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The purpose of this proficiency testing scheme is to checking the accuracy of the calculation by laboratories of the tank interval capacities using their own software based on the results of measurements by laser scanners and total stations during the calibration of spherical, vertical and horizontal cylindrical tanks, as well as tanks of arbitrary shape and tanks of ships. The proficiency testing scheme is implemented by processing by the participant of data sets, which are spatial coordinates on the internal or external surface of the tank and are developed taking in accordance with the requirements of ISO/IEC 17043 [1] and EA-2/14 M [2]. 

The purpose of the first level of the proficiency testing is to improve the accuracy of the calculation of tank interval capacities by laboratories without introducing corrections to their 3D models that are prepared by the provider.

The results of the proficiency testing can be used by laboratories both to provide accreditation bodies with evidence of their competence level and to verify their computational methods and software.
1 PROFICIENCY TESTING PROVIDER AND COORDINATORS
The proficiency testing provider is SE «UKRMETRTESTSTANDART». 

The provider address:4, Metrologichna Str., 03143, Kyiv, Ukraine.
The Coordinators:

Oleksandr Samoilenko – Director of the Research and production Institute of geometrical, mechanical and vibro-acoustical measurements and conformity assessment of measuring equipment (Institute 4) SE «UKRMETRTESTSTANDART», dr.t.s., prof.
tel.: +380 (50) 464 00 13, e-mail: a_samoilenko@ukr.net;
Volodymyr Zaetz – Head of the Research and production Laboratory of angular and geodetical measurements, Department 23, Institute 4, SE «UKRMETRTESTSTANDART»
tel.: +380 (50) 353 10 24, e-mail: zajetz74@gmail.com.
2 TERMS AND DEFINITIONS

The provider gives the terminology according to [3 - 5]. This terminology is based on the terminology [6 – 13] and at the same time refines it.
2.1 3D tank model: a file of spatial coordinates on the internal or external surface of a tank obtained using a scanner, designed to visualize the scanned object and perform spatial angular and linear measurements using the software packaged with the scanner, other measurements and calculations, including its calibration table.
2.2 absolute height (fill level): vertical distance 
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 from a horizontal plane passing through the point with which the zero of the calibration table coincides, to any point in the tank or to the free surface of the liquid that is contained in the tank.

Note 1 - Relative to this horizontal plane, the absolute height of points on the tank walls, the absolute height of the "deadwood" cavity and the maximum absolute filling height, the absolute height of courses for vertical tanks and internal structures, etc. are measured.

2.3 interval capacity: the capacity of a tank, which corresponds to some absolute filling height 
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 of the tank.

2.4 maximum absolute filling height: the absolute height of the point above which filling is not allowed.
2.5 total capacity: the capacity of the tank, which corresponds to the maximum absolute filling height.
2.6 absolute height of the "deadwood" cavity: the absolute height of the horizontal plane, obtained on the results of measurements, below which it is not possible to drain the liquid from the tank.
2.7 "deadwood" cavity capacity: the interval capacity of the tank, which corresponds to the absolute height of the "deadwood" cavity.
3 PARTICIPANTS OF THE PROFICIENCY TESTING
Accredited or non-accredited laboratories from any country in the world are invited to participate in the proficiency testing scheme. The provider does not apply special requirements to laboratories that have decided to become participants in the proficiency testing.

4 MEASURANDS
Laboratories are invited to calculate the interval capacities of the geometrically integral closed 3D tank models using their own software without introducing any corrections based on the results of measurements by laser scanners and total stations.

5 PROFICIENCY TEST ITEMS
In this proficiency testing scheme, the items are files with coordinates of points on the tank walls. The Participants download 3D models of any tanks from the Google drive Comparison: http://bit.do/vgsucsm.

These 3D models are formed by points on the tank surface that have spatial coordinates measured by the scanner. The measurements were performed by the provider, as well as all initial operations for processing the scans described in [14, 15]. All defective points that do not belong to the walls and bottom of the tank have been removed from the file by the provider. They arose due to the dual reflection of a laser beam. Points that belong to the internal constructions and equipment have also been removed.

All 3D models are obtained on the results of scanning of the real tanks.
Proficiency testing is carried out for all possible tank types. These include four main types:

1) vertical cylindrical tanks;

2) horizontal cylindrical tanks;

3) spherical tanks;

4) tanks of arbitrary geometrical shape, for example, parallelepiped and ship tanks.

Different tanks of each type have design features. They can be conditionally called modifications. The provider plans to provide as many modifications to the calculations as possible.

The participant can simultaneously perform capacity calculations of several tank to choose from.
In all files of point coordinates on the tank wall surface, the coordinates 
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and 
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 are the horizontal coordinates, that is, the coordinates on the horizontal plane. The coordinate 
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 or 
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 is the absolute height of each point above the horizontal plane that passes through the point taken as the beginning of the calibration table. 
The format of the file name with the point coordinates on the tank surface contains information that will help the participant to select the type of tank he needs:

AAAAAA_DD_VVVVVV_NNNNNN.txt is the name format of horizontal cylindrical tanks; 

AAAAAA_VVVVVV_NNNNNN.txt is the name format for vertical cylindrical and spherical tanks, as well as tanks of arbitrary geometrical shape,
where A is from 3 to 6 symbols tank type according to the provider's classification; 
D is 1 or 2 symbols that indicate types of horizontal tank bottoms.

V is from 2 to 6 digits - the nominal capacity of the tank in cubic meters;

N is 5 or 6 digits - the number of dots on the surface of the tank.
Format of file names of point coordinates of 3D tank models for all their types are given in Table 1 and Table 2. 

Table 1 - Format of file names of point coordinates of 3D tank models
	Tank type
	Type designation
	Nominal capacity, m3
	Number of points in file

	
	AAAAAA
	VVVVVV
	NNNNNN

	Horizontal cylindrical
	Horiz
	25
	97522

	Vertical cylindrical
	Vertic
	1000
	133081

	Spherical
	Sph
	400
	42233

	Arbitrary geometric shape

(parallelepiped and tank ships)
	Parall
	23
	111646

	Parallelepiped underground
	RTT
	5000
	98400



Table 2 - Additional designation of the bottom types of horizontal tanks in the format of the file name
	Bottom types of horizontal cylindrical tanks
	DD

	Flat
	PL

	Elliptical
	EL

	Elliptical and flat
	EP

	Conical
	K

	Conoid
	UK

	Spherical segment
	SS


For example, a file named Vertic_400_43330.txt contains a 3D model of a vertical cylindrical tank with a nominal capacity of 400 m3, and the file contains the coordinates of 43330 points. 

Point coordinates are represented in ASCII code in the format {
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}, for example:

2.6917000;-4.4635000;0.0630000

2.6454000;-4.4624000;0.0410000

2.7377000;-4.4619002;0.0358000

2.7133000;-4.4614000;0.1033000

2.5985000;-4.4612002;0.0191000

2.6903000;-4.4601002;0.0155000

The coordinates are separated by semicolons without spaces.
The participant can convert the coordinates to the format his software uses without changing the content. The provider recommends to use all point coordinates for calculations, but the participant can use as many points from the file as he considers necessary. It is advisable to send the coordinates of the used points to the provider along with a calibration table for analysis.
A participant can divide a vertical cylindrical tank into a "deadwood" cavity, which can include the bottom and the lower half of the cylindrical part, and into a cylindrical part, since their capacity can be calculated by different software. The absolute height of the "deadwood" cavity is chosen by the participant. The participant combines the results of such calculations into one calibration table. In this case, the absolute height of the "deadwood" cavity is indicated in the calibration table. The maximum absolute filling height is usually equal to the absolute height of the cylindrical part (the lowest point on the border of the cylindrical part and the roof). 

The maximum absolute filling height of a horizontal cylindrical tank is set equal to the absolute height of the top point on its wall. The absolute height of the "deadwood" cavity for horizontal cylindrical tanks is not established.
The zero of the calibration table of the spherical tank is aligned by the provider with the lowest point on its wall. The maximum absolute height of the filling is set equal to the absolute height of the top point on its wall. 

The maximum absolute filling height of tanks of arbitrary geometric shape and tanks of ships is set equal to the absolute height of the top point on their walls. The absolute height of the "deadwood" cavity for tanks of arbitrary geometric shape is not established.
The participant may propose the provider to include tank modifications not covered by the provider in the scheme. For this, the participant must send to the provider all the scan results, their pre-processing and the calibration table. File formats with scan results are agreed between the participant and the provider. The provider carries out all the necessary processing of the scan results and calculation of the interval capacities. The results are drawn up in accordance with this scheme. The received in the result 3D model can be made publicly available for download by other laboratories.
Assigned tank capacities are contained in tank calibration tables obtained by the provider using its own software package, the Vessel Graduation System (“VGS”) [16]. 

The interval capacities of spherical tanks, the cylindrical part of vertical tanks and some modifications of horizontal cylindrical tanks were calculated by the provider using approximation and triangulation methods [3–5, 14–18]. The convergence of the results obtained by the provider is massively less than the values ​​normalized in [3–6]. The comparison results of two methods for the cylindrical part of vertical tanks are given, for example, in [14]. The capacities of arbitrary geometrical shape tanks and tanks of ships were calculated by the triangulation method.
6 THE FREQUENCY AND THE TIME SCHEDULE OF THE PROFICIENCY TESTING SCHEME
The scheme of proficiency testing is continuous. The start of the proficiency testing is the day of publication of this scheme. There are no time limits for the proficiency testing scheme. 
Proficiency testing round in accordance with this scheme can be considered the period between the publication of annual reports. The 3D model data on the Comparison Google Drive will also be updated once a year at the beginning of each round. 

During one round, the participant can make only one attempt to calculate the interval capacities for any 3D models to choose from. The number of selected models is not limited. There is also no limit to the number of rounds in which you can take part. 
If required, additional rounds of proficiency testing may be announced, which will be held in parallel with the main ones.

Participants link up this scheme at any time. Linked participants perform the following steps in this order:
- download files with point coordinates on the tank walls from Google drive Comparison: http://bit.do/vgsucsm;
- calculate the interval capacities of tanks without introducing any corrections into them;

- send files with calibration tables of tanks to the provider by mail: vgsucsm@gmail.com;

- pay for participation and register by filling out the sent checklist;
- at the end of the round, they receive results confirming participation in the proficiency testing scheme to their mail;

- get acquainted with a proficiency testing report on the pages of the "Measurement Infrastructure" journal: https://mi-journal-online.org.
7 METHODS
The provider proceeds from the fact that manual calculations of the tank capacity in accordance with [3 - 13] by the point coordinates of on the tank walls are technically almost impossible and economically unreasonable.
Participants perform tank capacity calculations using the software and in accordance with the calibration methodology that is commonly used by the laboratory to perform these procedures.
The provider does not put forward any special requirements for calculation methods, which are described in the relevant subsections of certain documents regulating calibration methods. They can be, for example, fully or partially described [3 – 13] or others. There are also no requirements for software and the level of automation of the computing process. That is, the processing may be performed by one or more software in combination with partial manual calculations, with manual or automated transmission and exchange of data between software. The software may be purchased or self-produced.
The main system of units is the SI system of units. Any participant can choose any other system of units but must notify the provider about this fact. At the same time, it converts the point coordinates on the tank walls into another system of units by itself. The participant sends the tank calibration table in another system of units agreed with the provider. 

Participants who have chosen the SI system of units, in the calibration table give the filling level in millimeters (mm) rounded to integers, and interval capacities in cubic meters (m3) rounded to the third decimal place (point). The sample is given in table. 3. The form of presentation of the calibration table in other systems of units is agreed between the participant and the provider.
8 FORM OF PRESENTATION OF RESULTS BY PARTICIPANTS
The result of calculating the tank interval capacities by the participant is a file with a calibration table in the form shown in Table. 3. 

The file name format that contains the tank calibration table is:

L_СССССССС_[...].txt;

or L_СССССССС_[...].xls;

or L_СССССССС_[...].xlsx (Microsoft EXCEL),
where […] is a file name with coordinates on the tank walls (section 5);

С is an individual participant code assigned by the laboratory;
L=1 is a level of proficiency testing.
For example, a participant can send a file with the name 1_Calibr99_Vertic_400_43330.xls, where Calibr99 is the participant's individual code, Vertic_400_43330 is the name of the coordinates file.
Table 3 - Calibration table of the tank in the file 1_Calibr99_Vertic_400_43330.xls
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If the coordinate file was converted to a format convenient for the participant or the number of points in the file was reduced, then the converted or reduced file is sent along with the calibration table. If the provider file was used without changes, then it is not necessary to send it.
If for vertical tanks the interval capacities of the "deadwood" cavity and the cylindrical part were calculated by different software, then in the calibration table it is necessary to indicate the absolute height of the "deadwood" cavity. It is allowed to submit a calibration table only for the cylindrical part, since the bottom of the tank or the entire "deadwood" cavity can be calibrated by the volumetric method. 
File with computing results of the interval capacities of the selected tank with calibration table the participants forward to the provider on mail vgsucsm@gmail.com at any convenient time for processing, analysis and report preparation. 
9 CRITERIA FOR THE EVALUATION OF PERFORMANCE OF PARTICIPANTS

As the evaluation of performance of participants, the provider calculates the absolute deviations of the interval capacities calculated by each participant for each tank from the assigned value according to the formula:
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where 
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 is an interval capacity, which is determined by the participant at absolute height 
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 from his calibration table;
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 is an interval capacity, which is determined by the provider at absolute height 
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from his calibration table – the assigned value of tank capacities;
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 is an interval capacity number of the tank calibration table.
Assigned tank capacities are contained in tank calibration tables obtained by the provider using its own software package, the Vessel Graduation System (“VGS”) [16]. 

The interval capacities of spherical tanks, the cylindrical part of vertical tanks and some modifications of horizontal cylindrical tanks were calculated by the provider using approximation and triangulation methods [3–5, 14–18]. The convergence of the results obtained by the provider is massively less than the values ​​normalized in [3–6] and not more 0.02 % starting from a certain height. The comparison results of two methods for the cylindrical part of vertical tanks are given, for example, in [14]. The capacities of arbitrary geometrical shape tanks and tanks of ships were calculated by the triangulation method.
The relative deviation from the assigned value is calculated by the formula:


[image: image15.wmf]%

100

)

(

%

×

-

=

ref

i

ref

i

lab

i

i

V

V

V

D

.
(2)
The calculation uncertainty of interval capacities, for a given level of proficiency testing, is not assessed by either the participants or the provider, since the absolute deviations (1) are themselves components of the uncertainty in the calculation of the tank interval capacities by the participant and the provider. 
Based on the experience of the provider, for a given level of proficiency testing, a successful result can be accepted if the absolute deviations calculated by formula (1) are less than:
- 0,020 m3 for tanks with nominal capacity up to 100 m3;
- 0,050 m3 for tanks with nominal capacity from 100 m3 to 500 m3;

- 0,100 m3 for tanks with nominal capacity from 500 m3 to 2 000 m3;

- 0,200 m3 for tanks with nominal capacity from 2000 m3 to 10 000 m3;

- 0,500 m3 for tanks with nominal capacity from 10 000 m3 to 100 000 m3.

All characteristics of the participant's operation when calculating the tank interval capacities are summarized by the provider in a table, as shown in table 4, separately for each tank type.

Table 4 - An example of a summary table of characteristics of the participant's operation in calculating the tank interval capacities

Type of tanks: vertical cylindrical

Level 1

Participant: Calibr99
	The absolute height of the liquid level in the tank
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, mm
	Deviations of interval capacities of tanks

	
	Vertic_400_43330
	Vertic_1000_133081
	Vertic_5000_235243
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	0
	0,040
	14,2
	0,030
	5,6
	0,062
	1,10

	10
	0,062
	9,8
	0,028
	2,1
	0,060
	0,67

	…
	…
	…
	…
	…
	…
	…

	100
	0,035
	0,54
	0,064
	0,25
	0,033
	0,12

	…
	…
	…
	…
	…
	…
	…


Table 4 is sent to each proficiency testing participant.

The provider does not establish or limit the number of tanks and their types for which the participant can send calibration tables. Proficiency testing for each type of tank is considered a separate job and is assessed separately by the provider.
10 CONFIDENTIALITIES OF INFORMATION, REPORTING AND USE OF PROFICIENCY TESTING RESULTS
To maintain the confidentiality of information on proficiency testing, each participant assigns his own individual code. The individual code is used by the participant in the name of the calibration table file, which he sends to the provider.
At the end of each round of proficiency testing, the provider sends the participant a summary table of the performance for each tank type in the form of Table 4.

At the request of the participant, the provider can issue for each round a document of an agreed form for submission to the accreditation body. However, the provider has planned three levels of proficiency testing, and considers that successful completion of all three levels to be proof of the professional competence of the participants' laboratory personnel before their national accreditation bodies.

For each round of proficiency testing, a report is published that analyzes statistical data on the level of competence of all participants without violating confidentiality. 

The results that each participant receives can be used by him to find his own calculation errors or confirm their absence. 
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