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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/Figure/
Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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1 General
The Wireless Power Consortium (WPC) is a worldwide organization that aims to develop and promote global standards for wireless power transfer in various application areas. A first application area comprises flat-surface devices such as mobile phones and chargers in the Baseline Power Profile (up to 5 W) and Extended Power Profile (above 5 W).

1.1 Structure of the Qi Specification

General documents

 Introduction
 Glossary, Acronyms, and Symbols
System description documents

 Mechanical, Thermal, and User Interface
 Power Delivery
 Communications Physical Layer
 Communications Protocol
 Foreign Object Detection
 NFC Tag Protection
 Authentication Protocol
Reference design documents

 Power Transmitter Reference Designs
 Power Receiver Design Examples
Compliance testing documents

 Power Transmitter Test Tools
 Power Receiver Test Tools
 Power Transmitter Compliance Tests
 Power Receiver Compliance Tests
NOTE:	 The compliance testing documents are restricted and require signing in to the WPC members’ website. All other specification documents are available for download on both the WPC public website and the WPC website for members. 
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1.2 ScopeThe Qi Specification,	Foreign	Object	Detection (this document) defines methods for ensuring that the power transfer proceeds without heating metal objects in the magnetic field of a Power Transmitter. Although the Power Transmitter may optionally use any of these methods, some of them require assistance by the Power Receiver.
1.3 ComplianceAll provisions in the Qi Specification are mandatory, unless specifically indicated as recommended, optional, note, example, or informative. Verbal expression of provisions in this Specification follow the rules provided in ISO/IEC Directives, Part 2. 

1.4 ReferencesFor undated references, the most recently published document applies. The most recent WPC publications can be downloaded from http://www.wirelesspowerconsortium.com. In addition, the 
Qi Specification references documents listed below. Documents marked here with an asterisk (*) are restricted and require signing in to the WPC website for members.
 Product Registration Procedure Web page*
 Qi Product Registration Manual, Logo Licensee/Manufacturer*
 Qi Product Registration Manual, Authorized Test Lab*
 Power Receiver Manufacturer Codes,* Wireless Power Consortium
 The International System of Units (SI), Bureau International des Poids et Mesures
 Verbal forms for expressions of provisions, International Electotechnical CommissionFor regulatory information about product safety, emissions, energy efficiency, and use of the frequency spectrum, visit the regulatory environment page of the WPC members’ website.

Table 1: Verbal forms for expressions of provisions

Provision Verbal form

requirement “shall” or “shall not”

recommendation “should” or “should not”

permission “may” or “may not”

capability “can” or “cannot”
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1.5 Conventions

1.5.1 Notation of numbers

 Real numbers use the digits 0 to 9, a decimal point, and optionally an exponential part.
 Integer numbers in decimal notation use the digits 0 to 9.
 Integer numbers in hexadecimal notation use the hexadecimal digits 0 to 9 and A to F, and areprefixed by "0x" unless explicitly indicated otherwise.
 Single bit values use the words ZERO and ONE.

1.5.2 TolerancesUnless indicated otherwise, all numeric values in the Qi Specification are exactly as specified and do not have any implied tolerance.
1.5.3 Fields in a data packetA numeric value stored in a field of a data packet uses a big-endian format. Bits that are more significant are stored at a lower byte offset than bits that are less significant. Table 2 and Figure 1 provide examples of the interpretation of such fields.

Table 2: Example of fields in a data packet

Figure 1. Examples of fields in a data packet

b7 b6 b5 b4 b3 b2 b1 b0

B0 (msb)
16-bit Numeric Data Field

(lsb)B1

B2 Other Field (msb)

B3 10-bit Numeric Data Field (lsb) Field

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

B0 B1

16-bit Numeric Data Field

b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

B2 B3

10-bit Numeric Data Field
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1.5.4 Notation of text stringsText strings consist of a sequence of printable ASCII characters (i.e. in the range of 0x20 to 0x7E) enclosed in double quotes ("). Text strings are stored in fields of data structures with the first character of the string at the lowest byte offset, and are padded with ASCII NUL (0x00) characters to the end of the field where necessary.
EXAMPLE:	 The text string “WPC” is stored in a six-byte fields as the sequence of characters 'W', 'P', 'C', NUL, NUL, and NUL. The text string “M:4D3A” is stored in a six-byte field as the sequence 'M', ':', '4', 'D', '3', and 'A'.

1.5.5 Short-hand notation for data packetsIn many instances, the Qi Specification refers to a data packet using the following shorthand notation:<MNEMONIC>/<modifier>In this notation, <MNEMONIC> refers to the data packet's mnemonic defined in the Qi Specification,	
Communications	Protocol, and <modifier> refers to a particular value in a field of the data packet. The definitions of the data packets in the Qi Specification,	Communications	Protocol, list the meanings of the modifiers.For example, EPT/cc refers to an End Power Transfer data packet having its End Power Transfer code field set to 0x01.
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1.6 Power ProfilesA Power Profile determines the level of compatibility between a Power Transmitter and a Power Receiver. Table 3 defines the available Power Profiles.
 BPP	PTx: A Baseline Power Profile Power Transmitter.
 EPP5	PTx: An Extended Power Profile Power Transmitter having a restricted power transfercapability, i.e.  = 5 W.
 EPP	PTx: An Extended Power Profile Power Transmitter.
 BPP	PRx: A Baseline Power Profile Power Receiver.
 EPP	PRx: An Extended Power Profile Power Receiver.
Table 3: Capabilities included in a Power Profile

Feature BPP PTx EPP5 PTx EPP PTx BPP PRx EPP PRx

Ax or Bx design Yes Yes No N/A N/A

MP-Ax or MP-Bx design No No Yes N/A N/A

Baseline Protocol Yes Yes Yes Yes Yes

Extended Protocol No Yes Yes No Yes

Authentication N/A Optional Yes N/A Optional

PL
pot( )
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2 Introduction
In a normal use case of a power transfer according to the Qi Specification, the Power Signal (magnetic field) of the Power Transmitter interacts with the Power Receiver Product only. However, sometimes a user accidentally places metallic objects such as coins, paper clips, keys, or pieces of aluminum foil next to or underneath the Power Receiver Product, either before the power transfer starts, or while it is ongoing. The Qi Specification refers to such objects as Foreign Objects.A problem with Foreign Objects is that they can dissipate power from the magnetic field, and as a result heat up to unsafe temperature levels. The system should therefore not initiate the power transfer, limit the power level, or stop the power transfer when it detects that one or more Foreign Objects are present.

Figure 2. Power transfer system including a Foreign Object

A factor complicating Foreign Object Detection (FOD) is the presence of Friendly Metals in the magnetic field. A Friendly Metal is similar to a Foreign Object in the sense that it can dissipate power from the magnetic field. However, unlike a Foreign Object, it is an integral part of the Power Receiver Product or Power Transmitter Product. In many cases, it is hard for a Power Transmitter to distinguish properly between Foreign Objects and Friendly Metals. Typically, no single method is sufficient to solve the problem. Accordingly, the Power Transmitter should use multiple methods to maximize the probability of detecting Foreign Objects, while minimizing the probability of false alarms.

PTx Product

PRx Product

Friendly Metal

Shielding

Coil

Foreign Object

Coil

Ferrite Shielding

Magnetic Field Line
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3 Avoidance of Foreign Object heating
As explained in Section 2, Introduction, the Power Signal can heat up Foreign Objects that are present in the Operating Volume. Therefore, a Power Transmitter Product shall ensure that such Foreign Objects do not reach unsafe temperature levels. This may involve limiting or terminating the power transfer.The Power Transmitter can use several approaches to prevent excessive of heating Foreign Objects and apply those before starting the power transfer and/or while the latter is in progress. The main use cases that FOD should address include
 A user placing a Foreign Object before placing a Power Receiver Product
 A user placing a Foreign Object together with a Power Receiver Product
 A user placing a Foreign Object after placing a Power Receiver ProductThe methods described in Section 4, Pre-power	transfer	FOD	methods, address the first two use cases. Detecting a Foreign Object before starting the power transfer lets the Power Transmitter take one or more of the following actions.
 Warn the user of a potential unsafe situation
 Refuse to start the power transfer until a user has removed the Foreign Object
 Proceed to transfer power but at a reduced levelThe methods described in Section 5, In-power	transfer	FOD	methods, address the third use case. They also address the use case in which the Power Transmitter proceeds with the power transfer even though it suspects a Foreign Object is present. In general, these methods enable the Power Transmitter to limit the power loss to Foreign Objects (by reducing the power level), with the aim to limit their heating.If the Power Transmitter does not detect a Foreign Object before starting the power transfer, it may use that knowledge to calibrate the system to improve its sensitivity for power loss (see Section 5.2, 
Calibrated	power	loss	accounting, for details). However, when it detects a Foreign Object and proceeds to transfer power at a reduced level anyway, it should ensure that any of such calibrations it may perform do not degrade its sensitivity.Some of the methods described in Section 4, Pre-power	transfer	FOD	methods, and Section 5, In-
power	transfer	FOD	methods, involve the Power Receiver sending information about its design properties to the Power Transmitter. The Power Receiver shall provide the design information associated with all those methods.In addition to the methods described in Section 4, Pre-power	transfer	FOD	methods, and Section 5, 
In-power	transfer	FOD	methods, the Power Transmitter can monitor the temperature of its Interface Surface for hot spots. Moreover, it can actively cool its Interface Surface to drain heat away from the Power Receiver and Foreign Objects.
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3.1 Representative Foreign ObjectsForeign Objects can have many different sizes, shapes, and material compositions. To address this diversity, the Qi Specification,	Foreign	Object	Detection (this document) defines the required FOD capabilities of a Power Transmitter in terms of a set of Representative Foreign Objects. Table 4 lists these objects.

When one of the Representative Foreign Objects is present in the Operating Space, the Power Transmitter shall not heat it to a temperature above the limit associated with that object.

Table 4: Representative Foreign Objects

Designator Shape Material Dimensions Limit / C°

RFO#1 Disk Steel 1.1011
DIN RFe160

ø15 mm,
1 mm thick

60

RFO#2 Ring DIN 3.2315
EN AW-6082

ISO AlSi1MgMn

ø20 mm (inner)
ø22 mm (outer)

1 mm thick

60

RFO#3 Foil EN AW-1050
DIN 3.0255

Al99.5

ø20 mm,
0.1 mm thick

80

RFO#4 Disk DIN 3.2315
EN AW-6082

ISO AlSi1MgMn

ø22 mm,
1 mm thick

60
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4 Pre-power transfer FOD methods
A Power Transmitter can use different methods to detect Foreign Objects before initiating a power transfer to a Power Receiver. Some of these methods depend on the Power Receiver providing information about its design properties. With the method described in Section 4.1, Empty	surface	test, the Power Transmitter ensures that it will only start the power transfer if its Interface Surface was empty just before a user placed a Power Receiver Product. It does so by waiting for a user to place an object, determining if it is a Foreign Object, and if that is the case, waiting for the user to remove it.The Power Transmitter typically uses an Analog Ping to determine whether there is an object in its Operating Volume. It applies a weak Power Signal and looks for changes to its resonance properties as a sign of the presence of an object. If an object is present, the Power Transmitter follows up with a Digital Ping, to which only a Power Receiver Product will respond. If there is no response to the Digital Ping, the Power Transmitter assumes that the object on its surface is a Foreign Object.The empty-surface test cannot detect a Foreign Object that arrives simultaneously with a Power Receiver Product (e.g., a piece of aluminum foil sticking to the Power Receiver Product). To distinguish the Foreign Object from Friendly Metal within the Power Receiver Product, the Power Transmitter can quantify the changes in its resonance properties and look for differences with the expected changes that the presence of the Power Receiver Product alone would induce.Accordingly, with the method described in Section 4.2, Resonance	change, the Power Receiver provides the expected inductance of a reference tank circuit when the Power Receiver Product is placed on the Power Transmitter Product. The Power Transmitter can use this information to determine if there is a Foreign Object between itself and the Power Receiver Product. To make a sufficiently accurate determination, the Power Transmitter should account for differences of its design with the reference tank circuit.
NOTE:	 Because the Power Receiver provides the relevant information in the negotiation phase of the Enhanced Protocol (see the Qi Specification,	Communications	Protocol, for details), the resonance change method is available to EPP and EPP5 products only.
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4.1 Empty surface testFigure 3 shows a conceptual flow diagram that describes how the empty-surface test fits in the pre-power startup flow. Basically, the flow contains two loops. In the first loop the Power Transmitter waits for a user to place an object. Next, if the object responds to a Digital Ping, the object is a Power Receiver Product, and the Power Transmitter proceeds to deliver power. Otherwise, the object is a Foreign Object, and in the second loop, the Power Transmitter waits for the user to remove it (back in loop 1). Accordingly, at the start of the first loop, the Interface Surface is empty.
Figure 3. Conceptual flow diagram of the empty-surface test at startup

Practical implementations should enhance this conceptual flow to address corner cases such as
 The user initially placing the Power Receiver Product in a misaligned position, where it doesnot respond to a Digital Ping, and subsequently moving it to a better-aligned position
 The Analog Ping not being able to detect the presence of a Power Receiver Product when thelatter has only a weak impact on the Power Transmitter's properties
 Communications errors corrupting the response to the Digital PingExamples of enhancements to address these corner cases include the use of timeouts, flags, multiple thresholds, and more. In more detail, when waiting for a user to place a Power Receiver Product, the Power Transmitter can issue Digital Pings occasionally to ensure that its Analog Pings did not miss detecting a Power Receiver Product. This approach can also help to deal with initially misaligned Power Receiver Products when combined with continuous monitoring of any changes in the Power Transmitter's properties.When initiating an Analog Ping, the Power Transmitter generates a weak Power Signal and measures the quality factor of its tank circuit. If the measured value is sufficiently different from the empty pad value (as stored in the Power Transmitter), an object is present. Annex B:, Open-air	
Q	test	(informative), provides details on how to measure the quality factor, how to evaluate the impact of an object on the measured value, how to choose an appropriate threshold, and how to compensate for various drifts in the system.
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