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Measurement Science Introduction 

The difference between observations and measurements :

Observation work: work that is done to get one single 

value directly and without correction of the device or 

surveying tool . 

Measurement works: are the actions which take place 

(before, during and after) the observation process for 

the final surveyed value (closest to the true value).



Measurement Science Introduction 

Works before observation : Calibration - set the device 

to the point. 

 During the observation: allocating, tightening tape -

reading device. 

Work after observation: taking averages of readings -

make tables accounts. 

Any person can carry out the observation, but surveying 

engineer which is only able to carry out the observation 

and correct the measurements.



Facts about measurements

- All measurements contain errors.( No 

measurement is exact) . 

- You can not determine the absolute value of 

the error

 -But you can determine the values closest to 

the true values through standards and statistical 

standards.



Accuracy and Precision in Surveying

 To surveyors, “accuracy” refers to how 

closely a measurement or observation 

comes to measuring a "true value," since 

measurements and observations are 

always subject to error. // Nearness of a 

measurement to the true value.

 “Precision” refers to how closely repeated 

measurements or observations come to 

duplicating measured or observed 

values. // The amount by which a 

measurement deviates from its mean.



Accuracy and precision

Suppose that you measure the same line five times;

 The first party reports the following measurements: 36.80, 

36.70,36.75,36.85, and 36.65m  [ more accurate] 

 The second party reports the following measurements: 

36.42, 36.40,36.40,36.41, and 36.40m  [ more precise]

 The true length of the line is 36.72m 



Errors

For purposes of calculating errors, the true value 
is determined statistically after repeated 

measurements. In the simplest case the true 

value for a distance is taken as the mean value 

for a series of repeatds measurements. 



Sources of Errors :

 - Natural Errors: Errors that occur as a result of natural 

phenomena such as heat - wind and Moisture .

 -Instrumental Errors: result from lack of precision -in the 

manufacture of devices and in grading and 

measurement units or as a result of the different in 

materials used in manufacturing .

 -Personal Errors : As a result of defect in the observer 

vision or lack of familiarity with the technical work in the 

field.



Type of errors:

 1- Blunder error (Gross Errors ):- error is due to 

carelessness of human. These are serious mistakes made 

by surveyor, such as reading 15.45 instead of 5.45 or 

writing 9.64 instead of 6.94.

 2- Systematic error( Constant error) :- ( mathematic 

model) cause by environment, i.e. elongation or 

Shrinkage , and have cumulative effect. As an example, 

you have a meter to measure distance with a 

production error. It shows 1 meter but in reality the 

distance is 99.5 cm. Then you measure always longer 

than the real distance



Type of errors:

 3- Random error :- An error always there due to 

instrument and human, Itis not easy to detect (small 

value) i.e. Reading , Recording, positioning

 4- Accidental Errors These are unavoidable errors arising 

from weather condition, change in temperature, 

humidity, mood of observer, etc. 





MEASUREMENT Errors 
1- Absolute Error (t)

*True error: ei = xi - x 

X : true value 

Xi : measured value 

*Estimated error: vi = xi –  when true value is not given, this is used 

Xi : measured value

: average value



 2-RMS / root mean square error   (m0) :

 3-Relative Error (b)

b= m0/      (average of measurements)

 4-Possible Error (r)

It is median of the absolute errors of n measurements in increasing or 

decreasing order.

m0>t>r



Attention!!!

 Measurements that has high precision has small standard . Measurements 

has high accuracy if it is close to the true value. High precision does not 

necessary mean also high accuracy

 Measurement that has highly precise is also highly accurate if it is contain 

little or no systematic error . To obtain high precision and high accuracy : 

 1- eliminate all blunders

 2- eliminate or correct all systematic errors 

 3- minimize random errors
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Extra Info

 Errors in Surveying
Linear Measurement
There are lots of things which we call errors. We also use a lot of other terms for this. The fundamental issue is that we can never know the true value of 
any measured quantity, so we always have some uncertainty associated with the value we adoptWe can use a lot of methods to try to minimize our 
errors, but we can never eliminate them. For the purposes of working with errors, we can divide them into three groups: gross, systematic and random 
errors. This division is based on what causes the errors and how we deal with them, rather than any other aspect of their nature. You will see other 
classification
schemes, but this one is both comprehensive and useful.

 Gross errors
are those which we can also call `blunders'. They can be of any size or nature, and tend to occur through carelessness. Writing down the wrong value, 
reading the instrument incorrectly, measuring to the wrong mark; these are gross errors. They can be caused by people, machinery, weather conditions 
and various other things. We deal with gross errors by
careful procedures and relentless checking of our work.

 Systematic errors
are those which we can model mathematically and therefore correct. They are caused by the mathematical model of the procedure that we are 
using being different to what is going on in the real world. We reduce and compute with measurements on the basis of models and if the models are 
not complete, we will have discrepancies. For example, if we measure a distance without allowing for the slope of the tape, we will have a systematic 
error, which can be eliminated if we use the correct model of the measurement process. We can eliminate, or at least minimize, systematic errors by 
careful work, using the appropriate model for the process in use, and by using checks that will reveal systematic errors in measurements. Note that 
checks that use the same measurement processes may not detect some systematic errors, so you have to be fairly creative in developing methods for 
detecting systematic errors.

 Random errors
are those which have no apparent cause, but are a consequence of the measurement process itself. All measurements have to be done to some limit 
of precision and we cannot predict the exact measurement we will obtain. However, random errors have very definite statistical behavior and so can 
be dealt with by statistical methods. Random errors are the small differences between repeated measurements of the same quantity, often of the 
order of the finest division in the measuring scale. We can eliminate or minimize the effects of
random errors by statistical procedures: for example we can adopt the mean of a set of measurements as the value to be used in later calculations. 
With the idea of the ubiquity of errors in all our measurements and everything we do, we can
now look at one measurement process and see how errors affect it. We will begin by looking at linear measurements, such as those we make with 
tapes and such equipment as EDM.


