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Introduction

The scope of the test is to verify and measure the GOOSE performance against the performance classes as defined in IEC 61850-5. IEC 61850-5 clause 13 states:
13.7.1.1 Type 1A “Trip” : The trip is the most important fast message in the substation. Therefore, this message has more demanding requirements compared to all other fast messages. The same performance may be requested for interlocking, intertrips and logic discrimination between protection functions.

a) For Performance Class P1, the total transmission time shall be in the order of half a cycle. Therefore, 10 ms is defined.

b) For Performance Class P2/3, the total transmission time shall be below the order of a quarter of a cycle. Therefore, 3 ms is defined.

IEC 61850-5 defines the transmission time as follows

[image: image1.emf]
Figure 1: Transmission time definition IEC 61850-5
1.1 Test methodology
To measure the transmission time as defined in IEC 61850-5 is not possible without special access to the internal data of the device. To enable "black-box" testing we need a different test methodology. Therefore we will use the "GOOSE ping-pong" method. This method is already in use for GOOSE conformance testing. 


[image: image2]
Figure 2:
Measure round trip time using GOOSE ping-pong method
The GOOSE ping-pong method focuses on the round trip time as defined in figure 2. The round trip time is the time interval between the arrival of a subscribed GOOSE message and the departure of the published GOOSE message:  troundtrip = (ty – tx). 
The relation between the transfer time and roundtrip time is as follows:
· ttransfer 



= ta + tb + tc



· troundtrip 
= (ty – tx)
= tc + tapplication + ta
When we combine these equations we get:
· ttransfer = troundtrip – tapplication + tb
We assume the network delay for a single ethernet switch to be minimal (< 0.1msec).  Then we get
· ttransfer = troundtrip – tapplication
ta 


= GOOSE publish communication processing
tb 


= network delay of one GOOSE message
tc 


= GOOSE subscribe communication processing
tapplication 
= application logic processing
The application logic typically depends on the internal scan cycle. On a internal scan cycle of for example 4 miliseconds the average application time is about 2 milliseconds (50% of scan cycle). The measured maximum – minimum roundtrip times will be close to the scan cycle. These metrics can be used to perform a plausibility check on the documented figures in the PICS or PIXIT documents. 
According to IEC 61850-10 a test system shall measure latency time by generating a sequence of physical/virtual input triggers to the IED and measuring the time delay to the corresponding message generated by the IED. The mean latency time and the standard deviation shall be computed across the responses to 1000 input triggers. The vendor shall define and document the amount of the latency time which is due to estimated output processing time (note: this is about half of the roundtrip time).
1.2 Test scope
The following items may have an impact on the GOOSE performance:

· Size of the published/subscribed GOOSE message (number of data set elements)

· Type of data set elements 

· Which element of the data set is used
· Use of Functionally Constrained Data or Functional Constrained Data Attributes in dataset

· Number of subscribed GOOSE messages

· Time correlation of subscribed GOOSE messages

· Number of non-subscribed GOOSE messages on the network
· Load of CPU processing GOOSE 
· Other communication tasks like MMS reporting, file transfer 
and/or Sampled Values when supported
1.3 Glossary

DUT

Device Under Test
GOOSE
Generic Object Oriented System-wide Event
ICD

IED configuration d
escription in SCL-format
IED 

Intelligent Electronic Device
MICS

Model Implementation Conformance Statement

PICS

Protocol Implementation Conformance Statement

PIXIT

Protocol Implementation eXtra Information for Testing

SCD

Substation configuration description in SCL-format

SCL

Substation Configuration Language

UCAIUG
UCA International Users Group
1.4 Identifications

The following table gives the exact identification of tested equipment and test environment used for this performance test.

	DUT
	<identification and short name of the device under test> <hardware and software version>
Performance class: P1 or P2/P3
Documented GOOSE output processing latency = x.y msec
Documented GOOSE application scan cycle = x.y msec or not applicable

	MANUFACTURER
	<name, location of the manufacturer of the DUT>

	PICS
	<complete reference description of the PICS>

	MICS
	<complete reference description of the MICS> 

	TICS
	<complete reference description of the TICS> 

	PIXIT
	<complete reference description of the PIXIT>

	ICD or SCD
	<complete reference description of the SCL configuration file>

	TEST INITIATOR
	MANUFACTURER, USER, SYSTEM INTEGRATOR

	TEST FACILITY
	<name and address of test facility>

	TEST ENGINEER
	<name and e-mail address of test engineer>

	TEST SESSION
	<date and location of the test session>

	ANALYSER 
	<name and type analyzer(s), version X.Y>

	GOOSE SIMULATOR
	<name and type GOOSE simulator>

	SV SIMULATOR
	<name and type SV simulator>

	CLIENT SIMULATOR
	<name and type client simulator>

	TIME MASTER
	<name and type of time master>


2 Test environment
The test environment consists of the following components:


[image: image3]



     Figure 3: The test environment

The analyzer compares the published and the subscribed GOOSE messages from the DUT. 


The DUT shall not be reconfigured during the performance test. The test procedures shall be designed in such a way that the DUT doesn't need to be reconfigured during the performance test.

GOOSE performance testing
2.1 Message definitions
The general message requirements are:

· Each GOOSE has unique multicast destination MAC address

· Each GOOSE has VLAN priority 4 and the same VLAN ID
· Each GOOSE has Test = FALSE, ConfRev = 1, NdsCom = FALSE
· GOOSE dataset with data attributes (not data objects)

· 
2.1.1 Published GOOSE used for ping-pong
The DUT will publish the following GOOSE
GOOSE format


normal dataset = 4 Boolean data values and 4 qualities








large dataset = 20 Double Point data values, 20 Boolean Data values and 40 qualities

Transmission schema

Given by subscribed GOOSE, retransmission scheme as specified in the DUT documentation
GooseID




GPFPP_pong_normal, GPFPP_pong_large
GoCB name



GPFPPpongNormal, GPFPPpongLarge

Destination MAC


0x01 0C CD 01 00 01 and 00 02

2.1.2 Subscribed GOOSE used for ping-pong
The DUT will subscribe to the following GOOSE
GOOSE format


normal dataset = 4 Boolean data values and 4 qualities








large dataset = 20 Double Point data values, 20 Boolean Data values and 40 qualities

Transmission schema
4 state changes of the 3rd data value element per second (each 250 milliseconds)







Retransmission at 4 and 32 msec (or more)
GooseID




GPFPP_ping_normal, GPFPP_ping_large

gocbRef
GPFPPpingNormalLD0/LLN0$GO$GPFPPpingNormal GPFPPpingLargeLD0/LLN0$GO$GPFPPpingLarge

DatSet name
GPFPPpingNormalLD0/LLN0$GPFPPpingNormal GPFPPpingLargeLD0/LLN0$GPFPPpingLarge

Destination MAC


0x01 0C CD 01 00 03 and 00 04

2.1.3 Subscribed GOOSE not used for ping-pong
GOOSE format


large dataset = 20 Double Point data values, 20 Boolean data values and 40 qualities

Transmission schema

5 subscribed GOOSE control blocks








Retransmission at 4, 32 and 256 msec (or more)
Time correlated
5 subscribed GOOSE have a statechange of the 5th data value element at -4, -2, 0, 2 and 4 msec after the subscribed GOOSE state change used for ping-pong 
Not time correlated
5 subscribed GOOSE have statechange of the 5th data value element at about 50-150 msec after the state change used for ping-pong 

GooseID




GPF_subscribed1..5

gocbRef
GPFsubscribed1..5LD0/LLN0$GO$GPFsubscribed1..5 
DatSet name



GPFsubscribed1..5LD0/LLN0$GPFsubscribed1..5
Destination MAC


0x01 0C CD 01 00 05 to 00 09 
2.1.4 






2.1.5 Other communication tasks
Report:
One client enables one URCB or BRCB with same data values (as objects) as the published GOOSE; 
The report will be send on data change with integrity 1 second and all optional fields
Sampled Values (optional):One merging unit is sending valid 
sampled value messages subscribed by the device
During normal operation a client is connected to the device. During the test a client is connected for all test cases. In case the DUT supports Sampled Values also valid sampled values can optionally be provided during all test cases. 
2.2 Test cases
The following table gives an overview of the test cases.

	Test ID
	Publish

(pong)
	Subscribe

(ping)
	Subscribe

Not used for ping-pong
	

	
	
	
	
	Time correlated
	

	Gpf1 
	Normal
	Normal
	
	No
	

	Gpf2 
	LARGE
	LARGE
	
	No
	

	
	
	
	
	
	

	Gpf4 
	Normal
	Normal
	
	YES
	

	
	
	
	
	
	

	Gpf6 
	LARGE
	LARGE
	
	YES
	


	Test ID
	Publish

(pong)
	Subscribe

(ping)
	Subscribe

Not used for ping-pong

	
	
	
	Time correlated

	Gpf1 
	Normal
	Normal
	No

	Gpf2 
	LARGE
	LARGE
	No

	Gpf4 
	Normal
	Normal
	YES

	Gpf6 
	LARGE
	LARGE
	YES


Note: "No" means that the GOOSE simulator will retransmit each GOOSE message without state change each second to prevent GOOSE subscribe errors.
2.3 Test passed criteria
For performance class P1 the transmission limit is defined as 10 msec and 3 msec for P2/P3. According to IEC 61850-10 clause 7.2.1 the performance results are the average and standard deviation over 1000 input triggers and that the measured output (input) latency shall be less than or equal to 40 % of the total transmission (because 20% is reserved for network latency)
.
Based on the following assumptions:

· AVG application time = 50% of scan cycle

· MAX application time = 100% of scan cycle

· MIN application time = 0% of scan cycle

· The variation in receive/transmit processing is much less than the scan cycle
The transfer time can be calculated as follows:
1) 
Average:
ttransfer.avg = troundtrip.avg – tapplication.avg 
= troundtrip.avg – scancycle/2
2) 
Maximum:
ttransfer.max = troundtrip.max – tapplication.max 
= troundtrip.max – scancycle
3) 
Minimum:
ttransfer.min = troundtrip.min – tapplication.min
= troundtrip.min
Plausibility checks:

· scan cycle ≥ troundtrip.max – troundtrip.min
· scan cycle ≥ standard deviation * 3.46   (for even distribution)
In case the measured scan cycle is more then the documented scan cycle, the documented scan cycle shall be adjusted. In case the DUT has an event driven method (no scan cycle) the scan cycle for the calculations is set to 0.0 ms.
To pass the performance test the criteria are:

· Gpf1 to Gpf5 test are passed when the avarage, maximum 
and minimum calculated transfer times are less than 80% of the applicable performance class limit (IEC 61850-10 clause 7.2.1 Note 1): 

· Performance class P1; 

ttransfer <8 msec 
· Performance class P2/P3; 
ttransfer <2.4 msec
· Gpf6 test is passed when the avarage, maximum and minimum calculated transfer times are less than 100% of the performance class limit: 

· Performance class P1; 

ttransfer <10 msec 
· Performance class P2/P3; 
ttransfer <  3 msec
The PICS or PIXIT document shall specify the GOOSE performance class and application logic scan cycle(s). 
The DUT has passed the GOOSE performance test when all test cases are passed. 

Detailed test procedure
	Gpf
	GOOSE performance tests
	( Passed

( Failed

( Inconclusive

	IEC 61850-5 clause 13

	Expected result

5. The ping-pong is working

8. According to paragraph "3.3 Test passed criteria"  

	Test description

1.
Configure and start DUT

2.

3.
Start SV simulator when included in test
4.
Start high performance analyzer capture
5.
Start GOOSE simulator as indicated below
6.
Wait for 1000 Subscribe (ping/pong) state changes


7.
Stop and save the analyzer capture
8.  Calculate the 1000 roundtrip times and calculate the average, minimum, maximum and standard deviation 
Gpf1 = with normal Subscribe (ping)

Gpf2 = with large Subscribe (ping)


Gpf4 = with normal Subscribe (ping) AND Subscribe not used for ping-pong time correlated


Gpf6 = with large Subscribe (ping) AND Subscribe not used for ping-pong time correlated 

	Comment

The measured roundtrip times are:
TEST
AVERAGE  

MIN 

MAX 

STDEV
Gpf1
..



..


..


..
Gpf2
..



..


..


..

Gpf4
..



..


..


..

Gpf6
..



..


..


..
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�I have measured difference of almost 20 ms on subscribing to fixed (large) structured GOOSE instead of unstructured (somewhat smaller) GOOSE


�File transfer loads the IED long enough to shoot a GOOSE at it during the processing. It is not quite so easy to strike the window during which reports are being processed…


�What is normal? This is 100% dependent on application!


“Normal” traffic will be done differently by each test institute, meaning results from different test labs may differ (which doesn’t create confidence among end-users).


�Is this one group of four currents and four voltages?


�Members of WG 10:  Shall we attempt to get rid of this for the FDIS of Part 10 Ed 2.0? Statement is simply wrong for anything more than a 1 Mbit/s network, Latency is more like 2 ‰ than 20 % in reported measurements...


�In practice this means a P2/P3 IED must run GOOSE either event driven or on a cyclicality of 1 or 1,2 ms. A tough but reasonable expectation…





