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1.0  Introduction 

This report describes a series of tests that were performed at a working distribution centre using equipment provided by Impinj. The tests were held to validate claims that an alternative configuration with two interrogators at each portal would improve the reading performance.

The tests took place on 2 May 2006 at the distribution centre of Metro Group Logistik (MGL) in Hamm, Germany.

 
Two neutral representatives from TG34 supervised each of the tests. In accordance with earlier practice this report does not include details that may be considered by Impinj to be commercially confidential. The report therefore gives only a general summary of results obtained in each of the tests.

2.0 Executive Summary

A short summary of the main conclusions from the report is provided below.

2.1 The results of the tests were very encouraging and gave average figures for reading tags on a pallet of 98.5%. The results were the same independent of the speed of the pallet and were achieved using the same pallets as in the previous tests. This is superior to anything previously observed by TG34. To achieve these results it was necessary to use two interrogators at each portal that transmitted simultaneously at frequencies that were 1.2 MHz apart. 

2.2 The tests demonstrated that, by means of channel sharing techniques, it would be possible to operate simultaneously a number of adjacent portals on the same two frequencies.

2.3 The performance of the interrogators provided by Impinj is very similar to those tested previously. Thus the improvement in reading results appears to be attributable to the use of two interrogators at each portal and to their operation at frequencies that are 1.2 MHz apart.

2.4 The tests showed an increase in the number of unwanted tags that were read. To overcome this problem it may be necessary to improve the attenuation provided by the portals into the surrounding area.

2.5. Depending on the requirements of the end-user, it may be desirable to conduct additional tests with pallets comprising a larger number of tagged cartons.

3.0 General 

Over the last 12 months TG 34 has witnessed considerable improvements in the ability of interrogators to read tags. During tests conducted in January 06 the best recorded results for reading tags ranged between 92% and 96% depending on the speed of the passing pallet. These figures were obtained using identical pallets each comprising 52 tagged cartons. At the meeting of TG34#12 Impinj undertook to provide equipment that would demonstrate a further improvement in reading performance. This involved the use of two interrogators at each door operating at frequencies that were 1.2 MHz apart. 

The particular areas of interest that were identified for the tests were as follows

3.0.1. How do the interrogators supplied by Impinj compare in performance with those assessed previously?

3.0.2. How much improvement is obtained in reading performance by use of the proposed configuration?

3.0.3. Is it possible to operate with alternative channel plans to those proposed by Impinj?

3.0.4 Is it possible with the proposed configuration to operate at lower power levels?

3.0.5 Is the ability to read unwanted tags effected by the proposed configuration?

3.0.6 Is it possible to operate adjacent portals simultaneously?

The tests that were carried out were designed to investigate each of these questions.
3.1 The arrangements for the trial and a description of the Test Plan are included at Annex A. Where time permitted some additional tests were performed. Details of these additional tests are included in this report.

3.2 Information on the equipment, including the spectrum analyser, used during the trial is included in Annex B.

3.3 Two neutral test supervisors managed the tests. These were John Falck (John Falck Associates) and Sigurd Bolt Sörensen (Bolt Consult). In addition the tests were witnessed by Thomas Weber from FNA.

3.4 As far as possible the set-up was identical to that used for the trial in Nov/Dec 05. The portals and pallets were also the same. The only difference was that the antenna pair on one side of portal B was changed from right hand circular polarised to left hand circular polarised. However the replacement antennas were supplied by the same manufacturer and each had the same horizontal beamwidth of 30 degrees.

3.5 Impinj has not yet incorporated LBT within their design. However since LBT was not relevant to the tests it was agreed that the equipment could be used for the tests without this feature.

3.6 Before the start of the tests the ambient noise level was measured at the centre of each portal. The measured levels were all below – 100 dBm, which represented the lowest usable sensitivity of the portable spectrum analyser.

3.7 Prior to commencement of the tests the power transmitted by each interrogator was checked using a conducted measurement, to verify that it did not exceed 2 W e.r.p. The corrected values recorded for each of the interrogators was approximately 2 dB below the limit.

4.0. Tests with a single interrogator

The purpose of these tests was to provide a comparison between the interrogators provided by Impinj and the interrogators that were used during the original trial and supplementary tests. 

4.1 A single interrogator was connected to all four antennas at portal B and set up in accordance with section 7 of the Test Plan.

4.2 With the interrogators at portals A and C switched off, a pallet was passed through portal B three times at low speed. This was repeated at high speed. The number of tags that were read was very similar to the figures recorded during the supplementary tests in January.

4.3 The tests were repeated with the value for M set to 8. This showed a small but nevertheless material reduction in reading performance.

4.4 The interrogator at portal B was reset to M=4. The interrogators at portals A and C were set up as in para 4.1 above but operating on channel 10. Pallets were passed simultaneously through each portal. The results for each portal showed very little difference from the figures recorded in para 4.2.

4.5 The test was repeated but with the interrogators at portals A and C transmitting on channel 7. There was no material change in the reading results.

5.0 Two interrogators at each portal

The purpose of this test was to determine if the number of tags read on a pallet is increased by the use of two interrogators at each portal

5.1 The tests described in section 8 of the Test Plan were carried out.

5.2 The two interrogators at portal B were configured in accordance with step 2 of section 8 in the Test Plan.

5.3 With the interrogators at portals A and C switched off, a pallet was passed through portal B three times at low speed. This was repeated at high speed. The number of tags read averaged over three passes for first low speed and then high speed was recorded. For each scenario the reading performance was approximately 98.5%.

5.4 The interrogators at portals A and C were configured identically to those at portal B. Pallets were passed simultaneously through each of the three portals first at slow then at high speed. In some instances the number of tags read exceeded 100%. The log files were later analysed to determine the extent of reading unwanted tags. The analysis showed that typically between 1 and 3 unwanted tags would be read on each pass.

5.5 The frequencies of the two interrogators at each portal were set to channel 4 and 7 respectively. This produced a significant reduction in the reading performance, which indicated that there was little scope to amend the proposed channel plan 

5.6 Although not part of the official tests, a pallet with 150 tags was pushed through portal B. The tags on this pallet originated from a manufacturer that had not previously been used in any of the previous tests. The results showed a significant reduction in reading performance. Subsequent tests at the Innovation Centre using tags provided by another manufacturer confirmed that, with a large number of tags, the reading performance is reduced.  

6.0 Transmit levels and unwanted tags

The purpose of this test was to assess the ability of the portal to prevent reading of unwanted tags passing through adjacent lanes. During the earlier tests in paras 4 and 5 above, there were indications that some unwanted tags were being read. (This was subsequently confirmed by analysis of the log files.) To investigate this further it was considered most efficient to combine section 9 and 11 of the Test Plan.

6.1. With the interrogators at portals A and C switched off, portal B was configured in accordance with para 5.2 above.

6.2 A pallet was moved slowly towards the centre of portal A. It was noted that two tags were read. Similarly when the same pallet was moved towards the nearside of portal A, 6 tags were read.

6.3 The transmit level of the two interrogators at portal B were reduced by 3 dB. With this set-up no tags were read on the pallet when moved through the centre of portal A. One tag was read when the pallet was moved towards the nearside of portal A.

6.4 The same pallet was then passed through portal B at the lower power setting. This reduced the reading performance to a level similar to the single interrogator results in para 4 above. This showed that there was no scope to reduce the power level below its original setting. 

7.0 Measurement of Transmit Field Levels

The purpose of this test was to measure the level of signals transmitted by a pair of interrogators in the area surrounding the portal.

7.1 With the interrogators at portal A and C switched off, the interrogators at portal B were set to continuous carrier on channels 4 and 10.

7.2 The measurements were made with the dock door to portal B open and a trailer parked immediately outside the loading bay.

7.3 The measurements recorded for the two frequencies are shown in Fig 1. For ease of comparison, the measurements made at portal A during the Nov/Dec trial are also included 
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Fig 1 Field levels around portals A and C

7.4 The field levels recorded 10 m outside the building ranged from –40 dBm to –48 dBm. At the edge of the MGL perimeter fence, which was approximately 70m from the building, field levels of between –65 dBm to –75 dBm were measured.

8.0 Discussion on the Results

In comparison with the results observed at the Supplementary Tests in January 2006 the tests showed a further significant improvement in reading performance. Some of the questions that arose during the course of the tests are considered below.

8.1 The reason for the improvement in reading performance is not totally clear. It seems probable that it is due to a combination of factors. These are each listed below

· Two interrogators doubles the time available to read the tags on each side of the passing pallet.

· Less time is lost due to switching between antennas.

· The data rate from the tag to the interrogator is higher

· Tags may experience an increase in received power

8.2 The results from the tests with a single interrogator gave results that were very similar to those recorded during the Supplementary Tests in January. This indicates that the performance of the Impinj interrogator is broadly the same as those previously tested. Thus the improvement in reading performance can be attributed to the use of two interrogators in combination with the proposed channel plan.

8.3 The tests showed that it is possible to operate simultaneously a line of three portals without any degradation in performance. In theory there should be no limit to the number of portals that can operate in this manner, although it may be desirable to confirm this with further tests.

8.4 It is not possible to operate the configuration with channel spacing of less than 1.2 MHz. This may be a limitation in environments where other asynchronous systems are also in operation. For example if channel 7 and 13 are the preferred channels and channel 7 becomes occupied by another device, only channel 4 is available as a reserve.

8.5 Only portal B had antennas with both left-hand and right-hand circularly polarised antennas. However the reading results at each of the portals was very similar. This leads to the conclusion that the benefit of using antennas with opposite polarisations is less than might be pre-supposed. It may possibly be explained by the presence of the pallet, which will attenuate the signals between the antennas on opposite sides of the portal.  

8.6 Analysis of the log files showed that unwanted tags were recorded both in the single and double interrogator configurations. Since the net transmitted power was very similar to the levels used in the Supplementary Tests, this suggests that the receiver of the Impinj interrogator had a higher level of sensitivity.

8.7. Reduction of the transmit level is not possible without reducing the reading performance. If unwanted tags are to be avoided it may be necessary therefore to increase further the attenuation provided by the portals.

8.8 The results in Fig 1 of the field level measurements were unexpected since they showed the fields from the antennas in the area around the portal to be approximately the same irrespective of where the measurements were made. The field level at the perimeter of the MGL compound was larger than expected and conforms to a pathloss of 20 log d. This higher figure may be attributable to reflections off the wire mesh fence at the edge of the compound.

8.9 Further work is probably required to read pallets that have a large number of tags. This may include the need to develop more sophisticated reading algorithms. For example it may be possible to improve the performance by turning off each tag once it has been read as compared with current practice of reading the same tag repeatedly. Despite any possible improvements, end-users will still have to determine an acceptable compromise between reading performance, speed of pallets and the maximum number of tags.

9.0 Conclusions

The outcome of the tests was very satisfactory. The main conclusions are summarised below.

9.1 The use of two interrogators at each portal, operating simultaneously at frequencies 1.2 MHz apart, gave reading results of about 98.5%. These results appeared to be independent of the speed of travel of the pallets through the portals.

9.2 The tests showed that it should be possible, using channel sharing techniques, to operate a line of portals simultaneously on just two frequencies.

9.3 It may be necessary to improve the attenuation provided by the portals.

9.4. Further work may be necessary to investigate satisfactory reading of pallets containing larger numbers of tagged cartons.

9.5 The equipment supplied for the tests did not include the LBT feature and therefore did not comply with EN 302 208. It will be necessary to incorporate LBT before the system may be placed on the market in Europe.

Annex A

TG34 Trial at a Distribution Centre

1.0 Introduction At the meeting of TG34 in September it was agreed to conduct a trial of an RFID system in an operational environment. The purpose of the trial would be to test the various concepts that have been developed within TG34 since the RFID Plugtests last March. In particular the tests should validate the effectiveness of the portal design in situations where adjacent interrogators would be operating in close proximity in the asynchronous mode. It would also allow an assessment to be made of the Gen 2 tag under working conditions. The information gained from these tests should be used to validate the recommendations given in the Code of Practice. Details of the trial are described below.

1.1 The trial is intended to simulate conditions in which interrogators are operating asynchronously in close proximity under high levels of channel occupancy.

1.2 Metro has kindly offered to make the MGL distribution centre at Hamm available for the trial. Participating RFID manufacturers will each be allocated one day in which to perform the tests described in this document. The report on the trial will be documented in a way that will avoid disclosure of the performance of individual manufacturer’s equipment. 

2.0 Arrangements for Trial The tests will take place during the week commencing 28 November. Manufacturers will be advised of the day that they have been allocated for their tests by not later than 14 November. Manufacturers wishing to reserve specific days should advise the Chairman of their preferred dates as soon as possible. These requests will be handled on a “first come first served” basis.

2.1 Manufacturers should arrive in sufficient time to set up their equipment during the evening before the day of their tests. This will enable their tests to commence promptly at 9 a.m. the following morning. 

2.2 RFID manufacturers should make available a minimum of three interrogators. Each interrogator should be fitted with four SMA female connectors for connection to the feeder cables to the four antennas at each portal. The interrogators should conform to the technical requirements of EN 302 208. In addition they should satisfy the pre-test criteria defined in the document called Preliminary Tests for Trial. Manufacturers shall also supply suitable software and any specialist hardware necessary to drive the interrogators and to display the results.

2.3 Mains power points with 230 V at 50 Hz shall be provided. 
3.0 Trial Site The trial will take place at the MGL distribution centre at Hamm. This is situated a few minutes drive by taxi from Hamm Hbf. It is possible to reach Hamm directly from Dusseldorf Airport by ICE trains.

3.1 A drawing of the layout of the distribution centre is shown at Annex A. The doors that will be used for the trial are indicated with red arrows. 

4.0 Supervision of Trial Three neutral test supervisors from TG34 will manage the trial. These are John Falck (John Falck Associates), Sigurd Bolt Soerensen (Bolt Consult) and Angel Romero (Cetecom Spain). All test supervisors will treat the results from each manufacturer’s equipment in the strictest confidence.

5.0 Conduct of the Tests The representatives from each manufacturer shall assist the test supervisors in the conduct of the tests. However only test supervisors shall be permitted to record test results. The tests shall be carried out in accordance with the test plan described below. The results of the tests shall be recorded on test sheets with separate sheet shall be used for each manufacturer. However, the sheets will not be directly traceable to individual manufacturers.

6.0 Preparations Metro will provide four portals (A, B, C, and D) for the trial, each fitted with four antennas and lined with e.m. absorbent material. Portal B will include a sensor that may be used to indicate the approach of a dolly or pallet. The sensor shall provide an output by means of a set of “dry” contacts for connection to an interrogator. The design of each portal will be very similar to that described by Metro during their presentation at the meeting of TG34#11. The portals A, B, and C will be positioned at three adjacent dock doors in the distribution centre.

6.1 Metro will arrange for three dollies to be made available, each loaded with 50 tagged items using Gen2 tag. The antennas of the tags will be mounted vertically. The items will be orientated such that all of the tags are facing outwards. Metro will prepare records of the ID numbers of the tags on each of the dollies and the items to which the tags are attached.

6.2 Metro will make available a portable spectrum analyser for the measurement of field levels.

7.0 LBT Operation in Adjacent Sub-bands The purpose of this test is to demonstrate that the LBT receivers of non-synchronised interrogators will operate at three adjacent portals in adjacent sub-bands. 

1. Three portals (A, B and C) shall be positioned side by side in front of dock doors at separations of approximately 1 meter. 

2. With all interrogators switched off the ambient noise shall be measured and recorded in the vicinity of the LBT receive antenna(s) of each of the three interrogators.

3. The interrogator at the centre portal (interrogator B) shall be configured to transmit a continuous carrier at 2 W e.r.p. on sub-band 4 and switched on. (Sub-band 4 equates to a carrier frequency of 866.3 MHz.). The active antenna shall be directed at portal A. 

4. The level of the transmit field on the far side of portal A shall be measured and recorded. 

5. The interrogator at portal A (interrogator A) shall be configured for operation in the LBT test mode on sub-band 5. (This is equivalent to operation within the frequency range 866.4 – 866.6 MHz.) The mode of operation required is described in EN 302 208–1 clause 4.2.4 (5) and says “In order to test the "listen before talk" feature, it shall be possible initially to pre-select a sub-band of operation for the interrogator. In the event that the interrogator, prior to transmission, detects another station on the pre‑selected sub-band, the interrogator will move automatically to the next higher sub-band. If the highest sub‑band in the operating band has been pre-selected, the interrogator shall switch to its lowest sub-band.”
6. Interrogator A shall be switched on and its frequency of transmission shall be monitored. If the transmission lies within sub-band 5, it demonstrates that the LBT receiver of interrogator A will operate in the adjacent sub-band. 

7. If the transmission lies within sub-band 6, the LBT circuit has shown that operation of interrogator A in sub-band 5 is not possible. 

8. If interrogator A fails to respond on sub-band 5, the transmit level of interrogator B shall be progressively reduced until interrogator A responds on sub-band 5. With interrogator A switched off, the level of the transmit field from interrogator B at the far side of portal A shall be measured and recorded.

9. Steps 3 to 8 shall be repeated for interrogator C.

10. Interrogator A shall be set to continuous carrier on sub-band 3 (866.1 MHz) at 2 W e.r.p. and interrogator C shall be set to continuous carrier on sub-band 5 at 2 W e.r.p. The active antennas of portals A and C shall be directed at portal B.

11. Interrogator B shall be set to the LBT test mode on sub-band 4.

12. Interrogator B shall be switched on and its frequency of transmission shall be monitored. If its transmission lies within sub-band 4, it demonstrates that the LBT receiver of interrogator B operates satisfactorily with the two adjacent portals transmitting on adjacent sub-bands.

8.0 Reading Tags in an Adjacent Sub-band The purpose of this test is to verify that an interrogator correctly reads tags while in the presence of interrogators in adjacent lanes that are transmitting on adjacent sub-bands.

1. With the same test configuration as para 7, the interrogators shall be set to give a data rate from the tags of 40 kBaud.

2. Three dollies shall be prepared, loaded with 50 tagged items using Gen2 tags. The antennas of the tags shall be mounted vertically.

3. With interrogators B and C switched off, interrogator A shall be set to global scroll mode on sub-band 5 at 2 W e.r.p.

4. A dolly shall be passed three times through the centre of portal A at an approximate speed of first 0.8 m/s and the number of tags read on each pass shall be recorded. This test shall be repeated with the dolly travelling at an approximate speed of 1.5 m/s.

5. Steps 3 and 4 shall be repeated for interrogators B and C.

6. Interrogator B shall be set to continuous carrier on sub-band 4 at 2 W e.r.p. The antenna selected to be active shall be one that is directed towards portal A.

7. With interrogator A set to global scroll mode on sub-band 5 at 2 W e.r.p., a dolly shall be passed three times through the centre of portal A at a speed of approximately 0.8 m/s. The number of tags read on each pass shall be recorded.

8. If the number of tags read in step 7 is significantly less than in step 4, the transmit level of interrogator B shall be progressively reduced. The transmit level of interrogator B at which the number of tags read is similar to step 4 shall be recorded.

9. Steps 6 to 8 shall be repeated but with interrogator C set to global scroll mode.

10. Steps 6 to 9 shall be repeated but with interrogator B set to transmit a continuously modulated signal at 2 W e.r.p.

11. Interrogator A shall be set to continuous carrier on sub-band 3 at 2 W e.r.p. Interrogator C shall be set to continuous carrier on sub-band 5 at 2 W e.r.p. The active antennas of portals A and C shall be directed at portal B. 

12. With interrogator B set to global scroll mode on sub-band 4 at 2 W e.r.p., a dolly shall be passed three times through the centre of portal B at a speed of approximately 0.8 m/s. The number of tags read on each pass shall be recorded.

13. If the number of tags read at portal B in step 12 is significantly less than in step 5, the transmit levels of interrogators A and C shall be progressively reduced. The transmit levels of interrogators A and C at which the number of tags read is similar to step 5 shall be recorded.

14. Steps 11 to 13 shall be repeated with interrogators A and C set to transmit continuously modulated signals at 2 W e.r.p.

15. Interrogators A, B and C shall be set to global scroll mode on channels 3, 4 and 5 respectively. The transmit levels shall be set to the values obtained in step 8 (for interrogator B) and 13 (for interrogators A and C).

16. Dollies shall be pushed simultaneously through each of the portals at a speed of approximately 0.8 m/s. The number of tags read on each dolly shall be recorded. This test shall be repeated three times.

17. Step 4 shall be repeated with a person standing in the interrogation zone of a portal.

9.0 Transmit Time The purpose of this test is to determine the minimum transmit time required to read a dolly passing through a portal at approximately 0.8 m/s.

1. The sensor on portal B shall be connected to interrogator B in order that it may be used to initiate an interrogation cycle.

2. Interrogators A and C shall be switched off. Interrogator B shall be configured so that, once triggered, it transmits for a period of 4 seconds.

3.  A loaded dolly shall be passed through portal B three times at an approximate  speed of 0.8 m/s. The number of tags read on each pass shall be recorded. 

4. A check shall be made to ensure that the number of tags read matches the results obtained in step 5 of para 8. 

5. The transmit time will then progressively be reduced until the number of tags read starts to drop. The transmit time at which this occurs shall be recorded.

10.0 Rejection of unwanted tags The purpose of this test is to assess the ability of a RFID system to ignore unwanted tags outside the area of the portal.

1. With interrogators A and C switched off, interrogator B shall be set to global scroll mode on channel 4 at 2 W e.r.p.

2. A loaded dolly shall be passed slowly through the centre and inner side of portal A. This will be repeated for portal C. A record shall be made of any tags that are read.

3. With interrogators B and C switched off, interrogator A shall be set to global scroll mode on channel 4 at 2 W e.r.p. 

4. A loaded dolly shall be passed slowly through the centre and inner side of portal B and then outside portal A. A record shall be made of any tags that are read.

11.0 Measurement of Transmit Field Levels The purpose of this test is to measure the level of signals transmitted by an interrogator in the area immediately surrounding its portal. The tests shall be carried out with dock doors A and B open and a truck parked immediately outside both loading bays.

1. With interrogators B and C switched off, interrogator A shall be set to global scroll mode at 2 W e.r.p. on channel 4.

2. The field level at various points in the area immediately surrounding the portal shall be measured and recorded. Measurements shall also be made in the area of the dock door outside the building.

3. Steps 1 and 2 shall be repeated with a dolly placed in the centre of portal A. These measurements shall be made at the same points as for step 2.

12.0 Co-channel Operation The purpose of this test is to determine if co-channel operation is possible in the asynchronous mode at a fourth portal located at a distant point in the building.

1. With all interrogators switched off, the ambient noise level at portal D, which shall be at a different part of the building, shall be measured.

2. Interrogator A shall be set to transmit a continuous carrier at 2 W e.r.p. on channel 4. The active antenna of interrogator A shall be directed at portal D.

3. The signal level from interrogator A shall be measured at the centre of portal D. 

4. If the level is below – 96 dBm, interrogator D shall be set to channel 4 in the LBT test mode and switched on. The frequency of transmission from interrogator D shall be monitored to verify that it lies within channel 4.

5. If the level at portal D exceeds – 96 dBm, the transmit level of interrogator A shall be reduced to give a signal at portal D of less than –96 dBm.

6. Step 4 shall be repeated. 

13.0 Analysis of Test Results The results from the tests shall be consolidated within a single test report. This report shall not disclose the name of the manufacturers that participated in the trial or comment by name on the performance of any manufacturer’s equipment. Before the report is released to other members of TG34, it shall first be circulated to participating manufacturers for their comments and approval. 

13.1 It is hoped that the trial will confirm that it is possible to operate interrogators in the asynchronous mode in close proximity with one another. The results will also be reviewed against the recommendations made in the Code of Practice. 

Annex A

Layout of Distribution Centre at Hamm
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 Annex B

Equipment provided for the Tests

Antennas
30 deg beam-width Kathrein 25-180 series


Gain 10.5 dBic


See Annex B1 of Trial Report for specification

e.m. absorbent material
Supplier - Emerson and Cuming


Eccosorb AN-79


See Annex B2 of Trial Report for specifications

Pallets
98 cm x 80 cm x 90 cm (height)


52 tagged cartons were loaded on each pallet


Tags were fixed with their antennas vertical

Details of the cartons and associated tags are provided at Annex B4 of Trial Report


Spectrum Analyser
Rhode & Schartz FSH3


Aaronia log periodic antenna with 4 dBi gain
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