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ABSTRACT 
 
This paper aims to describe the factors that affect the uncertainty in calibration of mechanical and 
ultrasonic wind direction sensors, to calculate measurement uncertainty to declare in calibration 
certificates, and to derivate the detailed formula of offset uncertainty component arising from 
adjusting the components used in measurement uncertainty to north of the wind direction sensor. 
 
 

INTRODUCTION 
  
Calibration is a comparison between measurements – one of known magnitude or correctness 
made or set with one device and another measurement made in as similar a way as possible with a 
second device. The device with the known or assigned correctness is called the standard. The 
second device is the unitunder test, test instrument, or any of several other names for the device 
being calibrated. 
 
 
The calculations used in this paper is applicable to both mechanical and ultrasonic wind direction 
sensors. We preferred to study with mechanical wind direction sensors in our tests and case studies. 
Potentiometrical and optoelectronic components used inside mechanical wind direction sensors are 
important factors that affectthe uncertainty. Main subject of this paper is to analyze the test offset 
uncertainty component which is the one of most important factors. Here we will review theeffect of 
offset uncertainty component on total uncertainty. 
 
 
Wind measurement is one of the key parameters in meteorological observation stations. So, low 
uncertainty levels in this measurement is very important for measuring quality. The uncertainty in 
the calibration certificate of the sensor used at meteorological observation station must be reduced 
as possible asfor this measuring quality. The uncertainty arising from mounting of wind direction 
sensor usedat meteorological observation station must be taken into consideration. The uncertainty 
component for  mounting of the wind direction sensor at calibration stage and the formulation of 
this uncertainty component will be described later in this study. 
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Calculation of Measurement Uncertainty for Calibration of Mechanical Wind Direction 
Meter  
 
Acorrection= f(Atest , A ref , δAref cal , δAref res, δAref drift , δAref offset , δAtest res, δAtest rep, δAtest offset , δAcalres, 

δAcalcal  , δAcal drift  , δAHys Unc,δAother)   
 
Acorrection-Difference between the angle value given from the reference and the angle value read from 

the test device. 
Atest   - Angle value read from test device  
Aref   - Angle value given from the reference device 
δAref cal  - Uncertainty from calibration certificate of the reference device 
δAref res  - Resolution of the reference device 
δAref drift - Annual drift of reference device 
δAref offset - The uncertainty value when the offset of reference device done. 
δAtest res -Resolution of the test device 
δAtest rep - Repeatability of the test device 
δAtest offset - Offset uncertainty of the test device 
δAcal çöz, - Resolution of the caliper reference (meter) 
δAcal kal  -Uncertainty from calibration certificate of the caliper reference (meter) 
δAcal drift -Annual drift of caliper reference 
δAHys Unc - Hysteresis uncertainty 
Aother  - Other uncertainty components 
Uδtotal   - Total uncertainty 
Umeas unc - Measurement Uncertainty  

 
Source of 
uncertainty 
 

Quantity 

i  

Standard 
Uncertainty 

 ixu  

Distrib
ution 
factor 

Sens. 
Coeff. 

ic  

partial  
variance 

Ui 

Reference 
Calibration Uref cal UδAref cal = aref cal  / k N. 1 Uref cal

2 

Reference 
Resolution Uref res UδAref res= aref res/ 2 3  Rec. 1 Uref res

2 

Reference Drift Uref drift UδAref drift = aref drift/ 3  Rec. 1 Uref drift
2 

Reference 
offset 
uncertainty 

Uref offset UδAref offset = aref offset/ 2 3  Rec. 1 Uref offset
2 

Test Resolution Utest res UδAtest res= atest res/ 2 3  Rec. 1 Utest res
2 

Test repeat. Utest rep UδAtest rep= atest rep N. 1 Utest  rep
2 

Test Offset 
Uncertainty 

Utest 

offset 
ሺ૞ૠ, ૛ૢ૞. ሺ

࢔࢐࢑
࢘࢐࢘

൅
࢔࢑࢑
࢘࢑࢘

ሻሻ/૛√૜ Rec. 1 Utestoffset
2 

Caliper 
resolution UAcal res 

UδAcalres= acal res/ 2 3  
 

Rec. 1 Ucalres
2 

Caliper 
Calibration Ucal cal Uδcal cal= rcal cal/ k N. 1 Ucal cal

2 

Caliper drift Ucal drift 
UδAcal drift = acal drift / 3  
 

Rec. 1 Ucal drift
2 

Hysteresis 
uncertainty UHys Unc. Absolute Value(Xi1 െXi2 ) / 3  Rec. 1  

Other Uother UδIother= aother/ 3  Rec. 1 Uother
2 

Total Partial Variance                                            Utotal
2 = ∑ Ui

2 

Standard Uncertainty                                        Utotal 
Measurement Uncertainty (k=2)                        Umeas unc= Utotal* k 

 



 
 
Charts below show the uncertainty results and the contribution percentage of the components 
making up the uncertainty for four different brand and model. Since the aim is not to compare 
brands and models, the brand and model names are not given. Only studies were enumerated. When 
calculating these uncertainty values, same measurements were made for all sensors. 
 

Study 1 
 

SOURCE OF UNCERTAINTY

ESTIMATED 

VALUE DISTRIBUTION BENEFIT

STANDARD 

UNCERTAINTY COEFFICIENT

PARTIAL 

VARIANCE

Percentage 

Rate

Uncerta inty of Reference 0,010000 Normal 2,00 0,005000 1 0,00002500 0,00

Resolution of Reference 0,000300 Rectangular 3,46 0,000087 1 0,00000001 0,00

Annual  Dri ft of Reference 0,010000 Rectangular 1,73 0,005774 1 0,00003333 0,00

Offset Adjustment of Reference 0,000300 Rectangular 3,46 0,000087 1 0,00000001 0,00

Test Resolution 10,000000 Rectangular 3,46 2,886751 1 8,33333333 77,47

Test Repeatibi l i ty 0,000000 Normal   1,00 0,000000 1 0,00000000 0,00

Test Offset Uncerta inty 4,583662 Rectangular 3,46 1,323189 1 1,75083005 16,28

Cal iper Resolution 0,100000 Rectangular 3,46 0,028868 1 0,00083333 0,01

Cal iper Certi fi cate  Uncerta inty 0,010000 Normal 2,00 0,005000 1 0,00002500 0,00

Cal iper Annual  Dri ft 0,010000 Rectangular 1,73 0,005774 1 0,00003333 0,00

Hysterezis  Uncerta inty 0,000000 Rectangular 1,73 0,000000 1 0,00000000 0,00

Other Uncerta ini ties 0,819964 Normal 1,00 0,819964 1 0,67234089 6,25

0,000000 0,00 0,000000 1 0,00000000 0,00

0,00

10,7575 100,00

3,280

6,5597

Total Variance

Standard Uncertainty

Expanded Uncertainty

 

In this study, the most active variable affecting uncertainty is test resolution. The reason of this is 
originated from the bigger resolution value of the sensor reader. Other factors affecting the 
uncertainty are test offset uncertainty and other uncertainties respectively. 

 
Study 2 

 

SOURCE OF UNCERTAINTY

ESTIMATED 

VALUE DISTRIBUTION BENEFIT

STANDARD 

UNCERTAINTY COEFFICIENT

PARTIAL 

VARIANCE

Percentage 

Rate

Uncerta inty of Reference 0,010000 Normal 2,00 0,005000 1 0,00002500 0,00

Resolution of Reference 0,000300 Rectangular 3,46 0,000087 1 0,00000001 0,00

Annual  Dri ft of Reference 0,010000 Rectangular 1,73 0,005774 1 0,00003333 0,00

Offset Adjustment of Reference 0,000300 Rectangular 3,46 0,000087 1 0,00000001 0,00

Test Resolution 0,500000 Rectangular 3,46 0,144338 1 0,02083333 2,09

Test Repeatibi l i ty 0,000000 Normal   1,00 0,000000 1 0,00000000 0,00

Test Offset Uncerta inty 3,308020 Rectangular 3,46 0,954943 1 0,91191662 91,56

Cal iper Resolution 0,100000 Rectangular 3,46 0,028868 1 0,00083333 0,08

Cal iper Certi ficate  Uncerta inty 0,010000 Normal 2,00 0,005000 1 0,00002500 0,00

Cal iper Annual  Dri ft 0,010000 Rectangular 1,73 0,005774 1 0,00003333 0,00

Hysterezis  Uncerta inty 0,000000 Rectangular 1,73 0,000000 1 0,00000000 0,00

Other Uncerta ini ties 0,249493 Normal 1,00 0,249493 1 0,06224666 6,25

0,000000 0,00 0,000000 1 0,00000000 0,00

0,00

0,9959 100,00

0,998

1,9959

Total Variance

Standard Uncertainty

Expanded Uncertainty

 
 



 
 
The biggest factor affecting the uncertainty for this study is the test offset uncertainty. 
 

Study 3 
 

SOURCE OF UNCERTAINTY

ESTIMATED 

VALUE DISTRIBUTION BENEFIT

STANDARD 

UNCERTAINTY COEFFICIENT

PARTIAL 

VARIANCE

Percentage 

Rate

Uncerta inty of Reference 0,010000 Normal 2,00 0,005000 1 0,00002500 0,00

Resolution of Reference 0,000300 Rectangular 3,46 0,000087 1 0,00000001 0,00

Annual  Drift of Reference 0,010000 Rectangular 1,73 0,005774 1 0,00003333 0,00

Offset Adjustment of Reference 0,000300 Rectangular 3,46 0,000087 1 0,00000001 0,00

Test Resolution 1,000000 Rectangular 3,46 0,288675 1 0,08333333 3,94

Test Repeatibi l i ty 0,000000 Normal   1,00 0,000000 1 0,00000000 0,00

Test Offset Uncerta inty 4,774648 Rectangular 3,46 1,378322 1 1,89977219 89,77

Cal iper Resolution 0,100000 Rectangular 3,46 0,028868 1 0,00083333 0,04

Cal iper Certi fi cate  Uncerta inty 0,010000 Normal 2,00 0,005000 1 0,00002500 0,00

Cal iper Annual  Dri ft 0,010000 Rectangular 1,73 0,005774 1 0,00003333 0,00

Hysterezis  Uncerta inty 0,000000 Rectangular 1,73 0,000000 1 0,00000000 0,00

Other Uncerta ini ties 0,363690 Normal 1,00 0,363690 1 0,13227037 6,25

0,000000 0,00 0,000000 1 0,00000000 0,00

0,00

2,1163 100,00

1,455

2,9095

Total Variance

Standard Uncertainty

Expanded Uncertainty  
 
 
The biggest factor affecting the uncertainty for this subject is the test offset uncertainty. 
 

Study 4 
 

SOURCE OF UNCERTAINTY

ESTIMATED 

VALUE DISTRIBUTION BENEFIT

STANDARD 

UNCERTAINTY COEFFICIENT

PARTIAL 

VARIANCE

Percentage 

Rate

Uncerta inty of Reference 0,010000 Normal 2,00 0,005000 1 0,00002500 0,00

Resolution of Reference 0,000300 Rectangular 3,46 0,000087 1 0,00000001 0,00

Annual  Dri ft of Reference 0,010000 Rectangular 1,73 0,005774 1 0,00003333 0,00

Offset Adjustment of Reference 0,000300 Rectangular 3,46 0,000087 1 0,00000001 0,00

Test Resolution 1,000000 Rectangular 3,46 0,288675 1 0,08333333 11,98

Test Repeatibi l i ty 0,000000 Normal   1,00 0,000000 1 0,00000000 0,00

Test Offset Uncerta inty 2,610141 Rectangular 3,46 0,753483 1 0,56773637 81,63

Cal iper Resolution 0,100000 Rectangular 3,46 0,028868 1 0,00083333 0,12

Cal iper Certi ficate  Uncerta inty 0,010000 Normal 2,00 0,005000 1 0,00002500 0,00

Cal iper Annual  Dri ft 0,010000 Rectangular 1,73 0,005774 1 0,00003333 0,00

Hysterezis  Uncerta inty 0,000000 Rectangular 1,73 0,000000 1 0,00000000 0,00

Other Uncerta ini ties 0,208490 Normal 1,00 0,208490 1 0,04346798 6,25

0,000000 0,00 0,000000 1 0,00000000 0,00

0,00

0,6955 100,00

0,834

1,6679

Total Variance

Standard Uncertainty

Expanded Uncertainty  
 

The biggest factor forming the uncertainty for this subject is the test offset uncertainty. 
 
 
 
 
 
 



 
 

 
RESULT 

 
When the percentage values are examined, it can be seen that uncertainty is resulting from test 
offset uncertainty at 80%-90% ratio. In order to reduce uncertainty, it is considered to be paid 
attention to certain parameters in measurements and in the design of sensors. It has been seen that 
usage of partitioned line laser to reduce the uncertainty, can reduce effects resulting from the laser 
line as much as the partition ratio. In addition to this, in the sensor designs of sensor manufacturers, 
to make design according to these values which affects uncertainty would reduce the uncertainty 
much more. 
 
In sensor design, the thickness of north indicator cursor should be too thin and the radius of its 
location should be as large as possible. Likewise, the width of vane's north cursor endpoint should 
be very small but its radius should be as large as possible. 
 
 
 
 
 
 
 
 


