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1 Important Information  

READ THE COMPLETE USER GUIDE CAREFULLY BEFORE  

USING THE TAGFORMANCEÊ SYSTEM. 

 

Voyantic Ltd. operates an ongoing development policy. Voyantic Ltd. reserves the right 

to make changes and improvements to any of the products described in this user guide 

without prior notice. 

THE CONTENTS OF THIS USER GUIDE ARE PROVIDED "AS IS". EXCEPT AS 

REQUIRED BY APPLICABLE LAW, NO WARRANTIES OF ANY KIND, EITHER 

EXPRESS OR IMPLIED, ARE MADE IN RELATION TO THE ACCURACY, 

RELIABILITY OR CONTENTS OF THIS USER GUIDE. VOYANTIC LTD. RESERVES 

THE RIGHT TO REVISE THIS USER GUIDE OR WITHDRAW IT AT ANY TIME 

WITHOUT PRIOR NOTICE. 

General Terms and Conditions of Voyantic Ltd. shall apply. 

http://www.voyantic.com/termsandconditions.pdf 

THE MEASUREMENT UNIT COVER BOX SHALL NOT BE OPENED. Voyantic Ltd. will 

inspect the seals of the equipment in case of warranty or maintenance procedures. If the 

seals are broken, the warranty will be void, and Voyantic Ltd. can be entitled to invoice a 

contractual sanction if this has been defined in the commercial agreement or in the order 

acknowledgment document. 

The Tagformance Pro can use radio frequencies, use of which may require local or 

otherwise applicable governmental or official approvals or permissions. VOYANTIC LTD. 

DOES NOT WARRANT ANY TYPE OF APPROVAL FOR TAGFORMANCE PRO. 

VOYANTIC LTD. SHALL UNDER NO CIRCUMSTANCES BE LIABLE FOR ANY USE 

OF TAGFORMANCE PRO. 

Use of any additional software requires a valid license. Any copyrights, patents, and 

other intellectual property rights (including the right to change and further develop) in and 

to the Tagformance Pro (including any related documentation and other materials 

delivered by Voyantic Ltd.) shall belong to Voyantic Ltd. 

http://www.voyantic.com/termsandconditions.pdf


Tagformance Manual   

 

   

 Copyright © 2026 Voyantic Ltd. All rights reserved. 3 

 

2 Privacy and Data Collection  Policy  

Service data  

We automatically process the data to provide you with the services that you have 

requested.  

- Service automatically collects license information, and this data is used to authorize 

access to services. 

Analytics data  

We collect anonymous or pseudonymous data to learn when and how our services are 

used. 

- Upon user consent, the Tagformance test system sends data, such as error logs and 

usage analytics, for product development purposes. 

For up-to-date information about Tagformance privacy and data collection policy, please 

refer to: https://voyantic.com/lab/tagformance/privacy. 

 

https://voyantic.com/lab/tagformance/privacy
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About Tagformance  

 

Tagformance Pro is a highly sophisticated measurement system for evaluating the 

functionality and performance of UHF RFID, HF RFID, and NFC transponders. The 

Measurement Unit is effectively a network analyzer optimized for RFID measurements. 

In a typical passive RFID system, the reader generates a carrier that the transponder 

uses to power up. The reader can modulate the carrier in order to send a command to 

the transponder, and the transponder, in turn, can modulate the signal reflecting from it. 

The properties of the transponder are measured while it is active. Tagformance Pro can 

generate an RF carrier wave and modulate it with an arbitrary waveform. After a 

command is sent, the Measurement Unit functions as a time-domain network analyzer, 

providing the carrier for the transponder and recording the response waveform acquired 

by a quadrature detector. 

A transponder's two most important performance parameters are its sensitivity and the 

strength of the backscatter (UHF) / Load modulation (HF) signal it produces. The 

sensitivity of a transponder is measured by challenging its power source, i.e. determining 

the required power level for the transponder to be able to respond to a command. The 

backscatter/load modulation signal, i.e. the modulated carrier returning from the 

transponder, is measured by recording the transponderôs response after a command is 

sent. These parameters are typically measured as a function of an additional parameter, 

such as frequency, distance, or orientation angle. 

The Tagformance measurement system also includes Measurement Software running on 

a PC or a laptop. The Measurement Unit interfaces with the computer via Ethernet. The 

Measurement Software takes care of the waveform generation and the actual 

measurements. The Measurement Unit uses an external power source to power up. 

The Tagformance measurement system is intended for use in the laboratory. It should be 

noted that if antennas or other radiating coupling elements are used with the 

Measurement Unit, local regulations may limit the frequency range and transmit power 

that can be used. A typical application environment is inside the Voyantic RFID 

Measurement Cabinet or other shielded and anechoic chamber. 

Tagformance Pro is a CFR 47, PART 15.103(c) exempt device in the United States. 

However, the Device would violate Part 15 rules if a radiating element were connected to 

the output port unless the radiating elements were placed in a shielded chamber. 
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4 Tagformance SW Installation  

4.1 System Requirements  

Supported operating systems for Tagformance Pro: 

¶ Windows 10 

¶ Windows 11 

 

Minimum system requirements for Tagformance Pro: 

¶ Intel Core i3-7020U or better in CPU benchmark 

¶ One Ethernet port for Tagformance Pro 

¶ USB ports are required for Tag Rotating System and Multiplexer 

¶ 8 GB RAM 

¶ 5 GB free hard disk space 

¶ Minimum screen resolution 1024 x 768 

¶ Mouse, keyboard 

The Tagformance Measurement Software installer contains the required LabVIEW 

drivers. Tagformance Measurement Software is built as a 64 bit application, which 

requires 64 bit dependencies, among them Microsoft Office. Internet connection is not 

required, but it enables Voyanticôs backend services to obtain up-to-date information for 

various purposes (requires active maintenance contract) and the option to have the 

software send application logs, such as error logs, for customer support and software 

development purposes. 

4.2 Installing Software  

1. Turn on your computer and wait for Windows to start up. Login to  

the computer with Administrator permissions. 

2. Insert the Tagformance Measurement Software installation media.  

Do not plug in the Tagformance Pro Measurement Unit yet. 

3. If AutoPlay is enabled, the installation program will start automatically.  

If not, navigate to the installation media and double-click setup.exe. 

4. Follow the on-screen instructions. Voyantic recommends that you install  

the software is in the default folder suggested by the installation program. 

5. Reboot your computer when the installation program prompts you to do so. 

6. Login as a normal user. 

7. Place the license file in the C:\ Tagformance\Data folder. 

The default folder for the software is C:\Tagformance\. 

Shortcuts to the software and manual are installed on the start-up menu. 
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4.3 Uninstalling Software  

1. If any measurement results, setup files, etc., are stored under C:\Tagformance, 

please make backups before continuing. 

2. Login to the computer with Administrator permissions. 

3. Go to Control Panel Ą Add/Remove Programs. 

4. Find National Instruments Software from the list, click the right mouse button  

on the row and select uninstall/change. 

5. Select both NI-PXI Platform Services x.x.x and NI-DAQmx x.x.x  

and click remove. 

6. The uninstaller will inform you that Tagformance depends on these components 

and needs to be uninstalled as well. Please click ñRemove Allò. 

7. Allow the uninstaller to finish and reboot when prompted to do so. 

8. Login to the computer with Administrator permissions. 

9. Delete the C:\Tagformance folder. 
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5 Hardware Installation  

It is important to install the software before plugging it into the Tagformance Pro 

Measurement Unit and turning it on so that the operating system can properly identify the 

device. 

5.1 Overview  

Tagformance Pro can be used in UHF RFID (600MHz-1300 MHz) and in HF RFID / NFC 

(10 MHz ï 30 MHz) testing.  

Tests can be made in monostatic and bi-static modes.  

For UHF RFID, Voyantic offers a standard range antenna (800 MHzð1000 MHz), a 

wideband antenna (600 MHzð1300 MHz), and a Snoop Pro nearfield coupling element 

(800 MHzð1000 MHz). Other 50-ohm antennas can also be used. 

For HF RFID / NFC, 145 mm and 60 mm diameter loop antennas are available from 

Voyantic. 

The system can be completed with several accessory packages.  

This chapter describes some typical ways to connect the system. 

5.2 General  

Power (18 VDC) and Ethernet are required for system use. The connectors are on the 

device's back panel. 

 

Figure 1.Tagformance Pro back panel 
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5.3 Powering Up the Device  

When the device is connected to power and network, switch it on with the front panel 

power button. The green LED surrounding the button turns on. The device starts in about 

30 seconds, after which all indicator LEDs blink once, and the power button LED 

brightness increases. Then, the device is ready for use. When the software is launched, 

the device is found in the network. 

5.4 Network Connection  

By default, the device is configured for the DHCP server and expects the network DHCP 

server to assign an IP address automatically. Alternatively, the device can be configured 

to use a fixed IP address. Adjustment of Tagformance Pro network settings is done by 

using the Tagformance Pro Update tool, as described later in Chapter 5.4.2.  

Furthermore, if the device is connected directly to the PC, the PCôs network adapter must 

also be configured to match the device settings. The settings can be adjusted through 

Windows control panels as described later in Chapter 5.4.2, but before applying the 

changes, itôs recommended to consult the IT administration to avoid possible conflicts 

with Company IT policies. 

5.4.1 Checking the IP Address  

The IP address can be seen from the Update Tool (in the Tagformance folder). The IP 

address is in parenthesis after the device serial number when the Update Tool is 

launched. 

 

Figure 2. List of devices in the Update Tool 
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5.4.2 Setting Up a Fixed IP Address or DHCP  Connection  

To set up new connection settings, configurations must be changed for the device using 

the Tagformance Pro Update Tool and the network adapter from Windows settings. 

Before adjusting the settings, itôs recommended to consult the Companyôs IT 

administrator to avoid any conflicts with Company policies. 

1. Run the Tagformance Update Tool, select the device, and choose the next 

 

2. Select: òChange IP settingsò 

 

3. For a fixed IP connection , choose Static IP and set the IP address, mask, and 

gateway. For DHCP connection , select DHCP. 

 

4. Apply settings and wait until the setup is finished 

5. Close Tagformance Update Tool. 
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6. Adjust the PCôs network adapter settings according to Tagformance Pro if the 

device is connected directly to the PC 

To configure network adapter settings on a Windows computer, navigate to Network 

and Sharing Center> Change adapter settings, choose properties of the local area 

connection, and then edit Internet protocol version 4 properties.  

For a fixed IP connection, choose ñUse the following IP addressò and define 

the IP address to match the device IP and Subnet mask. For example, if the device 

IP is 169.254.91.60, the subnet mask is 255.255.255.0, and the gateway is 0.0.0.0, 

the Network card should be configured with an IP address that is not reserved in the 

subnet in question, e.g. 169.254.91.2, the subnet mask is 255.255.255.0, and the 

gateway can be left empty (by default). 

 

 

For DHCP connection , choose ñObtain and I address automatically. 
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5.5 Hand Carry Kit  UHF (HCK UHF) with Standard Antenna  

The hand-carry kit is used for desktop measurements. Place the antenna on the table 

with the tag stand on top, as presented in the picture below. When possible, it is better to 

have more distance between the Tagformance and other objects to the antenna than in 

the example pictures.  

 

Figure 3.HCK UHF with standard (linearly polarized) patch antenna. 

Please note: 

¶ Avoid any metal objects nearby in the radiating direction of the antenna 

¶ Try to have as much free space over the tag as possible, preferably more  

than two meters 

¶ Typically, 30é50 cm is a good measuring distance when measuring with  

one antenna 

¶ Greater distance will typically lower the s/n ratio and increase the effect of  

radio reflections 

¶ Less distance is rarely needed, and the distance below 20 cm is not usable  

because the tag would be in the antennaôs near-field 

¶ The standard patch antenna is linearly polarized  

 

Reference tag 

Antenna 

800...1000 MHz 
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Typical setup  

Connect the Circulator (800 MHz - 1000 MHz) as shown below: 

 

Figure 4.Typical Circulator setup 

 

Setup for Shifted TX Dynamic Range (e.g. , for measuring battery -assisted  tags)  

Tagformance Pro's input power level is limited to 18dBm. If higher backscatter levels are 

measured, attenuation can be added to the RX port.  

If transmit powers smaller than -15dBm are needed, attenuation can be added to the 

Tagformance Pro's TX port. 

The 6 dB attenuator connects the circulator and the RX and/or TX port. 

 

Figure 5.Circular setup for shifted TX dynamic range, decreasing TX power 

 

Circulator 

-6 dB Attenuator 

Connector to antenna 
cable 

-6 dB Attenuator 
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5.6 Hand Carry Kit  UHF (HCK UHF) with Wideband Antenna  

Hand Carry Kit is intended for desktop measurements. Place the antenna on the table 

with the tag stand on top, as presented in the picture below. When possible, it is better to 

have more distance between the Tagformance and other objects to the antenna than in 

the example pictures.  

Note that the antenna is linearly polarized. 

 

Figure 6.HCK UHF with wideband antenna 

Please note: 

¶ Avoid any metal objects nearby in the radiating direction of the antenna 

¶ Try to have as much free space over the tag as possible, preferably more  

than two meters 

¶ Typically, 30é50 cm is a good measuring distance when measuring with  

one antenna. Greater distance will typically lower the s/n ratio and increase the 

effect of radio reflections. Less distance is rarely needed, and the distance below 

20 cm is not usable because the tag would be in the antennaôs near-field. 

 

Connect the Directional Coupler (600é1300 MHz) as shown below: 

 

Figure 7.Connected UHF Directional Coupler 

Reference tag 

Antenna 

Directional Coupler 

Connector to antenna 
cable 

600...1300 MHz 
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5.7 Field Engineer Kit (FEK)   

Place the stands so that the distance between the antenna and the tag is min. 30 cm. 

Carefully align the antenna and the Voyantic reference tag (Wideband UHF Reference 

Tag v1) in a way that they face each other as shown in the picture below (please note 

that the antenna is linearly polarized). Please keep the alignment error at less than 10 

degrees at all times, as the antenna has quite high directivity. 

 

Figure 8.FEK measurement distance 

Please note: 

¶ Avoid any metal objects nearby in the radiating direction of the antenna 

¶ Try to have as much free space behind the tag as possible, preferably more  

than two meters 

¶ Typically, 30é50 cm is a good measuring distance when measuring with  

one antenna 

¶ Greater distance will typically lower the s/n ratio and increase the effect of  

radio reflections  

¶ Less distance is rarely needed, and the distance below 20 cm is not usable  

because the tag would be in the antennaôs near-field 

¶ For optimal measurement geometry measuring with one antenna and a  

circulator is recommended 

 

Min 30 cm 
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Monostatic Setup  

Connect the circulator as shown below; then connect the 1.8 m (6 ft) antenna cable 

between the circulator ANT port and the upper antenna. 

 

 

Figure 9.Connected UHF Circulator 

 

Bi-static Setup (Two Antennas)  

Connect antennas directly to the TX and RX ports (No circulator/coupler or attenuator). 

Using two antennas will give you better isolation and, therefore, higher sensitivity on full 

power than one antenna with a circulator. To minimize errors from misalignment between 

TX and RX antennas, the measurement distance should be about 1 meter (3.3 ft) or 

more. 

The wide frequency range of Tagformance Pro requires antennas with equally wide 

bandwidth.  

Direct coupling from the TX antenna to the RX antenna should be avoided. The 

manufacturer, therefore, recommends that the antennas be situated at least 20 

centimeters (8 inches) from each other. The antenna stands and supports should be 

made of non-conductive material like wood or plastic. Large metallic objects and planes 

should be kept at least 1.0 meters (3.3 ft) from the antennas. The recommended height 

for the antennas and the tag is at least 1.0 meters (3.3 ft)  

above the floor level. 

Circulator 

Attenuator 

Connect antenna cable here 
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5.8 Wideband Kit (WBK)  

Place the stands so that the distance between the antenna and the tag is 35 cm. 

Carefully align the antenna and the tag to face each other, as shown in the picture below 

(please note that the antenna is linearly polarized). Please keep the alignment error to 

less than 10 degrees at all times. 

 

Figure 10.WBK measurement distance 

Please note: 

¶ Avoid any metal objects nearby in the radiating direction of the antenna 

¶ Try to have as much free space behind the tag as possible, preferably more  

than two meters 

¶ Typically, 30é50 cm is a good measuring distance. Greater distance will typically 

lower the s/n ratio and increase the effect of radio reflections. Less distance is 

rarely needed, and the distance below 20 cm is not usable because the tag would 

be in the antennaôs near-field. 

 

Connect the Directional Coupler as shown below; then connect the 1.8 m (6 ft) antenna 

cable between the Directional Coupler ANT port and the Wideband Antenna. 

 

Figure 11.Connected UHF Directional Coupler 

35 cm 

Directional Coupler 

Connect antenna cable 
here 
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5.9 RFID Measurement  Cabinet / Chamber  

Depending on the setup in use, connect the 1.8 m (6 ft) RF cable between the Cabinet 

and the Antenna. 

5.9.1 Standard Antenna Monostatic Setup (One Antenna)  

Typical Setup  

 

Figure 12.Connected UHF Circulator 

Setup for Shifted TX Dynamic Range (e.g. , for Measuring Battery Assisted Tags)  

Tagformance Pro's input power level is limited to 18dBm. If higher backscatter levels are 

measured, attenuation can be added to the RX port.  

If transmit powers smaller than -15dBm are needed, attenuation can be added to the 

Tagformance Pro's TX port. 

The 6 dB attenuator connects the circulator and the RX and/or TX port. 

 

Figure 13.Setup for shifted TX dynamic range, decreasing TX power 

Circulator 

-6 dB Attenuator 

Connector to antenna 
cable 

-6 dB Attenuator 
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5.9.2 Standard A ntenna with Bi-static Setup ( Two Antennas)  

Connect antennas directly to the TX and RX ports (no circulator/coupler or attenuator). 

Using two antennas will give you better isolation and, therefore, higher sensitivity on full 

power than one antenna with a circulator. To minimize errors from misalignment between 

TX and RX antennas, a measurement distance of about 1 meter (3.3 ft) or more should 

be used with two antennas. 

Direct coupling from the TX antenna to the RX antenna should be avoided. The 

manufacturer recommends that the antennas be situated at least 20 centimeters  

(8 inches) from each other. The antenna stands and supports should be made of non-

conductive materials like wood or plastic. Large metallic objects and planes should be 

kept at least 1.0 meters (3.3 feet) from the antennas. The recommended height for the 

antennas and the tag is at least 1.0 meters (3.3 feet) above the floor level. 

5.9.3 Wideband Antenna Mono static Setup ( One Antenna)  

Connect the Directional Coupler (600é1300 MHz) as shown in Figure 14. 

 

Figure 14.Connected UHF Directional Coupler 

5.9.4 Wideband Antenna Bi -static Setup (Two Antennas)  

Connect antennas directly to the TX and RX ports (no circulator/coupler or attenuator). 

Using two antennas will give you better isolation and, therefore, higher sensitivity on full 

power than one antenna with a circulator. With two antennas, a measurement distance 

of about 1 meter (3.3 ft) or more should be used to minimize errors from misalignment 

between TX and RX antennas. 

Direct coupling from the TX antenna to the RX antenna should be avoided. The 

manufacturer, therefore, recommends that the antennas be situated at least 20 

centimeters (8 inches) from each other. The antenna stands and supports should be 

made of non-conductive materials like wood or plastic. Large metallic objects and planes 

should be kept at least 1.0 meters (3.3 feet) from the antennas. The recommended 

height for the antennas and the tag is at least 1.0 meters (3.3 feet)  

above the floor level. 

 

Connector to antenna 
cable 
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5.9.5 The 4 Antenna S etup  

In the 4-antenna setup, connect the multiplexer center port to the circulator and ports 1-4 

to the antennas. Connect the circulator and attenuator as shown in Figure 15. 

  

Figure 15.Connected UHF circulator 

 

The measurement antenna has the polarization marked on it. 

 

Figure 16.The cabinet rotation table and the antenna polarization 

To get good and repeatable measurement results, please perform the measurements 

with the cabinet door closed. 

The measurement distances between the antenna phase center point and rotation table 

center point are as follows: 

 

  

RFID 

Measurement 

Cabinet 

Large RFID 

Measurement 

Cabinet 

C50 RFID 

Measurement 

Cabinet 

C100 RFID 

Measurement 

Chamber 

C150 RFID 

Measurement 

Chamber 

 

Standard 

Patch 

Antenna 

800é1000 

MHz 

45 cm 70 cm 50 cm 100 cm 150 cm 

 

Wideband 

Antenna  

600é1300 

MHz 

40 cm 55 cm 45 cm 95 cm 145 cm 

 
4 antenna 

setup 
NA NA 50 cm 100 cm 150 cm 

Adjustable-
by-stacking 

Rotation 
table 

Antenna 
mounted in 

vertical 
polarization. 

Antenna 
mount has 

quick 
release 90 

degree 
polarization 

change. 

Wideband antenna 
in vertical 

polarization 
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5.10 Hand Carry Kit HF (HCK HF)  

The basic measurement setup is shown in the picture below. It includes the optional 

Distance Control Kit; if you do not have a DCK, you can connect one of the two loop 

antennas, or one of your own antennas directly to the Measurement Unit. 

 

Figure 17.The basic Tagformance Pro and HCK HF measurement setup 
   with the DCK 
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Figure 18.HF antenna setup without the DCK 

 

Connect the HF coupler to TX and RX port; and the loop antenna to the HF coupler. 

 

Figure 19.Connected HF coupler 

 

To loop antenna 

C145 Loop Antenna 

HF Tag 

38mm foam 
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5.10.1 HF RFID / NFC Measurement Antennas  

The loop antenna choices offered by Voyantic are the C145 and C60 models. For 

optimal measurement results, the C145 antenna is always preferred where it can 

produce a result. However, in some cases, small tags of under 30mm in size may  

require a stronger test field which the C60 antenna can provide.  

NOTE! During transportation , the C60 antenna is stored inside the C145 antenna 

together with a 38 mm high foam, which  must be removed before either of the 

antennas is used.  

  

Figure 20.The C60 antenna is stored inside the C145 antenna 

5.10.2 Selecting the Antenna Size  

There are no exact rules for selecting the correct antenna size for a certain tag. The 

antenna selection and measurement distance should always be verified for each tag. 

As a rule of thumb, the best antenna sizes for tags of different sizes (referring to size 

classes in ISO/IEC14443-1:2008/Amd. 1:2012) are: 

¶ C145 is better for Class 1-3 tags 

¶ Class 1 is a typical smart card size, antenna dimensions between 

64 mm x 34 mm and 81 mm x 49 mm 

o     Circle Class 2 and 3 tags have antenna diameters of 32 mm ï 50 mm 

o     Square Class 3 tags have antenna dimensions bigger than 35 mm x 24 mm, 

but smaller than 50 mm x 40 mm 

o     Square Class 2 tags have antenna dimensions between 51 mm x 13 mm 

and 81 mm x 27 mm 

¶ Class 4 is at the borderline, circle antenna dimensions between 24 mm and 41 mm, 

square antenna dimensions between 35 mm x 13 mm and 50 mm x 27 mm 
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¶ C60 is better for Class 5 and smaller tags. Antenna dimensions smaller than 35 

mm diameter in circle tags and smaller than 40.5 mm x 24.5 mm with square tags. 

The above list may not apply to every tag. It does not remove the need to verify the 

correct antenna and distance for each tag to be tested. 

5.10.3 Optimal Measurement Distance for Tagformance  Pro HF Antennas  

From the Tagformance Pro HF antenna's point of view, the magnetic field distribution is 

even across the antenna area at the optimal measurement distance. 

For the C60 antenna, the optimal distance is 16 mm. 

For the C145 antenna, the optimal distance is 38 mm. 

At optimal distances, the error in the field strength measurement is 14% maximum. The 

maximum error increases when the measurement distance is further from the optimal. 

When the tag is positioned exactly at the center point of the antenna, the error is 

minimized. 

The optimal measurement distance from the Tagformance Pro HF antenna point of view 

is not always the best distance for each tag. The measurement distance must be verified. 

5.10.4 Verifying the Antenna and Defining the Measurement Distance  

The antenna and measurement distance can be verified with the threshold measurement 

and magnetic field strength. The measurement should be repeated at least at three 

points: at the intended measurement distance, at a 10 mm closer distance, and at a 10 

mm longer distance. 

Figure 21 shows example results when a wrong antenna size is used. When the distance 

between the tag and the antenna is increased, the magnetic field strength curve shifts. 

This indicates that at the smaller distance, the tag was loading the antenna. In the 

example, the tag is moved outside of the read range before the loading effect is 

minimized. 

 

Figure 21.Too small a test antenna for a Class 1 tag  
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With a correctly sized antenna, the magnetic field strength curves overlap almost 

completely when a good measurement distance is reached, as in Figure 22. The same 

ISO14443A Class 1 tag was used in both tests. 

 

Figure 22. Correct test antenna size for a Class 1 tag 

5.10.5 Summary of Antenna and Distance Selection Process  

1. Choose the antenna based on the size of the tag 

2. Measure the magnetic field strength 10 mm below the optimal distance, at the 

optimal distance, and 10 mm above the optimal distance. 

b. If the magnetic field strength does not indicate loading at the optimal 

distance, use the optimal distance in measurements. 

c. If loading is indicated, increase the measurement distance until the loading 

effect is removed, and test also with the other antenna. 

d. If the tag cannot be tested (too long range), move it closer until a result can 

be reached, and test also with the other antenna. 

e. If neither antenna can be used with the optimal distance, use the antenna 

and the distance without loading effect, closer to the optimal measurement 

distance to that antenna. 

5.10.6 Antennas for Passive Measurements  

The Voyantic C60 and C145 antennas are designed for active tests (threshold test, load 

modulation test, and so on). They are tuned and not ideal for passive measurements. 

The C145 antenna is less tuned than the C60 and, thus, a better choice for passive 

tests. To eliminate the antenna tuning from test results, a reference measurement should 

be made, and normalized result values should be used only. 

An untuned antenna, such as a standard single antenna coil, is the best alternative for 

passive tests (not part of the Voyantic Kit). With an untuned antenna, the S11 and other 

values from passive tests are also valid. 
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5.11 Distance Control Kit (DCK)  

The Distance Control Kit (DCK) is an optional kit that integrates seamlessly with the 

Tagformance Pro HF software. It can be used to perform automated read range 

measurements and to adjust the measurement distance easily. 

When you start the Tagformance Pro HF software and have the DCK powered up and 

connected to your computer, the tag lifter should automatically return to the default 

position at 12 or 38mm for the C60 and C145 antennas, respectively. 

There are two supported lifter models; please examine Figure 23 to determine which 

model is in use. Please refer to Appendix G: Distance Control Kit Assembly Instructions 

for more detailed assembly and troubleshooting instructions. 

 
Figure 23.Tag lifter models v2 (left) and v1 (right) 
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5.11.1 Assembling the D istance Control Kit v2  

Place the base plate on a flat surface and mount the actuator on the base plate. 

 

Attach the actuator to the base plate by tightening the 4 screws on the base plate  

using a 2.5mm hex key. 
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Choose either the C145 or the C60 loop antenna and place it as shown in the images 

below. 

 

Connect the RF cable to the antenna. 

 

Attach the tag holder to the actuator. 
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The tag holder vertical offset can be set by adjusting the small set screw shown  

in the image below.  

Please note that the screw has been properly set prior to shipping and should not require 

re-adjustment. 

 

 

Connect the serial cable to the lifter and plug the other end into your PC. 

Connect the power supply to the actuator. The motor will emit a faint hum when  

the power cable is connected. 
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5.11.2 Assembling the D istance Control Kit v1  

Attach the two finger screws to the base plate. 

 

 

Place the base plate on a flat surface and mount the actuator to the base plate and 

tighten the finger screws. 
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Choose the C145 or the C60 loop antenna and place it as shown in the images below. 

 
 

Connect the RF cable to the antenna. 

 

Attach the tag holder to the actuator. 

 
 

The tag holder vertical offset can be set by adjusting the small set screw shown  

in the image below. 
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Connect the serial cable (the longer cable with a male plug) to the USB-Serial adapter 

and connect the adapter to your PC. 

  
Please note that the USB-Serial adapter drivers should be installed before connecting the 

adapter to your PC. The drivers (FTDI) can be found on the USB memory stick. 

 

Connect the power supply to the actuator. The green LED should light up. 

  
 

The power connector 
and LED 

Longer cable 
with a male plug 

USB-Serial adapter 

Power supply 

to PC 
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5.12 ETSI RED Kit ( ERK) 

The contents of the delivery kit are shown below. Different test setup configurations are 

presented in the following chapters; emission measurement is presented in chapter 13: 

Tag Emission Test. A use case example showing the measurement flow is described in 

chapter 17.10..  

Important note: The maximum input power for the spectrum analyzer is +20dBm. 

Applying excessive power causes malfunction and may damage the device. This is 

especially important to consider when performing measurements with a power amplifier 

or when introducing a high-gain antenna to the setup. 

 

Figure 24.ETSI RED Kit (ERK) is a hardware option for Tagformance to perform 
ETSI emission test measurements with the Tagformance test system. 
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5.12.1 Monostatic  RED test  setup  configurations  

 

 

Figure 25.Monostatic RED test setup with circulator 

 

 

Figure 26.Monostatic RED test setup with a directional coupler 

 

 

Figure 27.Monostatic RED test setup with high-power kit 
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5.12.2 Bistatic  RED test setup  configuration s 

 

 

Figure 28.Bistatic RED test setup with standard patch antenna 

 

Figure 29.Bistatic RED test setup with wideband antenna 

 

 

Figure 30.Bistatic RED test setup with standard patch antenna and high-power kit 

 

Figure 31.Bistatic RED test setup with wideband antenna and high-power kit 
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5.12.3 Considerations for setup  selection  

When selecting a setup, consider the following factors:  

¶ Frequency band 

o Standard patch antenna - 800 ï 1000 MHz 

o Wideband antenna - 700 MHz ï 2.5 GHz 

¶ Power budget 

o Antenna selection 

Á The patch antenna has a higher gain than the wideband 

antenna, enabling longer standard-compliant measurement 

distances 

o Coupling elements  

Á The circulator has less loss than the directional coupler for the 

TX ï ANT path 

o High power kit  

Á Enables longer measurement distances but worsens the signal-

to-noise ratio. 

o Take care not to exceed recommended power limits (For details, see A.5

 UHF RF Receiver, H.4 Maximum signal levels) 

o Reflections 

Á S11 can be as low as -10dB at the edges of the frequency range. 

For power budget calculations, it is safe to assume a maximum 

of 10dB is reflected.  

Á If no antenna is connected at the antenna port, all the power is 

reflected back to the system from the unconnected port. Thus, if 

the carrier is on, the reflected power may introduce high signal 

levels exceeding the recommended maximum levels at the 

receiver. 

Á Remove unconnected antennas from the cabinet or end the RF 

port(s) properly to avoid reflections from the floating terminals. 

¶ Antenna setup 

o Single ï fits any measurement setup configuration 

o Dual ï better signal-to-noise ratio, flexibility for antenna selection (patch 

for the transmitter to optimize gain, wideband for the receiver to measure 

a wider frequency band), might not be achievable in all measurement 

environments 
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6 Tagformance Pro Hardware   

6.1 Introduction to Tagformance  Hardware  

The RFID Measurement Unit includes all the instrumentation needed for measuring the 

performance of UHF and HF RFID tags. No external signal generators or amplifiers are 

needed. 

6.1.1 Tagformance Pro version 2.x  

 

Figure 32.Tagformance Pro version 2.0 front panel view 

The front panel has a round power switch with a green indicator LED for ópower onô. 

Ready and Activity LEDs indicate the device status. The Ready LED indicates when the 

device is initialized and ready to operate, and the Activity LED indicates the ongoing 

measurement. Two N-type connectors labeled UHF TX and RX are for 50-ohm antennas 

for UHF RFID measurements, and two N-type connectors labeled HF TX and RX are for 

HF RFID / NFC measurements. 

 

Figure 33.Tagformance Pro version 2.0 back panel view 

The back panel has three connectors: 18ï24 VDC IN, Ethernet, and IO-connector. 
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6.1.2 Tagformance Pro version 1.x  

 

Figure 34.Tagformance Pro version 1.x front panel view 

The front panel has a round power switch with a green indicator LED for ópower onô. 

Carrier, Transmit, and receive LEDs indicate how the measurement function proceeds. 

The STATUS 1 LED is on when the device is connected to UHF RFID software, and the 

STATUS 2 LED is on when the device is connected to HF RFID software. Two N-type 

connectors labeled UHF TX and RX are for 50-ohm antennas for UHF RFID 

measurements, and two N-type connectors labeled HF TX and RX are for HF RFID / 

NFC measurements. 

 

Figure 35.Tagformance Pro version 1.x back panel view 

The back panel has four connectors: 18 VDC IN, Ethernet, RS-232 and IO-connector. 

6.2 Technical Data  

Technical data of the Tagformance Pro is described in Appendix A: Technical 

Specifications, and in Appendix I: I/O Port 

6.3 Reference Tag  

The system is delivered with a reference tag that can be used to verify the measurement 

setup: 
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- Is the measurement setup correctly defined in the Software, cable loss, antenna 

gain, distance from the antenna to the tag, etc. 

- How much the reflections or interference affect the measurement result by 

measuring the reference tag and comparing the result to the reference tag  

reference result (see the following subchapters). 

6.3.1 Wideband UHF Reference Tag v1  

Wideband UHF RFID reference tag is a standard Class1 Gen2 UHF tag that can be used 

from 600 MHz to 1300 MHz. 

The reference measurement result for the Wideband UHF Reference Tag v1 can be 

found after Software installation from C:\Tagformance\Data\Wideband UHF Reference 

Tag v1.tff. 

 

Figure 36.Wideband Reference Tag v1 for 600 to 1300 MHz band 

6.3.2 HF Reference Tag v1  

HF RFID reference tag is an ISO15693 tag. 

 

Figure 37.HF reference Tag v1 
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7 Tagformance Software  

 

Figure 38. Tagformance Software interface 

The interface is divided into the following parts: 

¶ Menu bar 

¶ Measurement window 

¶ Controls 

¶ Population 

¶ Measurements 

¶ Extended Controls (Rotation / Multiplexer / Distance Control Kit) 

 

The menu bar, the population, and the measurement windows are common to all 

measurement programs. 

7.1 Measurement Panel  

 

Figure 39.Measurement panel 

The measurement panel contains a list of measurements and the controls for editing  

the measurement data. Next to the measurement list are buttons for list management. 
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¶ Measurement  listðThe measurement list is the main element of the 

measurement panel. Measurements are added to the list when a new 

measurement is completed or when a measurement file is opened. 

 

The UHF RFID measurement list shows information about each measurement: 

o Checkbox as a control and indicator of whether the measurement is 

shown 

o Type of the measurement, which is either: 

- Threshold 

- Backscatter 

- Orientation 

- Read Range 

- Population 

- Interference 

- Grading 

- ARC Test 

- Tag Emission 

o Timestamp 

o Comment attached to the measurement. 

 

The HF RFID measurement list shows information about each measurement: 

o Checkbox as a control and indicator of whether the measurement is 

shown 

o Type of the measurement, which is either: 

- Threshold 

- Passive 

- Load Modulation 

- Working Range 

o Timestamp 

o Comment attached to the measurement. 

 

The selected measurement, or the first measurement in case more than one is 

selected, is shown with a thicker plot line than the others in the Waveform graph. 

 

¶ Load reference tag data  ï Loads the wideband reference tag data 

¶ Open measurement list ðThis function loads measurements from a 

Tagformance measurement file (JSON or TFF) and appends them to the 

measurement list. Measurements already in the list will not be removed. Multiple 

files may be selected at once. A progress bar indicates the current file being 

loaded and overall progress. 

¶ Save measurement list  ï Saves measurements to a Tagformance 

measurement file (JSON or TFF). 

¶ Delete  ï Removes selected (highlighted) measurements from  

the measurement list. 

¶ Clear measurement list  ï Removes all measurements from  

the measurement list. 

¶ Show all graphs ï Shows all of the measurement graphs.  

¶ Hide all graphs ï Hides all of the measurement graphs. 
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¶ Search  ï Searches the given keyword from the measurement comments.  

Write a keyword into the search field and accept it with óEnterô. The search  

hit measurements will be selected. 

7.1.1 Measurement List  

 

Figure 40.Measurement list, right-click menu 

¶ Selection  - Selected rows in the measurement list are highlighted with orange 

color. Common list selection ways are listed below: 

o Ctrl+A 

o Ctrl+[left-click] 

o Shift+[left-click] 

o Arrow up/down 

o Shift+Arrow up/down 

¶ Arrange  - The measurement list can be arranged in order of each list header  

by clicking the list column header . 

¶ Drag & Drop  - The measurement order can be changed by dragging and 

dropping with the mouse.  

¶ Drag & Drop Tagformance measurement file ( JSON or TFF) ï Tagformance 

measurement files can be dragged from outside the program and dropped into 

any part of the program window. The measurements in the file will be loaded 

into the measurement list. Drag and drop works with a single file at a time. 

¶ Right -click menu  ï The right-click menu consists of functions for selected 

measurements. Functions are listed in Figure 40.  

¶ Expanded measurement list ï Open the expanded measurement list with the 

three-dots button at the right end of the measurements section header. Select 

the visible columns from the menu opening from the three-dots button next to 

the column headers. 
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Figure 41.Result Manager ï the expanded measurement list 

7.2 UHF Math Operations  

Math functions are enabled when multiple UHF Threshold measurements are selected in 

the Measurement list. To open Math functions, right-click on the measurement list with 

the mouse.  

The selected operation will be performed for the selected measurements, or all of the 

operations will be performed if the ñAll opsò option is selected. Operations are performed 

only for the active unit on the Main Graph, and the result will be displayed on the Main 

Graph. The set of math functions are: 

¶ Difference 

¶ Average 

¶ Median 

¶ Std deviation 

¶ Find the median sample 

¶ Find min and max 

¶ Min 

¶ Max 

 

7.3 UHF Population  List  

 

Figure 42.Tag population list and óSelectô activation switch in the command menu 
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The population management panel is activated only if the population management option 

is activated. 

¶ Population ðThis contains a list of the tags in the population. When the Select 

command is active with the test command, it addresses the tag chosen in this 

list. A mouse click selects a tag.  

Ctrl + mouse click will unselect a tag. 

¶ Edit ï Opens the population list editor; see the description below. 
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7.4 UHF Population Editor  

The population editor is a tool for managing tag populations. It can be used to edit the 

population list, identify the EPCs, analyze the TIDs of unknown tag populations, and 

write tag EPCs. When creating the population, the automatic naming can be defined as 

per the EPC, TID, or Order found. 

 

Figure 43.Population Editor 

7.4.1 Inven tory the T ags  

To inventory the tags in the antenna's proximity, please define the estimated amount of 

tags, frequency, and power. When óSTARTô is pressed, the system starts doing the 

inventory. The system will continue looking for new tags until the óSTOPô button is 

pressed. Please note that the amount is not an exact number of tags but tells the system 

roughly how many tags are to be expected. Value ó1ô is useful if tags are brought to the 

read field separately or in very small amounts, with only a couple of tags being powered 

simultaneously. 

Load / Save population functions can be found in the Population Editors file menu, as 

shown in Figure 45. 

7.4.2 Write EPC  

The EPC of a tag can be changed by selecting the desired tag from the tag list and 

pressing óWRITE EPCô. 

 

Figure 44.Write the tagôs EPC dialog 
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¶ Bits ï Defines the length of the EPC code 

¶ - / +  ï Decreases/Increases Bits-value by 16-bits 

¶ EPC ï Desired new EPC code 

¶ Write ï Write the EPC code to tag memory 

¶ TX power boost ï power boost compared to TX power set in population editor; 

e.g., if 15 dBm was used to add the tags to the list and +5 dB is used as TX 

power boost, the resulting power is 20 dBm; tags typically require some 3-5 dB 

higher power for writing to memory than to respond to the Query command. 

Please note that if the same EPC codes need to be written to multiple tags, each tag 

must have a unique TID. The population editor cannot accept more than one instance of 

each EPC+TID combination. 

7.4.3 Load and Save the Population List  

 

Figure 45.Load / Save population in Population Editor 

7.4.4 Editing the Population File Manually  

The population files can also be edited with a text editor (an example population file can 

be found in the Data\Populations folder). The population file includes tab-delimited data 

for one tag per row: the name of the tag, zero (ó0ô)*, EPC in hexadecimal, and TID in 

hexadecimal. For example: 

NameOfTag1 0 AAAA3382000906C000000003 E2001093 

The above example describes a tag named NameOfTag1, ó0ô, 96-bit mask valued 

AAAA3382000906C000000003 and TID E2001093. 

*) this value is currently not used but has to be zero in order for the file to be read 

correctly 

7.4.5 Editing the TID Analysis File Manually  

The TID of a tag is analyzed based on the information defined in the file 

TID_manufacturer_list.txt. The file is located in the Data folder. The file contains 

manufacturer numbers (hexadecimal) and corresponding manufacturer names. Elements 

following the manufacturer name relate to chip model numbers (hexadecimal) and 

descriptions. New rows can be inserted, and the existing elements can be edited in the 

file. The elements in the file are to be tabulated separately, manufacturer and model 

numbers should be three numbers long, and each model number should have a 

corresponding description. 
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7.5 HF Population List  

 

Figure 46.HF Tag population list 

¶ Population A list of all the tags in the current population list. Clicking a tag in the 

list makes it the selected one, meaning that supported protocols and commands 

will be addressed to that specific tag. 

¶ Edit Opens the HF Population Editor 

7.5.1 Selecting and de -selecting a tag  

Selecting and de-selecting a tag from the list is done by left-clicking the tag in the 

population list. The currently selected tag is highlighted in the list.  

 

Figure 47.Currently selected tag is highlighted in the list 

7.5.2 Supported Protocols and Commands for population selection  

Tags in the list that are not compatible with the presently selected Protocol and 

Command combination will be greyed out 
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Figure 48.Unsupported tag(s) in the list will be greyed out 

Currently, supported Protocols and commands are 

¶ ISO15693 

o Inventory 

o Write Single Block 

o Read Single Block 

¶ ISO14443A 

o Type 2 Read 

o Type 2 Write 

7.6 HF Population Editor  

The HF Population editor can be used to add/remove tags from the population list 

 

Figure 49.HF Tag population editor 
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7.6.1 Adding a tag to the population  

Place a single tag in the antenna's field of view. 

Note: Multiple tags on the antenna simultaneously are not supported when adding tags 

to the population. 

Note: The same link parameters that are used for measurements are in effect. If needed, 

exit the window, select the appropriate protocol and modify the parameters. 

Ensure the protocol is correct and adjust the frequency and transmit power if necessary. 

Click the ñAdd tagò button to add the tag to the population. 

The new tag will be added to the population list. If not, either the tag already exists in the 

list or Tagformance HF could not communicate with the tag. 

7.6.2 Removing a tag from the population  

Right-click the tag in the list and select ñRemove Tagò to remove it from the population. 

7.7 Graph Window Controls  

 

Figure 50.Graph window controls 

Below each graph window is a toolbar  for various graph controls. The crosshair  button 

moves cursors (cursors will be available in future versions). The magnifying glass  can 

zoom in and out on the graphðclicking the icon opens a popup dialog with various 

zooming options. The hand  can be used to move the graph. 

The axis values can be directly edited by clicking on them when the autoscale is off. 

7.8 Screenshots  

You can choose which screenshot you want to save by clicking any graph with your right 

mouse button. You can select which screenshot you want to save by clicking any graph 

with your right mouse button. The visual graph retains the original color scheme used in 

the Tagformance measurement program. The simplified graph option adopts a negative 

color scheme derived from the visual graph, resulting in a white background.  



Tagformance Manual   

 

   

 Copyright © 2026 Voyantic Ltd. All rights reserved. 54 

 

 

Figure 51.Screenshot menu 
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7.9 UHF Options  

7.10 UHF Options dialogue  

The options dialog contains fields that affect the Tagformance Measurement Software:  

 

¶ User name  ï The name of the person or party operating the 

measurement system. The user name is stored as a 

parameter in the Tagformance Measurement File.  

¶ Units  ï Distance units used in the geometry settings. The 

choices are Metric and Feet. 

¶ Initial  path ï Used as the starting point when software 

opens. Any consecutive file operations use the latest file path 

set by the user. Closing the options dialog reasserts this 

value as the latest path. 

¶ Tagformance File Format version  ïThis option only takes 

effect  if the legacy file format is enabled in the Tagformance 

runtime options (see Chapter 7.11.2). The default file version 

when saving measurements to a file. 

There are four versions available: 

¶ 1.6 supports all measurement types except the Tag 

Emission Test. 

¶ 1.5 supports all measurement types except Tag 

Emission Test and saving ARC Test. This format is 

supported in Tagformance software versions 10.1 and 

later. 

¶ 1.4 supports all measurement types but Memory 

Management, Tagged Item Grading, Tag Emission Test 

and saving ARC Test measurements. This format is 

supported in Tagformance software versions 6 and 

later. 

¶ 1.3 does not support Read Range, Memory 

Management, Tagged Item Grading, ARC Test, and 

Tag Emission Test measurements. This version is 

compatible with all previous Tagformance software 

versions (Tagformance 5 or older). 

¶ Show loaded results ðWhen checked, new results are 

shown on graph when loading a result file. Unchecking this 

option can make loading large result files faster. 

¶ Viewer ModeðEnabling viewer mode disables the 

Tagformance device search during software startup. It allows 

users to use the software only as a viewer and not for 

measurements. 

Note: When viewer mode is active, ñ(Viewer Mode)ò will be 

appended to the Tagformance title bar in the software 

¶ Opt in , opt out  to Voyantic Analytics  ï See Chapter 2 
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¶ Remember sweep settings  ï Save control values at 

program closure and load them at the next program start-up. 

¶ Delay before measurement ðThe delay before a 

backscatter or threshold measurement starts after pressing 

the Start to sweep. The minimum value is 0 s, and the 

highest is 60 s. It is adjustable with 1 s intervals. 

¶ TX-power limit  ï Limits the TX-power in Threshold, 

Orientation, Response Test (Follow Threshold only), Tagged 

Item Grading and ARC Test measurement programs. Max 

value 30 dBm, 36 dBm with high-power kit. 

¶ Suppress carrier between commands  ï When checked, 

the Measurement Unit suppresses the carrier for 10 ms 

between each measurement point. This setting is overridden 

to suppress the carrier for: 

¶ Tag-talks-only protocol 

¶ Population Editor 

¶ Measurement programs 

o Protocol Testing 

o Memory Management 

 

¶ Carrier before command  ï The amount of carrier before the 

actual command being sent to the tag (default 5 ms). 

¶ Increased sensitivity mode ðThis feature increases the 

number of sensitivity iterations Tagformance performs before 

determining a point is non-responding. Enabling this feature 

will increase the measurement time but can provide 

increased sensitivity. 

¶ Highlighting settings ï The predefined settings affect the 

ighlighting in Threshold and Read Range measurements. 

The user may select either the predefined frequency ranges 

of ETSI (European Telecommunications Standards Institute) 

and FCC (Federal Communications Commission) or create a 

custom frequency range. 

 

¶ Measurement Device Connection ï When fixed IP is set, 

the connection is established automatically to defined fixed 

address 

¶ Rotation system settings  

o Steps per full revolution ï This rotation system setting 

defines how many steps your stepper motor has to do 

for a complete 360 º circle. This setting affects the 

orientation measurement. 

o Time between steps  ï The time between steps in the 

stepper motor control signal. 

o Select proper values for your rotation system  ï In the 

Stepper Motor Settings (Edité), you can set the 
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recommended settings by choosing from the list the 

rotation system you have in use. There is also a 

possibility to set custom values. 

 

The chosen options are saved when the Tagformance measurement program is closed 

and appear as default settings when it is reopened. 
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7.11 Sofware runtime options  

7.11.1 UHF launch arguments  

In addition to the configurations available via the dialogue, the Tagformance software 

may be started with certain options. To see the currently active launch options, go to 

[Help]->[About] and press ñlò to switch the view from license options to launch options. 

Launch option Option Description 

license ¶ Selects the license to be used 

¶ To be used when there are multiple licenses for the 
selected device in the Data folder 

¶ Takes priority over other license selections 

¶ format: license=<name of the license file in the Data 
folder> 

¶ example: license=license_V13_PRO_UHF-0001.dat 

BS_limit ¶ Sets the minimum backscatter strength of a reply that 

will be considered a valid response 

¶ Format=bs_limit=-<backscatter in dBm> 

¶ Example:bs_limit=-60 

Example .  

Command line call for launching Tagformance using a specific license  

C:\Tagformance\Tagformance.exe -- license=license_V13_PRO_UHF-0001.dat 
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7.11.2 Config uration .cfg  

Tagformance\Data\configuration.cfg stores values for certain runtime options. Please, 

take care to only apply changes to user-definable configuration parameters and values. 

User-definable configurations  

[Primary Device Connection] 

Enabled True , device search only if the primary cannot be connected 

False , search devices at init 

IP ñxxx.xxx.xx.xxxò, Tagformance Pro unit IP address 

 

[SW-API] 

Port xxxx , Defines the port used for the service 

Remote Connections True , to enable connecting to API from the network  

False , only allow connection from localhost (recommended) 

 

[Tagged Item Grading] 

Fail-Fast True , skip the rest of the test in the cell when detecting failure  

False , follow through with all tests 

 

[ARC Test] 

Fail-Fast True , skip the rest of the test in the cell when detecting failure  

False , follow through with all tests 

 

[Result file] 

Legacy Result Format True , the result file is saved in .tff format  

False , result file saved in JSON format (recommended) 
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Other configurations  ï generated by software, do not edit  

[Result Manager Window config] 

Window Position Autoset by software, do not edit 

List Header Settings Autoset by software, do not edit 

[Spectrum Analyzer Configuration] 

RSA API file path "/C/Tektronix/RSA_API/lib/x64/RSA_API.dll", do not edit 

[Notifications] 

IDs Autoset by software, do not edit 
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7.12 HF Options  

The options menu for Tagformance HF can be accessed through the top menu bar, by selecting Tools Ą Options 

 

Figure 52.Menu bar for selecting the Options dialog 

 

The options allow for general customization of the Tagformance HF software. 

 

Figure 53.Tagformance HF Options dialog 

¶ User name : The user name is stored together with all measurements performed for reference only 

¶ Default path : Set a custom default path for operations, such as saving a measurement from the 

measurement list or saving a graph as a picture. 

¶ Find the distance actuator at the startup : Option to enable/disable the automatic search for a 

connected distance control kit during startup. 

¶ Viewer mode: Enabling viewer mode will disable the Tagformance device search during software startup. 

It can be used when software is only used as a viewer and not measurements. 

It will apply first to the next program startup. 

Note: When viewer mode is active, ñ(Viewer Mode)ò will be appended to the 

Tagformance HF title bar in the software. 

¶ HW Trigger mode : Enables hardware triggered (through the Tagformance Pro I/O port) 

measurements for Threshold and Load Modulation measurements. 
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7.13 UHF RFID Measurement Setup  

The measurement setup dialog allows the user to select a saved setup file containing 

path loss information that is used to convert measured values, such as Transmit power 

(dBm), Backscattered power (dBm), and Backscattered signal phase (deg), to calculated 

additional units such as Electric field strength (V/m), Theoretical read range (m/ft) and 

DeltaRCS (dBsqm). Existing setup files can be easily edited to change, e.g., distance or 

cable loss values. 

Path loss correction is used for Threshold, Backscatter, Orientation, Read Range, 

Tagged Item Grading, and ARC measurements. 

The actual measurement setup window has two tabs. The first tab allows the user to 

select, edit, and create a single measurement setup. The second tab contains five preset 

setups, in which the user may define and edit setups with a short description. 

 

Figure 54.The two tabs of the measurement setup dialog 

The user can create a setup file based on either  calculated path loss values or  

measured path loss values. In some cases, e.g., when evaluating other system 

components than tags, it may be interesting to try out both and compare the differences. 

An empty setup can also be chosen, for example, when initiating near-field 

measurements with coupling elements. 

If the Voyantic Multiplexer Unit is connected, the four-channel setup window 

automatically shows. The Multi-Channel Setup can also be set up manually. 
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Figure 55.Measurement setup configuration tool, the tab of calculated path loss 

The calculated path loss values are computed and plotted based on user-provided 

values for cable loss, antenna gain, and distance. The resulting path loss curve is thus 

theoretical in nature and is true in an anechoic environment where no multi-path 

propagation occurs. The cable loss and antenna gain values can be entered as a single 

value or as a table to consider the components' frequency dependency. The table can 

also be loaded from a .txt file where frequency and gain/loss values are in two tab-

separated columns. An example file, antenna.txt, is provided with the Software. Finally, 

the path loss values should be saved as a setup file. 

 

Figure 56.Gain / Attenuation data 
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Figure 57.Measurement setup configuration tool, the tab of measured path loss 

The measured path loss values are a powerful tool to counter uncharacterized 

components in the measurement system, such as high-power amplifiers, circulators, 

filters, antennae, or even the environment with multi-path propagation. To use the 

measured path loss values, the user should place the known reference (e.g., the 

provided Wideband UHF Reference Tag) at the exact measurements location and click 

on the corresponding reference button on the measurement setup configuration tool. 

Subsequently, Tagformance Pro will measure the path loss across the entire 

measurement frequency range in 1 MHz increments. Finally, the path loss values should 

be saved as a setup file. 

With the Measurement setup configuration tool, it is easy to verify the setup by 

comparing the currently measured path loss with the previously selected one in the 

Measurement Setup Dialog window shown in Figure 54. 

The correct and protected measurement file is loaded automatically in the path loss 

measurement with the Voyantic Wideband UHF Reference Tag. When asked to select 

the measurement file for the reference tag, the user can also use other references. 

The frequency range for the measurement setup, shown in Figure 55 and Figure 57, can 

be defined with a resolution of 10 MHz. The user must ensure that the cable loss, the 

antenna gain (in case of calculated path loss), and the reference tag measurement file 

(in case of measured path loss) are defined over the whole measurement setup 

frequency range. 

7.14 Verifying UHF RFID Measurement Setup  

UHF RFID measurement setup can be verified by comparing test results to reference tag 

results. After preparing the setup, perform a threshold test for the Wideband reference 

tag. Bring the test results of the UHF RFID Wideband Reference tag from system 

memory to the display with the quick button . The measured result and the result 

from memory should be within +/- 1dBm when Power on Tag Forward is viewed. Note 
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that Transmit power and Backscatter power results can be significant because path loss 

in the setups can vary significantly. 

7.15 HF RFID Measurement Setup  

The measurement setup dialog allows the user to select the C145 or C60 antenna. If you 

wish to use your own antenna, you can load a custom measurement setup file by clicking 

the From file button. 

 

Figure 58.Measurement setup 

Fill in the loss (dB) between the TX port and the antenna. The value is 0.8dB  for 
Tagformance Pro with Hand Carry Kit HF. 
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If you want to use your own custom antenna, you must create a measurement setup file 
containing the antenna-specific information. The file consists of a lookup table where the 
Frequencies (MHz) are on the X-axis, and the Distances (cm) are on the Y-axis. In the 
upper left corner is the TX Power (dBm) used. The cells marked in red contain the 
resulting Magnetic Field Strength (A/m) values for each frequency-distance combination.  

The antenna file extension is .txt, and it is TAB delimited.  

 

 

Figure 59.Example of the custom HF antenna setup file 
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7.16 Verifying HF RFID Measurement Setup  

HF RFID measurement setup can be verified 

by comparing test results to reference tag 

results.  

The test is made with the C145 antenna at a 

38 mm distance. For example, use the space 

foams as in the adjacent picture or set the 

Distance Control Kit to 38 mm. Remember to 

adjust the 0-point correctly with the Distance 

Control Kit by setting the distance and 

measuring with a ruler or such. 

 

After preparing the setup, perform a threshold test for the HF reference tag and load in 

the test result. The Measured Transmit Power and result from memory should be within 

+/-1 dBm. Note that the difference changes if a different antenna or cable is used.  

 

The result is more sensitive to too short a measurement distance than too long a 

distance. 
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7.17 Scripter  

The scripter allows users to automate measurements with the Tagformance UHF 

Measurement Software. The scripter is activated only if the scripter option is enabled in 

the license file. 

¶ RUN ï Starts running the script from the beginning 

¶ STOP ï Stops running the script 

¶ STEP ï Runs the selected line of the script and jumps to the next line 

¶ EDIT ï Opens the script in edit mode 

¶ OPEN ï Loads a previously saved script file 

¶ SAVE ï Saves a script file 

 

 

Figure 60.Scripter GUI 

For a full list of scripter commands, please see Appendix C: Scripter Commands. 

Example script can be found from C:\Tagformance\Data\Scripts. 
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7.18 Graph Legend  

 

Figure 61.Measurement graph plot legend 

The Threshold, Backscatter, Orientation Sensitivity, and Read Range have a graph 

legend on their right. It shows the first ten measurements with the comment field, plot line 

style, and color sample. The color can be changed from a popup menu that can be 

accessed by left-clicking the plot name or icon. The line style cannot be changed. 

7.19 UHF RFID Protocol and Command Control  

 

Figure 62.UHF command control and protocol info 

Measurement programs have command controls showing which protocol, command, and 

data rate are used. The parameters can be changed from the drop-down menus. When 

any of the settings are changed, the other menus are updated. 

Available protocols and commands are: 

¶ ISO 18000-6C  

o Query, Read, Write, custom commands (EPC) 

o All with 40 kHz Fm0, 320 kHz FM0, 640kHZ FM0 and 320 kHz Miller 

4 (Query, Read, Write), Query+ACK for 320 kHz Miller 4 

¶ ISO 18000-6B  

o Group select, 40 kbps FM0 

¶ GB / T29768 

o Query, Read, Write 

o All with 64 kbps FM0, pilot tone 

¶ SINIAV 

o Query, 320 kHz FM0 

¶ Tag-talks-only 

¶ Custom command (non-EPC) 
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7.19.1 ISO18000-6C Read and Write Command Parameters  

If the optional population management feature is available, the ISO 18000-6C 

commands can be used with Select  to address the tag selected in the Tag list of the 

Population management panel. The selection is parametric. Tags can be selected by 

TID, EPC, or TID+EPC. 

 

   

Figure 63.ISO 18000-6C Read parameters 

ISO 18000-6C Read and Write commands are parametric. When each command is 

selected, the respective parameters can be changed through the parameters menu. 

 

With the ISO 18000-6C Read command, it is possible to mark off a data subset from the 

tag response by the data mask. The masked data will be converted to a number and 

plotted to the graph. The response data to be masked is the data without Preamble, 

ñHeaderò, RN16, and CRC-16. 

 

 

Figure 64.ISO 18000-6C Write parameters 
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7.19.2 ISO 18000-6C link parameters  

The default timings of ISO 18000-6C test commands may be adjusted by modifying the 

ñTagformance\Data\18000-6C_timing_parameters.iniò file.  

Changes in this file are carried over to the software when: 

¶ Entering a measurement program 

¶ Changing COMMAND (protocol, command, BLF) 

¶ Starting a measurement 

The parameters set in this file are applied to all 18000-6C commands, except: 

¶ Miller 4 Query+ACK command, to comply with TIPP standard command) 

The parameters set in this file are applied for all test programs and functions, except: 

¶ Population editor 

¶ Protocol Testing 

¶ Memory management 

¶ Tag emission Test ï Query Spectrum 

When non-default values are used, the Forward link field in the Tagformance software 

will be highlighted. The set values can be seen by hovering over that field. For more 

information about the feature, please refer to the file. 

 

 

Figure 65.Custom values in use 
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7.19.3 ISO 18000-6C Query parameters  

The ISO 18000-6C Query parameters menu allows for setting up signal averaging to 

improve the signal-to-noise ratio through different averaging modes. 

 

Figure 66.ISO 18000-6C Query parameters 

The averaging works by sending and receiving the command several times at the same 

frequency and power level, and then creating one single waveform out of the average of 

the waveforms received. This average waveform is then analyzed and checked for tag 

responses. Since the Query command response contains a random number, the 

averaged tag response may look distorted towards the end.  

The supported modes for averaging are: 

Off  ï Normal operation; no signal averaging will be performed. 

Fixed ï The number of averages performed is fixed to the number in the Averages field. 

Adaptive  ï The Tagformance Pro software will automatically iterate starting from a low 

number of averages until it either finds a response or reaches the number of Averages in 

the field + 1. The software will not attempt to do unnecessary averages if the signal can 

be clearly found without averaging, thus significantly speeding up the measurement 

process when there are clear responses. 

 

Check answer is another check on top of query interpretation and signal averaging. 

Enabling the condition rejects any responses that do not contain the correct number of 

bits. This feature should only be used with averaging off as it cannot verify averaged 

results. 

Considerations for enabling ñcheck answerò: 

Time ï measurement duration is increased 

Sensitivity ï very weak responses may incorrectly be treated as invalid as the decode is 

less sensitive than the query interpretation algorithm 
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Glitches ï if the measurement contains glitches that are not replicable with another 

command, e.g. read, the feature should be enabled 

7.19.4 Tag-talks -only parameters  

 

Figure 67.Tag-talks-only parameters 

To use Tag-talks-only, the user needs to input the reply length. To determine this, look at 

the latest response window in Threshold measurement. To improve interpretation 

robustness, make certain that at least one, preferably multiple replies, is present in the 

waveform set by sample time [ms]. 

The measurement sensitivity for this protocol is -65 dBm. 

 

Figure 68.Sample reply from the tag. Zoom in on the response waveform to  
   measure the burst length in ms. 

For certain chip types, the ñminimum lengthò condition may be necessary. To determine 

the requirement, note the length of the response at a transmit power greater than the 

threshold power. Then, lower the power to a level where the tag does not respond and 

increase gradually. When the first responses become visible in the latest response 

window, check their length. The minimum burst length condition is necessary if the length 

is less than the previously noted length. 
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Conditions for a valid minimum burst length: 

 Invalid burst length < minimum burst length 

 AND 

 1,5 x minimum burst length < correct burst length 
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7.20 HF RFID Protocol and Command Control  

The Threshold, Load Modulation, and Working Range measurement programs have the 

protocol and command control where the current command can be selected. 

 

Figure 69.Protocol and Command Selection 

Available protocol and commands are: 

¶ ISO 15693 

o Inventory 

o Write Single Block 

o Read Single Block 

¶ ISO 14443A 

o REQA 

o Type 2 Read 

o Type2 Write 

¶ ISO 14443B  

o REQB 

o ST25TB Read_Block 

¶ FeliCa 

o Polling 

¶ ISO 18000-3M3 

o Begin Round 

¶ Tag-Talks-Only 

o PR1101 (Additional license option) 

o PR1102 (Additional license option) 

o NFC barcode (Additional license option) 

7.20.1 Detect  

Activates Tagformance automatic detection of tag protocol. The current tag in the 

antenna field of view is tested using several power and frequency combinations to 

determine the tag's protocol support. 

The detected protocol will automatically be selected if it can be found. 

Note: The frequency and power combinations have been selected to cover the basic tag 

designs and might not detect a tag protocol outside those combinations. 
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7.20.2 Command Parameters  

The parameters of HF RFID protocols and commands can be seen in a separate window 

(see Figure 70 below), which will open after pressing the Parameters button. The 

parameters are editable for some protocols and commands. 

As an example, the following parameters are available for some protocol and command 

combinations: 

¶ Forward link Speed  

¶ Reverse link Speed  

¶ Modulation index  

¶ Check answer: When selected, the tag answer is checked to be correct. This can 

be used for separating correct tag replies from error code replies 

¶ Block number : For read and write commands 

¶ Data (hex):  for Write commands 

 

Figure 70.ISO 15693 Write Single Block parameters 

7.21 Carrier Indicator  

Each measurement function has the carrier indicator, which indicates whether the carrier 

signal is on or off. 

 

Figure 71.Carrier indicator 
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7.22 Window Size  

Tagformance measurement program has two window sizes: standard and full screen. 

The size can be changed by selecting Tools Ą Window size . Resizing is disabled if the 

resolution of the computerôs primary display is not wide enough for standard size. 

7.23 Storing  EPC/TID to Measurement Result File  

The EPC / TID data is saved to the measurement file when the ISO 18000-6C command 

with select is being used. 

1. Add the tag to the tag list (please see chapters 7.3 and 7.4) 

2. Activate Select and run a measurement with any 6C command 

3. After saving the measurements list EPC / TID data appears for 

a. TFF: the Protocol description ïfield 

b. JSON: in the ñtagsò object 
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8 Tag Designer Suite  

8.1 UHF RFID Threshold  

The Threshold measurement function is designed for tag characterization as a function 

of carrier frequency. This function will analyze the tagôs sensitivity, tuning and detuning 

with material presence. 

 

Figure 72.Threshold Measurement Software 

The control panel  contains the following controls. 

¶ Command  ï The protocol and command that is used in the measurement. See 

chapter 7.19 for detailed information. 

¶ Sweep settings  

o Start frequency  ï Sweep start frequency (MHz).  

o Stop frequency  ï Sweep stop frequency (MHz).  

o Frequency step  ï Indicates how much the frequency increases with 

each measurement point. Possible values are from 0.1 MHz to 100 

MHz. 

o Power step  ï Power resolution. The power step can be changed from 

the drop-down menu. Possible values are 0.1 dB, 0.5 dB, and 1.0 dB. 

¶ Start sweep  ï Starts the sweep. 

¶ Stop sweep  ï Stops the sweep. 
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In the default view, there is one graph for measurement results and one for the latest 

detected tag response signal. The secondary graph can be changed to show 

measurement results through the Y-axis drop-down menu. 

The Measurement Unit can be changed from the drop-down menu above the upper 

graph. The possible values are: 

- Transmitted power (dBm) 

- Backscattered power (dBm) 

- Backscattered signal phase (deg) 

- Electric field strength (V/m) 

- DeltaRCS (dBsqm) 

- Power on tag forward (dBm) 

- Power on tag reverse (dBm) 

- Theoretical read range forward (m/ft) 

- Theoretical read range reverse (m/ft) 

- Response Data (data as integer) 

- Latest Response (V) (Secondary Graph only) 

- Response Data (data as integer) 

The Autoscale  adjusts axes according to data in the frequency range defined in sweep 

settings and the Highlight area  activates or disables the highlighting of the graph. 

8.2 Backscatter  

8.2.1 TX/RX View 

The Backscatter TX/RX view tests the tagôs backscatter signal strength as a function of 

the carrier level. 

 

Figure 73.Backscatter measurement ï TX/RX view 

The elements of Backscatter Analyzerôs control panel are: 
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¶ Command ï The protocol and command that is used in the measurement. See 

chapter 7.19 for detailed information. 

¶ Select  ï The control for setting the select command feature on/off. 

¶ Selection Parameters  ï Change the selection parameters. 

¶ Sweep settings  

o Start power  ï Sweep start power in dBm. The minimum value is -20 

dBm, and the maximum is +30 dBm (or maximum attainable power). 

o Stop power ï Sweep stop power in dBm. The minimum value is -20 

dBm, and the maximum is +30 dBm (or maximum attainable power). 

o Power step  ï Indicates how much the power increases with each 

measurement point. The power step can be changed from the drop-

down menu. Possible values are 0.1 dB, 0.5 dB, and 1.0 dB. 

o Frequency  ï A control for the frequency used in the measurement 

¶ Start sweep  ï Starts the sweep. 

¶ Stop sweep  ï Stops the sweep. 

¶ Enable ETSI emission limit  ï A control for showing ETSI radiated power limit.  

 

 

The Measurement Unit can be changed from the drop-down menus above the upper 

graph.  

 

For the X-axis, the possible values are: 

- Transmitted power (dBm) 

- Electric field strength (V/m) 

- Power on tag forward (dBm) 

And for the Y-axis: 

- Backscattered power (dBm) 

- Backscattered signal phase (deg) 

- DeltaRCS (dBsqm) 

- Power on tag reverse (dBm) 

- Theoretical read range reverse (m/ft) 

- Response Data (data as integer) 

Enabling óEnable ETSI emission limitô creates a line in the graph. This line indicates the 

maximum allowed backscatter strength for a tag on ETSI bands according to EN 302 

208. The standard defines two frequency bands with individual limit values: 

- Lower band 865-868 MHz; tag shall not exceed -20dBm ERP 

- Upper band 915-921 MHz; tag shall not exceed -10dBm ERP 

To make the limits comparable, they must be offset to match the Voyantic backscatter 

definition. The corresponding values according to this definition are: 

- Lower band 865-868 MHz; tag shall not exceed -10.85 dBm EIRP 

- Upper band 915-921 MHz; tag shall not exceed -0.85 dBm EIRP 

For more information, please refer to Appendix B: Tagformance Measurement Units. 
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The limit will be shown only if the selected measurement is within either frequency band. 

If the X-axis is óPower on tag forward (dBm)ô and the Y-axis is óPower on tag reverseô, 

these values are unaffected by changes in the measurement setup. The interrogator 

signal strength specified in the standard is highlighted in red on the limit graph. 

 

Figure 74.Backscatter measurement with ETSI emission limit indicator enabled 
   (manual scaling) 

 

Figure 75.Backscatter measurement with ETSI emission limit indicator enabled 
   (autoscaling). A message is shown to indicate that the measurement is  
   within the upper or lower frequency band, but the limit is outside of the  
   graphôs scale. 

8.2.2  Link Budget View  

Based on the given reader parameters, the Backscatter Link Budget view is another way 

to evaluate and visualize the tagôs available operating range for both the forward and 

reverse links. These results are based on the same measurements as the TX/RX VIEW 

side results. 
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Figure 76.Backscatter measurement - Link Budget view. 

Please note that the start power must be set below the tagôs threshold power level. The 

best practice is to start from -5 dBm or at least a few times the power step below the 

threshold power level. 

 

The limiting link is the link that first reaches the 0 dBm margin. 

 

Graph Plot  Color  Explanation  

Forward link Yellow The Forward link graph is calculated based on the Power 
on Tag Forward threshold (PTF,TH) value which is the first 
point of the backscatter plot on the TX/RX view. 

Reverse link Red The Reverse link is calculated based on the Power on Tag 
Reverse values. The Power on Tag Reverse (PTR) value 
changes at each point according to the distance (d). 

Please see Appendix B: Tagformance Measurement U nits   

for more detailed information.  

 

 

System Value  Unit  Explanation  

TX Power dBm The assumed reader TX port transmit power. 

Antenna gain dBi The assumed reader antenna gain for both transmit and 
receive. 

RX Sensitivity dBm The assumed reader receiver sensitivity. 

 

The default values assume a maximum of 2 W ERP transmit power, a reasonably good 

receiver sensitivity of -70 dBm, and a 6 dBi antenna gain. 
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8.3 Orientation Sensitivity  

Orientation Sensitivity is a measurement program designed to characterize the radiation 

pattern of tags or tagged objects. The Orientation Sensitivity measurement function fully 

integrates with both the Voyantic RFID Measurement Cabinet and the Voyantic Tag 

Rotation System to provide fully automated measurements. 

 

Figure 77.Orientation Sensitivity Measurement software 

¶ Command  ï The protocol and command that is used in the measurement.  

See chapter 7.19 for detailed information. 

¶ Select  ï The control for setting the select command feature on/off. 

¶ Selection Parameters  ï Change the selection parameters. 

¶ Sweep settings  

o Frequency  ï A control for the frequency used in the measurement.  

o Power step  ï Indicates how much the power increases with each 

measurement point. The power step can be changed from the drop-down 

menu. Possible values are 0.1 dB, 0.5 dB, and 1.0 dB. 

o Angle step ï Indicates how much the angle increases with each 

measurement point. The angle step can be changed from the drop-down 

menu. Possible values are 1, 5, 10, 15, and 30 degrees. 

¶ Start  ï Starts the measurement. 

¶ Stop  ï Stops the measurement. 
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The Measurement Unit can be changed from the drop-down menu above the polar plot 

graph. The possible values are: 

- Transmitted power (dBm) 

- Backscattered power (dBm) 

- Electric field strength (V/m) 

- Power on tag forward (dBm) 

- Power on tag reverse (dBm) 

- Theoretical read range forward (m/ft) 

- Theoretical read range reverse (m/ft) 

- Normalized radiation pattern (dB) 

8.4 Read Range  

The Read Range measurement is basically a Backscatter measurement initiated with 

multiple frequencies. The read range and link budget are measured for each frequency. 

Afterward, the user may inspect how altering the transmitter power, receiver sensitivity, 

and antenna gain affects the tag's read range. In addition to the Read Range, Link 

Details, and Raw Data graphs, a backscatter graph exists to inspect the raw data at 

either single transmitter powers or frequencies. 

 

Figure 78.Read Range Measurement software 
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The control panel  comprises the following controls. 

¶ Command  ï The protocol and command that is used in the measurement. See 

chapter 7.19 for detailed information. 

¶ Select  ï The control for setting the select command feature on/off. 

¶ Selection Parameters  ï Change the selection parameters. 

¶ Sweep settings  

o Start frequency  ï Sweep measurement start frequency (MHz).  

o Stop frequency  ï Sweep measurement stop frequency (MHz).  

o Frequency step  ï Indicates how much the frequency increases with 

each measurement point. Possible values are from 0.1 MHz to 100 

MHz. 

o Min power  ï Lowest carrier power at each test frequency in dBm. The 

minimum value is -20 dBm, and the maximum is +30 dBm (or maximum 

attainable power). 

o Max power ï Highest carrier power at each test frequency in dBm. The 

minimum value is -20 dBm, and the maximum is +30 dBm (or maximum 

attainable power). 

o Power step  ï Indicates how much the power increases with each 

measurement point. The power step can be changed from the drop-

down menu. Possible values are 0.1 dB, 0.5 dB, and 1.0 dB. 

o Sweep Direction  ï Decides whether to start iterating each frequency 
from min power (Rising) or max power (Falling).  

¶ Start sweep  ï Starts the sweep. 

¶ Stop sweep  ï Stops the sweep. 

 

Start and Stop frequencies are coerced if they are either above or below threshold 

values to their nearest limits. If the Stop frequency is smaller than the Start frequency, 

the Stop frequency is coerced to the maximum frequency. 

 

The start power should be chosen below the tag's threshold level. Otherwise, the read 

range and link detail calculations will be invalid and not presented. 

In the Raw Data graph, the intensity color (z-axis) can be changed to show the 

Response Data instead of backscatter power. This feature can be used especially with 

sensor tags. 

8.4.1 Reader Parameters  

After the tag is characterized by a read range measurement, the user may simulate the 

effect of reader parameters on the theoretical maximum operating range. This 

information can be used to compare the performance of different tags in a specific reader 

setup or to analyze the effect of reader parameters on the read range of a certain tag. 

Although the application environment will affect the performance in a real use case, 

simulations can help provide insight into which parameters are critical and how 

components compare to each other. 
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A reader profile includes transmit power (power at port), receiver backscatter sensitivity, 

and antenna gain for RX and TX ports (theyôre the same in a normal monostatic setup). 

The user can choose the simulated reader among the readily available profiles, define a 

custom one, and save it for later use. The profiles are saved to the temporary file in the 

Data folder (C:\Tagformance\Data\reader_profiles_temp.txt) and can be later edited by 

the Reader Profile Editor. 

 

Figure 79.Reader Profile Editor 

8.4.2 Variation  

Variation is a tool for inspecting how the variation of power on tag, threshold power, 

affects to the tag read range. Variation is most useful when the measured tag represents 

the median tag or the golden sample of the group of tags, e.g. production batch. 

 

Figure 80.Variation tool in Read Range measurement software 

In variation controls, the extremities of the group of tags can be set by best value and 

worst value. The best defines how much less power the most sensitive tag needs to be 

powered up compared with the median tag. Respectively, the worst defines how much 

more power the least sensitive tag needs to be powered up. 
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9 Application Development Suite  

9.1 Population M anagement  

Population Management is a tool for addressing individual tags in the presence of 

multiple tags. This allows the user to measure the performance of a single tag in a 

population, e.g., in order to evaluate how tags placed close to one another affect each 

otherôs performance or how the tags shadow each other from the radiated power 

generated by a reader. 

The Population Management Panel in the lower left corner of the Tagformance window is 

automatically activated when the Software license includes this tool. If the Tagformance 

system includes both the Application Development and the Tag Designer Suite, then the 

population management can be used with Threshold, Backscatter, and Orientation 

Sensitivity measurement features. Population Management can also be purchased 

separately for Tag Designer Suite. 

The usage of the Population Management Panel and Population Editor are discussed in 

Chapters 7.3 and 7.4. A measurement use case is illustrated in Chapter 17.7. 

9.2 Response  Test 

A response test is a measurement function designed to test whether or not a tag 

responds to a chosen frequency and power. 

 

Figure 81.Response Test Measurement program ï Time trace view 
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The elements of the Response Testôs control panel are: 

¶ Command  ï The protocol and command that is used in the measurement. See 

chapter 7.19 for detailed information. 

¶ Select  ï The control for setting the select command feature on/off. 

¶ Selection Parameters  ï Change the selection parameters. 

¶ Sweep settings  

o Frequency  ï The frequency used in the measurement 

o Power  ï Power in dBm. Minimum value is -20 dBm, maximum +30 dBm 

(or maximum attainable power). 

¶ Mode  

o Constant power ï The measurement is repeated with default power. 

o Follow threshold ï The transmit power is adjusted by the required 

power which is needed to activate the tag. 

¶ Log to file  ï The control for setting the logging feature on/off. 

¶ Data logging parameters  ï Define the file to log data and the time interval for 

how often data will be logged. 

¶ Start  ï Starts the test. 

¶ Stop  ï Stops the test. 

The Measurement Unit can be changed from the drop-down menu above the polar plot 

graph in the time trace  view . The possible values are: 

- Transmitted power (dBm) 
- Backscattered power (dBm) 
- Backscattered signal phase (deg) 

In the indicators view, a LED indicates whether there was a valid tag response. When it 

lights up, a response has been received from a tag. 

Transmitted power (dBm) indicates the transmitted power at the port, Backscattered 

power (dBm) indicates the backscatter signal level at the port, and Backscattered signal 

phase (deg) is the tag backscatter signal phase. 

The yield of x latest samples can be monitored with the yield indicator. Change Yield 

History to set the desired history length for the yield calculation. 
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Figure 82.Response Test Measurement program ï Indicators view shows  
  Transmitted power, backscatter power and phase, and yield of the  
  consecutive tests according to yield history length. 

 

Data logging  to a file is available in the modes óConstant Powerô and óFollow Thresholdô. 

The response result data: timestamp, command (+parameters), frequency, transmitted 

power, backscattered power, backscattered signal phase, and read/write result (in 

relevant case) will be written to the defined .txt file. The file will be overwritten in case of 

consecutive measurements.  

The ñTest every Xsò option applies an interval for each transmit in Constant power mode, 

while the Follow threshold mode applies the delay only once the threshold has been 

found. 
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9.3 Population Analysis  

Population Analysis is a tool for identifying the tags' performance in a population. 

 

Figure 83.Population Analysis Measurement software 

The elements of the Population Analysis  control panel are: 

 

¶ Command ï Population analysis is done by using ISO 18000-6C Select+Query. 

¶ Select parameters  ï Change the selection parameters. 

¶ Sweep settings  

o Start power ï Sweep start power in dBm. The minimum value is -20 

dBm, and the maximum is +30 dBm (or maximum attainable power). 

o Stop power ï Sweep stop power in dBm. The minimum value is -20 

dBm, and the maximum is +30 dBm (or maximum attainable power). 

o Power step ï Indicates how much the power increases with each 

measurement point. The power step can be changed from the drop-

down menu. Possible values are 0.1 dB, 0.5 dB, 1.0 dB, 2.0 dB, and 4.0 

dB. 

o Frequency  ï The frequency used in the measurement. 

¶ Start sweep ï Starts the population sweep. 

¶ Stop sweep ï Stops the population sweep. 

 

The Population Analysis measures the transmitted and backscattered power on the 

threshold level for every tag listed in the population list. It also counts the number of tags 

answering on each transmitted power level. Tags must be identified before starting the 

measurement (please see chapter 7.4). 

 



Tagformance Manual   

 

   

 Copyright © 2026 Voyantic Ltd. All rights reserved. 91 

 

The graph window on the left shows how many tags are answering at a certain power 

level (dBm). The graph window on the right shows the amounts of received and 

transmitted power (dBm) for each measured tag. 

When the START button is pressed, every tag on the population list appears in the list 

box. The list can be organized by name, EPC, sensitivity (dBm), and backscatter (dBm). 

 

Figure 84.Tag selection and shown backscatter sweeps in Population Analysis 

By selecting tags in the Population Analysis list box, the graph window on the right also 

shows the received power graph of the selected tags. The selection ways are listed in 

Chapter 7.1.1. 

The corresponding tag will be selected by clicking a single cross with a cursor tool in the 

graph window. The right-click menu in the list box offers the possibility to choose the 

clicked tag also in the Population List (discussed in Chapter 7.3 and a use case is 

illustrated in Chapter 17.7). 
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9.4 Interference  

The Interference tool is for measuring RFID activity and allocating channel traffic. 

 

Figure 85.Interference Measurement software 

The elements of Interferenceôs control panel are: 

¶ Mode 

o Frequency sweep  ï Measures the defined frequency band. 

o Constant frequency  ï Measures a defined constant frequency. 

¶ Sweep settings  

¶ Frequency sweep:  

o Start frequency  ï Sweep start frequency (MHz). 

o Stop frequency  ï Sweep stop frequency (MHz). 

o   Frequency st ep - Indicates how much the frequency increases  

with each measurement point. 

o Continuous sweep  ï Starts automatically a new frequency sweep  

after the previous one is finished. 

o Peak value hold  ï Keeps the highest received power value in each 

frequency point during the continuous sweep. 

¶ Constant frequency:  

o Center frequency  ï The frequency used in the measurement.  

o Start ï Starts the measurement. 

o Stop ï Stops the measurement. 

 

The way how the measurement results are shown can be selected from the  

Y-axis menu. Peak Power shows the highest measured values. Average Power shows 

averaged values. 
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10 Protocol Testing Suite  

10.1 Protocol Testing  

Protocol Testing is a tool for testing the functionality of EPC Class1 Gen2 tags with all 

the mandatory and optional commands and custom and proprietary commands. 

 

 

Figure 86.Protocol Testing Measurement software 

The elements of the Protocol Testingôs control panel are: 

 

¶ Sweep settings  

o Frequency ï The frequency used in the measurement.  

o Power ï Power in dBm. The minimum value is -20 dBm, and the 

maximum is +30 dBm (or maximum attainable power). 

o Samples ï The length of samples in µs. The minimum value is 0 ms, 

maximum is 1000 ms. 

¶ Start Carrier ï Starts the carrier signal. 

¶ Stop Carrier ï Stops the carrier signal. 

¶ Inventory ï Performs the Gen2 inventory. 

¶ Access ï Performs the access command sequence. 

¶ Send Command ï Sends the defined command to the tag. 

¶ Command parameters ï The parameters that form the command. 

¶ Commands ï A list of commands. 

¶ Interpret ï Interprets the bits from the part of the waveform that is in between  

the yellow cursors. The interpreted bits are shown in the Interpreted data field. 

Cursors can be moved anywhere in the waveform window. With the 

Bin/Hex/Ascii selection, the interpreted bits can be shown in different formats 

¶ Tag state ï Indicates the current tag state. 

¶ Cursors to screen ï Brings the interpret cursors to the current view of  

the latest response window. 

¶ Waveform to file ï Saves the latest response data to a user-defined file. 
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Adding custom commands to the command list  

¶ Fill the command parameters and name your command 

¶ Press the ADD button below the commands list 

 

Removing custom commands  from the command list 

¶ Select the command you want to remove 

¶ Press the REMOVE button below the command list 

¶ The default commands cannot be removed from the list. 

  

The commands are stored in a file called pts_commands.dat which can be found  

from the Data folder. 
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10.2 Memory Management  

Memory Management is a tool for analyzing the memory of EPC Class1 Gen2 tags. The 

software reads EPC, TID Reserved, User and possible Custom memory banks. 

 

 

Figure 87.Memory Management Software 

The elements of the Memory Managementôs control panel are: 

 

¶ Settings  

o Frequency ï The frequency used in the analysis.  

o Power ï Power in dBm. The minimum value is -20 dBm, and the 

maximum is +30 dBm (or maximum attainable power). 

o Custom Read ï Selection for reading custom-defined memory bank 

Á MemBank ï Memory bank to be read 

Á WordPtr (hex) ï first word to be read 

Á WordCount ï amount of words to be read 

 

The results of Memory Management are:  

¶ All memory banks  

o Address ï Address of memory bank section 

o Content (bin) ï Contents of the memory bank section in binary 

o Content (hex)  ï Contents of the memory bank section in hexadecimal 

¶ EPC memory bank  

o EPC length (bits) ï length of EPC code as indicated by the PC bits 

o EPC code  ï EPC code as hexadecimal 

o Stored PC (hex)  ï Contents of the protocol Control bits 

o User Memory indicator  ï Indicates the availability of user memory 

o XPC ï Indicates availability of eXtended Protocol Control bits 

o NSI (hex)  ï Contents of the Numbering System Identifier ï indicates if 

the tag is coded with an EPC global code or ISO15961 code 

¶ TID memory bank  

o Class identifier (hex) ï Contents of Class Identifier in hexadecimal 
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o XTID ï Indication of availability of Extended TID 

o Mask Designer ID (hex) ï Contents of Mask Designer ID (MDID) 

defined by GS1ôs EPC Tag Data Standard (TDS) in hexadecimal 

o Tag Model Number (hex) ï Tag Model Number (TMN) defined by GS1ôs 

EPC Tag Data Standard (TDS) in hexadecimal 

o Chip manufacturer ï Name of Chip manufacturer based on TID 

o Model name ï Chip model name based on TID 

¶ Reserved memory bank  

o Kill Password (hex)  ï Kill Password in hexadecimal 

o Access password (hex) ï Access Password in hexadecimal 

¶ User memory bank  

o User memory Bank Block Size (bits) ï Size of user memory 

¶ Custom memory bank  

o No memory bank-specific results 

10.2.1 Analysis  

No results are shown if multiple tags are in the testerôs antenna field. 

When tag or tags are read consecutively, differences in memory contents of the 

consecutive reads are highlighted with red color 

 

Figure 88.Differences in consecutive memory reads are highlighted in red 

10.2.2 Saving results  

Click óSave to listô to save data. Results now appear on the measurement list. 
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11 Tagged Item Grading Suite  

11.1 TIPP measurement program  

The tagged Item Grading measurement function implements the GS1 Tagged-Item 

Performance Protocol (TIPP) according to the Release in Nov 2017.  

As of Tagformance 10.1, the backscatter results measured in TIPP are not comparable 

with backscatter measurements performed before this update or by other measurement 

functions of this software. The TIPP measurements return 4dB weaker results compared 

to other measurement functions. This discrepancy is due to the different definition of 

backscatter strength adopted by GS1. óTagged Item Gradingô result files with 1.4 TFF will 

be converted upon loading to correspond to the GS1 definition and may be saved as 1.5 

TFF. 

Tagged Item Grading is a tool for grading tagged-item UHF RFID performance as 

defined in the GS1 Tagged-Item Performance Protocol (TIPP) guideline. The software 

can also verify whether a tagged item performs according to a grade. 

 

Figure 89.Tagged-Item Grading software 

The elements of the Tagged Item Grading ôs control panel are: 

 

¶ Command ï The type of command used in the grading test. The default 

command is ISO18000-6C Query+ACK, 320 kHz, Miller 4, as specified in the 

TIPP guideline. 

¶ Settings  

o Selection of a test type 

Á Single Item ï Test used for grading a single item 

Á Stacked Item  ï Test used for grading a stacked item 

Á Verify Grade  ï Test used for verifying if an item passes or fails a 

grade 

¶ Grade selection ï Selection of which grade is verified 

Á Stack 2  ï Part of Stacked item test, 2 items in stack 
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Á Stack 11  ï Part of Stacked item test, 11 items in stack 

Á J-Grade Test ï Test used for grading a population of 7 tags  

in a stack 

o Frequency Band  

Á FCC ï Sets frequency range to FCC range (902-928MHz), 

frequency step to 1Mhz and power Step to 1dB 

Á ETSI - Sets frequency range to ETSI range (865-868MHz), 

frequency step to 1Mhz and power Step to 1dB 

Á FCC + ETSI ï Sets frequency range to sample the ETSI range 

(865-868 MHz) and FCC range (902-928MHz), frequency step 

to 1MHz and power step to 1dB 

Á Custom ï Allows custom setting of the frequency band, 

frequency step, and power step 

o Frequency range  ï The frequency range used in the test 

o Frequency Step  ï The frequency step used in the test 

o Power step  ï The power step used in the test 

 

Test results show : 

¶ Pass/fail information of each grade  

that are relevant to the selected test type. 

The list also shows defined custom grades. 

¶ Measured sensitivity and backscatter results, limits 

according to the grade selected in the pass/fail list, and 

minimum success rate limits defined for grades. If no grade 

is selected, the shown result in each cell corresponds to the 

worst measured result. Selecting a grade shows the worst 

result for the given grade. 

 

 

 

Figure 90.The green color indicates the passed result, and the red color indicates 
the failed result 

The cells in the result table can be selected and exported to the clipboard with a menu 

that appears when you right-click. 

The result table can be saved as an image with a menu from the right mouse click. 
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11.2 Performing the test  

During the test indicators below, the result table shows the progress of the test. 

Some tests require user actions; these are noted with pop-up windows. 

J-Grade results indicate the number of tags in the population that pass the grade. This is 

displayed in the following format: (# of passed tags/# of tags in measurement). 

The number of tags in J-Grade measurement is specified to be 7 in the GS1 TIPP 

measurement protocol. It is possible to carry out J-Grade measurement with a number of 

tags that is not equal to 7, but consequently, all grades will be marked as óFail,ô even if all 

specified measurements are within the limit. This information can also be accessed 

within the software by selecting the information button highlighted in red in Figure 91. 

 

Figure 91.Sample J-Grade measurement. The tag counts are indicated below for  
   sensitivity and above for backscatter measurements, respectively. The  
   information button is highlighted in red (shown only when a J-Grade  
   measurement is selected). 

11.3 Optimization of the test flow  

The fail-fast runtime option provides a means to reduce time, especially when running a 

test against all grades. In fast-fail mode, remaining tests in the cell are skipped when 

theyôre known to fail based on the prepending test results. See Chapter 7.11.2 for 

instructions on how to enable fast fail mode for the TIPP test. 
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11.4 Creating a N ew Grade or a Custom Grade  

A custom grade can be defined with a .txt file in a Tagformance/data folder. 

¶ File name shall start with Tagged_item_custom_grade_... 

¶ File format is .txt 

¶ Sample files are included in the Tagformance SW: (remove ñsample_ò from the 

front of the file name to take the file into use.) 

 

 
 

¶ Grade definition file 

o Grade name: Name displayed in pass fail list 

o Grade type: 0= single item, 1= 2 item stack test, 2=11 item stack test, 

3=J-Grade test 

o Limits are specified as a matrix (if no limits are specified for an angle 

ñNaNò shall be used instead of a number) 

 

After a grade has been defined, it can be measured in the measurement program, either 

with the other grades of the associated type or verified against the set limits.  
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12 ARC Test  

12.1 ARC measurement program  

ARC Test is a tool for creating RFID tag performance benchmark in accordance with the 

ARC Program driven by the RFID Lab of Auburn University. Its main use case is to pre-

test the tags before submitting them to official tests. 

 

Figure 92.ARC Test Specifications 

 

The elements of the ARC Testôs control panel are: 

¶ Command  

¶ Settings  

o Selection of a test type 

Á Verify all Categories  ï Measure complete tag performance 

benchmark. 

Á Verify selected Categories ï Measure the tagôs performance 

with only the Test setups defined in the selected Categories. 

Measurement will be done over the frequency band and with 

sensitivity levels defined in selected categories. 

Á Run selected Tests ï Measure the tag performance using all 

frequencies and sensitivities defined in any Categories related to 

the selected Tests. 

Á Verify single Test in Category ï Perform only one Test of any 

Category where the Test is defined. 

o Margins  ï Opens a menu where the user may set worst-case scenarios 

for different test types. 

o Categories  ï Opens a menu where the user may select active 

categories. 

o Category -Test table - Depending on the test type selection, 

select/remove selection of the Categories (columns) or Tests (rows) by 

clicking the table area. 
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Note : The software uses the write command settings that the user has selected in the 

Write Command Parameters. 

Before the test starts, an information window appears showing the current write setting, 

confirming which settings will be used for the measurement. 

To change these parameters, it can be done via the Command Ÿ Write Command 

Parameters menu. (See Chapter 7.19.1 for instructions) 

 

 

12.2 ARC test result  

Result Overview shows pass/fail results for each Category-Test pair which are covered 

in the selected measurement results in Measurement List. The cell will be black if only 

part of the results is available, e.g., backscatter results for certain Categories are 

missing. Orange cells indicate that the test result exceeds the criteria but less than the 

given margin. For any category/test combination with results, click on the cell to switch to 

óDetailed Resultsô to view that category/test combination. Please note that only active 

categories are visible. 

 

Figure 93.ARC Test Result Overview 

 

Detailed Results  show the Test specific results covered by the selected measurement 

results in Measurement List. Click on the 3x3 cell result area for any antenna/channel 

combination to view the raw data (sensitivity sweep) measured for the test. 

Note: In the case of a test that includes the measurement of multiple tags, the detailed 

results display a summarized óworst caseô performance of the set of tags. On each 

measurement point, the result of the worst-performing tag is chosen. 
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Backscatter and Write sensitivity switches are enabled only when results are available in 

the selected measurement type. 

The Frequency band control (ETSI, FCC, 970-980 MHz, 980 MHz) shows the frequency 

band in which the category was measured. This control allows switching between 

category definitions with multiple frequency band limits. 

 

Figure 94.ARC Testôs Detailed Results with Sweep Result 

Result Export  is available in the bottom right corner of the Result Overview table, see 

Figure 93The results may be exported as CSV files or pictures. The CSV option groups 

the results by category and includes an overview image. The picture option saves test-

specific detailed result tables in the given file folder. The export will only contain the 

active categories. Margins are used in the GUI only for viewing purposes and, thus, are 

not applied to the exported data. 

 

Figure 95.ARC result pictures 

12.3 Optimization of the test flow  

The fail-fast runtime option provides a means to reduce time, especially when running a 

test against all grades. In fast-fail mode, remaining tests in the cell are skipped when 



Tagformance Manual   

 

   

 Copyright © 2026 Voyantic Ltd. All rights reserved. 104 

 

theyôre known to fail based on the prepending test results. See Chapter 7.11.2 for 

instructions on how to enable fast fail mode for the ARC test. 

 

12.4 List of supported categories  

¶ A 

¶ B 

¶ B2 - version 0.5 

¶ B3 ï version 0.5 

¶ C 

¶ C2 - version 1 

¶ D 

¶ E1 - version 0.5 

¶ E2 - version 0.5 

¶ E3 - version 0.5 

¶ E4 ï version 0.5 

¶ F - version 1.1 

¶ G - version 1 

¶ H ï version 1.1 

¶ H2 ï version 0.6 

¶ I - version 2.1 

¶ J ï version 2 

¶ K 

¶ L - version 1.1 

¶ M - version 2 

¶ N - version 1 

¶ O ï version 2.0 

¶ P ï version 0.9 
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¶ Q ï version 2 

¶ R ï version 3.1 

¶ S ï version 1.1* 

¶ T ï version 0.8 

¶ U ï version 2 

¶ W1 ï version 1.1 

¶ W2 ï version 1.1 

¶ W3 ï version 1.1 

¶ W4 ï version 1.1 

¶ W5 ï version 1.1 

¶ W6 ï version 1.1 

¶ Y ï version 2.0 

¶ Y2 ï version 1.1 

¶ Z ï version 3.1 

* S-category tests require up to +12dBm power-on-tag forward. Measurement is typically 

                feasible up to 50cm without power amplified and up to 100cm with a power amplifier. 
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13 Tag Emission Test  

13.1 Overview  

Tag Emission Test is a tool for determining whether the RFID tag backscatter strength 

and frequency spectrum complies with ETSI EN 302 208 v.3.4.1. The purpose of the 

measurement is to determine that neither the tag replyôs backscatter nor any other 

emissions exceed the limits set in the standard. 

To perform the measurement, the tag should be positioned at a known distance from the 

antenna at an angle that maximizes the radiated backscatter from the tag. Backscatter 

strength can be tested using backscatter measurement described earlier in the chapter 

8.2. In detail, spectrum, harmonics, and other emission components are tested with 

Emissions test measurement. Alternative emission test methods are described in the 

following chapters, and a practical, detailed measurement example is presented in 

chapter 17. 

13.2 Measurements  

Tag emission test measurement provides two analysis methods. The ñSimulated 

harmonicsò method offers a quick means of assessing the backscatter mask with 

Tagformance Pro alone. In contrast, the ñQuery spectrumò method enables a more in-

depth investigation of the emission components with a separately purchasable real-time 

spectrum analyzer.  

Method 1: Quick simulated harmonics measurement with Tagformance Pro  

The measurement involves testing the tag with a single command using a selected 

frequency and power. The requested modulation frequency is 320 kHz for the lower 

ETSI band and 640 kHz for the upper ETSI band. The backscatter strength is measured 

from the tag reply, the BLF verified, and based on these parameters, a waveform is 

reconstructed to simulate the tag backscatter spectrum. For the simulation, the tag is 

assumed to modulate between two discrete and stable states and change the state 

instantaneously. 

Since the EN 302 308 standard does not specify what kind of backscatter signal should 

be used for the test, the measurement offers two modes that the user can select. 

The default mode is labeled as the ñtypicalò backscatter mode. This assumes a random 

distribution of ones and zeroes in the data packet and a Miller-4 modulation type, one of 

the most common types preferred by RFID readers and, thus, a very representative case 

of a real-world tag data packet. The simulation is done with a 1ms long data packet to 

fulfill the resolution bandwidth requirements requested by the test standard. The actual 

binary content of the test packet was also fixed and chosen to be as average as 

possible, halfway between a ñforgivingò and ñunfortunateò bit pattern. 
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The second mode, labeled ñworst case,ò assumes the tag to modulate backscatter tone, 

equivalent to sending a sequence of consecutive zeroes in FM0, a continuous 50% duty 

square-wave modulation effectively. This will produce a Fourier-series type of spectrum 

with all power concentrated on the fundamental and odd harmonic components. This is 

the theoretically most difficult type of backscatter signal, with the most spectrally 

concentrated power. If the tag passes this mode, all other modulation types and data 

patterns will also pass with a more evenly distributed power spectrum. 

 

 

Method 2: Spectrum measurement with a real -time spectrum analyzer  

Important notice: The spectrum analyzer requires an additional installation to be 

completed before use. Please refer to Appendix  H : RSA306B  - Spectrum analyzer 

information for more details. 

The Query spectrum measurement is performed with an external real-time spectrum 

analyzer synchronized to Tagformance Pro. Tagformance Pro provides a wakeup 

command for the tag and a trigger for the spectrum analyzer. The Spectrum analyzer 

records the response spectrum shown to the user in the Tagformance GUI.  

The measurement is conducted in two parts: with and without a tag in the interrogator 

field, the latter being recorded as a reference. The user is shown the spectrum of both 

measurements and their difference, which is then judged against the limits given in ETSI 

EN 302 208. The requested modulation frequency is 320 kHz for the lower ETSI band 

and 640 kHz for the upper ETSI band. 

The measurement is made in the spirit of official test standard. ETSI EN 302 208 

suggests recording the spectrum measurement from either a continuous tagôs 

modulation along EN 302 208 5.7.1.1 mode a) ñworst caseò or mode b) ñtypicalò. Since 

the EPC Class 1 Gen 2 protocol does not support infinitely continuous backscatter 

modes, the measurement method uses Miller-8 modulation to generate a long, 

continuously modulated waveform for the ñworst caseò (leading zeros in the extended 

preamble). A Miller-4 Query is used to provide a RN16 random number packet for the 

ñtypicalò mode respectively. Also, as the tag replies are not infinitely long but limited in 

length, the exact resolution bandwidths requested by the test standard are not accurately 

met, and the spectrum is recorded with a slightly greater res-BW, making it a little stricter 

to pass. 

Please also note that as the ñtypicalò mode uses the tagôs random number generator to 

create replies, every measurement spectrum will be slightly different depending on the 

actual data content of the backscatter reply. 

Note: Query spectrum measurement requires a separate spectrum analyzer unit and 

license option.  
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Figure 96.Simulated harmonics measurement shows the main spectrum  
   component calculated from the backscatter signal. 

 

Figure 97.Using a real-time spectrum analyzer with Tagformance enables  
   measurement of the backscatter spectrum and investigation of unwanted  
   emission on a broad frequency band. 

13.3 User Interface  

 

Figure 98.Tag emission test interface. 
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The elements of the Tag Emission Test ôs control panel are: 

¶ Measurement Method  

o Selection of measurement method 

Á Simulated harmonics  ï Measure a tagôs backscatter strength and 

extrapolate its odd harmonics  

Á Query  spectrum  ï Measure a tagôs backscatter using a spectrum 

analyzer 

o Selection of measurement type. For more information, refer to 13.2 

Á Worst case  ï Sample continuous 0s, the only measurement type up 

until Tagformance 13.5 

Á Typical  ï Sample the whole response  

o RX Antenna Setup ï Opens dialog for defining the reception path losses for 

spectrum analyzer measurement (see chapter 13.4). 

o Reference Method  

Á Add reference measurement ï After the spectrum analyzer sweep, 

the user is prompted to remove the tag from the interrogator field to 

measure the reference 

Á Use static reference ï After selecting this option, the user will be 

prompted to remove any tags from the interrogator field, after which 

the reference measurement will be performed. This measurement 

result will be automatically appended to any ñQuery  spectrum ò 

measurement performed after this point. 

¶ Test Settings  

o Frequency Band  

Á Both Bands ï Perform both lower and upper band measurements 

Á Lower Band (865-868) MHz ï Perform only the lower band 

measurement 

Á Upper Band (915-921) MHz ï Perform only the upper band 

measurement 

o Ref level ï Set the spectrum analyzerôs reference level in dBm. If the signal 

level is unknown, starting with a higher rather than a lower ref level is 

recommended since a suboptimal value can distort the measurement 

results. Use the Power at Port  indicator for a starting point. In a sound 

measurement result, the spectrum is symmetrical around the carrier. Setting 

the ref level too high decreases the signal-to-noise ratio, and the spectrum of 

the tagôs response is not as clearly visible.  

 

 

 

o Auto  ï Enables/disables carrier power setting for the measurement 

Á When selected, the software calculates Transmitted power so that 

radiated power matches the standard (i.e., power on tag forward 

equals 2W ERP transmitted at 20cm distance). The Transmitted 

power text will appear red if the current setup cannot achieve a 

strong enough carrier level. 

Á When unselected, the user may select Transmitted power manually. 

Red warning text is shown on the top of the result graph in case the 

radiated carrier level is not as strong as defined in the test standard. 

o Power (rad) ï Radiated power and carrier power levels are used according 

to the standard. Shown when ñAutoò is selected.  

o Power (tx)  ï Transmitted power used for the measurement. Shown when 

ñAutoò is unselected.  
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o Lower band Frequency ï Carrier frequency used for the lower band 

measurement. It may contain any value within the lower ETSI Band (see 

Frequency Band ) 

o Upper band Frequency ï Carrier frequency used for the upper band 

measurement. It may contain any value within the upper ETSI Band (see 

Frequency Band )  

o Start ï Starts the measurement 

o Stop ï Stops the measurement 

The elements of the Tag Emission Test ôs measurement window are: 

¶ Result view ï Toggle view between lower and upper band results 

¶ Measurement type  

o Query Spectrum ï The measurement mode used for the selected result 

o Simulated harmonics ï Current ñMeasurement type ò selection in Tag 

Emission Testôs control panel 

¶ Predefined graph view selection ï Adjusts the graph limits according to the 

selection. It is located in the upper right corner of the window. 

o Manual ï Set when manually adjusting the graph view 

o Backscatter ï Sets the graph limits to Fc +/- 400 kHz for the lower band and 

+/- 800 kHz for the upper band 

o ETSI band ï Sets the graph limits to [865;868] MHz for the lower band and 

to [915;921] MHz for the upper band 

o Whole Band ï Sets the graph limits to show all measurement results 

¶ Upper Graph  ï Shows the result for ñQuery spectrumò measurements and its 

tagless reference result. 

o TAG ï Shows/hides the measurement result 

o NO TAG ï Shows/hides the tagless reference result 

¶ Lower Graph  ï Shows the result of the Simulated harmonics measurement relative 

to the Unwanted Emissions limit. Shows the difference between the measurement 

and tagless reference measurement for ñQuery spectrumò measurements. 

¶ Transmitted power ï Indicates the transmitted power used for the test. The 

indicator's text will be shown in white if the power can be generated and automatic 

Transmitted power calculation is enabled. If the power cannot be generated or 

automatic Transmitted power calculation is disabled, the text will be red to indicate 

that the measurement is not compliant with the standard. If the requested power is 

too high, the largest power that could be generated will be used instead. 

¶ Power at Port  ï Indicates the maximum power recorded during the measurement at 

the spectrum analyzer. If the measured power approaches or exceeds the spectrum 

analyzer's measurement range, the text will be shown in red. This information can be 

used to adjust the reference level to perform accurate measurements. 

The required carrier power level set in ETSI EN 302 208 is 2W ERP, which is equivalent 

to 35.16 dBm EIRP. The distance between the transmitting antenna and the tag is set to 

be 20cm. The used Transmitted power is calculated as follows: 

ὝὶὥὲίάὭὸὸὩὨ ὴέύὩὶ= ὖέύὩὶ ὶὥὨ Ὠὄ ὊὛὖὒ ὥὸ 20ὧάὨὄ + ὛὩὸόὴ ὊέὶύὥὶὨ ὖὥὸὬ ὒέίί 
 

Essentially the setupôs forward path loss is compared to FSPL at 20cm ([17.21;17.75] 

[dB] depending on frequency). The difference is then added or subtracted from the 

requested Transmitted power to achieve standard equivalent measurement conditions 

with different measurement configurations.  
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The green graph in the lower graph of the measurement window shows the power limit at 

a given frequency. Any results that are greater than the limit will be shown in red in the 

lower graph. The area Fc +/- 100 for the lower band and Fc +/- 200 for the upper band is 

excluded. The limit values may be found in Figure 99 for the lower band and Figure 100 

for the upper band, respectively. For the frequency area Fc +/- 400 kHz for the lower 

band and Fc +/- 800 kHz for the upper band, the limit is described in 8.2.1. Furthermore, 

the limit values given as ERP must be transformed into EIRP. For more information, 

please refer to heading B.3 under Appendix B: Tagformance Measurement Units. 

 

 

Figure 99.Lower ETSI band unwanted emissions limits 

 

 

Figure 100.Upper ETSI band unwanted emissions limits 
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13.4 RX Antenna Setup  Dialog  

 

Figure 101.RX antenna setup dialog for setting up reverse link setup for spectrum   
   analyzer  measurement and calculate Power on Tag Reverse from  
   Power at Port. 

To perform a ñQuery  spectrum ò measurement, the reverse link loss to the spectrum 

analyzer has to be determined. To do this, the following options are available: 

1) Measure the entire path loss from the tag to the spectrum analyzerôs port for the 

desired frequency band. Enter the results into a file and point to it in ñRX Antenna 

Setupò. The path loss file is a text file with file identifier ñ.setò including headers 

according to the example below. Frequencies and the respective path loss values 

are provided on their own tab-separated columns. When this option is selected, 

only the setup loss graph shows the total setup loss.  

 

2) Enter the distance between the tag and the receiving antenna, give the receiving 

antennaôs gain profile, and give the conductive losses (cables, coupler) to 

compute the reverse path loss that is used to calculate Power on Tag Reverse. 

The individual components (FSPL, Antenna gain, and Conductive loss) are 

drawn on the graph in addition to the total setup loss. 
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Measurement distance  

This value determines the Free Space Loss between the tag and the receiving antenna. 

The official test distance defined in ETSI EN 302 208 is 20cm. Using a smaller distance 

to keep the tag in the far field is not recommended. Longer distances can be used, but 

the maximum transmit power available from Tagformance Pro may limit the available 

radiated carrier below the level defined in the official test protocol at longer distances. 

Start and stop frequency  

User-entered start and stop frequencies define the frequency range of the measurement 

and frequency values for the user-entered linear gain and loss estimates. 

Antenna  gain  

Voyantic provides two test antenna options, but it is also possible to use other antenna 

types.  

The frequency response data of Voyantic patch (800-1000 MHz) and wideband (700-

2500 MHz) antennas are built with the software, and the user can include that data with 

the setup by clicking their respective icons. The patch antenna has more gain but comes 

with a narrower frequency response. Due to this, it is suitable if the user is only 

interested in the backscatter spectrum components. The Wideband antennaôs calibration 

data is defined up to 2500MHz and can be used to investigate unwanted emissions 

outside the official ETSI bands. 

To utilize other antenna models, the user must define the gain information manually. 

When choosing a custom antenna, the user will be prompted to select an antenna file 

that defines the antenna gain over the operating frequencies. The antenna gain file is a 

tab-delimited text file with frequencies in the first column and the matching gain in the 

second (see example below). Alternatively, the user may also enter a start and stop 

frequency and the corresponding gain values for these frequencies (Linear estimation). 

The gain values are linearly interpolated from the entered gain values for the band 

between the start and stop frequencies. 

Conductive losses  

Conductive losses can be defined as a linear estimation (the user establishes an 

estimation for conductive losses from the antenna to the spectrum analyzer port at start 

and stop frequencies) or using a file that enables the user to enter more detailed loss 

information. When linear estimation is used, the losses at a specific frequency are 

linearly interpolated from the entered loss values. When using a custom loss file, the 

user will be prompted to select a loss file. The conductive losses definition file is a tab-

delimited text file with frequencies in the first column and respective gain in the second 

(see example below). 
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Figure 102.(a) Antenna gain and (b) conductive loss definition files are tab-delimited  
   lists with frequency on the first column and gain/attenuation on the  
   second. 

Tag emission setup file  

Once the user has finished adjusting the RX setup, the data is saved to a human-

readable setup file. The file includes information on the user choices and can be loaded 

to restore settings later.  

 

 

Figure 103.Tag emission setup file generated in the RX setup dialog. 
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14 Support for Additional Protocols and Commands  

Appendices A.9 (UHF RFID) and A.10 (HF RFID/NFC) list readily available protocols and 

commands. 

 

In addition to the ready implementations, the Tagformance system has three methods for 

adding new custom commands. These are described below and can be used with the 

custom command license. 

14.1 Inventory -Based Custom Commands for EPC g2v2 (UHF)  

With Gen 2 Custom command mode, it is possible to create commands that can be used 

in TDS and ADS software suites. The commands are created as text files in the data 

folder. The authenticate AES command file is provided as an example (see Figure 104). 

In the command file: 

¶ Fields are separated with tabs 

¶ File name must start with gen2_custom 

¶ The first two rows of the file must be: 

o Custom Command File 

o Version  2 

¶ ñNameò: ñname to appear in the command menuò 

¶ The binary command structure is in the format  

  (Bits1) (+Handle) (+Bits2) (+CRC-16) 

¶ ñBits1ò field is mandatory, ñBits2ò field is optional (leave the field blank if not used) 

¶ ñHandleò: 1 if the handle is used, 0 if the handle is not used 

¶ ñCRCò: 1 if CRC is used, 0 if CRC is not used 

¶ ñLengthò: Time [µs] from the end of the reader command to the expected end of 

the tag response 

¶ ñConditionò: Conditions for accepting the response. Possible choices 

o CRC_OK 

o BIT_EQUALS N X 

, where N is the bit number, and X is 0 or 1 

o ENVELOPE XXX ZZZ 

, where XXX is the response start time in µs, and ZZZ is the 

response length in µs 

¶ ñPreambleò: Selects the prepended preamble. If this field is missing, framesync is 

used 

o Preamble  

o Framesync 

 

     

 

The commands appear as new commands under ISO18000-6C. 
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Figure 104.Custom command description file for EPC g2v2 Authenticate command 
   with AES cryptosuite 

14.2 Custom Command Sequences for EPC g2v2 (UHF)  

With the Gen2 Custom Command Sequence mode, creating command sequences for 

TDS and ADS software suites is possible.  

The commands are created as text files and saved to ñTagformance\Data,ò where theyôre 

loaded at Software startup or when the ISO 18000-6C protocol is selected. 

An example of a custom command sequence file is shown in Figure 105. The file 

consists of a header, command order, and command definitions. In addition, the user 

can define commands at the bit level. Ready commands are available to enable more 

advanced sequences. 

 

Figure 105. Custom Command Sequence description file 
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In the command file: 

¶ Headers are between brackets 

¶ Values follow the keyword and the equal sign 

¶ File name must start with ñGen2_customò 

¶ The first two rows of the file must be: 

o Custom Command File 

o Version  3 

¶ Name: ñname to appear in the command menuò 

 

Custom Command definition parameters  

¶ The binary command structure is in the format Bits1 (+Handle) (+Bits2) (+CRC-16) 

¶ ñBits1ò field is mandatory, ñBits2ò field is optional (leave the field blank if not used) 

¶ ñHandleò: 1 if the handle is used, 0 if the handle is not used 

¶ ñCRC-16ò: 1 if CRC-16 is used, 0 if it is not used 

¶ ñLengthò: Time [µs] from the end of the command to the expected end of the 

response 

¶ ñConditionò: Conditions for accepting the response. Possible choice: 

o CRC_OK 

o BIT_EQUALS N X 

Á where N is the bit index, and X is 0 or 1 

o ENVELOPE XXX ZZZ 

Á where XXX is the response start time in µs and ZZZ the 

response length in µs 

¶ ñResponseDataMaskò: (optional) By defining the data mask, it is possible to plot 

the response data to the graph as an integer. The preamble is already filtered 

out before the data mask. Thus, the index of 0 is the first bit after the preamble. 

o parameters A  B 

Á where A is the bit index, and B is the number of bits 

¶ ñPreambleò: Selects the prepended preamble. If this field is missing, framesync is 

used 

o Preamble  

o Framesync 

 

Ready Commands and parameters for the Sequence  

¶ ñPopSelectò: The same functionality as the ñSelectò button under the command 

selection in the Control Panel. The selection parameters are applied, and the 

selection is done for the tag selected in the Population list. 

¶ ñCarrier_downò: turns off the carrier signal 

¶ ñWaitò: A delay for defining, for example, the carrier downtime. Defined time is the 

minimum waiting time because the OS is not a real-time system. 

o Time [ms] is a mandatory parameter 

¶ ñInventoryò performs the inventory process (Query+ACK+Req_RN) according to 

the selected command parameters in the Control Panel. Three of the Query 

parameters must be given as a parameter. 

o Sel (0é4): Values 0é3 are according to the EPC Gen2 protocol. With 4, 

the ñSelò is automatically set after the ñPopSelectò, no matter if the select 
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is defined in the custom command file or is it selected in the 

Tagformance Software Control Panel. 

o ñSessionò (0é3) 

o ñTargetò (A or B) 

¶ ñReq_RNò 

 

Before the very first command and before the first command after ñCarrier_downò, the 

amount of carrier, defined in Options, is being sent to the tag. 

 

Handle, the part of some commands, e.g. Read and BlockWrite, is taken automatically 

from the response of previous Inventory or ñReq_RNò. 

 

There are built-in commands as functions: ñPopSelectò, ñCarrier_downò, ñWaitò, 

ñInventoryò, and ñReq_RNò. 

14.3 Custom Command Waveforms (UHF) 

14.3.1 Command definition  

The custom command is described as a txt file, saved to the Data folder. The set of 

commands is loaded at Tagformance software startup, and when the Custom command 

protocol is selected. 

¶ File name must contain ñcustom_commandò or ñcustom-commandò 

¶ The first three rows must contain the items listed in the example, ñVersionò may 

use 1 or 2 

¶ ñNameò and ñDescriptionò are the information that appears in the command menu 

¶ ñTimingsò is the command to be sent after the inventory sequence described as  

a timing sequence 

¶ Version 1 

o ñT1ò is the expected delay [µs] between command and reply 

o ñLengthò is the expected reply length [µs] 

¶ Version 2 

o The items are read as keys, should duplicate entries exist, the lower row 

index will be used 

o ñInterpretò accepts either ñenvelopeò or ñgen2ò 

Á ñenvelopeò expects 2 tab-delimited values, ñT1ò and ñLengthò 

Á ñgen2ò expects 3 tab-delimited values, ñBLFò,òpreambleò and 

ñmodulation typeò. These values are case-sensitive. 

¶ ñBLFò is either 40, 320 or 640, Miller4 supports only 320 

¶ ñpreambleò is EXT-PREAMBLE or PREAMBLE 

¶ ñmodulation typeò is FM0 or Miller4, Miller4 supports only 

EXT-PREAMBLE for ñpreambleò 

o ñAttenuationò is an optional parameter. Each value corresponds to a 

ñTimingsò value and is an offset from the high-level.  All ñTimingsò 

without a corresponding ñAttenuationò are not offset. Valid values [0;25]. 
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The commands appear as new commands under the Custom command protocol. 

 

Figure 106.Custom command description file for query command version 1  
   (part of the timing sequence) 

 

Figure 107.Custom command description file version 2 (gen 2 interpret) 

14.3.2 Limitations  

When defining a command, the following limitations apply: 

¶ Continuous timings may not be shorter than 0.2 µs 

o For short periods of time, this limit may be exceeded; however 

continuous shorter timings will result in a buffer overflow and cause an 

incorrect waveform 

¶ The shortest possible timing is 12.5 ns 

o Should not be used continuously 

¶ The maximum number of timings is 50000 

o If this limit is exceeded, the software will crash and require a reboot of 

the device 

14.3.3 Custom command waveform preview  

Select the Custom command protocol in the Tagformance software to view the 

generated command waveform. Right-click on any field under COMMAND, and a 

preview window will open. Exporting the waveform for further analysis is available via 

right-click options. 
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Figure 108.Custom command waveform preview 
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15 Accessory Controls  

15.1 Multiplexer Unit  

 

Figure 109.Multiplexer Unit ï front panel 

The Multiplexer requires a USB connection and power to work. The TX cable is 

connected to the C connector, and antennas 1-4 are connected to connectors 1-4. 

 

Figure 110.RF-channel controls 

When using the Multiplexer, four different Measurement Setup files must be defined, and 

each channel has its own set-file (Figure 111). The same file can be used for all four 

channels if the measurement setups are identical. Empty setups can also be chosen, for 

example, when initiating near-field measurements with coupling elements. 
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Figure 111.Measurement setup when using the Multiplexer unit. 

The setups can be edited or created one by one, as described in the UHF RFID 

Measurement Setup section. There is also the option to run an automated measured 

setup of 4 channels by pressing the ñSetup all chéò button. 

15.2 Rotation Control  

 

Figure 112.Rotation table controls 

The rotation table controls are shown when the rotation module is connected to the PC. 

¶ <<  ï Rotate counter-clockwise 

¶ Step ï Angle step, degrees 

¶ >>  ï Rotate clockwise 

¶ Angle ï Current angle in degrees 

¶ Set to 0 ï Make the current rotation table position 0º angle. 

¶ Go to 0 ï Rotate the rotation table to 0º angle. 
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16 HF RFID Testing Suite  

16.1 Threshold  

The Threshold measurement function is designed for tag characterization as a function 

of the carrier frequency. This function will analyze the tagôs sensitivity and tuning. 

 

Figure 113.Threshold Measurement software 

The control panel  contains the following controls: 

¶ Command  ï The protocol and command that is used in the measurement. 

¶ Parameters  ï Each command has some parameters. 

See chapter 0 for detailed information. 

 

Sweep settings : 

¶ Start frequency  ï Sweep start frequency (MHz).  

¶ Stop frequency  ï Sweep stop frequency (MHz).  

¶ Frequency step  ï Indicates how much the frequency increases with each 

measurement point. Possible values are from 0.01 MHz to 10 MHz. 

¶ Start Power  ï Sweep start power (dBm). 

¶ Max Power  ï Sweep maximum power (dBm). 

¶ Min Power  ï Sweep minimum power (dBm). 

¶ Power step  ï Power resolution. The power step can be changed from the drop-

down menu. Possible values are 0.1 dB, 0.5 dB, and 1.0 dB. 

¶ Distance (mm ) ï The measurement distance between the antenna and tag. 

This setting calculates the magnetic field strength and controls the Distance 

Control Kit if it is connected. 

¶ Start sweep  ï Starts the sweep. 

¶ Stop sweep  ï Stops the sweep. 
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The Y-axis unit can be selected from the drop-down menu above the measurement 

graph. The possible values are: 

¶ Transmit power (dBm) 

¶ Magnetic Field Strength (mA/m) 

¶ Load modulation (mV) 

¶ Read Range (cm) 

 

 

 

In the lower-left corner of the measurement graph, there is a checkbox to display the 

calculated bandwidth of the currently selected measurement. This bandwidth is 

calculated using the measurement's Magnetic Field Strength data. 

Indicators for displaying the center frequency (Fc) and the Q factor (Q) for the currently 

selected measurement are in the lower right corner. If no Fc or Q factor can be 

calculated for the measurement, a ñNaNò will be displayed. 

See Appendix F: HF Threshold for more information on Fc and Q calculations. 
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16.2 Passive  

Passive measurement is primarily meant for measuring RFID tags without using the 

protocol in a manner similar to using a vector network analyzer. It can also be utilized to 

measure other components, e.g., reader antennas. 

Before attempting any passive measurement, an S11 calibration must be performed. The 

calibration is done by pressing the calibrate button and following the software 

instructions. The instructions will ask you to place a 50 Ohm termination (supplied with 

the system) at the measurement cable's end and then leave the cable empty for open 

load calibration. After the calibration procedure, the device is ready for S11 

measurements. A new passive calibration should occur whenever the setup components 

are changed. 

A reference measurement should also be carried out to measure a tag. This will make a 

single S11 measurement of the test antenna without a tag to record its frequency 

response. The measurement will be used to display the normalized Y-axis units where 

the effect of the test antenna is subtracted.  

 

Figure 114.Passive Measurement software 

The Setup Controls  panel contains: 

¶ Calibrate ï Opens the calibration dialog.  

¶ Measure Reference  ï Opens the Reference measurement dialog. 

 

For more information about the Calibration procedure or the Reference 

Measurement, please see chapter 17.12. 
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The control panel  contains the following controls: 

Sweep settings : 

¶ Start frequency  ï Sweep start frequency (MHz).  

¶ Stop frequency  ï Sweep stop frequency (MHz).  

¶ Frequency step  ï Indicates how much the frequency increases with each 

measurement point. Possible values are from 0.01 MHz to 10 MHz. 

¶ Power  ïThe transmit power (dBm). 

¶ Start sweep  ï Starts the sweep. 

¶ Stop sweep  ï Stops the sweep. 

The Y-axis unit can be selected from the drop-down menu above the measurement 

graph. Possible values are: 

¶ S11 (dB) 

¶ Impedance (Ohm) 

¶ Resistance (Ohm) 

¶ Reactance (Ohm) 

¶ Normalized Impedance (Ohm) 

¶ Normalized Resistance (Ohm) 

¶ Normalized Reactance (Ohm) 

¶ Reflection coefficient Magnitude 

¶ Reflection coefficient Phase 

 

Note that the power level should be set low when using the passive test with the chip 

attached so the chip does not activate. The pictures below show a sample with the same 

test setup. The first image with a yellow curve shows the result with 0dBm power (too 

much), and the second with a red curve with low enough power. 
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16.3 Load Modulation  

The Load Modulation measurement plots load modulation as a function of transmit 

power (or Magnetic Field Strength). 

 

Figure 115.Load Modulation Measurement software 

 

The control panel  contains the following controls: 

¶ Command  ï The protocol and command that is used in the measurement. 

See chapter 0 for detailed information. 

 

Sweep settings : 

¶ Start power  ï  The lowest power with which the test is made. 

¶ Stop Power  ï The highest power with which the test is made. 

¶ Power step  ï Measurement resolution. 

¶ Frequency  ï Sweep start frequency (MHz).  

¶ Distance ï Distance used in the test.  
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16.4 Working Range  

Working Range measurement uses the Distance Control Kit to adjust the measurement 

distance automatically. At each distance point, the software measures the Load 

Modulation. The plotted Load modulation is the strength of the received tag signal from 

the measured tag. 

 

Figure 116. Working Range Measurement software 

 

The control panel  contains the following controls: 

¶ Command  ï The protocol and command that is used in the measurement. 

See chapter 0 for detailed information. 

 

Sweep settings : 

¶ Frequency  ï Sweep start frequency (MHz).  

¶ Transmit  Power  ï Transmit power (dBm). 

¶ High  ï The longest measurement distance (mm). 

¶ Low  ï The shortest measurement distance (mm). 

¶ Step ï Measurement resolution. 

¶ Direction  ï Direction of the distance sweep. 

o High to Low ï movement starts at a high position. 

o Low to High ï movement starts at a low position. 

o Alternating ï movement starts at a position closest to the current 

position. 

¶ Start sweep  ï Starts the sweep. 

¶ Stop sweep  ï Stops the sweep. 
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17 Measurement  Examples  

To perform the basic measurement functions, the hardware and software must be 

configured according to the instructions in the Chapter ñHardware installation.ò Ensure 

the cables are connected, turn on the Measurement Unit, and run the Tagformance 

measurement program. 

Next, place the tag in front of the antennas and select the desired measurement function 

from the Measurements menu. At this point, ensure that only one TAG is in the 

measurement field. Multiple tags may give false readings and greatly affect the 

measurement results. 

17.1 Switching Between UHF and HF Testing  

When switching between UHF and HF RFID testing 

¶ Close the measurement software 

¶ Open the other measurement software. 

17.2 UHF Threshold  

Make sure that the protocol settings correspond to the TAG. Then define the sweep 

range and the frequency step. Set the power level step. The frequency step and the 

power level steps affect the speed of the measurement cycle. 

Once you have made these settings, click the START SWEEP button, and the Carrier 

indicator will be lit on both the Measurement Software and the Measurement Unit. TX 

and RX LEDs on the Measurement Unit indicate how the measurement proceeds and 

the graph is plotted at each frequency point as the function proceeds. 

Once the sweep is finished, the carrier LED will turn off. You can also stop the function 

anytime by clicking the STOP SWEEP button. 

17.3 Backscatter  

Make sure that the protocol settings correspond to the TAG. Define the frequency at 

which you want to run the backscatter measurement and set the power limits and steps. 

Then click START SWEEP. 

Again, the LED indicators give you a feel for how the measurement is proceeding. Once 

the sweep is finished, the carrier LED will turn off. You can also stop the function anytime 

by clicking the STOP SWEEP button. 
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17.4 Response T est 

Make sure that the protocol settings correspond to the TAG. If you wish to repeat the 

measurement with constant power, define the frequency and power with which you want 

to run the measurement. If you wish to measure by maintaining the threshold power, 

define the frequency and the power step. If you wish to use the fast mode, just define the 

wanted frequency. Then click START. 

The Software indicators show the transmitted and backscattered power and the 

backscattered signal phase in real time. The measurement can be stopped by clicking 

the STOP button. 

17.5 Population A nalysis  

When using Population Analysis, you must have the tags learned first (tags can be seen 

down in the left-hand corner of the Tagformance Software). 

Set your population in front of the antenna, and be sure that you are using tags that 

correspond to the ISO 18000-6C Class1 Gen2 protocol. Set the Start and Stop powers, 

the Power step, and the Frequency you want. Press START SWEEP to perform the 

measurement. You can stop the measurement at any time by pressing STOP SWEEP. 

17.6 Interference  

Frequency sweep performs analysis over a sweep of a certain frequency band. Itôs useful 

for e.g., gaining an overview of which frequencies have the most interference. 

1. Select Frequency sweep test mode 

2. Define start frequency, stop frequency, and frequency step 

3. Click START to initiate the test 

4. Clicking STOP will stop the test during measurement 

The constant frequency test performs an analysis at a single frequency. Itôs useful for 

investigating and analyzing interference levels over time. 

1. Select Constant frequency test mode 

2. Define center frequency 

3. Click START to initiate the test 

4. Stop the test by clicking STOP 

Measurement results are displayed on the SPECTRUM window.  

1. The higher the value at a certain frequency, the more activity there is. 



Tagformance Manual   

 

   

 Copyright © 2026 Voyantic Ltd. All rights reserved. 131 

 

2. Peaks standing out from the noise floor indicate that thereôs more activity at those 

frequencies, which may potentially interfere with Tagformance measurements. 

Typical sources of interference are other RFID systems and cell phone signals. 

3. The effect of interference depends on the tests made and the strength of the test 

signal investigated. If the interference strength is close to the same level as the 

tag backscatter or stronger, the test result might get distorted. Typically, tag 

backscatter level varies from -30dBm to -60dBm, but it may even decrease to     

-80dBm. 

4. To reduce external interference, testing inside an anechoic chamber and, if 

possible, avoiding crowded channels are recommended. Utilizing high-quality 

RF cables can also reduce interference leaking to the receiver. 

 

17.7 Using Population Management with Threshold  

If your system includes both the Tag Designer and Application Development Suites or 

you have purchased the Population Management option separately for your Tag 

Designer Suite, you can measure an individual tag within a population of tags. 

Start by making a tag population list according to the instructions in Chapter 7.4To make 

a Threshold Sensitivity plot for an individual tag, select the tag from the population list, 

use the Select + Query command, define sweep settings, and press START. 

Similarly, you can use Population Management with the Backscatter, Orientation 

Sensitivity, and Response Test functions. 

17.8 Protocol T esting  

This is an example of performing the Gen2 read command.  

Define the frequency at which you want to test the protocol and set the power. Then click 

START CARRIER. The next step is to click INVENTORY to achieve the open state of the 

tag. Select READ from the commands list and press SEND COMMAND. Now you should 

see the waveform in the latest response window (tag answer). Press the CURSORS TO 

SCREEN button. The cursors appear in the latest response window. Define the tag 

answer as shown in the picture below. Press INTERPRET and read the interpreted data 

from the interpreted data area. 
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Figure 117.Defining the interpret area with cursors (tag answer) 

17.9 Tagged Item Grading  

Tagged item Grading enables the user to verify if the tagged item under the test passes 

the grades set in the TIPP standard. 

A grade type determines the test configuration, e.g., how many items are placed for 

testing and their orientation. Grades are also associated with a family, denoted by the 

last letter in a gradeôs name. For more information on families, please refer to GS1 TIPP 

documentation. 

There are measurement two approaches: 

1. Check the tagged item(s) against all the grades of a type 

2. Verify the tagged items(s) against a single grade 

Checking against all grades of a type gives an overview of the itemôs performance and 

can help narrow down what grade(s) should be used as a passing criterion. 

Verifying against a single grade is useful once you have a specification or baseline 

against which to compare. The test is also faster to complete as only the grade-specific 

angles, channels, and backscatters, if applicable, are measured. 

A rough check can be done even faster by changing the frequency range, frequency, 

and/or power step and selecting ñcustomò as the Frequency range. Please bear in mind 

using this setting will make the test configuration non-compliant with the TIPP standard. 
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17.10 Tag Emission Test  

To perform the measurement according to the ETSI EN 302 208 standard, the user must 

complete the following steps: 

1. Find the optimal orientation for the tag with respect to the antenna so that the 

backscatter strength is maximized. For dipole-type labels, this might be self-

evident, but for on-metal tags and source-tagged items, some experimenting 

and double-checking might be necessary. 

2. Place the tag at the correct test distance from the antenna. The official protocol 

defines a test distance of 20cm. Slightly longer distances can be used, but 

significantly longer distances will require the use of a separate power amplifier 

to reach the specified field strength at the tag. 

3. Test backscatter strength with Backscatter measurement.  

4. Test the backscatter mask and emission spectrum with Tag emission 

measurement.   

17.10.1 Finding out the direction of the strongest radiation  from the tag  

For the purposes of the emission test, the tag needs to be oriented to provide optimum 

coupling to the transmitting antenna.  

To determine the tag's optimum orientation, perform the orientation measurement at the 

smallest step size. Switch the Measurement unit to Backscattered power (dBm) and note 

the angle value for which the backscatter is greatest. 

Moreover, if a 4-antenna setup is available, measuring in 4 channels will provide more 

information on the optimal elevation angles. This might be necessary for special tag 

antenna designs and on-metal tags. 

 

Figure 118.4 Antenna rotation measurements. The strongest coupling is achieved at  
   channel 1 and channel 4, at 0- and 180-degree orientation. 
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17.10.2 Measurement of the backscatter strength  

Orient the tag according to the previous step(s) results and perform backscatter 

measurements. In the measurement program, the user has first to enable the ETSI 

emission limit indicator, which is then shown if the selected measurement frequency is 

within either the lower (865-868 MHz) or upper (915-921) ETSI band. The axis selections 

must be óPower on tag forward (dBm)ô on the X-axis and óPower on tag reverseô on the Y-

axis.  

The indicator for the backscatter criterion is a red cross located at ~+18dBm on the x-

axis and -10,85dBm (lower band) or -0,85dBm (upper band) on the y-axis (see figure 

below). The Power on the tag forward level equals 2W (e.r.p) transmission at 20cm from 

the reader antenna. The Y-axis values are the result of converting original units in e.r.p 

first to e.i.r.p (i.e. +2,15dBm), and then scaled to match with backscatter definition used 

in Tagformance (+7dBm).  

In addition to the official criterion point, the user can also compare backscatter at other 

activation fields. They might be stronger if the tag backscatter gets saturated at the 

higher carrier levels. This informative limit is indicated with a white dotted line. 

Note: Tagformance setup must be re-calibrated between measurements if measurement 

setup is reconfigured, e.g. if test distance is changed. 

 

Figure 119.Backscatter measurement indicates whether response strength is below  
   the limit set by the official test standard. It also indicates if the tag  
   behaves differently at different carrier levels. 

17.10.3 Measurement of the backscatter mask and unwanted emissions  

Tagformance Pro enables two measurement modes for analyzing the backscatter 

spectral mask and emissions from the tag.  

Simulated harmonics measurement mode enables quick testing of the backscatter 

spectrum based on measuring the tag backscatter strength and calculating the 

associated spectrum components from a recreated signal model matching the measured 

signal strength. The simulation assumes the tag backscatter to be between two discrete 

levels, and it also assumes the tag state will change instantaneously. This is usually 
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relatively close to how tags work and will provide a benchmark of how much backscatter 

power spectrum a tag can produce. The simulated harmonics measurement will assume 

the tag backscatter waveform to be completely unfiltered, and thus, a tag that passes the 

test will also typically pass an actual full spectrum measurement. For the test, the user 

can choose between two modulation cases. The typical scenario uses a fixed random 

data packet in Miller-4 coding, whereas the worst-case scenario uses a tag response 

consisting of only zeroes in FM0 coding, giving the atypical and most spectrally focused 

power spectrum. The EN 302 208 standard does not specify what kind of data content or 

modulation type the tag should use, so this selection between the typical and worst-case 

scenarios is left for the user to decide which is more suitable.    

To conduct the measurement, the user should put the tag at the desired distance from 

the test antenna, choose ñSimulated Harmonicsò measurement mode, set the carrier 

parameters (power and frequency), and click ñStartò to run the measurement. Results are 

displayed in the lower graph with the official ETSI test limits. Approved results are 

indicated with white bars, and results exceeding the emission limits are indicated in red. 

Query spectrum -measurement enables the investigation of the spectral features on a 

wider bandwidth. The measurement makes use of an additional real-time spectrum 

analyzer which is connected with the system as explained in chapter 5.12: ETSI RED Kit 

(ERK). Before starting the measurement, the user should put the tag at the selected 

distance from the test antenna and define the RX antenna setup parameters (see 

chapter 13.4: RX Antenna Setup Dialog).  

The measurement is performed in two parts, first with a tag and then without a tag. 

Results from the two measurements are shown in the first graph, and their difference is 

to be judged against test criteria in the second. Approved results are indicated with white 

dots, and results exceeding the emission limits are indicated in red. For the Query 

spectrum measurement, the user, like vice, can choose between the more forgiving 

typical M4 random backscatter and the worst-case train of FM0 zeroes. 

 

Figure 120.Simulated harmonics measurement shows the ideal calculated main  
   components of the tag backscatter spectrum. 
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Figure 121.Real-time spectrum analyzer enables investigation of tag backscatter  
   spectrum and unwanted emissions on a wider frequency band. 

17.11 HF RFID Threshold  

Ensure the selected protocol is supported by the tag you are using. Then define the 

sweep settings. The frequency step and the power level steps affect the speed of the 

measurement cycle. 

Once you have made these settings, click the START SWEEP button, and the Carrier 

LED will be lit on the measurement unit. TX and RX LEDs indicate how the tag responds 

to the sent command. The graph is plotted at each frequency point as the function 

proceeds. 

Once the sweep is finished, the Carrier LED will turn off. You can interrupt the 

measurement anytime by clicking the STOP SWEEP button. 

Below you can see an example of a successful Working Range measurement result. 
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17.12 Passive  

Before you can start using the Passive measurement tool, a few important things need to 

be done: The Calibration and the Reference Measurement. The measurement flow can 

be seen in Figure 122. 

 

Figure 122.HF RFID Passive measurement flow 

17.12.1 Calibration  

System calibration is required to account for the effect of the connected cables and 

connections between the measurement unit and the measurement antenna. Therefore, 

calibration is needed only when an RF cable, adapters connected to it, or the 

measurement unit itself are changed. Please use the 50 Ohm terminator included in the 

Tagformance Pro HF kit for correct calibration. Disconnect the RF cable from the RX port 

of the device and connect the 50 Ohm terminator to the other end of the RF cable. 

1. Select the Passive measurement from the Measurement menu. 

2. If a ñReference Measurementò window pops up, click CANCEL. 

3. Click CALIBRATE. The Passive Calibration dialog will appear; please follow the 

instructions. 

4. Once the calibration has finished, the dialog will be closed. 

17.12.2 Reference Measurement  

The reference measurement is required to characterize the measurement antenna. It is 

suggested to run the reference measurement always after the measurement antenna 

has been changed or before you start measuring for the first time in a while. The 

reference data is used to calculate the normalized units where the effect of the test 

antenna has been subtracted. Connect the RF cable to the measurement antenna. 

1. Click MEASURE REFERENCE. 

2. The Reference Measurement dialog appears. Give a name to the reference data, 

click OK, and follow the instructions. 

3. The dialog will be closed once the Reference Measurement has finished.  
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It is recommended to verify the HF RFID Measurement Setup with the reference tag as a 

final step. 

 

17.12.3 Passive M easurement  

Make sure that the Calibration and the Reference Measurement have been done. Then, 

place your tag on top of the measurement antenna or a tag holder. Align the tag so that it 

is in the middle of the alignment marks. Define the Sweep Settings and click START 

SWEEP. 

 

When the measurement starts, the Carrier LED will light, and the TX and RX LEDs will 

indicate how the tag responds to the sent command. 

 

Once the measurement is completed, the Carrier LED will turn off, and the result can be 

read on the graph. You can interrupt the measurement anytime by clicking the STOP 

SWEEP button.  

 

In Figure 123 is an example of a successful passive measurement result. This 

measurement used an ID1-size HF Tag with the Voyantic C145 antenna. 

 

 

Figure 123.Successful passive measurement result 

 

The Y-axis unit can be changed from the drop-down menu labeled Y-axis. 

When the Norm. Impedance (Ohm) unit is selected, and the software automatically 

calculates the resonance frequency, Fc, and Q-factor and indicates them below the main 

graph. 

 

The most commonly used  Y-axis units  

S11 Depicts the matching seen at the end of the measurement 

cable. It includes the measurement antenna and the effect 

that the measured tag has on the system. 

Impedance (Ohm)  Impedance at the end of the measurement cable. 

Norm.impedance It is ñnormalized impedanceò and depicts the impedance 
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(Ohm) effect that the measured tag influences. Normalized 

impedance utilizes the Reference Measurement data 

(reference point) to deduct the effect of the measurement 

antenna from the overall measured impedance, thus 

resulting in the effect that the tag influences. 

17.13 Working Range  

Using the Working Range measurement requires that you have the Distance Control Kit 

(Chapter 5.11). 

Make sure that the tag you are using supports the selected protocol. Then, define the 

sweep settings. The frequency step and the power level step affect the speed of the 

measurement cycle. Click START SWEEP. 

When the measurement starts, the Carrier LED will light up, and the TX and RX LEDs will 

indicate how the tag responds to the sent command. The measurement distance will be 

automatically adjusted during the measurement. 

Once the measurement has reached its final measurement distance, the actuator will 

return to the start distance, and the Carrier LED will turn off. 

Below you can see an example of a successful Working Range measurement result. 

 

Figure 124.Example of successful Working Range measurement result 
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18 Tagformance  System Information  

18.1 Standard and Wideband Measurement Frequency  Range 

The standard UHF measurement range is 800ï1000 MHz, and the wideband 

measurement range is 600ï1300 MHz. 

The HF measurement range is 10ï30 MHz. 

18.2 Extended Protocol Support  

The standard UHF protocol the Tagformance Software supports is EPC Class1 Gen2 

(ISO 18000-6C). However, other protocols are also offered as add-on options. The 

additional protocols currently include ISO 18000-6B, GB/T20678, Siniav, and Tag-Talks-

Only. 

The supported HF protocols are: IS015693, ISO14443 A/B, Sony Felica, ISO18000-6 

and Tag-Talks-Only 

18.3 Warnings and Errors  

18.3.1 General Error Handling  

The Software is designed to recover from most errors that may occur between and 

during measurements. However, if something unexpected happens, the Software will 

display one of the two warning dialogues below and enter demo mode. In the demo 

mode, measuring is disabled, but the user may still save the measurement results before 

restarting the Software. The Software also saves a description of the occurred error into 

a file named error.log in the Data folder of the Software. If the error repeats itself, please 

attach the generated error.log file to the email that you send to support@voyantic.com . 

This will make troubleshooting significantly faster. 

 

        

Figure 125.Error popups 
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