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Introduction 
This is the capstone lab project for GY 301. With the assistance of your team member (4 people 
per team), you will use the Total Station to survey a topographic map of the campus area (see 
figure below). Please note that this area includes the transit survey route that you did in Lab 1 as 
well as the Life Sciences Building that you “surveyed” by GPS in lab 4.  

 
 The Department has 5 Total Station Surveying “packages” and for this lab, two teams of 4 
students each will work together with one package. Your instructors will move between teams to 
help you get set up. Given the size of the survey area, we recommend that each team in a pairing 
surveys half the target area (delineated on figure one with a dotted line) and that the two teams 
sharing each Total Station share their data to produce their maps. Your humble but terribly good 
looking instructors will identify a starting instrument station point (one of 11 bench marks), and 
from there you will back-sight to one of the other benchmarks to calibrate and locate the 
instrument. Once everything is set up, teams of 4 will collect data. One person will operate the 
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Total Station. One person will act as backup note keeper, one person will position the target 
prism at locations and the other member of the team will scout out suitable locations. 
Periodically change positions. Everyone needs to become familiar with all aspects of Total 
Station surveying. Yow will have to do this again in future classes. Walkie talkies will be 
available for your use during surveying.  
 
In addition to the spot elevation sites that you will measure (a minimum of 150 for the whole 
map area), please include the following additional points on your map. Be sure to identify them 
with distinct labels when recording them into the Total Station: 
 
1) the four corners of the Life Sciences Building 
2) The four corners of the Life Sciences Lecture Hall 
3) the four corners of Meisler Hall 
4) The profile of the Library (more than just 4 corners) 
5) The positions of all but tree number 5 (now cut down) of the original transit survey you did in 
lab 1. In Surfer draw lines that connect these points. 
 
After you collect all of your data, Dr. Haywick will show you how to download it and massage it 
into Surfer. It is pretty much the same as what you did for the GPS map of the wetlands, but now 
of course, elevation data is also important. Use/include the following on the Surfer contour final 
map: 
 
1. Scale of 1" = 100 feet 
2. Contour Interval of 1 foot, index contours every 5 feet. 
3. Filled contours, Cyan for low elevations, Magenta for high elevations 
4. Post map of data points with ID label 
5. Title = “Campus Total Station Project” 
6. X axis label = “Easting (feet)” 
7. Y axis label = “Northing (feet)” 
8. Name and date due in lower right corner 
 
Total Station Setup: 
Your instructors will demonstrate for your group the leveling and initial setup of the Total 
Station. Before collecting data make sure that you set active a job name that matches your group 
(i.e. “Cinnabar" for Group Cinnabar). All points measured by a specific group must be saved to 
that job for later recall. Note that all 11 benchmarks and the start point of this project will be 
provided to you. You will have to enter some of these data manually into the Total Station before 
you get started. Important:  Make sure that you frequently review the job points to make sure 
that data is being properly measured and stored on the instrument. Keep a notebook as backup on 
the X,Y,Z coordinates and notes on what each point collected actually corresponds to (ex. C1 = 
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NE corner of Student Union). 
 
All of the survey gear except for the Total Station and batteries will be stored in the trailer. Make 
sure you return this gear to the trailer and lock the trailer when finished. Return the Total Station 
to your instructor. 
 
Detailed Instructions: 
 
A) Setup of Total Station 
1) Position the large yellow tripod directly over the benchmark you will be starting at. Push the 
legs firmly into the soil. Unlock the legs and extend the tripod until the mounting plate is about 
mid-chest level. 
 
2) Visually level the mounting plate as close to horizontal as possible. Check to see that the 
benchmark is still centered beneath the center of the mounting pate on the tripod. If not, extract it 
and reposition it again. Steps 1 and 2, as simple as they seem, may take 5-15 minutes to do 
correctly. 
 
3) Attach the instrument to the mounting plate using the tightening bolt underneath the mounting 
plate. The instrument should be located in the center of the mounting plate. Finger tighten the 
locking bolt. 
 
4) Look through the optical plummet on the side of the instrument. You should be able to see the 
metal bench mark in the field of view. If you were accurate in steps 1 and 2, the center of the 
bench mark will be close to the center of the cross hairs. If it isn’t, you need to reposition the 
entire tripod. Use two people to do this as the tripod+instrument are relatively heavy. If the metal 
benchmark is visible through the optical plummet, you should be able to use the three black 
thumb wheels to center the instrument. The cross hairs in the optical plummet should be 
positioned in the dead center of the metal benchmark. 
 
5) You now have to start leveling the instrument. First locate the bull’s eye level on the base of 
the instrument. Using only the tripod legs (unlock and adjust them one at a time), center the 
bubble as close to exact center as possible. Ensure that all three legs are locked once you have 
the bull’s eye leveled. 
 
6) Now locate the carpenter’s (straight) level. Rotate the instrument until 
the level is between two of the thumb wheels (see position to right).  
 
Using only those two thumb wheels, center the bubble in the level 
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7) Rotate the instrument 90 degrees and re-center the bubble in  
the carpenter’s level using the thumbwheels on either side of the level 
 
 
 
 
 
 
 
 
8) Insert the battery. 
 
9)  Look through the optical plummet one last time. If the metal bench mark is still in the dead 
center of the cross hairs, you are ready to proceed. If not, loosen the locking bold that holds the 
instrument down and manually slide the instrument until it is exactly centered. Lock the 
instrument down again. 
 
10) Power up the Total Station. Remove and secure the lens cap from the telescope assembly. 
 
11) For older Total Stations, rotate the instrument along the X-Y plane and then again along the 
Z-plane (zero-set). You will hear an audible beep when the instrument is ready. This step is not 
necessary for newer models. 
 
B) Set-up Prism Target and Range Pole 
1) Extract the range pole, prism(target), and range pole tripod from their storage bags. Attach and 
finger tighten the base point to the bottom of the range pole and the prism target to the top of the 
range pole. Set the range pole to 2.0 m. Locate another bench mark that is in line of sight of the 
Total Station and using the range pole tripod, place the range pole directly on top of the metal 
plate at this new bench mark. Ensure that the point of the range pole is sitting directly on the 
metal plate and that the range pole is exactly vertical (center the bubble in the middle of the 
bull’s eye level. 
 
C) Initialize the Instrument (note: text in square brackets are either tags that are shown on the 
display screen (e.g., [menu]) or buttons on the console (e.g., [esc]). If you do not see a tag 
displayed on the screen, push the [function] button until it appears or push [esc] to return to a 
previous menu] 
 
1) Push [esc] until the top menu appears in the screen. This is the screen that displays: 
[meas]  [mem] [config] 
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2) Using the appropriate numbered function button (e.g., [F1], [F2], [F3] etc.), select [config]. 
Scroll down to [units] and select [enter]. Ensure that the distance function is set to meters. If not, 
scroll through the options until meters is highlighted and hit [enter]. Push [esc] to exit from this 
menu. STOP: before you proceed further, re-enter the [units] menu and make sure that the 
instrument is in fact set to meters. If you failed to push [enter] after you selected meters (e.g., 
you instead pushed [esc]), the instrument was not adjusted. 
 
3) Return to the top menu. Select [mem] then scroll down to [known data] then [key in 
coordinates] then select [enter]. The display will show E,  N and Z coordinates (respectively; 
UTM X; UTM Y and elevation), and a point label. Here you need to manually enter the data for 
the specific bench mark that you are positioned at. For example, if you positioned the Total 
Station at bench mark 2 (ST02), you would enter 387296.77 for E, 3396376.30 for N and 50.13 
for Z. You would also enter ST02 for the location. You might as well also enter the location data 
for the bench mark that the prism/target is resting on. If the prism/target is positioned at bench 
mark 6, you would enter 387316.45 for E, 3396336.84 for N and 52.77 for Z. STOP: before you 
proceed further, ensure that the instrument has correctly recorded the data you entered. A partner 
should read the coordinates from the list that we provide while you check the coordinates that the 
instrument has in its memory. A mistake here will make all your data incorrect. 
 
D) Backsighting 
1) The Total Station does not have a built in compass and at this time, has no idea which 
direction is north. By backsighting to a known point (the other benchmark where you positioned 
the prism target), the instrument will locate itself in the UTM grid and will be fully initialized 
and ready to measure spot elevations. Hit [esc] until you are in the top menu. Select [meas]. 
Select [coord], then [stn orientation] then [stn coordinate]. Select [read] and the choose the bench 
mark that the Total Station is positioned over (e.g., for this example, ST02). Select [enter]. The 
coordinates you see should be the same as the ones you entered for ST02 earlier. On this screen, 
you need to record the height of the instrument. Using a metric tape measure, 
measure from ground level up to the horizontal line on the side of the 
instrument. This line marks the line of sight of the total station. Enter this 
height (in meters!) into the correct space. Select [target height] and enter 2.0. 
Select [ok] then esc to the screen with [coord]. 
 
2) Now aim the instrument at the prism target. Use the collimeter on the top of 
the instrument to approximately align the instrument. The tip of the white 
triangle should rest on the base of the prism (see diagram to right). 
 
Lock down both axes of the instrument. 
 
3) Look through the telescope. Focus on the prism. Adjust the orientation of instrument using the 
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tracking wheels attached to the locking wheels so that the cross hairs are exactly centered over 
the center of the prism.  
 
4) From the [coord] screen, select [stn orientation] then [backsight], then [coord], then [read]. 
Highlight the station the prism target is resting on (in this example, that would be ST06) and 
select [enter], then [ok], then [yes]. Stop: before proceeding further, immediately shoot the target 
(see step E below). The coordinates and elevation should be very close (but not exactly the same) 
to the coordinates that you manually entered for the bench mark. Check the printed we provided. 
If you are way off, something is incorrectly setup. Do not proceed until you correct the problem. 
 
5) Push [esc] until you are in the top menu. You are ready to rock and roll. 
 
E) Spot Elevations 
1) Reposition the range pole/target prism on a point that you wish to measure. It should be hand 
held by one team member. Use the radio to inform the Total Station operator when ready.  
 
2) Select [coord], then [observ]. At this point, the instrument will emit an IR beam and record the 
position/elevation of the target prism. Before you accept the point, edit the point name. Use the 
following nomenclature: 
 a. Use “1E1", “1E2" etc. for group 1 elevation control points 
 b. Use “1LSCB1", “1LSCB2", etc. for group 1 corner points on specific buildings 
 c. Use “1T1", “1T2", etc. for group 1 tree points. 
3) Shoot as many points around the bench mark that you are setup on as possible. When you 
cover the entire area, shoot the buildings and trees that you are required to do. When you have 
exhausted all points/features that you can see from the initial bench mark, relocate the Total 
Station to another bench mark and re initialize the instrument. 
4) Periodically checking the setup of the instrument by shooting to one of the benchmarks not 
used in the backsight. You should be within a few 10th’s of a foot XYZ if the setup is OK. 
 
F) Offsets 
Periodically, it may be necessary to shoot an offset (e.g., to record a tree that may not be in direct 
line of sight of the Total Station. In these situation, place the range pole/target prism a measured 
distance away from the object you are targeting (e.g. 3.0 m to the left of the tree). Aim the 
instrument at the prism. In the [meas] menu, select [offset] then [offset by distance]. Select 
[observ] and enter the measured distance (in this example 3.0) in the appropriate location. You 
will see a small arrow indicating the offset direction below the measured distance line. Ensure 
that the arrow is pointing toward the range pole from the target object. For the example given, 
the range pole is to the left of the target tree so the arrow should look like this: ◄. Use the toggle 
button to select the correct arrow then hit the appropriate buttons to name and record the point. 
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Total Station Care and Storage 
Below are the guidelines for using and storage of the Total Station instruments and associated 
equipment. Make sure that all equipment is properly stored and secured in the Earth Sciences 
storage room (LSCB 345) or the trailer. 
 
Using the Total Station and Targets  
1) Do not use a lot of force when adjusting the telescope with the horizontal and vertical control 
knobs. The correct procedure is to make sure the knobs are unlocked, aim the telescope with the 
“gun sight”, lock the adjustment knobs, and ten use the fine controls on the knobs to adjust the 
crosshair on the target. 
 
2) Keep items such as batteries, lens caps, manuals, etc. in the Total Station case so they are 
protected from dust and moisture (and feet). 
 
3) Never leave the instrument or target unattended.  
 
Storage of Total Station and Associated Gear 
1) Unlock the adjustment knobs and store the instrument in the storage case with the 2 yellow 
dots aligned and in the up position. The lens cap should be covering the telescope lens. Batteries 
should be taken out of the instrument and placed in their slots. 
 
2) The Total Station tripod legs should be shortened to minimum length so that the the strap clips 
can secure the legs from spreading apart. Remove any dirt or dust from the Total Station  tripod 
head and then install the head cover.  
 
3) Adjust the range pole to minimum length and then store the range pole in the nylon sleeve 
with the bottom point removed and stored in the velcro- secured compartment near the top of the 
sleeve. 
 
4) Store the target mirror in the padded bag with the lens cap installed. When unscrewing the 
mirror target from the range pole remember that the silver attachment at the bottom of the mirror 
target stays attached to the target. It should not be attached to the range pole when removing the 
mirror target. 
 
5) Store the range pole tripods in the provided bags. The bottom leg points tend to become loose 
with use so make sure they are screwed on tight. Place the tripod legs in the bag first so that the 
leg points are against the bottom bag protector.   
 
6) Make sure that you put the batteries in the charger if you are going to use the instrument in the 
near future. 
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Bench Mark Coordinates 
 

Point UTM_X UTM_Y Elev_m Comment 
ST01 387305.38 3396452.32 47.02 benchmark ST01 
ST02 387296.77 3396376.30 50.13 benchmark ST02 
ST03 387319.93 3396477.69 46.53 benchmark ST03 
ST04 387289.53 3396379.15 49.84 benchmark ST04 
ST05 387209.08 3396374.47 49.76 benchmark ST05 
ST06 387316.45 3396336.84 52.77 benchmark ST06 
ST07 387272.25 3396561.18 42.60 benchmark ST07 
ST08 387167.99 3396519.71 41.35 benchmark ST08 
ST09 387071.06 3396522.00 37.57 benchmark ST09 
ST10 387117.11 3396372.84 46.75 benchmark ST10 
ST11 387160.07 3396396.14 47.12 benchmark ST11 

 
 

 


