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NOTE:  This manual provides a written account of how certain activities are performed and is 

designed to guide and assist staff members in performing their functions. 

When appropriate, there may be deviations from these written procedures due to changes in personnel, 

policies, interpretation, law, experimentation with different systems, or simply evolution of the process 

itself. 

 

This manual may be changed at any time. Staff members are encouraged to review this manual 

periodically and suggest changes in the manual to keep the manual current and to minimize differences 

between the manual and actual practices. 
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SECONDARY PROJECT CONTROL 

 
All survey equipment, including tripods, tribrachs, prisms, etc. shall be properly maintained and 
calibrated according to manufacturersô guidelines. The National Geodetic Survey (NGS) calibration 
baselines established specifically for the checking of Electronic Distance Measuring Instruments 
(EDMI) may be used for checking the calibration of EDMIôs and reflectors. Equipment calibration 
records and reports (not exceeding one year) shall be maintained by the surveyor and submitted to 
the Department as requested.  
http://www.ngs.noaa.gov/CBLINES/BASELINES/nd 
 

Techniques  

 
Observe temperature and atmospheric pressure and enter this data into the total station to correct the 
slope distance for atmospheric affects.  
Account for prism offset in all distance measurements in the instrument settings.  
A backsight of known azimuth should be used.  
Measure horizontal angles two times in sets of direct and reverse attitudes (2 direct and reverse 
(D&R)). The suggested procedure is to:  
1. sight the backsight with telescope direct  
2. turn the angle right to the foresight  
3. plunge the telescope and re-sight the foresight with  
the scope reversed  
4. turn the angle right to the backsight  
This is one D&R.  
The sum of the direct and reversed horizontal angles of a single set of angles should not deviate from 
360° by more than 5.0 seconds. Re-observe, rejecting sets until two sets agree within this tolerance.  
For total station instruments that include the capability, the vertical indexing initialization procedure 
should be checked at the beginning of each day.  
Measure zenith angles used to reduce slope distance to its horizontal component in both the direct 
and reversed attitudes.  
The sum of the direct and reversed zenith angles of a single set of angles should not deviate from 
360° by more than 10.0 seconds. Re-observe the rejected sets until the two sets agree within this 
tolerance.  
Measure all baseline distances electronically from both ends of each line.  
  
The slope distances (between adjacent control points) from forward and backward measurements 
should not differ by more than the amount that the precision of the EDM device allows.  

http://www.ngs.noaa.gov/CBLINES/BASELINES/nd
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Secondary Vertical Project Control Procedures  
 
Secondary Vertical Project Control shall be established using trigonometric or differential leveling 
techniques. This should originate and terminate on established primary control in the project corridor. 
 

Network Geometry  
 
Level runs shall begin and end on bench marks of appropriate accuracy classification order. 
Secondary Vertical Project Control Level Runs will normally begin and end on different Primary 
Vertical Project Control Stations as established under Chapter 19. Use two different bench marks to 
begin and end vertical surveys if possible.   
When bench marks need to be established on the project site, the bench marks should be 
incorporated as turning points into a secondary vertical project control level-run using differential 
leveling techniques described below.  
 

Differential Leveling  
 

Equipment  
 
Use only digital levels with bar code rods. Use a sectional composite or invar bar-code staff.  
 

Techniques  
 
Expend reasonable effort when balancing backsights and foresights. Use subsequent set-ups to make 
up for deficiencies in balancing. Difference in forward and backward sight lengths should never 
exceed 10 meters per setup or 10 meters per section. Maximum sight length should not exceed 70 
meters. Minimum ground clearance of line of sight should be 0.5 meters.  
 
SECONDARY PROJECT CONTROL 
 

Trigonometric Leveling  
 

Equipment  
 
The total station used for trigonometric leveling should be at least a one-second (angle) and 1mm 
(distance) least-count instrument with Dual-Axis Compensation. The total station used should have a 
minimum DIN accuracy of two seconds (angle) and 2mm +2ppm (distance). The total station, 
tribrachs, prism targets, prism poles, tripods, etc. used for control surveys shall be adjusted properly 
and maintained in good condition  
Account for the correct prism offset in all distance measurements.  
Always use a target device with a retro-flector prism. The reflector alone does not make an adequate 
vertical target.  
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Techniques  
 
Trigonometric Leveling may be incorporated in to the secondary horizontal project control traverse.  
Limit sight distances to about 600 ft. This minimizes the impact of small pointing errors. Longer sight 
distances may require additional pointings, resulting in a larger sample from which to derive a mean 
vertical angle.  
Take great care in measuring the heights of instruments and targets for each set-up. Make redundant 
measurements to eliminate the chances of blunders. Make and record measurements at both the 
beginning and end of each occupation to check for settling, slipping, or misreading. When instruments 
and targets are exchanged on a tribrach, the 
HI or HT should be measured again. Never 
assume that they are the same or that the 
tripod hasn't deflected differently.  
Make reciprocal observations (observations 
from each end of a line) on all observed lines. 
Observe each zenith angle with at least two 
D&R sets. The sum of the direct and reversed 
zenith angles of a single set of angles should 
not deviate from 360° by more than 10.0 
seconds. Observe, once again, the rejected 
sets until the two sets agree within this 
tolerance.  
The term reciprocal observations actually 
denotes zenith angles measured 
simultaneously from each end of a line. 
However, achieving simultaneous 
observations is rarely practical for highway 
surveying. In this case, zenith angle 
observations from each end of a line shall be separated by only a minimum amount of time in order to 
minimize any difference in the atmospheric conditions between stations during the observations. 
There are instances in which the atmospheric conditions are nearly identical during the times the 
zenith angles are observed at each end of the line. In these cases the effects of curvature and 
refraction on the zenith angle observations cancel out. However, there are other instances, in which 
atmospheric conditions change significantly between the occupation of one point and the next. For 
best results in these instances repeat all the observations for that baseline.  
 
Reciprocal observations correct distances and zenith angles for the effects of earth curvature and 
refraction. Automatic curvature and refraction corrections, applied in the instrument settings, usually 
apply corrections to horizontal distances and vertical changes only and do not affect the slope 
distances and zenith angles that are collected as part of a raw reciprocal observation. Therefore, 
automatic curvature and refraction corrections, set at the instrument will have no effect on the 
reciprocal observation. When a line is observed from only one end, curvature and refraction 
corrections for determining vertical differences should be applied during processing.  
Always try to occupy the known (initial and final) bench marks and all new bench marks, in a trig level 
run. Reciprocal observations cannot be made to and from a point that is not occupied. If a bench mark 
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cannot be occupied, set up the total station within 20 meters of it and observe (in direct and reverse) 
the foresight vertical difference only. The very short distance will minimize the atmospheric effects.  
 

LIMITS OF SURVEY - RTK 

 

   As stated in the segment ñPrimary Control Pointsò (PCP), the control points are usually set every 2 to 

3 miles. With the GPS base set on a given PCP, the extent of survey should NOT extend beyond the 

next PCP in either direction. In this way, you can cover approximately 5 to 6 miles on each base setup. 

This also allows for you to leapfrog the base and set on every other PCP. For example, if you were to 

set the base on GPS2, you would then begin your work by checking GPS1. You could then proceed to 

survey from GPS1 to GPS3, where you would do another check shot before ending. You could then 

move your base setup to GPS4, start with a check shot at GPS3 and proceed to survey to GPS5, ending 

with another check shot, etc., etc.  

   It is imperative that you do check shots intermittently during the survey time frame. At the very least, 

do a check shot at the beginning of a session & before the base is shut down at the termination of a 

session, preferably on 2 different known points. If you are running on the same point all day, you need 

to do additional check shots throughout the day. We cannot stress enough the importance of doing 

check shots. CHECK! CHECK! CHECK! & you will save yourself many headaches. Also, be sure to 

store these check shots as CHK1, CHK2, or whatever the PCP no. because this will be your only 

permanent record of the validity of your data. If you see a problem with a check shot, donôt ignore it 

and proceed, discover the cause. 

 

   A majority of survey issues involve problems associated with elevation critical data (targets, 

culverts, railroads, bridges, etc.). This is the main purpose in establishing ólimits of surveyô. 
 

LIMITS OF SURVEY ï TOTAL STATION 

 

   Total stations represent a different problem. Because of the trigonometric calculations utilized in 

total station reductions, elevations are not as accurately obtained using these instruments. Therefore, 

for elevation critical data, total station measurements should NOT exceed 600 feet from the instrument.  

   Horizontal data is usually not a problem and can be measured at a much greater distance than vertical 

data. 

   Traverses, vertical as well as horizontal, should always be closed, again, preferably between 2 

different unknown points. No traverse should ever be left open!  

   Remember, as in RTK surveying, check shots are absolutely necessary to maintaining the 

integrity of the data collected and, again, should always be stored as the only permanent record 

of this fact.  
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Total Station (Conventional) 

 

 
Set-up procedures 
 

 A) Level the instrument over the point you are occupying by either the plate 

level method or by using the electronic level.  Make sure that all the screws on the 

tripod are tight to avoid any play and that you are centered over the occupied point. 

 

B) Set up a job if one hasnôt already been started.   

a. Create a job name using the last four numbers of the DC serial number. 

b. Under coordinate system select scale factor only / next enter a scale factor of 

1.000000 and then store. 

c. Set the units of the job. 
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Tap accept to store units and new job. 

 

C) Set up a survey style if one hasnôt already been set up. 

 a. Tap Configuration / Survey Styles and New. 

 b. Style Name:  Name the instrument being used.  Example, Nikon-522 

  Style Type:  Conventional 

  Accept 

 c. Tap Instrument to change settings. 
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 d. Topo point 

 

Measure display:  HA HD VD (personal preference) 

Auto point step size:  1 

View before storage:  check to review point details before storing 

 

 

 

e.   Stakeout 
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Tip- The data collector will tell you to stake the point when you are within the 

distance and angle tolerance.  Adjust this number according to how accurate the 

stakeout needs to be.  Example: set the distance tolerance to .01 when staking out 

line for a road.  The distances you need to go show up until you get within .01.  If 

you set the angle tolerance to 1 second, the angle that you are off shows up until you 

are within 1 second. 

 

Accept and Store to create style. 

 

D) Configuration Options 

 

Tap Configuration / Options 

Check TS surveying & Advanced Geodetic support 

Accept 

 

E) Start the survey 

 

 a. Key in known coordinates of points if available. 

 b. Tap Survey / Nikon-522 (Survey style being used) / Station Setup 

c. If you set the corrections for pressure and temperature on the instrument and the 

settings for curvature and refraction are set in the instrument, then leave the boxes 

null.  Remove the checkmark from Show corrections on startup if you use the 

instrument to set corrections. 
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 If you want to use the data collector to set corrections, turn the instrument 

corrections off and place a checkmark on Show corrections on startup. 

 

d. Station setup 

 

1. Type in the point number if known 

2. > List allows you to pick a point from the points list 

3. > Key in allows you to create Point name, Code, Northing, Easting, and 

Elevation. 

4. Find allows you to enter a number and the DC will find the next free point 

number. 

5. Measure the height of the total station from the occupied point to the 

horizontal axis indication mark on the side of the instrument and enter it in 

the Instrument height box.  (Make sure True height is checked.) 

 

   
 

  Leave height box blank if surveying in 2D only. 
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  Tap Accept. 

 

  6. Set up targets if none exist.  If you are going to use the instrument screen 

or the measure buttons on the instrument to get or view distances, set the 

prism constant (typically 30 mm) in the instrument and the target to 0 mm.  

You cannot enter a prism constant for both the instrument and the data 

collector. 

 

   If you want to set the prism constant in the data collector, make sure to set 

the instrument to 0.0 mm.  *The measurements that appear on the 

instrument screen will not be correct.* 

 

1. Tap on the Target icon below the Instrument icon in the status bar. 

2. To change from Target 1, Target 2, etc. if they exist, just tap which 

one you want. 

3. To add targets or make changes to targets tap either the target height 

or the prism type. 

 

     
 

      4. Create a target by tapping Add. 
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Set the target height and prism constant to 0.0 mm when the prism 

constant is set in the instrument.  

 

    Tap Accept and check the Target icon in the status bar  

    to make sure you have the correct prism and height. 

 

7.   Enter backsight point name by typing in if known, > List , or   

 > Key in. 

8. Measure the backsight height and make sure true height is  

 checked if measuring to the center of the prism. 
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9. Method:  Angles and distance 

10. Tap Measure and you should be able to see the change in horizontal and 

vertical.  Make sure it is within tolerance and Store to complete station 

setup.  Check the status line on the bottom of the screen to make sure the 

HA is set to 0 degrees. 

 The station setup is completed and you can begin surveying. 

 

 

Survey 

 

 Tap the main menu Survey icon and measure topo. 

 

 

   
 

Typically you will use angles and distance for the method.  There are certain situations that you 

will use other methods. 
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After your station setup has been performed, tap Check on the bottom of the screen.  You have 

a choice to either check a topo point or a backsight point. 

 

A) Tap the Check BS tab on the bottom of the screen and then measure. 

 

  
  

You will be able to see the change in angles and distance on page 1/1 and the change in N E 

& elevation on page 2/2.  You then have a choice of what action you would like to take.  If 

your values are way off, check to see if you are using the correct point and that your 

instrument and target heights are correct. 

 

Choose Rename and give it a new point name and a code. Example, point name would be 

the next available number and code would be chk3 for check shot on GPS 3.   

 

 Store as check stores the shot under point 3 as a check shot. 

 

Store and reorient is stored as a mean turned angle under point 3.  Check your backsight 

periodically and if the horizontal angle is out of tolerance tap Store and the HA is set to 

zero degrees.  You can also zero the HA on the instrument. 

 

 

B) To check a topo point, tap Chk topo and enter the point name followed by 

 Measure. 
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Choose Rename and give it a new point name and a code. Example, point name would be 

the next available point number and code would be chk3 for check shot on GPS 3. 

 

 Store as check stores the shot under point 3 as a check shot. 

 

Tap ESC to exit out of check shots and start measuring topo.  Typically, use angles and 

distance as the method unless another method is needed.   
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Robotic Total Station 

(S Series) 
 

 

Set-up procedures 

 

A)   Level the instrument over the point you are occupying with the electronic bubble until 

you are in the circle on the 1:10 or 1:1 scale.  Make sure that all the screws on the tripod 

are tight to avoid any play and that you are centered over the point.   

 

Tip:  If you turn the DC on and the robotic connection starts while leveling the 

instrument, you will lose the leveling screen on the instrument, but you can continue 

leveling with the data collector.  To get the screen back on the instrument to continue 

leveling, shut the DC off and press the power button on the instrument.   

 

C) Set up a job if one hasnôt already been started.   

a. Create a job name using the last four numbers of the DC serial number. 

b. Under coordinate system select scale factor only / next enter a scale factor of 

1.000000 and then store. 

c. Set the units of the job. 
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Tap accept to store units and new job. 

 

D) Set up a survey style if one hasnôt already been set up. 

a. Tap Configuration/Survey Styles and New.  

b. Style Name:  S Series 

Style Type:  Conventional 

Accept 

c. Tap Instrument to change settings. 



   ND DEPT OF TRANSPORTATI ON 
   SURVEYS & PHOTOGRAMM ETRY 

         DATE : JANUARY 2007 

         REVISED:  

 

 

 

 

 3/6/2008 19 of 48 

 
 

 

d. Topo point    

 

Measure display:  HA HD VD  (personal preference) 

Auto point step size:  1 

View before storage:  check to review point details before storing 

Offset directions:  Automatic 

 

e. Stakeout 

 

  
 

Tip ï The data collector will tell you to stake the point when you get within the 

distance tolerance.  Adjust this number according to how accurate the stakeout 

needs to be.  Example: set tolerance to .01 when staking out line for a road.  The 

distances you need to go show up until you get within .01.   
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Check Use TRK for stakeout to continuously measure distances and angles 

giving you real time measurements. 

 

Accept and Store to create style. 

 

E) Configuration Options 

 

Tap Configuration / Options 

Check TS surveying & Advanced Geodetic support 

Accept 

 

 

F) Start the survey 

 

a. Key in known coordinates of points if available. 

b. Tap Survey / S Series / Station Setup 

c. Enter the temperature and pressure and Accept. 
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d. Station setup 

 

1. Type in the point number if known 

2. > List allows you to pick a point from the points list 

3. > Key in allows you to create Point name, Code, Northing, Easting, and 

Elevation. 

4. Find allows you to enter a number and the DC will find the next free point 

number. 

5. Measure the height of the total station from the occupied point to the top 

ridge of the bottom notch on the S Series total station and enter it in the 

Instrument height box. (Make sure the bottom notch is checked when 

using this measurement.) 

 

 
   

 Leave height box blank if surveying in 2D only. 

  

  
    

Tap Options if you want to make any changes and then Accept. 

 

6. Set up targets if none exist. 

1. Tap on the Target icon below the Instrument icon in the status bar. 

2. To change from Target 1, Target 2, etc. if they exist just tap which 

one you want. 

3. To add targets or make changes to targets tap either the target height 

or the prism type. 
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4. Create a target by tapping Add.   

    
 

  Set the prism type to Custom if it isnôt in the drop-down 

menu under prism type and type in the prism constant.  (Typically -

30 mm) 

 

Set the prism type to S Series 360 with a 2 mm prism constant when 

using the 360 degree robotic prism. 

 

Tap Accept and check the Target icon in the status bar to make sure 

you have the correct prism and height.  

   

  Target ID:  If using a target ID make sure that the ID  

   number is the same in the DC and the ID itself. 

 

7. Enter backsight point name by typing in if known, > List , or > Key in. 

8. Measure the backsight height and make sure true height is checked if 

measuring to the center of the prism. 
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9. Method:  Angles and distance 

10. Tap Measure and you should be able to see the change in horizontal and 

vertical.  Make sure it is within tolerance and Store to complete station 

setup.  Check the status line on the bottom of the screen to make sure the 

HA is set to 0 degrees. 

11. The station setup is completed and you can begin surveying. 

 

 

 

 

Instrument settings options 

 

Tap Instrument icon 

 
A) Electronic level ï Lets you check the status of the instrument. 

B) Direct Reflex ï Allows you to change settings when using DR 

C) Turn to ï Used to turn to a specific angle or point 
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a. Method:  Point name allows you to turn to a known point.  Search can be 

initiated if target doesnôt lock.   

b. Method:  HA & VA  allows you to turn to a specific horizontal or vertical 

angle or both.   Search can be initiated if target doesnôt lock.   

c. Icons on the bottom of the status line allow you to turn + or ï 90 degree 

increments or 180 degrees. 

 

D) Joystick ï Used to turn the instrument.  Select either target or instrument              

 perspective and adjust the speed as desired. 

 

E) Tracklight - Used to show that the instrument is locked on to the correct target and also to 

help aid in locking onto targets. 

  a. Select Auto ï the tracklight flashes fast when the target is locked and slow if 

there is no target. 

  b. Tip ï the rodholder will see a green flashing light if they are to the right of the 

measuring beam and a red flashing light if they are to the left of the measuring 

beam.  Tilt the rod to the left and right while standing in place to check that the 

target is locked. 

 

F) Autolock & Search Controls ï Locks onto and tracks target 
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  Autolock:  Locks onto and tracks target 

  Autosearch:  Automatically performs a horizontal search when target site is lost. 

  Method:  Snap to target ï automatically locks on to a remote target if       one is 

detected.  It does not check Target ID.  Disable snap to target if you are 

surveying by a high number of reflective objects. 

  Check target ID:  Search- check the ID when a search is initiated 

               Search & Measure- check the ID when a search is  

            initiated, and when a measurement is initiated 

      Always- the ID is constantly being checked by the  

             instrument 

   Predictive Tracking:  Allows you to pass behind trees, signs, etc. and       

the instrument continues to turn, based on the targetôs horizontal trajectory for a 

period of time until the target is locked again.  You can set it for 1, 2, or 3 

seconds.  If the target is not found in the specified time, then the instrument will 

return to the location where sight was initially lost and the predictive tracking 

began. 

Auto Centered Search Window:  Uses the current horizontal and  

 vertical angles of the instrument to set the center of the search  

 window.  You can set the size of your search window according to 

 your preference. 

 

G) Instrument Settings ï View and set specific controls on the instrument 

 

 G) Radio Settings ï Set the radio channel and network ID to match the  

              instrument. 

 

H) Adjust ï Allows you to perform a HA & VA collimation and trunnion axis 

   tilt adjustment and also a autolock collimation adjustment. 
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 I) Survey Controller Basic ï Allows you to view and perform simple distance or 

   angular checks without storing any points.  If you want to zero or set  

   the angle you cannot have a station setup defined.   

 

J) Trimble Functions ï Access to certain instrument menu functions.  The screen can also be 

brought up by tapping on the instrument icon in the status bar. 

 

Tap and hold on icons to quickly access their menu configuration 

screens.  

 

 

Survey 

 

 Tap the main menu Survey icon and measure topo. 

 

 

   
 

Typically you will use angles and distance for the method.  There are certain situations that you 

will use other methods. 

 

After your station setup has been performed, tap Check on the bottom of the screen.  You have 

a choice to either check a topo point or a backsight point. 

 

A) Tap the Check BS tab on the bottom of the screen and then measure. 
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You will be able to see the change in angles and distance on page 1/1 and the change in N E 

& elevation on page 2/2.  You then have a choice of what action you would like to take.  If 

your values are way off, check to see if you are using the correct point and that your 

instrument and target heights are correct. 

 

Choose Rename and give it a new point name and a code. Example, point name would be 

the next available point and code would be chk3 for check shot on GPS 3.   

 

 Store as check stores the shot under point 3 as a check shot. 

 

Store and reorient is stored as a mean turned angle under point 3.  Check your backsight 

periodically and if the horizontal angle is out of tolerance tap Store and the HA is set to 

zero degrees.   

 

 

B) To check a topo point, tap Chk topo and enter the point name followed by 

 Measure. 

  



   ND DEPT OF TRANSPORTATI ON 
   SURVEYS & PHOTOGRAMM ETRY 

    

   TRAINING SUBJECT: TOTAL STATION -ROBOTIC OPERATIONS  

 

28 of 48 

  
Choose Rename and give it a new point name and a code. Example, point name would be 

the next available point number and code would be chk3 for check shot on GPS 3. 

 

 Store as check stores the shot under point 3 as a check shot. 

 

Tap ESC to exit out of check shots and start measuring topo.  Typically, use angles and 

distance as the method unless another method is needed. 

 

 

 

Additional Information 

 

¶ When surveying with the 360 degree prism and a high degree of accuracy is needed, 

make sure to face one of the prisms directly at the instrument or the distance 

measurement can be up to .15 off. 

   

¶ When using the Target ID make sure it faces the instrument or the ID will not be 

detected.   

o Press the On/Mode button to choose timer mode, (ID stays on for 60 seconds to 

allow target verification during search and then shuts off), or On to continuously 

stay on.  Use the timer mode to save battery life, especially during cold weather. 

 

¶ After performing an update on the S6 or the TSC2, make sure you set the radio channel 

and network ID so that they are the same on the S6 and the TSC2.  If you cannot start a 

robotic connection, this is probably what is wrong. 

 

¶ Try to set up the instrument on high ground so that you can minimize the obstructions 

between the instrument and the target.  If you are in heavily traveled areas and 

continuously loose sight of the target, it might be best to turn autolock off and have 

someone manually sight the instrument to the target. 
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¶ When you are using 2 or more different prisms make sure to change your targets or your 

data will be wrong.  If you are using a -30 mm prism for a backsight, make sure to 

change the rod target to the 2mm 360 degree prism if that is what you are using to 

collect data.  The targets can be changed under review current job if you forget, but it is 

easier to make the change right away. 

 

¶ When taking measurements in the field, you can choose between standard and track 

under the trimble functions menu. 

o Standard- Measurement takes place only when initiated by you.  It allows you to 

enter a set number of averaged observations before storing a point.  Typically 

used to measure topo. 

o Track- Continuously measures the distance and angle from the instrument to the 

target giving real time information.  Typically used during stakeout. 

 

¶ You can program certain functions to the 2 soft keys on top of the TSC2 between the 

OK and Windows tabs.  On the right side of the screen tap Favorites / Customize / 

Assign a command to App Button 1, you can then choose an application used frequently 

like Search or Joystick.  Repeat steps to Assign a command to App Button 2. 

 

¶ If the data collector locks up, try doing a soft reset by holding the power button for 

approximately 10 seconds.  If this doesnôt work, try doing a hard reset by holding the 

cntrl and power buttons at the same time.  If nothing happens you might have to 

unscrew the battery and disconnect it for a short period of time. 
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Instrument Adjustments 

 

Perform adjustments and calibrations periodically, especially before you take precise 

measurements. 
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