also, check for obstructions like fog, dust,
or direct sunlight glaring into the lens.
Data is not saving: Verify that you have selected a current job
file. Check that the internal memory or SD card is not full. Some
instruments require a manual "store" command after each
measurement.

Best Practices for Maintenance and
Longevity

To keep your total station performing at its peak, incorporate these
maintenance habits into your daily routine:

Keep it clean: Use a soft brush or compressed air to remove
dust from the lenses, keypad, and tribrach. Wipe down the
instrument with a damp, lint-free cloth after use in harsh



conditions.
Protect the battery: Do not leave the battery in direct sunlight
for extended periods. Store it partially charged (around 40-60%)
in a cool, dry place.
Regular calibration: Send your total station to a certified
service center annually for factory calibration. This ensures the
EDM, angular encoders, and level vials are all within tolerance.
Transport safely: Always use the original padded case and
secure the instrument during travel. Avoid jostling or dropping
the container.

Safety Considerations in the Field

While total station setup and operation is largely a technical task,
field  safety  is  paramount.  When working  near  traffic,  wear  high-
visibility clothing and use traffic cones or barriers. When working on
uneven terrain, be mindful of tripod leg placement to avoid tripping
hazards.  Never  look  directly  into  the  EDM  laser,  especially  the
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reflectorless mode which can emit a Class 2 or Class 3R laser beam.
Always  warn  bystanders  when  the  instrument  is  taking
measurements.

Conclusion

Mastering total  station setup and operation is  a  blend of  careful
mechanical  procedure,  mathematical  understanding,  and  field
experience. From the initial tripod placement and centering to the
final data download, every step contributes to the integrity of your
survey.  A  well-set-up  total  station  is  the  foundation  of  accurate
mapping, efficient construction layout, and reliable geodetic control.
By  following  the  steps  outlined  in  this  guide—paying  rigorous
attention to leveling, cent


