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Abbreviations
	cmd
	command

	DLL
	Dynamic Link Library

	DUT
	Device under Test, the water meter being manufactured or tested

	Elde
	Special hardware interface for test bench control

	Genesis
	Water meter with ultra-sonic measurement 

	FM2014
	Frequency measurement system

	FM85/FM85.P
	Frequency measurement system, legacy

	FW
	Firmware

	GUI
	Graphical User Interface

	HW
	Hardware

	MID
	Magneto Inductive Device, reference water meter

	Prüf2000.exe
	Laatzen production test bench software written in VB

	PTB
	Physikalisch Technische Bundesanstalt, German norming authority

	P20xx
	Test bench identifiers

	REF
	Reference water meter

	SDD
	Software Design Document

	SIS
	Software Interface Specification

	SPS
	Speicherprogrammierbare Steuerung, Siemens™ device for HW-Interfaces

	SRS
	Software Requirement Specification

	SW
	Software

	tbd
	to be defined

	TBF
	Test Bench Framework, this software product controlling the test bench

	VB
	Visual Basic


[bookmark: _Toc536607407]Table 1.1 Abbreviations
[bookmark: _Toc365453859][bookmark: _Toc366069386][bookmark: _Toc478051755]

[bookmark: _Toc536607337]General Part
[bookmark: _Toc536607338]Introduction
This SRS document describes the TBF (V2) requirements. 
A special adaption is being needed to adapt this framework to the specific infrastructure of the SENSUS-Laatzen test benches, which do use a FM2014 and a SPS to control the test bench and to calibrate and test the water-meters instead of the Elde controller.
A new test bench is going to be installed for the Genesis-water-meter. This test bench initially uses the Elde controller and shall support later on the SPS + FM2014 as replacement for Elde.
New to the TBF is the module supporting the Genesis. This has to be developed by SENSUS-Laatzen. For Genesis support of the Laatzen production test benches, a plugin DLL has to be developed for the existing VB program Prüf2000.exe which does currently control these test benches.
A later development will import the entire Laatzen production test bench HW to the TBF being able to exchange the legacy Prüf2000.exe and bringing a world-wide TBF standard into the field. 
[bookmark: _Toc536607339]Purpose
For summarization of all work needed to be done, this document is being used as common discussion base. It will avoid misunderstandings of the requirements. Cyclically it shall be reviewed by certain authorities or experts to approve the requirements. 
[bookmark: _Toc536607340]Content
[bookmark: _Toc536607341]System Description
[bookmark: _Toc478051759][bookmark: _Toc536607342]System Overview
[bookmark: _Ref274218251][bookmark: _Toc334452876][bookmark: _Toc330296299][bookmark: _Toc279661118][bookmark: _Toc361290097][bookmark: _Toc478051786][bookmark: _Toc536607412]Picture 1.1 Block Sheet









[bookmark: _Toc536607343]General Requirements
The basic requirements will cover all elements needed to build and run the software. It should be avoided to enforce the operation at legacy systems which are not state of the art. A common list of tools may be needed to simplify data and file exchange or rebuild the software on a different PC.
[bookmark: _Toc478051761][bookmark: _Toc536607344]System Requirements
PC with Intel™ I5 Core or higher
Operating system MS-Windows™ 7 professional and higher
Minimum 2 GB RAM
Minimum 100 GB SDD
Display resolution 1280x1024 dots and higher
[bookmark: _Toc536607345]Development Tools
Development Environment:		MS-VisualStudio™ 2015/2017 Professional
Compiler:				MS C# 6.0 
.Net Framework:			4.0	(for WinXP compatibility)
Documentation:			MS Word/Excel/Visio™
Code Revision (CVS):			MS-TFS™ 2012
Test-Projects .Net Framework:	4.5.2
TBF .Net Framework:			4.5.2
[bookmark: _Toc536607346]Coding Convention
It is required to use the English language for all source code comments. A coding standard shall be used for program internals.
[bookmark: _Toc478051764][bookmark: _Toc536607347]Standard Naming
The DIN EN14154 Part 1 to 3 [DIN_EN14154] describes the test procedures for water-meters. This norm can be found in German und English language. This norm is the base for naming conventions regarding the the specific vocabulary used in concatenation with the water-meters, the test bench and metrology.
The menu item language (English/German) shall be selectable for the country the program is going to be used. The table [MTS_1_3] will show the translations between English and German.
[bookmark: _Toc536607348]Units
All units shall be based on SI-Units. A unit list for standardized SI-Units has been published by the PTB institute [SI_UNITS]. 
[bookmark: _Toc478051766][bookmark: _Toc536607349]Technical Guiding Rules
Guiding rules for water-meter-test have been published by the German PTB institute and are required for all test executed in Germany [TR_W2] and [DIN_EN14154].
[bookmark: _Toc536607350]Documentation Language
It is required to use the English language for every documentation and the user manual.
[bookmark: _Toc536607351]Required Documents
Software Requirement Specification (SRS)
Software Design Document (SDD)
User Manual (UM)
[bookmark: _Toc365453898][bookmark: _Toc366069425]

[bookmark: _Toc536607352]TBF Requirements
[bookmark: _Toc536607353]Measurements 
Two different types of measurements can be executed to calibrate the DUT or validate the accuracy, the “Static Start/Stop Measurement” or the “Flying Start/Stop Measurement”.
The measurement block sheet [Picture 3.1] will give a rough simplified overview of how a software and hardware components are connected to each other and the command flow between these modules.


[bookmark: _Ref516651280][bookmark: _Toc536607413]Picture 3.1 Measurement Block Sheet
[bookmark: _Ref516652439]

[bookmark: _Toc536607354]Static Start/Stop Measurement
For the “Static Start/Stop Measurement” the reference volume and the desired deviation is being needed from the overlying test program. The reference volume will directly read from a weight scale or the REF. This procedure is independent of any measurement time. The measured volumes of the reference and the DUT will directly be used to calculate the scale, as described in [Chapter 3.2.2 Calculation of Calibration-Factor], or the DUT accuracy, as described in [Chapter 3.3.2 Calculation of ].


[bookmark: _Toc536607414]Picture 3.2 Static Start/Stop Measurement Sequence
The measurement sequence will be:
1. Send “Start cmd” to DUT batch,
2. The DUT batch will prepare all connected DUTs,
3. Wait for readiness of DUTs, these will send “Cyclic data” if ready,
4. Read reference start volume from weight scale or assume 0 counted pulses for the REF,
5. Send the “Start event” to the protocol decoding unit,
6.  “Save start values” of each DUT,
7. Start the pump,
8. “Get weight”  or “Get pulses” from the FM2014 until required volume has been collected,
9. Stop pump and wait a certain time for zero-flow stabilization,
10. Read the “Get pulses” from the FM2014 or take the volume of the weight scale,
11. Send the “Stop event” to the protocol decoding unit, 
12. “Save stop values” of each DUT,
13. Send “Stop cmd” to DUT batch, this will prepare all DUTs,
14. “Calculation” of deviation between REF and DUT. 
[bookmark: _Ref516652585]

[bookmark: _Toc536607355]Flying Start/Stop Measurement
The required base of a “Flying Start/Stop Measurement” is the constant flow rate during the entire measurement! This is essential for the enclosed procedure and the calculations of deviations and scale factors. The flow rate is going to be controlled by the SPS. Before the measurement can be started, the desired flow rate has to be reached and stabilized! 


[bookmark: _Toc536607415]Picture 3.3 Flying Start/Stop Measurement Start-Sequence
The “Flying Start/Stop Measurement” start-sequence will be:
1. Start the pump and wait for stabilization of the required flow-rate,
2. Send “Start cmd” to DUT batch,
3. The DUT batch will prepare all connected DUTs,
4. Wait for readiness of DUTs, these will send “Cyclic data” if ready,
5. Program the required pulses for the measurement volume to the FM2014 for the REF,
6. Send the “Start event” to the protocol decoding unit,
7. “Save start values” of each DUT.
8. Measurement ongoing……




[bookmark: _Toc536607416]Picture 3.4 Flying Start/Stop Stop-Sequence
The “Flying Start/Stop” start-sequence will be:
1. Wait until the remaining pulses from the FM2014 reached zero indicating the volume has been collected,
2. Send the “Stop event” to the protocol decoding unit, 
3. “Save stop values” of each DUT,
4. Send “Stop cmd” to DUT batch,
5. The DUT batch will prepare all connected DUTs,
6. Stop pump,
7. Get the “reference time” for the exactly measurement duration from the FM2014,
8. “Calculation” of deviation between REF and DUT.  
[bookmark: _Toc536607360]Calibration Process
The Genesis water meter has to be calibrated to get accurate readings. In advance the amplitude and zero-flow-offset correction has to be done.
Due to the 3 paths of the Genesis, these have to calibrated independently. Each of these paths measures the entire volume as individual circuitry. The result is the average of all three paths. 
[bookmark: _Toc536607361]Preparation
TODO Display volume
Calibration scale (default)
Switch LED to calibration mode
[bookmark: _Toc536607363]Finalization
TODO check tolerance
Switch LED off
[bookmark: _Toc536607364]Accuracy Validation Process
To verify the function of the device for different flow rates, several validation measurements have to be executed. 
[bookmark: _Toc536607365]Preparation
TODO Display volume
Switch LED to calibration mode
[bookmark: _Toc536607367]Finalization
TODO check tolerance
Switch LED off
[bookmark: _Toc536607368]Error Handling
Some errors may avoid the ability to calculate the metrology values.
[bookmark: _Toc536607369]DUT Time Error
[SRS_TBF_COMMON_METRO _007]
If the DUT time calculation results in a value below or equal to zero all results, except the DUT-time and DUT-volume have to be set to NULL.
[bookmark: _Toc536607371]Communication Chains
The following chapter shows the different layers of the SW for the communication of different protocols and HW-interfaces.
[bookmark: _Toc536607372]Request via IrDA


[bookmark: _Toc536607417]Picture 3.5 Request via IrDA
[bookmark: _Toc536607373]Request via RFID


[bookmark: _Toc536607418]Picture 3.6 Request via RFID
[bookmark: _Toc536607374]Request via UART


[bookmark: _Toc536607419]Picture 3.7 Request via UART
[bookmark: _Toc536607375]Streaming the LED


[bookmark: _Toc536607420]Picture 3.8 Streaming the LED
[bookmark: _Toc536607376]Communication Protocols
The communication protocols describe the elementary interface to the Genesis independend of the underlaying transmittion protocol or HW-Interface.
[bookmark: _Toc536607377]Request Protocol
The “Request Protocol” has to be used for the interactive communication to the Genesis. This protocol supports the login procedures, read out of information, change of register values for setup, test or calibration purposes. The complete descripton can be found in the “Genesis Meter Configuration.docx” [GenConf].
Example for “Read Parameter” of Genesis water meter calibration factor1:
Request
	cmd
	register
	data

	0x09
	0x0D
	0x0F
	0x00
	0x00
	0x00
	0x00



Answer
	cmd
	error code
	data

	0x0A
	0x00
	0x00
	0x34
	0x12
	0x00
	0x00


[bookmark: _Toc536607378]Streaming Protocol
The “Streaming Protocol” is being used to receive data from the Genesis. These can be switched to different output versions. These output versions are described in the “Genesis Debug Serial Output.dotx” [GenDbg]. Each output version contains a set of data needed for test, debug or calibration purposes.


[bookmark: _Toc503350499][bookmark: _Toc536607379]Streaming Protocol Version ‘f’
[bookmark: _GoBack]This protocol will be used for the “Accuracy Validation Procedure”.
	Field Number
	Description
	Details
	Unit / Scale
	Resolution
	Validated

	1
	Display volume
	The volume as displayed on the LCD. Note this will be in the units as displayed on the LCD.
	depending on setup: ml, gallons, m³
	
	x

	2
	Time
	A timestamp in seconds scaled up by 16 bits (0x10000 = 1s)
	µs/digit
	15.25879
	x

	3
	CRC
	The CRC of all of the characters (separators included). The CRC is the 16bit CCITT with polynom 0x1021 MSB first, initialised with 0xFFFF
	
	x
	x


[bookmark: _Toc503350530][bookmark: _Toc536607408]Table 3.1 Streaming Protocol Version ‘f’
[bookmark: _Toc503350500]Display volume overflow at 999.999m³ at setup to ml resolution because of the Display capabilities (number of digits)!
Busload calculation @10Hz sample rate:
@f 1234ABCD 56EF12AB FECD<LF>	
3Byte	+9Byte	+9Byte	+5Byte	= 26Byte/Record * 10Bit/Byte * 10/s = 2,600Bit/s
2,600Bit/s / 115,200Bd = 2.2%

[bookmark: _Toc536607380]Streaming Protocol Version ‘h’
This protocol will be used for the “Calibration Procedure” and raw value logging during “Accuracy Validation Procedure”. 
	Field Number
	Description
	Details
	Unit / Scale
	Resolution(R)
Valid range(V)
Min/Max(M)
Error(E)
Example(X)
	Vali-dated

	1
	Channel number
	1, 2 or 3
	x
	
	

	2
	Error
	An error code describing the following data
0 = No error
0x0F0B = Temperature below range
0x0F0C = Temperature above range
0x0F0D = Bad pulse width difference
0x0F0E = Amplitude out of range
0x0F0F = Time of flight out of range
0x0F10 = Delta time of flight out of range
0x0F11 = Time of flight measurement timeout
0x0F12 = Time of flight out of range
	
	
	

	3
	Total time of flight
	The average delta time of flight for the current measurement represented in internal units scaled by 38 bits (0x40 0000 0000)
	ps/digit
	R:3.63798
	

	4
	Delta time of flight
	The average delta time of flight for the current measurement represented in internal units scaled by 38 bits (0x40 0000 0000)
	ps/digit
	R: 3.63798
	

	5
	Raw delta volume
	The volume calculated in the last interval on this channel
	digit
	
	

	6
	Raw accumulated volume
	The accumulated volume for this channel
	digit
	
	

	7
	Raw volume scaling
	The value of raw volume that equates to 1ml
	digit/ml
	X:1024
	

	8
	Sample interval
	The amount of time since the last sample in seconds scaled up by 16 bits (0x10000 = 1s)
	µs/digit
	R:15.25879
	

	9
	Amplitude up
	The amplitude of the receive signal in mV scaled up by 22 bits 
(0x40 0000 = 1mV)
	pV/digit

	R:238.419
V:200…650mV
	

	10
	Amplitude down
	The amplitude of the receive signal in mV scaled up by 22 bits 
(0x40 0000 = 1mV)
	pV/digit

	238.419
V:200…650mV
	

	11
	Temperature
	The temperature in degrees C scaled by Temperature scale below
	digits/ 2^TempScale
	X:82766
	

	12
	Temperature scale
	Number of fractional bits in Temperature
	power factor
	X:12
	

	13
	Time
	A timestamp in seconds scaled up by 16 bits (0x10000 = 1s)
	µs/digit
	15.25879
	

	14
	CRC
	The CRC of all of the characters (separators included). The CRC is the 16bit CCITT with polynom 0x1021 MSB first, initialised with 0xFFFF
	
	
	


[bookmark: _Toc503350531][bookmark: _Toc536607409]Table 3.2 Streaming Protocol Version ‘h’
The amplitude range can be used for signal quality verification. 
Busload calculation @10Hz sample rate:
@h 1 0 0A12F333 0000000C 0000005A 675A7F0A 00000400 00000FFC 4BB4DEE9 4B7989AC 0001443B 0C 7C2F166A DE6D<LF>	
105Byte/Record * 10Bit/Byte * 10/s  * 3Records/s (3 channels) = 31,500Bit/s
31,500Bit/s / 115,200Bd = 27.3%
[bookmark: _Toc503350504][bookmark: _Toc536607381]Algorithms
[bookmark: _Toc503350505][bookmark: _Toc536607382]Time of Flight (Protocol ‘h’)
[GenCal] 
TOF[s] = TOFraw * 1s/2^38  (3.6379788 ps/digit)
[bookmark: _Toc503350506][bookmark: _Toc536607383]Amplitude (Protocol ‘h’)
U[V] = 1000V/mV * 1mV/2^22 * Amplitude.
[bookmark: _Toc503350507][bookmark: _Toc536607384]Volume (Protocol ‘h’)
RawVolumeScale = digits/ml (e.g. 1024digits/1ml)
Vaccu[m³] = RawAccuVol / RawVolumeScale * 10E-6 related to CPU Time
Vdelta[m³] = RawDeltaVol / RawVolumeScale * 10E-6 related to one sample interval
maximum value before overflow is about 4m³ (if scale is 1024digits/ml corresponding to 2^32digits)
[bookmark: _Toc503350508][bookmark: _Toc536607385]Temperature (Protocol ‘h’)
Temperature[°C] = TemperatureRaw / 2^TemperatureScale 
example: T = 82766 / 2^12 = 20.206°C


[bookmark: _Toc536607386]Transmission Protocols
The transmission protocols are strongly dependend of the underlaying HW-Interface. Each interface has a specific protocol at the transmission layer containing as payload the “Request Protocol” or “Streaming Protocol”.
[bookmark: _Toc536607387]IrDA Transmit Protocol
The detailed definition of the IrDA protocol can be found in [IrDADef].
This protocol will be used for the “Request Protocol”. It uses the “Byte Record Type” for data transmission. The “Request Protocol” can be found in the payload range of the “IrDA Transmit Protocol”.
Example for “Read Parameter” of Genesis water meter calibration factor1:
Request 
	IrDA header
	IrDA payload, Request Protocol
	IrDA CRC

	sync
	head
	length
	ocmd
	cmd
	register
	data
	
	

	0x9B
	0x20
	0x07
	0x02
	0x09
	0x0D
	0x0F
	0x00
	0x00
	0x00
	0x00
	0xXX
	0xXX



Answer
	IrDA header
	IrDA payload, Request Protocol
	IrDA CRC

	sync
	head
	length
	omsg
	cmd
	error code
	data
	
	

	0x9B
	0x61
	0x07
	0x03
	0x0A
	0x00
	0x00
	0x34
	0x12
	0x00
	0x00
	0xXX
	0xXX



sync:	synchronization byte of IrDA, always 0x9B
head: 	header information of frame type, direction and listen after talk
length: length of the payload
ocmd:	optical command for request, always 0x02
omsg:	optical message for answer, always 0x03
[bookmark: _Toc536607388]RFID Transmit Protocol
This protocol is obsolete.
The “RFID Transmit Protocol” will be used for the “Request Protocol”. It uses the “Byte Record Type” for data transmission.
The CRC calculation does leave the CRC field out.
[bookmark: _Toc536607389]UART Transmit Protocol
This protocol is obsolete. 
The “UART Transmit Protocol” will be used for the “Request Protocol”. It uses the “Byte Record Type” for data transmission.
The CRC calculation includes the CRC field itself filled with 0’s in advance.
[bookmark: _Toc536607390]LED Transmit Protocol
This protocol will be used for the “Streaming Protocol”. It uses the “ASCII String Record Type” for transmission of data.
[bookmark: _Toc536607391]Communication Ports
The Genesis water-meter uses two communication ports for test and calibaration purposes. Depending in the revision and HW these can be directly accessed, mentioned as “Serial Communication Port”, or redirected to a HW-Interface like “IrDA Communication Port”.
[bookmark: _Toc536607392]Serial Communication Port
This communication port is obsolete for the “Request Protocol” but will be used for the “Streaming Protocol” in concatination with the “LED Transmit Protocol”.
[bookmark: _Toc536607393]IrDA Communication Port 
The detailed definition of the IrDA protocol can be found in [IrDADef].
An additional wake-up burst two times 0xF0 with subsequent delay time of at least 500µs before dispatching the “IrDA Transmit Protocol” record.
[bookmark: _Toc536607394]RFID Communication Port
This communication port is obsolete.
Record split to message chunks of 6 bytes RFID payload.
[bookmark: _Toc536607395]Record Types
Two different record type formats are going to be used by the Genesis water meter.
[bookmark: _Toc536607396]ASCII String Record Type
String transmission indicated by a line end delimiter “carriage return”. This record type will be used for the “Streaming Protocol”.
[bookmark: _Toc536607397]Byte Record Type
This record type will be used for the “Request Protocol”. It contains at least a synchronization byte as first byte of the record and a record length.
[bookmark: _Toc536607398]Overflow Handling
Due to the limited size of the values to 32Bit integer or unsigned integer values, an overflow has to be taken into account and carefully handled by the software.
[bookmark: _Toc536607399]Timing Overflow
The timing resolution is given by 1s / 2^16digits = 15.25879µs/digit. Due to the value format of 32Bits unsigned integer, an overflow will take palce after 65,536s or 18h:12min:16s.
[bookmark: _Toc536607400]Calibration Volume Overflow
The resolution for the 3 paths raw value is based on a 32Bit unsigned integer and a resolution of 1ml/1024digits. This results in an overflow volume of  4.194304m³.
[bookmark: _Toc536607401]Display Volume Overflow
After the display of 999.999 999m³ at a setup of 1ml resolution this value will overflow to 0.0m³ (keeping ineternally the overflow into account).


[bookmark: _Toc536607402]Schedule
[bookmark: _Toc536607403]TBF Meeting Minutes
The link to the meeting minutes will show the actual work to be done.
http://project.emea.sensus.net/PWA/EMEAAP_Genesis/Project Documents/300_R+D/380_Product_Test+Benchmarks/384_Genesis_Testbench/MeetingMinutes_GenesisTbfFreitagsRunde.xlsm
[bookmark: _Toc536607404][bookmark: _Toc365453908][bookmark: _Toc366069435]Addresses
	SENSUS GmbH, Meineckestr. 10, 30880 Laatzen, Germany

	SENSUS GmbH, Industriestraße 16, 67063 Ludwigshafen am Rhein, Germany

	SENSUS Metering Systems, Dr. Alberta Schweitzera 194, 91601 Stará Turá, Slovakia

	Sentec Ltd, 5 The Westbrook Centre, Milton Road, Cambridge, CB4 1YG, UK

	HSW Thomas Wiedebusch, Ostermarsch 17c, 31191 Algermissen, Germany


[bookmark: _Toc536607410]Table 5.1 Addresses
[bookmark: _Toc536607405]Contacts
All mail-addresses can be build using the firstName.lastName@xyleminc.com unless otherwise noted.
	Name
	Function
	Tel / mail

	Albert Morwig
	
	+49 621 6904 1286
+49 171 2268 958

	Thomas Helf
	
	

	Thomas Quedenbaum
	Leader production
	+49 5102 743 175

	Peter Buch
	
	+49 5102 743 183

	Jens Lippold
	
	+49 5102 743 180

	Thomas Wiedebusch
	Software Developer
	+49 179 146 04 93
thomas.wiedebusch@t-wiedebusch.de

	Roland Drabesch
	Software Developer
	+49 5102 743 225

	Reinhard Henning
	Software Developer
	+49 171 2859 742

	Milan Hanajik
	Primary software designer for TBF
	+42 1904 195 145
milan.hanajik@hotmail.com

	Nikolas Orelly
	IT
	

	Karsten Nettemann
	Test bench expert/ Beta tester
	+49 5102 743 150

	Peter Sandvoß
	Test bench expert/ Hardware specialist 
	+49 5102 743 118


[bookmark: _Toc361290091][bookmark: _Toc536607411]Table 6.1 Contacts
[bookmark: _Toc478051778][bookmark: _Toc536607406]References
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