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 تفاصيل المفردات النظرية الأسبوع

 (Total Stationالاجهزة الالكترونية)التعريف بطرق قياس الزوايا الافقية والرأسية من خلال  1

 بدون عاكس.باستخدام العاكس و( Remote Hightقياس إرتفاع نقطة عن بعد ) 2

3 
 ( وبطريقتين :Tie Distanceحساب المسافات المائلة والعمودية بين نقطتين )

1- Polygon.             2-Radial. 

4 

  Reference Lineإذا كان المرجع )خط(   (Reference Elementإيجاد إحداثيات مجموعة نقاط ) 

  تسقيط نقطة واحدة .-1

 . ( .Gridقيط مجموعة نقاط بشكل شبكة )تس-2

5 Extension . إيجاد نقطة تقع على إمتداد خط مستقيم معلوم : 

6 
 .(Area & Volumeحساب المساحات والحجوم )

 

 (Stakeoutالتسقيط المساحي ) 7

  (Surveyingالرفع المساحي ) 8

9 

 

 .  Layout  ة( وبطريقConstructionالتسقيط من خلال خط الانشاء )

 (Data collect)والرفع المساحي

 

 .التقاطع الاول  حسابات كيفية أجراء 10

 .التقاطع الثاني حسابات  كيفية أجراء  11

 . اطع الثالثالتقحسابات  كيفية أجراء  12

13 
شبكات الضبط الأفقية، أنواعها، درجاتها، دقتها وطرق تصنيفها، استخداماتها، مدياتها، إنشاء خط 

 ، مواصفات نقاط الضبط وكيفية انتخابها. (Base Line)دة قاع

14 
تعلم الطالب كيفية احتساب قوة الشكل لمختلف أنواع الشبكات وشروط تحقيق الزوايا والأضلاع 

 من المسارات المحتملة للشبكة التثليثية المختلفة. (R1, R2)والمحطات، إيجاد أفضل المسارات 

15 
المختلفة والأشكال ذات النقطة المركزية المختلفة بطرق  شبكات التثليثحات المتبعة في الالتصحي

 مختلفة .
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 الـفـئـة المستـهـدفـة -
 

 

 .في قسم تقنيات المساحةطلبـة المـرحـلة الثـانيـة      

 ان يكون الطالب بعد دراسته للمقرر قادرا على:اهداف المقرر 

 Total Stationجهاز المحطة المتكاملة التعرف  أولاً:

 حتاجها في تنفيذ الاعمال المساحيةتعلم كافة الحسابات الهندسية التي ن ثانياً:

 وتصحيحها اتقان شبكات التثليث ثالثاً:

 .بأستخدام التقاطعات ايجاد البيانات المجهولةرابعا: 
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Lecture (1) to (9) 

 

Total Station 

 
Total Station is a lightweight, compact and fully integrated electronic instrument 

combining the capability of an EDM and an angular measuring instrument such as wild 

theodolite. 

Total Station can perform the following 

functions: 

• Distance measurement 

• Angular measurement 

• Data processing 

• Digital display of point details 

• Storing data is an electronic field book. 

 

The important features of total station are, 

1. Keyboard-control – all the functions are controlled by operating key board. 

2. Digital panel – the panel displays the values of distance, angle, height and the 

Coordinates of the observed point, where the reflector (target) is kept. 

3. Remote height object – the heights of some inaccessible objects such as towers can be 

read directly. The microprocessor provided in the instrument applies the correction for 

earth’s curvature and mean refraction, automatically. 

4. Traversing program – the coordinates of the reflector and the angle or bearing on the 

Reflector can be stored and can be recalled for next set up of instrument. 
5. Setting out for distance direction and height -whenever a particular direction and 

horizontal distance is to be entered for the purpose of locating the point on the ground 

using a target, then the instrument displays the angle through which the theodolite has to 

be turned and the distance by which the reflector should move. 

Handling and Setting up a Total Station Instrument 

A total station instrument should be carefully lifted from its carrying case by grasping the 

standards or handle, and the instrument securely fastened to the tripod by means of the 
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tribrach. For most surveys, prior to observing distances and angles, the instrument must 

first be carefully set up over a specific point. The setup process using an instrument with 

an optical plummet, tribrach mount with circular bubble, and adjustable-leg tripod is 

accomplished most easily using the following steps: (1) extend the legs so that the scope 

of the instrument will be at an appropriate elevation for view and then adjust the position 

of the tripod legs by lifting and moving the tripod as a whole until the point is roughly 

centered beneath the tripod head2 (beginners can drop a stone from the center of the tripod 

head, or use a plumb bob to check nearness to the point); (2) firmly place the legs of the 

tripod on the ground and extend the legs so that the head of the tripod is approximately 

level; repeat step (1) if the tripod head is not roughly centered over the point; (3) roughly 

center the tribrach leveling screws on their posts; (4) mount the tribrach approximately in 

the middle of the tripod head to permit maximum translation in step (9) in any direction; 

(5) focus the plummet properly on the point, making sure to check and remove any 

parallax; (6) manipulate the leveling screws to aim the plummet’s pointing device at the 

point below; (7) center the circular bubble by adjusting the lengths of the tripod extension 

legs; (8) and levelthe instrument using the plate bubble and leveling screws; and (9) if 

necessary, loosen the tribrach screw and translate the instrument (do not rotate it) to 

carefully center the plummet’spointing device on the point; (10) repeat steps (8) and (9) 

until precise leveling and centering are accomplished. With total stations that have their 

plummets in the tribrach, the instrument can and should be left in the case until step (8). 

The videos Leveling an Instrument and Centering an Instrument over a Point, which are 

available on the companion website of this book, demonstrate the process of leveling an 

instrument and setting an instrument with an optical plummet and adjustable leg tripod 

over a point. 

To level a total station instrument that has a plate-level vial, the telescope is rotated to 

place the axis of the level vial parallel to the line through any two leveling screws, such as 

the line through A and B in Figure 8.4(a). The bubble is centered by turning these two 

screws, then the instrument is rotated 90°, as shown in Figure 8.4(b), and centered again 

using the third screw (C) only. This process is repeated in the initial two positions and 

carefully checked to ensure that the bubble remains centered. As illustrated in Figure 

below, the bubble moves in the direction of the left thumb when the foot screws are 

turned. A solid tripod setup is essential, and the instrument must be shaded if set up in 

bright sunlight. Otherwise, the bubble will expand and run toward the warmer end as the 

liquid is heated. 
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Many instruments do not have traditional level vials. Rather, they are equipped with an 

electronic, dual-axis leveling system in which four probes sense a liquid (horizontal) 

surface. 

After preliminary leveling is performed by means of the tribrach’s circular bubble, signals 

from the probes are processed to form an image on the LCD, which guides an operator in 

performing rough leveling. The three leveling screws are used, but the instrument need not 

be turned about its vertical axis in the leveling process. After rough leveling, the amount 

and direction of any residual dislevelment is automatically and continuously received by 

the microprocessor, which corrects observed horizontal and vertical angles accordingly in 

real time. As noted earlier, total stations are controlled with entries made either through 

their built-in keypads or through the keypads of handheld data collectors. They are 

covered in the manuals provided with the purchase of instruments. When moving between 

setups in the field, proper care should be taken. Before the total station is removed from 

the tripod, the foot screws should be returned to the midpoints of the posts. Many 

instruments have a line on the screw post that indicates the halfway position. The 

instrument should NEVER be transported on the tripod since this causes stress to tripod 

head, tribrach, and instrument base. 

 

Total Stations, with their micro processors, can perform a variety of functions and 

computations, depending on how they are programmed. The capabilities vary with 

differentinstruments, but some standard computations include: 

• Averaging multiple angle and distance measurements. 

• Correcting electronically measured distances from prism constant, atmospheric 

pressure, and temperature. 

• Making curvature and refraction corrections to elevations determine by trigonometric 
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levelling. 

• Reducing slope distances to their horizontal and vertical components. 

• Calculating point elevations from the vertical distance components (supplemented 

with keyboard input of instrument and reflector heights). 

Averages multiple angle measurements. 

o Averages multiple distance measurements. 

o Computes horizontal and vertical distances. 

o Corrections for temp, pressure and humidity. 

o Computes inverses, polars, resections. 

o Computes X, Y and Z coordinates. 

• Computing coordinates of survey points from horizontal angle and horizontal distance. 

 

Operation of Total Station 

Because the Total Station contains delicate electronic components they are not as rugged 

as ordinary Theodolite. They must be packed and transported carefully, handled gently and 

carefully removed form their cases. 

The setting of Total Station over the station mark is similar to an ordinary Theodolite. This 

Includes. 

 

• Centering 

• Levelling 

• Removal of parallax 

Total Stations are controlled with entries made either through their built-in keyboards or 

through the keyboards of hand-held data collectors.Details for operating each individual 

total station vary somewhat and therefore are not described here. 

The accuracy achieved with total station is mainly depends on operator procedure of 

Careful centering and levelling of the instrument 

• Accurate pointing at targets. 

• Taking averages of multiple angle measurements made in both direct and reverse 

positions 

Peripheral equipment that can affect accuracy includes 

• Tribrachs 

• Optical plummets 

• Prism and 

• Prism poles 

Tribrachs must provide a snug fit without slippage. Optical plummets that are out of 

adjustment cause instruments to be set up erroneously over the measurement point. The 

prism poles should be perfectly vertical and prism should be well fitted on that. Prisms 

should be checked frequently to determine their constants. 



 

م.م عذراء عباس كاظم                                                                                    Advance Surveying 

8 

 

Applications of Total Station 

There are many other facilities available, the total station can be used for the following 

purposes. 

• Detail survey i.e., data collection. 

• Control Survey (Traverse). 

• Height measurement (Remove elevation measurement- REM). 

• Fixing of missing pillars (or) Setting out (or) Stake out. 

• Resection. 

• Area calculations, etc. 

• Remote distance measurement (RDM) or Missing line measurement (MLM). 

 

Data Collection Option 

Measurements can be stored “on board” with all the total stations. The two options that are 

available are 

• Data can be stored directly in the memory of the microcomputer, and later 

downloaded to an external storage device via a RS – 232 connections. 

• The second option is the removable memory card. When one card is full, it can be 

removed and another card can be quickly installed. 

 

Detail Survey 

Given two points whose coordinates are known, a total station can be used to get the 

coordinates of various other points based upon those two co-ordinates. Care should be 

takenthat the new points survey are carefully coded. The Map of the area can be obtained 

afterdownloading and processing. 

 

Remote Elevation Measurement (REM) 

The process of finding the height of objects without actually going to the top of the object 

is known as Remote Elevation Measuring (REM) i.e., a total station placed remotely 

(faraway) from the object is used to measure the heights. 
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Method: The prism is kept at the base of the object sight the telescope to the prism, and 

measure the slope distance ‘d’, now tilt the telescope up-to the tip of the object. The height 

of the object is displayed, from the bottom of the prism depending upon the instrument. 

This feature measures the elevation of a point where a prism can not be placed directly. 

The measurement is extended along the plumb line while the elevation is continuously 

displayed 

 

 

Remote distance measurement (RDM) or Missing line measurement (MLM): 

The process of finding the distance between two points A & B (which are not inter-visible 

from each other) from another point ‘I’ (instrument position) is known as RDM. 

This method is very useful for finding distances between two points which has an 

obstruction between them. It is of two types: 

• Continuous 

• Radial 

 

Distances can be obtained either in the continuous mode i.e., AB, BC,CD, DE,EF etc., or 

in the radial mode i.e., AB,AC,AD,AE,AF etc., however, the field procedure is same for 

both only the selection of operation varies. This is required when there are obstructions in 

between survey line. 
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Fixing of missing pillars (or) Setting out (or) Stake out: 

The process of fixing missing pillars on the ground using its theoretical coordinates is 

known as STAKE OUT. Here two other known coordinates are required. 

• Process of finding the positions of known coordinates points e.g. missing boundary 

pillars. 

 

 

Surveying by coordinate measurement 

The coordinates of an unknown point relative to a known coordinate can be determined 

usingthe total station as long as a direct line of sight can be established between the two 

points.Angles and distances are measured from the total station to points under survey, and 

the coordinates (X, Y, and Z or easting, northing and elevation) of surveyed points relative 

to thetotal station position are calculated using trigonometry and triangulation. To 

determine anabsolute location a Total Station requires line of sight observations and can 

be set up over a known point or with line of sight to 2 or more points with known location 

called Resection 

Resection: 

The process of finding the coordinate of the instrument position making use of other 

control points (points whose coordinates are known) is known as RESECTION 
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Area Calculation: 

Area can be computed of any figure just by giving the coordinates of the corner of the 

figure. 

• Area Calculation. 

• Process of finding the area of a closed figure. 

 

 



 

م.م عذراء عباس كاظم                                                                                    Advance Surveying 

12 

Uses of Total Station 

The uses of Total Station are as follows: 

• Mine Survey 

• Cadastral Survey 

• Engineering Survey 

• Large Scale Survey 

• Road / Rail / Canal Survey 

Some total stations also have a GNSS interface which combines the advantages of these 

two technologies (GNSS – line of sight not required between measured points; Total 

Station – high precision measurement especially in the vertical axis compared with GNSS) 

and reduce the consequences of each technology’s disadvantages (GNSS – poor accuracy 

in the vertical axis and lower accuracy without long occupation periods; Total Station – 

requires line ofsight observations and must be set up over a known point or with line of 

sight to 2 or more points with known location). 

 

Surveying by Total Station 

Total station surveying - defined as the use of electronic survey equipment used to perform 

horizontal and vertical measurements in reference to a grid system (e.g. UTM, mine grid). 

Types of Total Station Surveying 
➢ Slope Staking 

➢ Topographic surveys 

➢ Construction project layout 

• building corners 

• control and offset lines 

➢ Leveling 

➢ Traverse surveys and adjustments 

➢ Building Face Surveys 

➢ Resections 

➢ Areas 

➢ Intersections 

➢ Point Projections 

➢ Taping from Baseline 

➢ Road (Highway) Surveys 
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CONSTRUCTION SURVEYS USING TOTAL STATION INSTRUMENTS 

The procedures described here apply to most total station instruments, although some may 

require interfaced data collectors to perform the operations described. Before using a total 

station for stakeout, it is necessary to orient the instrument. Depending on the type of 

project,horizontal or both horizontal and vertical orientation may be needed. For example, 

if just thelot corners of a subdivision are being staked, then only horizontal orientation 

(establishing the instrument’s position and direction of pointing) is needed. If grade stakes 

are to be set, then the instrument must also be oriented vertically (its HI determined). 

With total station instruments, three methods are commonly used for horizontal 

orientation: (1) azimuth, (2) coordinates, and (3) resection. The first two apply where an 

existing control point is occupied, and the latter is used when the instrument is set up at a 

noncontrol point.In azimuth orientation, the coordinates of the occupied control station 

and the known azimuth to a backsight station are entered into the instrument. If the 

occupied station’s coordinates have been downloaded into the instrument prior to going 

into the field, it is only necessary to input its point number. The backsight station is then 

sighted, and when completed, the azimuth of the line is transferred to the total station by a 

keyboard stroke, whereupon it appears in the display. 

The coordinate method of orientation uses the same approach, except that the coordinates 

of both the occupied and the backsight station are entered. Again these data could have 

been downloaded previously so that it would only be necessary to key in the numbers 

identifying the two stations. The instrument computes the backsight line’s azimuth from 

the coordinates, displays it, and prompts the operator to sight the backsight station. Upon 

completion of the backsight, the azimuth is transferred to the instrument with a keystroke 

and it appears on the display. 

In the resection procedure, a station whose position is unknown is occupied and the 

instrument’s position determined by sighting two or more control stations. This is very 

convenient on projects where a certain point of high elevation in an open area gives good 

visibility to all (or most) points to be staked. As noted, two or more control points must be 

sighted. Observations of angles, or of angles and distances, are made to the control 

stations. The microprocessor then computes the instrument’s position. 

Project conditions will normally dictate which orientation procedure to use. Regardless of 

the procedure selected, after orientation is completed, a check should be made by sighting 

another control point and comparing the observed azimuth and distance against their 

known values. If there is a discrepancy, the orientation procedure should be repeated. It is 

also a good idea to recheck orientation at regular intervals after stakeout has commenced, 

especially on large projects. In fact, if possible a reflector should be left on a control point 

just for that purpose.  
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Vertical orientation of a total station (i.e., determining its HI) can be achieved using one of 

two procedures. The simplest case occurs if the elevation of the occupied station is known, 

as then it is only necessary to carefully measure and add the hi (height of instrument above 

the point) to the elevation of the point. If the occupied station’s elevation is unknown, then 

another station of known elevation must be sighted. The situation is illustrated in Figure, 

where the instrument is located at station A of unknown elevation, and station B whose 

elevation is known is sighted. From slope distance S and zenith angle z the instrument 

computes V. Then its HI is 

H I = elev.B + hr - V 

 

where hr is the reflector height above station B. As with horizontal orientation, it is a good 

practice to check the instrument’s vertical orientation by sighting a second vertical control 

point. Once orientation is completed, project stakeout can begin. In general, staking is 

either a two- or three-dimensional problem. Staking lots of a subdivision or layout of 

horizontal construction alignments is generally two dimensional. Slope staking, blue-top 

setting, pipeline layout, and batter-board placement require both horizontal position and 

elevation and are therefore three dimensional. For two-dimensional stakeout, after the file 

of coordinates for all control stations and points to be staked is downloaded and the 

instrument is oriented horizontally, the identifying number of a point to be staked is 

entered into the instrument through the keyboard. The microprocessor immediately 

calculates the horizontal distance and azimuth required to stake the point. The difference 

between the instrument’s current direction of pointing and that required is displayed. The 

operator turns the telescope until the difference becomes zero to achieve the required 

direction. With total stations having robotic capabilities, the instrument will swing in 

direction to the proper azimuth without any 
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further operator intervention..Following azimuth alignment, the distance to the point must 

be laid out. To do this, the reflector is directed onto the azimuth alignment and a horizontal 

distance reading taken, whereupon the difference between it and that required is displayed. 

The reflector is then directed inward or outward, as necessary, until the distance difference 

is zero and the stake placed there. 
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Lecture (10) 
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Intersections I  
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Lecture (11) 

Intersections (II ) 
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Lecture(12)  
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Lecture(13)to (15) 

Triangulation 

 

Triangulation  Nets  in general  are two  types:- 

a-Arc  or  chain Nets :-greater  lengths and  for main  horizontal  control  of  the 

country . 

b-Area  triang. Nets:- Smaller  length and  for  municipal  or city survey . 

 

Purposes  of  Triangulation:- 

1-To  establish  precise  horizontal   control  for  large  area and for  later surveying  

work . 

2-To establish control  for  the  locations  of  large  construction ,projects (Bridges, 

Dams ,Irrigation ,Roads ….). 

Classes  of  Accuracy:- 

1-First  order : 

Length of side (10 – 60 Km) 

Max  error  (±3``) 

Angle  accuracy(±0.5``-  ±1.5``)  

2-2 nd   order   

Length of side (5 – 10 Km) 

Max  error  (±5``) 

Angle  accuracy(±1``) 

3-3rd   order  

Length of side (5– 10 Km) 
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Max  error  (±10``) 

Angle  accuracy(±10``)  
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No. Value of angle 

1 

2 

3 

4 

5 

6 

7 

8 

40° 

50° 

60° 

25° 

45° 

75° 

35° 

30° 
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N0. Triangle Known 

side 

Side to be 

compute 

Distance 

angle 

f 

D

CD 
 

R 

1 ABC 

 

AB BD 45,50 11 0.714 7.85 

2 ABC 

BCD 

 

AB 

CB 

CB 

BD 

30,90 

120,35 

13 

7 

------ 

20 

0.714  

14.28 

3 ABC 

ACD 

ABD 

 

AB 

AC 

AD 

AC 

AD 

BD 

 

30,60 

75,65 

85,50 

 

19 

2 

3 

------- 

24 

0.714  

17.14 

 

 

4 ABC 

ACD 

CBD 

 

AB 

AC 

CD 

AC 

CD 

BD 

30,60 

75,40 

25,35 

19 

8 

43.5 

------ 

70.5 

0.714  

50.357 

R1 = 7.85 

R2 = 14.28 
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No. Value of angle 

1 

2 

3 

4 

5 

6 

7 

8 

9 

20° 

35° 

30° 

25° 

30° 

40° 

120° 

125° 

115° 

 

N0. Triangle Known 
side 

Side to 
be 

compute 

Distance 
angle 

f 
D

CD 
 R 

1 ADC 

 

BDC 

AD 

 

DC 

DC 

 

BC 

30,35 

 

30,125 

 

33 

 

10 

-------- 

43 

 

0.6  

 

25.8 

2 ADB 

 

BDC 

AD 

 

BD 

DB 

 

BC 

40,20 

 

25,125 

 

54 

 

16 

------- 

70 

 

0.6  

 

42 

3 ADC 

 

ABC 

AD 

 

AC 

AC 

 

BC 

30,115 

 

70,55 

 

11 

 

4 

------- 

15 

 

0.6  

 

9 

4 ADB 

 

ABC 

AD 

 

AB 

 

AB 

 

BC 

40,120 

 

55,55 

5 

 

7 

-------- 

12 

 

0.6  

 

7.2 
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EX::Adjust  the  follwing  quadrilateral    

 

 

 

Angle Value from steady For  180 ( n-2 ) For apposite 
 

1 38  44  06 38  44  05 38  44`  05.5`` 

2 23  44  38 23  44  37 23  44`  35`` 

3 42  19  09 42  19  08 42  19`  06`` 

4 44  52  01 44  52  00 51  59`. 05`` 

5 69  04  21 69  04  20 69  04`  10.5`` 

6 39  37  48 39  37  47 39  37` 49`` 

7 26  25  51 26  25  50 26  25`  52`` 

8 75  12  14 75  12  13 75 12` 13.5`` 

2+3=  66  03  45  ,  6+7= 66  03  37  

Difference  =  8            ÷ 4 = 2`` 

القيم الاصغر                                         6و7الى    2القيمة الاكبر تضاف   3و 2من    2نطرح   

1+8= 11  56  18  ,  4+5  = 11  35  20   

  4و  5ونطرح من  8و  1الى  0.5وتضاف 
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H.W: Adjust  the  follwing  quadrilateral    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Angle Value from station 

1 27  02  13 

2 53  41  9.1 

3 55  25  25.1 

4 43  51  16 

5 56  11  57.3 

6 24  31  26.2 

7 39  53  1,4 

8 59  23  35.7 
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