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Report on RFID Plugtests

1.0
Introduction TG34 is working on the preparation of a Code of Practice for the installation of RFID systems operating at UHF. In order to gain additional information for inclusion in the Code of Practice, TG34 has undertaken some practical tests using equipment from a number of RFID manufacturers. These tests were called RFID Plugtests and were conducted at ETSI during the week 7th – 11th March 2005.

1.1 This report describes the tests that were performed and gives the general conclusions that were drawn by the test supervisors from the results. Due to the propriety nature of the information gained during the tests, the results on individual equipment have deliberately been excluded from the report.

1.2 A number of photographs of the test site have been included at Annex A of this report as background information.

2.0
Executive summary A short summary of the main conclusions from the report is provided below.
2.1
The event was very successful and all participants gained a lot of useful information from the tests.

2.2 The test conditions were designed to simulate dock doors at a loading bay such as may be found at a typical distribution centre. This required that antennas from adjacent lanes are directed at each other at separations of about 6.5 metres. This configuration represents extreme conditions.

2.3
The tests demonstrated that it was possible to operate multiple systems in the test configuration with antennas sited at the exits of loading bays in accordance with the ETSI standard EN 302 208. However in order to achieve this, it is necessary that some parameters exceed the minimum limits specified in the standard.

2.3 The problem of reading tags in adjacent lanes and in the marshalling lanes can be significantly reduced. This may be achieved by:

· Minimising transmission times as required by the standard

· Transmitting at power levels that are no greater than necessary for the conditions.

· Limiting the horizontal beam width of antennas.

· Using e.m. absorbent material to improve shielding

2.4
The use of interrogation routines that continuously switch sub-bands is not recommended since switching increases the probability of a collision between multiple readers in close proximity. This might lead to a significant break in transmission time, which could mean that some tags would not be read.

3.0
General Diagrams of the test configurations and details of the individual tests are contained in the Test Plan, which was agreed at the meeting of TG34#09. The original intention was to perform each of the tests in the order described in the Test Plan.  In practice it was more productive to complete the tests in Phase 1 and 3 before proceeding to Phase 2. Also not all of the tests specified in the test plan could be performed. For example since no linear antennas were provided by manufacturers, it was not possible to investigate the effect of orientating antennas in adjacent lanes at right angles. The test plan gave the flexibility to modify the tests. This was particularly relevant in Phase 2 where it was necessary to experiment with the use of shielding materials.

3.1
Although five manufacturers had indicated initially that they wished to take part, due to difficulties with equipment availability only three companies were able to participate. Four neutral test supervisors managed the event. These were John Falck (John Falck Associates), Sigurd Bolt Soerensen (Bolt Consult), Arjon Vlasblom (LogicaCMG) and Angel Romero (Cetecom Spain). All participants were subject to an NDA.

3.2
The tests were conducted in the Interoperability Lab at ETSI. This is a large room that is partially below ground level. The ambient noise level throughout the tests, measured using a spectrum analyser set to 100 kHz resolution bandwidth, was typically of the order of –110 dBm. The wall close to the antennas had a significant metal content. This gave a high level of reflection to incident radio waves. Also the field level measured outside the building with an interrogator transmitting inside at full power showed an attenuation of 24 dB.  This figure is probably greater than would apply for many buildings.
3.3
At any time only the equipment and employees of one of the manufacturing companies together with the test supervisors were permitted in the Interoperability Lab
3.4
Two frames were constructed from wood to simulate the adjacent loading bays of a distribution centre. Carrefour provided two dollies each with 12 totes on which to mount the tags. In addition two types of e.m. absorbent material were provided by Emmereson and Cumming. These were Eccosorb AN-77-ML and Eccosorb DF-24. The material was supplied in sheets of 1.6m x 0.6m with a respective thickness of 60mm and 20mm. (The specifications for both products are provided in Annex B.) All measurements were made using a spectrum analyser provided by Cetecom Spain.

4.0
Phase 1 The tests in Phase 1 were designed to investigate the behaviour of interrogators in the test configuration under normal operating conditions.

4.1
The antennas were sited at the exits of the loading bays in accordance with the manufacturer’s recommendations. Each manufacturer provided their own tags for the dollies and totes. Initially correct operation of the equipment was verified by setting the power level to 2 W e.r.p. and passing a dolly through the loading bay. The power level was then reduced until it was just possible to read all of the tags in the wanted lane.

4.2
The tests showed that despite reducing the transmitted power to the minimum necessary to read all of the tags in a lane, it was still possible to read tags in adjacent lanes and in the marshalling lanes. In fact for a typical circular polarised antenna the field at a marshalling lane was only 4 dB less than the field measured directly on the far side of the adjacent lane

4.3
It was noted that for a given power level some tag types operated at greater ranges than others.

4.4
The tests confirmed that it was possible for interrogators to operate at full power in adjacent lanes using frequency agile “listen before talk” techniques. However operation in the adjacent channel at full power was not possible.

4.5
It was possible to demonstrate that a reduction in the transmitted power level of the adjacent interrogator would permit operation in the adjacent channel.

5.0
Phase 2. These tests were intended to investigate if any improvements in performance could be obtained by the use of shielding. Although both reflective and absorbent material was available, all participants took the view that benefits would only be achieved by the use of e.m. absorbent material. No tests were therefore conducted with reflective materials.

5.1
The tests were focussed on the potential to reduce reading of tags outside the wanted lane by the use of shielding. It was recognised that a reduction in the horizontal beam width of the antenna without changing the vertical beam width would produce an immediate improvement. This was simulated for the tests by placing a sheet of e.m. absorbent material (Eccosorb DF-24) on one side of an antenna. This had the effect of restricting the transmitted field to a sector of the unwanted lane.

5.2 Two further sheets of e.m. absorbent material were then positioned between the two lanes. The material used was Eccosorb AN-77-ML with the foil backing facing away from its associated loading bay. By careful alignment of the shielded antenna it was possible to reduce substantially the field in the adjacent lane to an extent that the spurious activation of tags was almost eliminated. A diagram of the configuration is shown in Fig 1.

5.3
From Fig 1 it will be seen that the antennas were aligned towards the dock doors by about 10 degrees. As is shown by the dotted line, the e.m. absorbent sheets are so positioned that the field from the right hand antenna covers loading bay B but is prevented from entering loading bay A. 
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Fig 1 Reduction of field in adjacent lane

5.4
A similar effect could be achieved if an antenna were designed with say a 20 degree horizontal beam width. By placing the sheets of e.m. absorbent material between the two loading bays, the activation of unwanted tags will be substantially reduced.

6.0
Phase 3 These tests were designed to investigate the typical performance of the “listen before talk” feature in the presence of interfering signals.

6.1
The interrogator in loading bay A was configured to transmit a continuously modulated carrier at 2 W e.r.p. on sub-band 3. The interrogator in loading bay B was set to operate in its normal operating condition at transmit levels of 2 W e.r.p. In this condition interrogators in loading bay B were observed to operate correctly in all sub-bands except channel 3 and its two adjacent sub-bands. However for this to be achievable it was necessary for the characteristics of the transmit spectrum mask and the blocking performance to exceed the minimum limits specified in the ETSI standard EN302 208.  

6.2
Further tests indicated that, using antennas with reduced horizontal beam width and the insertion of e.m. absorbent material between adjacent lanes, operation at full power in adjacent sub-bands should be possible.

6.3
Tests were carried out with the interrogator in loading bay A set to continuously activate a tag that was positioned approximately 20 cm from a reading head. The purpose of this test was to determine if the wide band signal generated by the tag would interfere with the “listen” performance of the interrogator in loading bay B. The tests showed that emissions from the tag had no discernable effect on the performance of the interrogator in the adjacent lane.

6.4
From observations on the spectrum analyser, it was clear that there are benefits to be gained from the use of a well-considered algorithm for the selection of sub-bands. Switching between sub-bands increased the probability of collisions and could lead to the possibility of missing tags as they passed through the wanted lane.

7.0 Observations during the Tests
During the course of the tests it became apparent to the test supervisors that there were areas where system performance could be improved. Many of these areas were discussed with manufacturers on completion of the formal tests. It is considered helpful to repeat the same points within this report.

7.1
Reading tags outside the wanted lane is an issue with any RFID system operating at UHF. The tests in Phase 2 showed that the activation of unwanted tags can be controlled by the use of screening and by antennas with reduced horizontal beam width. A further major improvement may be achieved by ensuring that interrogators transmit only when tags pass through the wanted lane. There are a number of ways this may be achieved. For example an interrogation cycle can be initiated by some form of proximity sensor such as the breaking of a light beam. Similarly a range of techniques is available to terminate the interrogation cycle following identification of the tags. They have each been listed below:

· The firmware in the interrogator could be pre-set to cease transmission after a defined period.

· A second beam could be placed on the other side of the interrogation zone, which could be used to terminate the interrogation cycle.

· The firmware in the interrogator could determine that no further tags are present in the interrogation zone and automatically cease transmission.

· Where totes on dollies and palletised loads are being identified, the system could make use of a “manifest” tag. The tag on the dolly/tote would be programmed with information giving the number of tags on the load. When the interrogator had read the correct number of tags, it would automatically switch off the transmission.

· Finally in order to restrict the effect of spurious reflections the transmit level of all interrogators should be reduced to a level that is no greater than is necessary for satisfactory identification of the wanted tags.

7.2
There appears to be some misunderstanding over the intent of the “listen before talk” feature that is specified in the ETSI standard EN 302 208. Since this technique has not previously been used by the Short Range Device industry, some manufacturers may be confused as to its purpose. It may be beneficial therefore to provide a more detailed description of the philosophy in the planned ETSI Code of Practice document.

7.3
The techniques described in the ETSI standard EN 302 208 for “listen before talk” combined with frequency agility provide the most efficient means for equipment to share a limited band of spectrum on an equitable basis. The principle is that before any device may transmit it must first locate an unused channel. It may then transmit on this channel for the shortest period necessary to complete the required exchange of information. As soon as the transaction is finished the device must stop transmitting. This technique will permit both time-sharing and channel sharing by multiple devices operating within a limited band. 

7.4
Its operation in practice may be illustrated by a simple example. Assume a band is divided into 10 separate channels. Consider also a repetitive activity with an overall cycle time of say 10 seconds during which it is necessary for an interrogator to transmit for say 0.4 seconds. For a device limited to one channel, it will occupy just 0.4/10 x 100 or 4% of the total transmission time. This leaves a further 96% of transmission time available to be shared by other similar devices, which is equivalent to 24 systems. Assuming inefficiencies, a conservative predication would suggest that at least 8 devices may share the same channel without interfering with each other. Extending this scenario across all 10 channels gives a total of 80 devices that may operate together within the same immediate area. 

7.5
Interrogators using routines that are substantially continuous are detrimental both to the operation of the overall system and also to other users of the spectrum. These interrogators behave as jammers and will quickly sterilise the entire band. Such a practice is not permitted under ETSI standard EN 302 208. Instead the standard requires that once an interrogator determines that it has read all of the tags in the wanted lane it must cease transmission. The obvious benefit to this approach is that it frees the sub-band in the shortest possible time for use by other equipment.

7.6 A further advantage in operating in accordance with the routine defined in the ETSI standard EN 302 208 is that it provides interoperability between interrogators produced by different manufacturers. Where the manufacturers use a range of interrogation routines, some devices will quickly be blocked by others. 

8.0 
Conclusions From careful consideration of the results, the test supervisors were able to draw the following conclusions from the event:

8.1
It is possible to design and install RFID systems in compliance with ETSI standard EN 302 208 that will meet end user requirements for distribution centres. However to achieve this it is necessary to exceed the minimum limits specified in the ETSI standard.

8.2
By reducing the horizontal beam width of antennas and with the use of e.m. absorbent material it is possible substantially to eliminate reading of unwanted tags.

8.3 
Predictions indicate that, with antennas of restricted bandwidth and the use of e.m. absorbent material, it should be possible to operate at full power on adjacent channels in adjacent lanes.

8.4
In order to allow the maximum number of interrogators to co-exist in a restricted area, the algorithms for the assignment of sub-band must be optimised and transmission times must be kept to a minimum as required by the standard.

8.5
Special precautions may be necessary in sites with mixed populations of tags.
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