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RATIONALE
SAE J2847/6 defines abstract messages supporting the wireless transfer of energy between EVs and the wireless charger
(WEVSE). This dogument is based on the use cases in SAE J2836/6 that established the wireless eharging requirements.
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1. SCOPE

SAE J2847/6 establishes minimum requirements for communication between an electric vehicle and an inductive battery
charging system for wireless power transfer (WPT). Where relevant, this document notes—but does not formally specify—
interactions between the vehicle and vehicle operator.

This document leverages the work of the SAE J2954 Alignment and Controls Sub-Team in the Wireless Power Transfer
and Alignment Task Force by extending a JSON-based message set (protocol) originally developed to bench test wireless
energy transfer interoperability between unmatched Ground Assembly (GA) and Vehicle Assembly (VA) systems
(i.e., components manufactured by different companies). SAE J2847/6 furthers that work by adding messages sufficient to
indicate that proper coil alignment has been achieved, initialize the sub-systems for wireless charging, ramp-up to full power,

perform active wireless power transfer, and terminate the WPT session.
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SAE J2847-1

SAE J2847-2

232

Communication for Smart Charging of Plug-in Electric Vehicles Using Smart Energy Profile 2.0

Communication Between Plug-in Vehicles and Off-Board DC Chargers

ISO Publications

Copies of these documents are available online at http://webstore.ansi.org/.

ISO 10731:1994

Open Systems Interconnection - Basic Reference Model - Conventions for the Definition of OSI

Services

ISO 15118-8:2018 Road Vehicles - Vehicle to Grid Communication Interface - Part 8: Physical Layer and Data Link Layer

l ET-

ac-Lakars o
TCSSCUTTITTOTTCatroTT

2.3.3 |EC Public

Available from If
Tel: +41 22 919 02

IEC 61980-1:2015

IEC 61980-2:2019

IEC 61980-3:2019

3. DEFINITIONS
3.1 AP (ACCES

A hardware device

devices, allowing tihe Wi-Fi client to connect to the wireless local area network (WLAN).

3.2 CAN (CONT|
Vehicle bus standg
3.3 DHCP (DYN

A network managni
to the network.

34 EV (ELECTH

AMIC HOST CONFIGURATION PROTOCOL)

Raocuuvrarantc far \ALL-
I\UqUIIUIIIUIILO o vvinme
ations

FC Central Office, 3, CH-1211|,Geneva

11, www.iec.ch.

rue de Varembe, P.O. Box 131,

Electric Vehicle Wireless Power Transfer (WPT) Systems - Part 1xGeneral Require

Electric Vehicle Wireless Power Transfer (WPT) Systems, - Part 2: Specific
Communication Between Electric Road Vehicle (EV) and Infrastructure

Electric Vehicle Wireless Power Transfer (WPT){Systems - Part 3: Specific Re
Magnetic Field Wireless Power Transfer Systemsecharging System - Part 1: Genera

5 POINT)

or computer’s software functioningyas a communication hub for users of a IEEE 8

ROLLER AREA NETWORK)

rd allowing microcontrollers to communicate via a message-based protocol as define

ent protocol for automatically and dynamically assigning a unique IP address to a new

ICA/EHICLE)

20, Switzerland,

ments

Requirements for

quirements for the
| Requirements

D2.11 (Wi-Fi) client

d by SAE J1939.

device connecting

An automobile as defined in 49 CFR 523.3. See also 3.13.

3.5 EVCC (ELECTRIC VEHICLE COMMUNICATIONS CONTROLLER)

Generic term for the EV module responsible for communicating with the supply equipment communication controller (SECC)
using a high-level digital protocol in order to implement enhanced mobility and vehicle-to-grid services.

3.6 GA (GROUND ASSEMBLY)

Wireless power transfer charging infrastructure consisting of the GA coil, power/frequency conversion unit, wiring from the
electric grid, filtering circuits, housing(s), and communication required to safely transfer power to the Vehicle Assembly (VA).
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3.7 GA-CP (GROUND ASSEMBLY COMMUNICATION PROXY)

A software application part of a Ground Assembly (GA) wireless charging subsystem capable of translating proprietary
inductive charging control information into a common set of protocol-based messages for the Vehicle Assembly (VA)
subsystem in order to control wireless power transfer as specified in this standard.

3.8 HTTP (HYPERTEXT TRANSPORT PROTOCOL)

A request-response protocol that forms the foundation for data communication for the World Wide Web, defining how
messages are formatted and transmitted and what actions web servers and browsers should take in response to various
commands.

39 IP(

INTERNERROFOE60H)

A set of rules and fechnical format for addressing and routing packets of data (called datagrams)-betw
the same network [or across a series of interconnected networks. IP addresses are assigned-{o.eveny
switch, router, or qther device part of a TCP/IP-based network. IP is a connectionless protocol offerin
packet delivery, seguencing, or error detection and correction.

3.10 IPv4 (INTERNET PROTOCOL VERSION 4)

IPv4 defines IP pddresses using a 32-bit format, most often written in.det-decimal notation
octets expressed individually in decimal notation separated by periods. Devices in IPv4 networks
configured manually or with a DHCP server.

3.11 IPv6 (INTERNET PROTOCOL VERSION 6)

IPv6 was released jn 2012 to provide large scalability with addres§es represented as eight groups of four
separated by colofs. IPv6 also supports auto-stateless configliration not requiring use of a DHCP se
addresses.

3.12 JSON (JAVASCRIPT OBJECT NOTATION)

An open standard
viewed as a more

human-readable text-based.data interchange format designed for transmitting struct
tompact alternative to XML because it does not require tags for each element.

3.13 LIGHT-DUTY PHEV (LIGHT-DUTY~PLUG-IN ELECTRIC VEHICLE)
A three- or four-wh

streets, roads, and
system, such as a

beled vehicle rated at less than 4545 kg gross vehicle weight (GVW), intended primar|
highways; propelled solely by an electric motor; and powered by a rechargeble on-veh
battery.

3.14 OSI MODEL|(OPEN/SYSTEMS INTERCONNECTION MODEL)

and

een computers on
computer, printer,
g no guarantee of

consisting of four
either need to be

hexadecimal digits
rver to obtain IPv6

ired data. JSON is

ly for use on public
icle energy storage

An ISO worldwid

o
o

interconnect and communicate. Broken into seven layers (or subcomponents) each with a discrete set of functional services,

control of an application passes from one layer to the next.
3.15 SECC (SUPPLY EQUIPMENT COMMUNICATIONS CONTROLLER)

Generic term for the inductive or conductive charging infrastructure module responsible for communi

cating with the EV

communication controller (EVCC) using a high-level digital protocol in order to implement enhanced mobility and

vehicle-to-grid services.
3.16 SSID (SERVICE SET IDENTIFIER)

The network name associated with a IEEE 802.11 (Wi-Fi) wireless local area network access point, u
devices to identify and join a particular Wi-Fi private or public network.

sed by Wi-Fi client
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3.17 TCP (TRANSMISSION CONTROL PROTOCOL)
TCP is connection-oriented protocol that allows two hosts to establish a virtual connection and exchange streams of data.

Because IP is a connectionless protocol, most networks combine IP with transmission control protocol (TCP) in order to
guarantee delivery of data and that packets arrive at their intended destination in the same order they were sent.

3.18 UDP (USER DATAGRAM PROTOCOL)
UDP is a simple open systems interconnection (OSI) transport layer protocol used for client-server network applications to
send short messages called datagrams. Known as a “stateless” protocol, it does not guarantee datagram delivery, nor does

it employ handshaking dialogs for reliability, ordering, and data integrity.

3.19 VA (VEHICLE-ASSEMBE

AVAY
v

The electric vehicl
communication co

3.20 VA-CP (VEH
A software applica
inductive charging
subsystem in orde
3.21 WEVSE (W
See also 3.6.

3.22 WLAN (WIR

Two or more comp
limited area such 3

3.23 WPA2 (WI-F
A method of securi
users without an e
and is the default d
4. COMMUNICAT
4.1

Functional D

This section descr
(PTCs). PTCs con

side of a wireless power transfer system consisting of the VA coil, power €lectn
ponents necessary to safely transfer power for battery charging from the Ground Ag

ICLE ASSEMBLY COMMUNICATION PROXY)
tion part of the Vechile Assembly (VA) wireless charging subsystem capable of tra
control information into a common set of protocol-based messages for the Grou

to control wireless power transfer as specified in this standard:

RELESS ELECTRIC VEHICLE SUPPLY EQUIPMENZF)

ELESS LOCAL AREA NETWORK)

uting devices that form a local area netwerk (LAN) using wireless communication sug
s a home, school, office building, campus, or private facility.

| PROTECT ACCESS 2)

hg a Wi-Fi WLAN network using pre-shared key (PSK) authentication, designed for hg
hterprise authentication server. WPA2-AES has been used on all certified Wi-Fi ha
hoice for newer routers:

[IONS SYSTEM ARCHITECTURAL CONFIGURATIONS

ecomposition of a WPT System

bist-Of all elements of the system involved in power transfer (such as power electron

pnics, control, and
sembly (GA).

hslating proprietary
nd Assembly (GA)

h as Wi-Fi within a

me or small facility
rdware since 2006

bes.adimple decomposition of the WPT system into communications and power transfer components

cs, rectifiers, coils,

etc.). Off-board PT
installed on the ele

ol iatadl e H ] kL H af; £y 4 Al [ A DT
o diT dooulialTu wWillT tc WITTITOoo Lliaryiity mitadostruviurc aru vr-ovuarua 17 1ovo d

ctric vehicle.

e the components

The GA is the WPT subsystem responsible for transmitting energy wirelessly to a vehicle-mounted VA, which receives the
energy and uses it to charge the vehicle battery. According to SAE J2954, the GA and VA must also share a Wi-Fi
communication system allowing the GA to know the state of the VA, and for the GA to receive messages from the VA
regarding frequency, power, and current requirements among other critical information needed to initialize and efficiently
transfer power between the two subsystems.

An example WPT system is illustrated in Figure 1, along with a high-level view of communication control interfaces of the
GA subsystem and a VA subsystem installed on an electric vehicle.
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r r 1
: Wirel p : ' I : HV Battery Vneé.“l;::e LV Battery
ireless Lharger  — . . ™  Rectifier / Power i
Grid Power Converter & Compensation Compensation Conversion + Energy Converter
Con nection-r Control L Network | Network

Management Strategy

Manufacturer
GA Hardware

+ CAN Messaging

Manufacturer Proprietary
Internal Control

Manufacturer Proprietary
Internal Control

Wi-Fi
Communication
Controller

Manufacturer
VA Hardware
Controller

Wi-Fi
Communication

Controller Controller

Vehicle Messaging

Battery
Management
System (BMS)

If VA and GA sul
communication inte
In this instance, thd
in a proprietary fo

4.2

The communicatio]
information necess
component runnin
Correspondingly, t
(GA-CP).

Implementation of

e Communicatio

Interface with &

[ VA = Client; (

rln
Communicatjon Proxy Application

Translation of nanufacturer proprietary WPT control parameters to SAE J2847/6 JSON message fq

e e e e e e e e e e e eEEe e e e ek o e T o S T .

Figure 1 - Functional decomposition of a WPT system
systems are manufactured by the same entity (i.e., matched, component system
rface is likely integrated into the manufacturer’s proprietary internal control loop as illJ

controller application allows VA and GA subsystems to.exchange wireless charging
at over a standard Wi-Fi communication interface.

h proxy application defined in this standard enables VA and GA subsystems to g
ary to control inductive charging using;a*JSON-based message set (protocol). In
g the WPT proxy application in the\VA is referred to as the VA communicatic
he entity running the proxy application in the GA will be referred to as the GA co

he SAE J2847/6 communication proxy application requires, at a minimum:

N interface with proprietary manufacturer GA and VA WPT hardware controllers.

n IEEE 802.11n Wi-Fi chipset or Wi-Fi capable device.

A =-AcCess Point].

, the Wi-Fi WLAN
strated in Figure 1.
control information

ommunicate basic
this document, the
n proxy (VA-CP).
mmunication proxy

rmat.

For lab bench

testing of unmatched VA and GA subsystems, the SAE J2847/6 communication proxy may easily be
configured to run as an application on a laptop computer with integrated 802.11n Wi-Fi as shown in Figure 2.
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|
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Manufacturer
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The proxy applica
mobility services s
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supply equipment
specialized key sto
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control, and termi
SAE J2847/6 com
small amount of m
optionally be integ
aftermarket wireleg
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Proxy / Wi-Fi Link

[

VA Communication
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Y

gure 2 - GA and VA with SAE J2847/6 communication proxy for lab bench testil

ion differs from specialized communication controllers/that support globally interg
Lich as digital authorization and payment, load management, smart charging, and o
ices. Integration of these specialized high-level communication modules with exis|
hardware and ECUs can be complex and costly. Additionally, support for digi
rage may be required.

of VA-CP and GA-CP applications is to_ translate a limited number of parameters 1
hate a WPT charging session into. standardized JSON-based messages. Figur
unication proxy as a separate system entity configured for vehicle-level testing. H
mory and processing required by.the application, it is feasible that VA-CP and GA-CH
ated with an existing manufacturer VA/GA Wi-Fi radio system, OEM Wi-Fi radio md
S systems.

g

perable enhanced
ther vehicle-to-grid
ting vehicle and/or
al encryption and

eeded to initialize,
e 3 illustrates the
bwever, due to the
applications could
dule, or third-party

I______ GA ____l____ VA _____I
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+ X
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| ] Manufacturer Proprietary I Manufacturer Proprietary I
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| ) | | ttery
. Management
| Manufacturer | Manufacturer |
System (BMS)
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Proxy / Wi-Fi Link

VA Communication
Proxy / Wi-Fi Link

Communication

Figure 3 - GA and VA with SAE J2847/6 communication proxy for vehicle-level testing
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4.3 Dedicated Configuration

The protocol specified in this document applies to a one-to-one VA-CP and GA-CP Wi-Fi connection. In a dedicated VA-GA
configuration, each off-board PTC has its own communication proxy. Such a configuration has the advantage of isolating
failure modes to a single charging spot.

5. TECHNICAL REQUIREMENTS
5.1  Overview of OSI Layers
SAE J2647/6 is based on internet protocol (IP). The layers of the network stack may be understood in context of the open

systems interconnection (OSI) model. Table 1 summarizes the OSI layers used. Refer to ISO 10731 for more information
about the OSI modek-

Table 1 - OSl layers

OSlI Lyer # OSI Layer Name Network Protocol(s) Document Sect{on(s)
Application Layer fﬁfe‘r’ﬁggs/ 0 gi‘;‘?'gﬂt'cog 58,7, 8, 10, i1
i Presentation Layer JSON 5.7
b Session Layer HTTP 5.6
1 Transport Layer TCP, UDP 5.5
B Network Layer IPv4 54
P Data Link Layer IEEE 802.141 5.3
( Physical Layer IEEE 802,11 5.2

5.2 Physical Lay

[¢]
=

521 IEEE 802.11
IEEE 802.11, commonly also known as “Wi-Fi,” is a cemmunications standard that specifies both physical and data link
layers for J2847/6| The latest version of IEEE 802.11 referred to in this document is IEEE Std 802.11n-2009. Table 2
summarizes required and optional IEEE 802.11 spécifications for J2847/6.

Table 2 - IEEE 802.11 specifications

o Required | Optional
IEEE 802.11b compatibility X
IEEE 802.11g compatibility X
IEEE 802.11n compatibility X
2.4 GHz band operation X
5.0 GHz band operation X

5.3 Data Link Layet

5.3.1 IEEE 802.11

At the data link layer, the IEEE 802.11 Wi-Fi architecture used by SAE J2847/6 consists of an GA-CP as the WLAN access
point and a VA-CP as the WLAN station. A VA-CP associates with an GA-CP using the SSID and WPA2 pre-shared key of
the network advertised by the GA-CP.

Table 3 - WLAN specifications

WLAN Access Point | GA-CP
WLAN Station | VA-CP
Security | WPA2
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5.3.2  Wi-Fi WLAN Security

Per 5.3.1, SAE J2847/6 requires the use of WPA2 to secure the Wi-Fi WLAN. WPA2 implements mandatory elements of
the IEEE 802.11i-2004 standard, including use of an enhanced data cryptographic encapsulation mechanism based on the
AES standard to address vulnerabilities of wired equivalent privacy (WEP). Certification to the Wi-Fi protected access 2
(WPAZ2) authentication mechanism is required for all new devices bearing the Wi-Fi trademark of the Wi-Fi Alliance. Specific
requirements for implementation of WLAN security mechanisms and frameworks for 802.11 networks is beyond the scope
of this standard.

Because security researchers have documented weaknesses in the WPA2 protocol, deployment of SAE J2847/6 in a public
environment is not recommended without additional security measures not covered in this document. Generally speaking,
SAE J2847/6 is recommended for use only on WLAN networks deployed in private environments, test facilities, or

laboratories (wher

raestricted-access-to \WWPT hardware and \Wi-Ei nebwork aqnipmnnf T Qeenmnrl)

If for any reason
framework as defin
protocol that can
authentication met]
methods provide fq

EAP-transport layg
considered to be ¢
understand potent
unauthorized entiti

EAP-TTLS (tunneléd transport layer security) requires only server-side certificates. However, EAP-TTL

optionally utilize cl
encrypted channel

One major drawb3g
devices, which can
requirements as w,
level security (TLS

as well as client (slipplicant) software on the VA-CP capable of securely storing private keys.

5.4 Network Lay|

54.1 IPv4
The IP network lay
is required to supp
IPv4 is mandatory.

hn elevated level of WLAN security is required, use of the extensible authenticat
ed in RFC 5247 to secure the Wi-Fi WLAN connection is recommended. EAR'is.a Lay
be applied to wired and wireless networks. The framework does not mandate thg
hod. For this reason, multiple EAP types can be used in a WLAN security deploy
r certificate-based authentication of clients and servers in a Wi-Fi network.

r security (EAP-TLS) is supported by all manufacturers of wireless LAN hardware a
ne of the most secure EAP standards currently available, provided users and nety
al vulnerabilities surrounding potential use of false credeftials (e.g., “man-in-the-n
ps. EAP-TLS provides mutual authentication but requiresoth client-side and server-

ent-side certificates as well in order to providesmutual client and network authen
(or tunnel) and derive dynamic per-session WEP keys.

ck of EAP-TLS and EAP-TTLS is that certificates must be managed on both the 5
prove to be a cumbersome task. Certificates used for EAP network access must me
ell as requirements for secure connections using secure sockets layer (SSL) encry
encryption. In addition, a RADIUS server would be required in the network to validaf

er

er is responsible’for routing IP packets within and across networks. The network lay
prt internet-protocol Version 4 (IPv4), described in RFC 791. Support for IPv6 is optio
IPv6 is.notbackwards compatible with IPv4.

Table 4 - Internet protocol

on protocol (EAP)
er 2 authentication

use of a specific
ment. Certain EAP

hd software, and is
ork administrators
niddle” attacks) by
side certificates.

5 deployments can
ication through an

erver and/or client
et X.509 certificate
btion and transport
e client credentials

br for SAE J2847/6
nal, but support for

Required
X

Optional

IPv4
IPv6

X

5.5 Transport Layer

5.5.1

User Datagram Protocol (UDP)

User datagram protocol (UDP) is a connectionless transport layer protocol that offers low latency compared to transmission
control protocol (TCP) but does not guarantee reliable data transfer. The UDP broadcast feature makes it useful for
discovery protocols. In SAE J2847/6, UDP is only used by DHCP during IP address assignment. See 5.8.1 for information
on DHCP. UDP is specified in RFC 768.
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5.5.2 Transmission Control Protocol (TCP)

Transmission control protocol (TCP) is a connection-based transport protocol used for reliable data transfer with built-in
features such as flow control and congestion control. It is used as the transport layer for reliable application layer message
exchange in SAE J2847/6. The GA-CP operates as a TCP server and the VA-CP operates as a TCP client. TCP is specified

in RFC 793.

Table 5 - TCP specifications

TCP Server
TCP Client

GA-CP
VA-CP

5.6 Session Lay

5.6.1 Hypertext

A domain name s
architecture consis
will not be used ot
directly using the G

An example HTTP

PUT /messages
Host: www.wecd
Date: Wed, 12
Content-Type:
{
“Terminatdg
“Messd

o

[ransfer Protocol (HTTP)

Table 6 - HTTP specifications

HTTP Version
HTTP Server
HTTP Client
Application Request
Message Transport
Application Response
Message Transport
Port Number
Host

Request-U

1.1
GA-CP
VA-CP

HTTP PUT

200 “OK®

80
WWW.weccp.com
/messages

stem (DNS) is not be used to resolve’the specified host name to an IP address,
s of a one-to-one connection betweenithe VA-CP and GA-CP. Hence, the host name
er than to satisfy the HTTP 1.1 specification. Instead, the VA-CP will establish the H
A-CP’s IP address sent to the'VVA-CP by the GA-CP during the DHCP setup procesg

request message containing JSON data in the message body follows:

HTTP/1.1

p.com

Sept 2018 {1%41:18 EDT
application/json

CommUnicationsRequest”:
geT\P“: 480,

{

“Stat

since the network
specified in Table 6
TTP connection by
(5.8.1).

sCede” : “OK”

}

An example HTTP
HTTP/1.1 200 ™

Content-Type:
{
“Terminate
“Messa
“Respo

response message containing JSON data in the message body follows:

OK/I
application/json

CommunicationsResponse”: {
geID”: 481,

nseCode”: “OK”
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5.7 Presentation Layer

JavaScript object notation (JSON) is a text-based, human-readable data format that organizes data into name-value pairs.
JSON is specified in RFC 7159. In SAE J2847/6, JSON provides a format for application layer message contents and
supports the development of schema to define those messages. See Section 12 for the SAE J2847/6 application layer

message schema.

5.8 Application Layer

5.8.1

Dynamic Host Configuration Protocol (DHCP)

Dynamic host configuration protocol (DHCP) is a protocol by which a DHCP client discovers a DHCP server and receives

ynad 1D ~ddraco and Athar Aaaha el attinac fr tha
T aogtrcoo—=™

DHCD carvar 1n SALC 12047/
STV O OO

a dynamically-assi
the VA-CP to acqu
uses the GA-CP’s
in RFC 2131.

5.8.2 Applicatiorn

The SAE J2847/6
synchronous HTTH

gred na-other-retworksettings—from-the
re an |IP address for itself from the GA-CP and to receive the GA-CP’s own IP addres
bwn |IP address to establish a direct HTTP connection with the GA-CP HTTP server.

oot A~ e pa )

Layer Messages Overview

Application layer messages are comprised of a series of request-response message
protocol, SAE J2847/6 request and response messages are synchronous by nature

sends a request njssage and waits for the corresponding response message.frem the GA-CP befor

request message.

protocol also cons
multiple VA-CP clig
many asynchronou

6. SYSTEM STA]

This enables a well-understood and predictable message sequence and ordering. Us
ders future work involving a single GA-CP that is responsible for communications
nts may connect to a single GA-CP server and send data without overwhelming the
S requests.

[ES

System states form a basis for what behaviors are expected:from the GA and VA in any given scenario

They intend to tra
communications i
6.1 VA System §

The system state d

hscend specific communication protocols, but do inform what information must be
k in order for those behaviors to oecur.

btates

iagram from the perspgctive of the VA is shown in Figure 4.

, DHCP is used by
s. The VA-CP then
DHCP is specified

pairs. Utilizing the
the VA-CP always
b sending the next
ing a synchronous

for multiple GAs;
GA-CP server with

| at a system level.
exchanged in the
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'a WPT_V_OFF N\ f WPT_V_ERR N\ / WPT_V_PT

L/

Note: Removal of auxiliary power from the VA results in a Note: Any Fxception results in a transition to this state fro entry / Prepare power transfer
transition to this state from any other state any other state do / Power Transfer

exit / Terminate Power Transfer

do / Wait for Auxiliary Power to Be Applied

\_ )

_

12
11

e WPT_V_SB N\ 4 WPT_V_sI N\ s WPT_V_AA N\ 4 WPT_V_IDLE

L/

Note: Reset results in a transition to this state from an: do / Exchange Compatibility Info with GA entry / Initiate Alignment entry / Confirm that Alignment is Setup

other state 2 4 do / Perform Alignment El do / Perform Idle Alignment Check

ey / Wat for Trigger to Setup Commurieations with G |- 2.8 dof vt o e

Q,‘ Setup Communications with GA

.
Tran: Exceptions States / System Errors.

— 1: AuxiliaryPower Applied to VA — EXC1: Loss of Communications — WPT_V_OFF: Off — Pqwer Transfer Failure
— 2: Commufications Setup Completed — EXC2: System Error in WPT_V_IDLE or WPT_V_PT — WPT_V_SB: Standby — Thermal Condition Detected
— 3: WPT Sespion Rejected — EXC3: System Error in WPT_V_AA — WPT_V_SI: Service Initiated: — Fqfeign Object Detected
— 4: Compatiility Check Succeeded — EXC4: System Error in WPT_V_SI — WPT_V_AA: AwditifigAligafhent — Lijing Object Detected
— 5: Alignmet Achieved — EXCS5: System Error in WPT_V_SB — WPT_V_IDLE: Idle
— 6: Received Trigger to Enable Power Transfer — EXC6: System Misaligned in WPT_V_IDLE — WPT_V #T4Powerfansfer
— 7: Received Trigger to Disable Power Transfer — EXC7: Unable to Align — WPT_VNEBR®Error
— 8: Commufication Voluntarily Terminated — EXCS: Failure to Establish Communications OV

—— 9: EXC1, XS, or EXC8 Cleared
— 10: EXC4 C[eared and Transition 9 condition not met

— 11: EXC3, HKC6, or EXC7 Cleared and Transition 9 and 10 con:
— 12: EXC2 Cfpared and Transition 9, 10, and 11 cone

ns not met

Figure 4 - VA system state diagram
6.2 GA System $tates

The system state diagram from the perspective of the GA is.shown in Figure 5.
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Note: Removal of auxiliary power fromfthe GA resultsin a NotexAnf Exdeption results in a transition to this state from| entry/ Prepare powr transfer

transition to this state from any other §tate any otheg stte do / Power Transfer|

n exit / Terminate Poyer Transfer
t/wm for Auxiliary Power to Be Apflied
9 12
1 11
8
8
WPT_5_SB T\ WPT_S S| WPT_S_AA ™\ WPT_S_IDLE W
Note: Reset resultsin a transition to tiis state from any S entry/ Wait for VA to Initiate Compatibility Info Exchange entry / Wait for VA to Initiate Alignment entry/ Setup for Alighment if Not Already Setup
other state do/ Exchange Compatibility Info with VA 4 do/ Send Data to VA for Alignment 5 do / Send Data to V4 for Idle Alignment Check
358

eLntrvf Wait for VA to Initiate C Setup -

do/ Setup Communications with VA J k J j L

Transitions [Exceptions States Y E
— 1: Awxiliary Power Xpptretroer T TS O OISO —rPTS OO T ST ——pwer Transfer Failure
— Z Communications Setup Completed —— EXC2: System Error in WPT_S_IDLE or WPT_S_PT —— WPT_S_SB: Standby —— Thermal Condition Detected
— 3: WPT Session Rejected — EXC3: System Error in WPT_S_AA. — WPT_S_SI: Service Initiated — Foreign Object Detected
— & Compatibility Check Succeeded —— EXC4: System Error in WPT_S_SI — WPT_S_AA: Awaiting Alignment — Living Object Detected
— 5: Received Message from VA that Devices are Aligned —— EXCS: System Error in WPT, —— WPT_S_IDLE: Idle
— 6: Received Command from VA to Enable Power Transfer — EXC6: System Misaligned in WPT_V_IDLE —— WPT_S_PT: Power Transfer
— 7: Received Command from VA to Disable Power Transfer —— EXC7: Unable to Align —— WPT_S_ERR: Error
— & Communication Voluntarily Terminated —— EXC8: Failure to Establish Communications

— 9: EXC1, EXCS5, or EXC8 Cleared

— 10: EXC4 Cleared and Transition 9 condition not met

— 11: EXC3, EXCS, or EXC7 Cleared and Transition 9 and 10 conditions not met
— 12: EXC2 Cleared and Transition 9, 10, and 11 conditions not met

Figure 5 - GA system state diagram
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6.3 Transitions Between VA and GA System States

Section 7 specifies the messages to be applied by the communication proxy application in the following VA and GA system
states:

Sl InitialRequest/InitialResponse Messages
AA FinePositioningRequest/FinePositoningResponse Messages
IDLE FinePositioningRequest/FinePositioningResponse Messages

PT PowerRequest/PowerResponse Messages and

ataatalRawarRaoacrnanca Macaaoa

H VAL R - + /T VAL
Term'nate OWetT \UunSL et ater-owetr \cSpui'iSc Ivluccuycs

ERR  StatusExchangeRequest/StatusExchangeResponse Messages

Transitions betwedn states occur based on criteria given in Table 7. Also see Section 9 for| éxamplep of representative
interactions betweg¢n VA-CP and GA-CP during various message exchange and associaté€d, state transifions.

Table 7 - Criteria for state transitions

Stafe(s) Messages
1&2 Physical state of hardware and low-level communication setup.
No SAE J2847/6 messages associated'with these transitions.
4 Occurs when VA-CP sends GA-CP InitialRequest and the GA-CP sends

InitialResponseCode “OK.” Transitien only occurs if VA-CP causes thg transition
if it is also OK (i.e., compatible).

3 Occurs when either the GA-GP-6r VA-CP determines there is incomptibility
(i.e., if not transition 4, then 3).

5 Occurs when FinePosijtiohingRequest has AlignStatusCode = “Alignefd” and
FinePositioningRespohseCode = “OK.”

6 Occurs when GA-CP receives PowerRequest message.

7 Occurs when VA-CP receives TerminatePowerResponse Code “OK.

9-10-11-12 Occurs whenVVA-CP StatusExchangeRequest/StatusCode is “OK” ard the
Exception €ade is “None,” and the GA-CP responds the same way.

8 Occurstwhen TerminateCommunicationRequestStatus/ResponseCodes = “OK.”

Transition tq Error State | Occurs:when a StatusCode or ResponseCodes = “Fail.”

6.4 Scheduling Power Transfer

Power transfer can be scheduled by completing all prior transitions into the power transfer (PT) state aff which time the VA
can request zero ppwer from the GA. The VA can wait until a designated time or based on a desired schedule and then can
choose when to request.ihiat the GA ramp up the power to the level desired by the VA.

7. APPLICATION LAYER MESSAGES
7.1 InitialRequest
7.1.1 Message Overview

The InitialRequest message is sent from VA-CP to GA-CP to initiate the exchange of compatibility information. See 11.1 for
message usage. See 13.1 for the JSON schema for this message.
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{...}| Root Schema

‘prtyval Properties

: object

[{-}] InitialRequest : object

‘piy'wal Properties

[123] MessagelD : integer

(ABC| StatusCode : string

(123] VAMaximumReceivablePower : integer

'6_!1 VAControlLoop : boolean

1123] VAMaximumGroundClearance : integer

(123] VAMinimumGroundClearance : integer

ARl VA C ol e « atcioo
Gad-i e &

Figure 6 - InitialRequest schema diagram

Table 8 - InitialRequest.properties

(123] VANaturalFrequency : integer
[ABC| VAVendor : string
[ABC| VAModel : string

'.Anl.l']‘ VAProtocolVersion : CommonTypés.jsopsdidefinitions/Pro

'.Anﬂ"\'ASupporiedFinePositiomngMetho : CommonTypes.jsons
ds

tocolVersion,

ePositioningMethod s

definitions/Fin

Propefty Name Type Required Description

MessagelD Integer Yes An integer value where value = 0 and value < 65535.
Initialize to 0. Must be incremented from last
message received.

StatusCode String Yes Section 7.1.2: StatusCode.

VAMaximumRecgivablePower Integer Yes An integer value where value = 0 and value < 22000.
Number of watts that the VA is willirjg to receive, as
measured at the output of the VA.

VAControlLoop Boolean | Yes A boolean value “true” if VA executgs a control loop,
“false” otherwise.

VAMaximumGroyndClearance Integer Yes An integer value where value = 100(and value < 250.
Maximum height of the VA in mm.

VAMinimumGroupdClearance Integer Yes An integer value where value = 100(and value < 250.
Minimum height of the VA in mm.

VACoilType String Yes Section 7.1.3: VACoilType.

VANaturalFrequehey Integer Yes Section 7.1.4 VANaturalFrequency in Hz.

VAVendor String Yes A string value where length = 1 and length < 64.
Name of the VA vendor.

VAModel String Yes A string value where length = 1 and length < 64.
Model of VA device.

VAProtocolVersion Object No Section 8.2: ProtocolVersion.

VASupportedFinePositioningMethods | Array No Section 8.3: FinePositioningMethods.
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7.1.2 StatusCode

8 StatusCode : string

val Enum «OK«I
"Fail"

Val Description  Use Fail to
communicate VA

detection of an error
to the GA.

Figure 7 - StatusCode schema diagram

7.1.3 VACoilTyp,

7.1.4 VANatural

The self-resonant f

D

Frequency

8¢ VACoilType : string

Val Enum "Circular",
“DD".
"Solenoid"

Val Description  Type of VA coil.

Figure 8 - VACoilType schema_ diagram

requency of the VA under fully loaded conditiony with no GA present.

123| VAHaturalFr@quency : integer

1.2 tfnimums. (3
1.2 hbximum 10000000

Figure 9 - VANaturalFrequency schema diagram
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7.1.5 Example InitialRequest Message

“InitialRequest”: {
“MessageID”: O,
“StatusCode”: “OK”,
“WAMaximumGroundClearance”: 210,
“WAMinimumGroundClearance”: 140,
“WACoilType”: “Circular”,
“WANaturalFrequency”: 85500,
“WAVendor”: “Tech Company”,
“WVAModel”: “Rocket Charger”,
“WAControlLoop”: true,
“WAMaximumReceiveablePower”: 9000,
“WAPrdtocolVersion”: {
“Namespace”: “WECCP”,
“MajorVersionNumber”: O,
“MinorVersionNumber”: 1

bo
“WASugportedFinePositioningMethods”: [

“Hroprietary”,
\\IPEII,
\\IFII

7.2 InitialResporse
7.2.1 Message Qverview

The InitialResponde message is sent from GA-€P. to VA-CP in response to an InitialRequest mesg
message usage. See 13.2 for the JSON schemafor this message.

age. See 11.2 for
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‘mtywal Properties
‘prtywal Properties

ﬁ_ﬁl MessagelD : integer

'El InitialResponseCode : string

[&BC| GAPowerClass : string

ﬁjl GAMaximumDeliverablePower : integer
[ABC| GAZRangeSupported : string

'1.2 GAMinimumFrequency : number

Root Schema : objf

pct

'1_2 GAMaximumFregquency : number

-"o,f:. GACoilCurrentControl : boolean

T : e (]9
[{...]] InitialResponse : object } [ABC| GACoilType : string
/7

[&BC| GAVendor : string /\ ?
Q)b‘
12 GAMa:lmumCo'FICurré{t%umber

1.2 GAMin'rmumC(@ment : number
WV
1.2 GATarg\&é{tCumant : mumber

(ABC| GAModel : string

’iﬁ\ GA Wcowergm : CommonTypes.json#definitions)

tocolVersion

DO\

S
S
>

ASupportedFinePositioningMetho : CommonTypes.j

)
1
~

‘prty"val ResponseCode

Figure 10 - InitialResponse schema diagram

—

3 ds ePositioning Met
f
\

Pro

ton#idefinitions/Fin
ods
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Table 9 - InitialResponse properties

Responze code from GA

Val Descrption

Figure 11 - InitialResponseCode schema diagram

Property Name Type Required Description

MessagelD integer Yes An integer value where value = 0 and value < 65535.
Must be incremented from the last message
received.

InitialResponseCode string Yes Section 7.2.2: InitialResponseCode.

GAPowerClass string Yes Section 7.2.3: GAPowerClass.

GAMaximumDeliverablePower integer Yes An integer value where value = 0 and value < 22000.
Number of watts that the GA is willing to transmit, as
measured at the input of the GA.

GAZRangeSupported String Yes Section 7.2.4: GAZRangeSupported.

GAMinimumFreqgercy Number YeSs ATumber vatue where vatue = 79and value < 90
and value mod 0.001 = 0. Maximu| frequency the
GA supports in kHz (e.g., 82.5):

GAMaximumFrequency Number Yes A number value where valge 279 apd value < 90
and value mod 0.001 = 0. Maximun frequency the
GA supports in kHz (€.9,,82.5).

GACoilCurrentControl Boolean Yes A boolean value “truie” indicates the|GA has explicit
control over the-current entering the| GA coll, “false”
indicates no eXplicit current control.

GACoilType String Yes Section 7.2:6: GACailType.

GAVendor String Yes A stringrvalue where length = 1 and|length < 64.
Name ofthe GA vendor.

GAModel String Yes A string value where length = 1 and|length < 64.
Madel of the GA.

GAMaximumCoilCurrent Number No A'number value where value = 0 anfl value < 127
and value mod 0.1 = 0. Maximum cyirrent the GA can
deliver into the GA coil.

GAMinimumCoilQurrent Number No A number value where value = 0 anfl value < 127
and value mod 0.1 = 0. Minimum cufrent the GA can
deliver into the GA caoil.

GATargetCoilCurfent Number No A number value where value = 0 angd value < 127
and value mod 0.1 = 0. Target currgnt into the GA
coil.

GAProtocolVersign Object No Section 8.2: ProtocolVersion

GASupportedFingPositioningMethods~[“Array No Section 8.3: FinePositioningMethodg

7.2.2 InitialResppnseCode
\ABC| InitialResponseCode : string
Val Enum "0k,
"Processing”,
|§TeZud g g] o= 14 o] -
"Fail"
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7.2.3

724

7.2.5

GAPowerClass

(48| GAPowerClass : string

Val Enum "WPT1",
"WPT2",
WA,
“WPT4"

Val Description SAE J2954 power
class of the GA.

Figure 12 - GAPowerClass schema diagram

GAZRang«lSupported

GACoilTyge

80 GAZRangeSupported : string

Val Enum =l
"T1412"

L +2+73"

)

"D+I3",

W

Val Description Z fange supported by GA.

Figure 13 - GAZRangeSupported.schema diagram

(ABC| GACoiITyt;“e : string

Val Enum "Circular”,
IIDDII.
“Solenoid”
VahPlescription  Coil type of the GA.
N\

Figure 14 - GACoilType schema diagram
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7.2.6 Example InitialResponse Message

“InitialResponse”: {
“MessageID”: 1,
“InitialResponseCode”: “OK”,
“GAPowerClass”: “WPT3”,
“GAMaximumDeliverablePower”: 10000,
“GAZRangeSupported”: “z3”,
“GAMinimumFrequency”: 79.0,
“GAMaximumFrequency”: 90.0,
“GACoilCurrentControl”: false,
“GACoilType”: “Circular”,
“GAVenldor”: “Turbo Chargers”,
“GAModel”: “GA11lK”,
“GAPrdtocolVersion”: {
“Namespace”: “WECCP”,
“MajorVersionNumber”: O,
“MinorVersionNumber”: 1

by
“GASugportedFinePositioningMethods”: [
“Hroprietary”,
“IPE”,
N

7.3 FinePosition|[ngRequest
7.3.1 Message Qverview

The FinePositionin| Request message is sent from VA-CP to GA-CP to initiate and perform fine positioping of the GA and
VA devices. See 1].1 for message usage. See/13.3 for the JSON schema for this message.

‘miy'wal Properties
‘oiy'wal Properties

(123| MessagelD : integer

[ABC| AlignStatusCode : string

123 VANaturalOffset : integer

i{...}] Root Schema : object z ==a 3
'{...}| FinePositioningRequest : object i ﬂ LFMethod : object

M.} ProprietaryMethod : object
I:— VAFinePositioningParameters : object

‘miy'wal StatusCode

Figure 15 - FinePositioningRequest schema diagram
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Table 10 - FinePositioningRequest properties

Property Name Type Required Description

MessagelD Integer Yes An integer value where value = 0 and value < 65535.

Must be incremented from the last message received.

AlignStatusCode String Yes Section 7.3.2: AlignStatusCode.

VANaturalOffset Integer Yes An integer value where value = -32768 and value < 32767.
Indicates offset of the center alignment point in mm (in
x-direction as defined by SAE J2954), which results from the
coil design of the VA.

LFMethod Object No Section 7.3.3: LF.

ProprietaryMethod Object No Sections 7.3.4 and 7.3.5: ProprietaryMethod and

[ P opPt retat yData.

VAFinePositionianarameters Object No Section 7.3.6: VAFinePositioningParametefs.

7.3.2 AlignStatu

7.3.3 LFMethod

LFMethod is a cust

and one or more
SAE J2954.

[{..}] LFMeth

5Code

'ABC| AlignStatusCode : string

Val Enum "Ongoing”,
"HAigned”,
"Fail"

Val Descrption Status of Wi

Figure 16 - AlignStatusCode schema diagram

omizable message container for performing a “low frequency” positioning using one o
receivers located on the GA and VA¥For additional details on performing LF p

‘orty'val Properties

lo/1] VAIsTx J: boolean
123} VANumTxRx : integer

( [x,y,2] Array ltems
‘pty'wal Properties

[123] TxRxID : integer
T...]] VATxRx : arra B e
-1 : [Any] [0-n] : object %

RRREE R PR LRI RS

[{...}] TxRxPosition : object

JE{ : o!?ec"t [{..}] TxRxOrientation : objecy

r more transmitters
psitioning, refer to

[x,y,z] Amay ltems

] [0-n1

T_—ll VAPulseSequenceOrder : armay : integer

(123| VAPulseSeparationTime : integer
(123] VAPulseDuration : integer

[123| VAPackageSeparationTime : integer

Figure 17 - LFMethod schema diagram
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Table 11 - LFMethod properties

Property Name Type Required Description

VAIsTx Boolean Yes “True” if the VA has LF transmitters. “False” if the VA has LF
receivers.

VANumTxRx Integer Yes Number of transmitters/receivers on VA. An integer value
where value = 0 and value < 255.

VATXRx Object Yes An array describing each of the transmitters/receivers. Must
have VANumTxRx number of elements. See 7.3.3.1.

VAPulseSequenceOrder Integer No An array with 0 to 255 ordered elements containing the

array transmitter IDs describing the order of signaling. Only valid if

VAIsTx is “true.” Each array element is an integer value

VAPulseSeparatipnTime Integer No Time in ms between individual pulses withip the pulse
package. An integer value where valde = O[and value < 255.

VAPulseDuration Integer No Time duration in ms of each individual pulsg within the pulse
package. An integer value where value = Oland value < 255.

VAPackageSepatationTime | Integer No Time in ms between two subSequent pulse[packages. An
integer value where value/z 0 and value < $5535.

7.3.4 VATxRxObject

‘oty'val Properties

[123] TxRxID : integer

[(...}] TxRxPosition : object

[{..]] TxRxEfentation : object

Figure 18 - VATxRx object schema and sub-properties

Table 12 - VATxRx object properties

‘prtyarl \Properties

i) x : integer
123 v : integer
123 z : integer
‘orty"aal Properties

1.2] X0 : number
1.2] Yo : number
1.2] zo : number

Property Name Type Required Description
TxRxID Integer Yes ID of the LF transmitter/receiver. An integer value where value = 0
and value < 255.
TxRxPosition Object of X, Yes X, Y, and Z properties are integer coordinates of the
Y, Z integers transmitter/receiver relative to the center of the VA coil given in mm.
Each is an integer value where value = -32768 and value < 32767.
TxRxOrientation | Object of XO, | Yes X0, YO, and ZO properties are decimal values which describe a unit
YO, ZzO vector given the direction of measurement relative to the center of
numbers the VA caoil. If no direction is applicable, then all three values are set
to zero. Each is a decimal where value = -1.0 and value < 1.0 and
value mod 0.001 = 0.
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7.3.5 ProprietaryMethod

‘myvil Properties

It. ; . [M] i ;
(-1 ProprietaryMethod : object L1l ProprietaryData : array
L] bt
Val Description  Parameters for proprietary L1 Min fterns O
positioning method. ~l Max lterns 18

Val Description  Data frorm propristary
positioning system.

Figure 19 - ProprietaryMethod schema diagram

Table 13 - Proprietary data properties

Property Name Type Required Description) -
ProprietaryData Array No Section 7.3.5: ProprietaryData.

7.3.6  ProprietaryData

Doyl Array tems

123 [0-n] ~integer
-1 ProprietaryData : array

12 Minjmitirm 0

-1 tdin ltems O 1.2 pagimum 285

-] Max ltems 16 12 Byclusive Minimum  False

Val Description  Data from proprietary 12 Exclusive Maximum  False

positioning system. Val Description Raw bytes of

data from
positioning
system.

Figure 20> ProprietaryData schema diagram

7.3.7 VAFinePogsitioningParameters

L1 VAFinePlositioningParaméters : object wral Properties
B i | endorepesiS S meters. A VAStatus : CommonTypes.json#definitionsiV4Status

Figure 21 - FinePositioningParameters schema diagram

Table 124~ FInePosItioningParameters properties

Property Name Type Description
VAStatus Object Section 8.4: VAStatus.
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7.3.8 Example F

“FinePositioningRequest”:
“MessageID”:
“AlignStatusCode”:
“ProprietaryMethod”:

“ProprietaryData”:

inePositioningRequest Message

{

489,

“Ongoing”,
{

[

37,

55,

2,

245,

bo
“WAFin
“{/

7.4 FinePosition
7.4.1 Message (

The FinePositionin

128,
0,
0,
37,
88

ePositioningParameters”:

AStatus”: {
“WAException”: “None”,
“WAState”: “WPT V AA”

ngResponse
Dverview

Response message is sent from GA-CP to VA-CP in response to a FinePositioning

See 11.2 for message usage. See 13.4 for the:xJSON schema for this message.

{i-.}] Root Schem

‘prty'al Properties
‘prty'val Properties
[123] MessagelD : integer
[ABC] ResponseCode : string
[123] GANaturalOffset : integer

B {.nlgec’t

{...}} FinePositioningResponse : object

f{..J| LPEMethod : object

Request message.

[{...}] ProprietaryMethod : object

[{...})] GAFinePositioningParameters : ohject

[{..}) LFMethod : object

Figure 22 - FinePositioningResponse schema diagram
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Table 15 - FinePositioningResponse properties

Property Name Type Required Description

MessagelD Integer Yes An integer value where value = 0 and value < 65535. Must
be incremented from the last message received.

ResponseCode String Yes Section 7.4.2: ResponseCode.

GANaturalOffset Integer Yes An integer value where value = -32768 and value < 32767.
Indicates offset of the center alignment point in mm (in
x-direction as defined by SAE J2954), which results from
the coil design of the GA.

LPEMethod Object No Section 7.4.3: LPE.

LFMethod Object No Section 7.4.4: LF.

ProprietaryMethogt Object No Sections 74-5anmd 746 Proprietaryivtethod and
ProprietaryData.

GAFinePositioningParameters | Object No Section 7.4.7: GAFinePositioningParameters.

7.4.2 ResponseCode

743 LPEMethop

8| ResponseCode : string

Val Enum "OK",
"Processing”, ¢
“Fail" )
Val Description  Return "Processing®
during Fine

Positioning system
initializatiofhand "OK"
when initighZation is
compléte.

Figure 23 - ResponseCode schema diagram

LPEMethod is a message container for perfofming “low power excitation” positioning and alignment ch¢ck as described in

SAE J2954. LPE ppsitioning and alignment check utilizes low current excitation of the GA coil to which is

(..} LPEMethod : object

al ﬂ%;'r'iﬁk:-r Parameters for LPE.

‘orty"sal Properties
11.2| GACoilCurrent : number

1.2 Minimum 4]

1.2 Maximum 65.535
1.2 Exclusive Minimum False
1.2 Exclusive Maximum False

sensed by the VA.

1_2 Musltipls i (i

744 LFMethod

Val Description Currant delivered into GA col
far LPE in Amps.

Figure 24 - LPEMethod schema diagram

LFMethod is a customizable message container for performing a “low frequency” positioning using one or more transmitters
and one or more receivers located on the GA and VA. For additional details on performing LF positioning, refer to

SAE J2954.
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{...}} LFMethod : object

‘prtyval Properties

l0/1] GAIsTx

: boolean

iﬂ GANumTxRx : integer

[..]] GATxRx : amray

T GRAPUTEE SEqUEnCeTTIer T aray
[123| GAPulseSeparationTime : integer
[123] GAPulseDuration : integer

123| GAPackageSeparationTime : integer

[%,y,z] Amay ltems

‘prty'val Properties
[123) TxRxID : integer
[Any] [0-n]

o [{...]] TxRxPosition : ohject

[{...}] TxRxOrientation : object

Figure 25 - LFMethod schema diagram

Table 16 - LFMethod properties

Property Name Type Required N Description

GAIlsTx Boolean Yes “True” if the GA has LF transmitters. “False”|if the VA has LF
receivers.

GANumTXxRx Integer Yes Number of transmitters/receivers on GA. An|integer value
where value = 0 and value < 255.

GATxRx Object Yes An array describing each of the transmittersfreceivers. Must
have GANumTxRx number of elements. Se¢ 7.4.4.1.

GAPulseSequengeOrder Integer No An array with 0 to 255 ordered elements containing the

array transmitter IDs describing the order of signaling. Only valid if

GAlsTx is “true.” Each array element is an integer value
where value = 0 and value < 255.

GAPulseSeparatipnTime Integer No Time in ms between individual pulses within|the pulse
package. An integer value where value = 0 and value < 255.

GAPulseDuration Integer No Time duration in ms of each individual pulse|within the pulse
package. An integer value where value = 0 and value < 255.

GAPackageSeparationTime | Integer No Time in ms between two subsequent pulse packages. An
integer value where value = 0 and value < 6p5535.
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745

GATxRxObject

‘prty"val Properties

23] TxRxID : integer

‘mty'wal Properties

123 x : integer
[{...}] TxRxPosition : object r .
123 ¥ : integer
123 z : integer
‘mty'wal Properties
[1.2] x0 : number
1 )
] TxRxOrientation : object 13 Yo R )
1.2] Z0 : number

Figure 26 - GATxRxObject schema and sub=properties

Table 17 - GATxRxObject properties

Property Naméd Type Required R Description
TxRxID Integer Yes ID of the LF transmitter/receiver. An integer Vfalue where value
= 0vand value < 255.

TxRxPosition Objectof X, Y, | Yes X5, and Z properties are integer coordinate$ of the

Z integers transmitter/receiver relative to the center of the GA coil given
in mm. Each is an integer value where value i -32768 and
value < 32767.

TxRxOrientation Object of XO, | Yes XO, YO, and ZO properties are decimal valugs which describe
YO, 2O a unit vector given the direction of measurement relative to the
numbers center of the GA coil. If no direction is applicgble, then all

three values are set to zero. Each is a decimal where
value = -1.0 and value < 1.0 and value mod (.001 = 0.
7.4.6 ProprietaryMethod

‘myvdl Properties
(]| ProprietaryData : array

EI.F_'EoprietaryMethod : object

-l B
Val Description  Parameters for proprietary » Min lterns 0
pasitioning methad. «l Max ltems 1B
Val Description  Data from proprietary

positioning system.

Figure 27 - ProprietaryMethod schema diagram
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Table 18 - ProprietaryMethod properties

Property Name | Type | Required Description
ProprietaryData Array | No Section 7.4.6: ProprietaryData.

7.4.7 ProprietaryData

[xvz] Array ltems
123 [0-n] :integer

.1 ProprietaryData : array 1 M 0

L] Min tems O 12 Maximum 255

L) bty Iy 12 Fyrlysive Minimum — False

Val Description  Data from proprietary 12 Exclusive Maximum  False

positioning system. Val Description Raw bytes of

data fram
positioning ]
system. \

Figure 28 - ProprietaryData schema diagram
7.4.8 GAFinePositioningParameters

-] GAFinePdsitioningParameters  : object mal Properties
Val Description  [Vendor-specific parameters Aw| GAStatus <{CommonTypes.json#idefinitions/GAStatus

Figure 29 - FinePositioningParameters schema diagram

Table 19 - FinePositioningParameters properties

Property Name Type Description
GAStatus Object Section 8.5: GAStatus.

7.4.9 Example HinePositioningResponse Message

“FinePosifioningResponge!~t {
“MessageID”: 914,
“RespdnseCode” <, 20K”,
“PropyietaryMethod”: {

“HroprietaryData”: [

ll

200,

133,

45,

73,

89,

3

bo
“GAFinePositioningParameters”: {
“GAStatus”: {
“GAException”: “None”,
“GAState”: “WPT S AA”
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7.5 PowerRequest

7.5.1 Message Overview

The PowerRequest message is sent from VA-CP to GA-CP to initiate and control power transfer. See 11.1 for message
usage. See 13.5 for the JSON schema for this message.

‘pty'val Properties

‘mty'wal Properties

[123] MessagelD : integer

[ABC| StatusCode : string

]

oot Schema : object

|.-.}| PowerRequest : object

[ABC| StatusCodeDetail : string e\

[123| VAPowerRequest : integer

1123] VAPowerReceived : inteffer

[123] GACoilCument; integer
[1.2] VAFrequer_\cy“;number
[123] ‘\."ol.ﬁgeToE\." : integer
ﬁl SumentToEV : integer

: §{..}| VAPowerDemandParameters : object]

Figure 30 - PowerRequest schema diagram

Table 20 - PowerRequest properties

Property Name Type Rbh-ufred Description

MessagelD Integer Yes An integer value where value = 0 and valug < 65535. Must
be incremented from the last message recgived.

StatusCode String Yes Section 7.5.2: StatusCode.

StatusCodeDetai String Yes Section 7.5.3: StatusCodeDetail.

VAPowerReques Integer Yes An integer value where value = 0 and valug < 22000. Power
the VA is requesting in watts, as measured|at the DC output
of the rectifier.

VAPowerReceived Integer Yes An integer value where value = 0 and valug < 32767. Power
received by the VA as measured at the output of the VA
electronics in watts.

GACoilCurrent Integer No An integer value where value = 0 and valug < 127. Number
of amps the GA should be sending into the GA coil.

VAFrequency Number No A number value where value = 79 and value < 90 and value
mod 0.001 = 0. Frequency the VA wants the GA to use for
power transfer in kHz (e.g., 85.5).

VoltageToEV Integer No An integer value where value = 0 and value < 65535.
Voltage measured at the output of the VA electronics in
volts.

CurrentToEV Integer No An integer value where value = 0 and value < 32767.
Current measured at the output of the VA electronics in
amps.

VAPowerDemandParameters | Object No Section 7.5.4: VAPowerDemandParameters.
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7.5.2 StatusCod

e

A8C StatusCode : string
Val Enum "OK",

"Fail"
Val Description  Status fram VA

Figure 31 - StatusCode schema diagram

7.5.3 StatusCodeDetail

7.54 VAPowerD

(...1] VAR

Liquid Studi

7.5.5 Example A

e StatusCodeDetail : string

Val Enum “None",
“Thermal",
"Battery",
"Frequency”,
"ControlRange”,
"Shiitdnwn"

Val Description  Used to provide more
detail for the status
code

Figure 32 - StatusCodeDetail schema diagram
emandParameters

‘prty"¥ab Properties
owerDemandParameters : object @ “.n,n-,l VAStatus : CommonTypes.json&'definiti
\ Status
2019 - Developer Bundle (Traly 17.1.13 9644

Figure 33 - RowerDemandParameters schema diagram

Table'21 - PowerDemandParameters properties

Property.Name Type Description
VAStatus Object Section 8.4: VAStatus.

owerReguest Message

prsh

“PowerReq
“Messa
“Statu
“Statu

est’ T |

geID”: 155,

sCode”: “OK”,
sCodeDetail”: “None”,

“VAPowerRequest”: 10000,

“WAPowerReceived”: 9990,

“WAPowerDemandParameters”: {
“WAStatus”: {

“WVAException”: “None”,
“VAState”: “WPT V PT”
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7.6 PowerResponse

7.6.1 Message Overview

The PowerResponse message is sent from GA-CP to VA-CP in response to a PowerRequest message. See 11.2 for
message usage. See 13.6 for the JSON schema for this message.

‘mty'val Properties

‘prty'wal Properties

(123| MessagelD : integer

'nm ResponseCode : sfring

({..}] Roof Schema : object

{...}| PowerResponse : object

Figure 34 - PowerResponse schema diagram

Table 22 - PowerResponse properties

ResponseCodeDetail : string C‘)

InputGridPower : integer U

GACoilCurrent : number

GAFrequency_¢ numkfer

GAMaxT£Bwe/: integer

GAMIRTxPwr : integer

GAPowerDemandParameters :© object

»

Property Name Type Required Description

MessagelD Integer Yes An integer value where value = 0 and value < 65535. Must
be incremented from the last message reqeived.

ResponseCode String Yes Section 7.6.2; ResponseCode.

ResponseCodeDetail String Yes Section 7.6.3: ResponseCodeDetail.

InputGridPower Integer: Yes An integer value where value = 0 and value < 32767.
Power the GA is consuming from the grid |n watts.

VAPowerReques Integer Yes An integer value where value = 0 and value < 22000.
Confirmation of power the VA is requesting in watts.

GACoilCurrent Number No A number value where value = 0 and valu¢ < 3276.7 and
value mod 0.1 = 0. Number of amps the GA is sending into
the GA caoil.

GAFrequency Number No A number value where value = 79 and valte < 90 and value
mod-0-00t="0—Frequency the- GAsusing for power
transfer in kHz (e.g., 85.5).

GAMaxTxPwr Integer No An integer value where value = 0 and value < 22000.
Maximum number of watts that the GA is willing to transmit.

GAMInTxPwr Integer No An integer value where value = 0 and value < 22000.
Minimum number of watts that the GA is willing to transmit.

GAPowerDemandParameters | Object No Section 7.6.4: GAPowerDemandParameters.
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7.6.2 ResponseCode

ABC| ResponseCode : string

val EI’IUI‘n IIOI{III
"Processing",

"Fail"

Val Description Return “Processing”
while GA is preparing
to start power
transfer,

—————————————Figure-35—ResponseCode-schema-diagram

7.6.3 ResponseCodeDetail

ABE ResponseCodeDetail : string

Val Enum “None™,

“Input Current”,
“Base Cumant”,
“Intemal Curment”, \
“Intemal’bitage”,
"Frequency”,
“Control Fange"
Val Description Usedto provide more detail forthe
response code,

Figure 36 - ResponseCodeDetail schema diagram

7.6.4 GAPowerl)emandParameters

‘pty'wal Properties

‘Il_...} GAPowerDemandParameters : cqu?,t\}b 'T\nﬁ VGAStatus : CommonTypes.json# definitions/GA
N\ Status

Figure-37 - PowerDemandParameters schema diagram

Table 23 - PowerDemandParameters properties

_Property Name Type Description
GAStatus Object Section 8.5: GAStatus.
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7.6.5

{

“PowerResponse”:
“MessageID”:
“ResponseCode”:
“ResponseCodeDetail”:
“InputGridPower”:
“GAPowerDemandParameters”:

“GAStatus”:

Example PowerResponse Message

{

631,

“OK”,

“None”,
8000,

{

{
“GAException”: “None”,
“GAState”: “WPT S PT”

}
7.7 TerminatePg
7.7.1  Message (

The TerminatePow
message usage. S

{i-] Root Skhema : object

werRequest

Dverview

erRequest message is sent from VA-CP to GA-CP to initiaté)termination of power trg
ee 13.7 for the JSON schema for this message.

‘myil Properties
‘myal Properties
[123] MessagelD : integer

[ TerminatePowerRequest .\ object

(#8C] StatusCode : string

[i-1] VATerminatePowerParameters

Figure 38 - TerminatePowerRequest schema diagram

Table 24 - TerminatePowerRequest properties

nsfer. See 11.1 for

: pbject

Property|[Name ] “Type | Required Description
MessagelD Integer | Yes An integer value where value = 0 and value g 65535. Must be
incremented from the last message received.
StatusCode String Yes Section 7.7.2: StatusCode.
VATerminatePowerParameters | Object No Section 7.7.3: VATerminatePowerParametefs.

7.7.2

StatusCod

8¢ StatusCode : string

Val Enum "OK",
“Fail"
Val Description  Status from WA

Figure 39 - StatusCode schema diagram
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7.7.3 VATerminatePowerParameters

‘Yl Properties

(™) i ot -
-] VATerminatePowerParameters : object A VAStatus : CommonTypes json#tidefinitionsiVAStatus

Figure 40 - TerminatePowerParameters schema diagram

Table 25 - TerminatePowerParameters properties

Property Name Type Description
VAStatus Object Section 8.4: VAStatus.

7.7.4 Example TlerminatePowerRequest Message

{
“TerminatgPowerRequest”: {
“MessageID”: 480,
“StatysCode”: “OK”,
“WATeryminatePowerParameters”: {
“VAStatus”: |
“WAException”: “None”,
“WAState”: “WPT V PT”

}
7.8 TerminatePqwerResponse
7.8.1 Message Qverview

The TerminatePowlerResponse message is sentfrom GA-CP to VA-CP in response to a TerminatePowefRequest message.
See 11.2 for message usage. See 13.8 for the JSON schema for this message.

ywl Properties
‘mywal Properties
123 MessagelD : integer

[ Root Sdhema : objéct)} (8| ResponseCode : string

[t.] TerminatePowerResponse : object
123 InputGridPower : integer

[}l GATerminatePowerParameters : opject

Figure 41 - TerminatePowerResponse schema diagram

Table 26 - TerminatePowerResponse properties

Property Name Type Required Description
MessagelD Integer Yes An integer value where value = 0 and value < 65535.
Must be incremented from the last message received.
ResponseCode String Yes Section 7.8.2: ResponseCode.
InputGridPower Integer Yes An Integer value where value = 0 and value < 32767.
Power the GA is consuming from the grid in watts.
GATerminatePowerParameters | Object No Section 7.8.3: GATerminatePowerParameters.
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7.8.2 ResponseCode

A8 ResponseCode : string

Val Enum "OK",
"Processing”,
“Fail"

Val Description  Response code from
the GA,

Figure 42 - ResponseCode schema diagram

7.8.3 GATerminatePowerParameters

‘ywl Properties
Aw] GAStatus : CommonTypes.json#/definitions/iGAgtatus

)] GAT4rminatePowerParameters : object

Val Descrigftion  Vendor-specific parameters.

Figure 43 - GATerminatePowerParameters schema diagram

Table 27 - TerminatePowerParameters properties

Property Name Type _ Description
GAStatus Object Sectiom8.5: GAStatus.

7.8.4 Example TlerminatePowerResponse Message

“TerminatgPowerResponse”: {
“MessageID”: 971,
“RespdnseCode”: “Processing”,

“InputGridPgwer”: 3000,
“GATeryminatePowerParameters” n-{
“gAStatus”: |
“GAException”: “Norne”,
“GAState”: “WRT\S PT”

7.9 StatusExchapgeRequest

791 Message Dvetview

The StatusExchangeRequest message is sent from VA-CP to GA-CP to initiate the exchange of status when errors are
detected by the system. See 11.1 for message usage. See 13.9 for the JSON schema for this message.

‘sl Properties
‘yal Properties
[123] MessagelD : integer

{t..] : obj =
[l Root Schema : object [t StatusExchangeRequest : object ¢ StatusCode - string

[Aw]'VAStatus : CommonTypes json#definitions/VAStatus

Figure 44 - StatusExchangeRequest
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Table 28 - StatusExchangeRequest properties

Property Name Type Required Description
MessagelD Integer Yes An integer value where value = 0 and value < 65535. Must be
incremented from the last message received.
StatusCode String Yes Section 7.9.2: StatusCode.
VAStatus Object Yes Section 8.4: VAStatus.
7.9.2 StatusCode
8¢ StatusCode : string
Vat—Erm O
“Fail"
Val Description  Status fram VA
Figure 45 - StatusCode schema diagram
7.9.3 Example StatusExchangeRequest Message
{
“StatusExdhangeRequest”: {
“MessalgeID”: 496,
“StatusCode”: “OK”,
“WAStatus”: {
“WAException”: “SystemErrorInAA”,
“Vastate”: “WPT V_ERR”
}
}
}
7.10 StatusExchangeResponse

7.10.1 Message (

The StatusExchan

{i-] Root Schg

Dverview

ma . c;bject

‘W@ Properties

[£] statusExchangeResponse

: object

jeResponse message'is sent from GA-CP to VA-CP in response to a StatusExchanggRequest message.
See 11.2 for message usage. See 13.10 for the JSON schema for this message.

‘my%l Properties
(123 MessagelD : integer

(8] ResponseCode : string

T GASTAIIS T COIMITON T YPES . [Sormde iitions/G,

Figure 46 - StatusExchangeResponse schema diagram

Table 29 - StatusExchangeResponse properties

AStatus

Property Name Type Required Description
MessagelD Integer Yes An integer value where value = 0 and value < 65535. Must be
incremented from the last message received.
ResponseCode String Yes Section 7.10.2: ResponseCode.
GAStatus Object Yes Section 8.5: GAStatus.
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7.10.2 ResponseCode

ABC ResponseCode : string

Val Enum 0] 4
"Processing",
“Fail"

Val Description Response code from
GA,

Figure 47 - ResponseCode schema diagram

act

7.10.3 Example StatusExehangeResponse-Message

{
“StatusExdhangeResponse”: {
“MessaggeID”: 915,
“RespdnseCode”: “OK”,
“GAStatus”: |

“JAException”: “SystemErrorInIdleOrPT”,

“dastate”: “WPT S ERR”

}
7.11 TerminateCgmmunicationsRequest

7.11.1 Message Qverview

The TerminateCofnmunicationsRequest message is sent from VA-CP to GA-CP to initiate termipation of wireless
communications bg¢tween the VA-CP and GA-CP. See 1.1 for message usage. See 13.11 for the JSON schema for this

message.

‘nyvl Properties

[i-]] Root Schefna : object

‘yel Properties
[123] MessagelD : integer
(]} Tetming?eCommunicationsRequesé : object 80 StatusCode : string

t-} VATerminateCommunicationsParameters

Figure 48 - TerminateCommunicationsRequest schema diagram

object

Table 30 - TerminateCommunicationsRequest properties

Property Name Type Required Description
MessagelD Integer Yes An integer value where value = 0 and value
< 65535. Required. Must be incremented
from the last message received.
StatusCode String Yes Section 7.11.2: StatusCode.
VATerminateCommunicationsParameters Object No Section 7.11.3:
VATerminateCommunicationsParameters.
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7.11.2 StatusCode

ABC| StatusCode : string

Val Enum "OK",
“Fail"
Val Description  Status from VA,

Figure 49 - StatusCode schema diagram

7.11.3 VATerminateCommunicationsParameters

‘myvl Properties

(-1 VATerminateCommunicationsParameters : object )
(Am] VAStatus : CommonTypes.json#/definitionsiVAStatus

Val Descriptifn  Vendor-specific parameters

Figure 50 - TerminateCommunicationsParameters schema diagram

Table 31 - TerminateCommunicationsParameters properties

Property Name Type Description
VAStatus Object Section 8.4: VAStatus.

Example Terminat¢CommunicationRequestMessage:

{

“TerminatgCommunicationsRequest”: {
“MessageID”: 560,
“StatysCode”: “OK”,
“WATerminateCommunicationsParameters”:
“"VAStatus”: |
“WAException”: “None”,
“WVAState”: “WPT V/TIDLE”

7.12 TerminateCgmmunicationsResponse

7.12.1 Message Qverview

is—sept—from—GA-GP—to—VA-GP—in— response to a

TTTTC L T ot \ I ~4

The TerminateCommunicatiorsRespenrse—message
TerminateCommunications Request message. See 11.2 for message usage. See 13.12 for the JSON schema for this

message.

‘mywl Properties
‘¥l Properties

- [I23] MessagelD : integer
™) - i =2
s - obiect [}l TerminateCommunicationsResponse : object (¢ ResponseCode : string

[t-] GATerminateCommunicationsParameters : object

Figure 51 - TerminateCommunicationsResponse schema diagram
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Table 32 - TerminateCommunicationsResponse properties

Property Name Type Required Description
MessagelD Integer Yes An integer value where value = 0 and value <
65535. Must be incremented from the last
message received.
ResponseCode String Yes Section 7.12.2: ResponseCode.
GATerminateCommunicationsParameters | Object No Section 7.12.3:
GATerminateCommunicationsParameters.

7.12.2 ResponseCode

8¢ ResponseCode : string

Val Enum "OK",
"Processing",
"Fail"

Val Description Response code from
GA.

Figure 52 - ResponseCode schema diagram

7.12.3 GATerminateCommunicationsParameters

‘yal Propedies

-} GATerrhinateCommunicationsParameters : object W <
[Aw] GAStatus : CommonTypes.json#idefinitionsiGAStatus

Val Descriptioh  Vendor-specific parameters

Figure 53 - TerminateCommunicationsParameters schema diagram

Table 33 - TerminateCommunicationsParameters properties

Property Name | - Type Description
GAStatus Object Section 8.5: GAStatus.

7.12.4 Example TlerminateCommunicationResponse Message

{

“TerminatgCommunicatiensResponse”: {
“MessageID”: 271,
“RespdnseCodg” 3 “Processing”,
“GATeyminateCommunicationsParameters”:
“"QAStatts”: |
YGAException”: “None”,
“GAState”: “WPT S IDLE”

}
8. COMMON TYPES
8.1  Overview of Common Types

Common types include schema fragments that are shared across multiple other schema. Defining them separately promotes
schema reuse through the use of JSON references.
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8.2 ProtocolVersion

‘mywl Properties
(.6C] Namespace : string

Val Default “WECCP"
ABC Min Length 1

ABC Max Length 64

Val Description  Defines the

namespace for the
protocol.

(123) MajorVersionNumber : integer

1.2 Minimum 0

1.2 Maxirmum 255

1.2 Exclusive Minimum  False

1.2 Exclusive Maximum False

Val Description The major versian
number of te

protocol,,Set 1o O for
this versian.

~
O

123] MinorVersionNunfBer : integer

(L)

e o )

[t-)] ProtocolVersion : object

1.2 Minimum @)
1.2 Maximum 255

1.2 Exclusive @m False
1.2 Exclusive Méaximurm  False
Val Des r@ The minor version
2\ number of the
(%) protocol. Set to 1 for
‘ \\g\ this version.

Figure 54 - ProtocolVersion schema diagram

8.3 FinePositionjngMethods

- q o

...]| FinePositionin ods @ arra

= gk\‘g v [%,y,2] Array ltems

[-] Min ltams i ]

[...] Max ltems O [Any| [0-n]  : string

[-:] Uniqueltemsi\ Tri=s . :

Val Descrips iz infio may be sent from VA to GA for Val Emm SRS
disgnostic purposes. If sent from GAte "F'reprlietalj.r"
WA, then W& should use to select one or “LF* )

anarified Mannzl shonld he assnimed

Q/%O mare methods that are common

betwesn WA and GA to use. If not

Figure 55 - FinePositioningMethods schema diagram
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8.4 VAStatus

‘ity'val Properties

'E VAException : string

Val Enum "N,
"BystemErmarinldleorP T,
"BystemErrorinAA",
"BystemErmorin3I1”,
“SystemErmorinSE",
“BystemMisalignedinldie”,
“lInshl=TrAlian"

Val Description  Exception on VA

[ABC| VAState : string

Val Enum “WPT_V_OFF",

'E VAStatus : object Val Description  State on VA

[c] Max ltems 322

Val Description  Propristary vendor data QOQ
N

QO

[1.2] BatterySoC : numbe\r{\@

1.2 Minimum 0 S

1.2 Maximum £

1.2 Exclusive Minimum\$alze

1.2 Exclusive Maxim False
1.2 Mutipie 0f O 0.001
Val I'.'IE:::rim\'Qt~ Battary State of Charge

=&

Figure 56 - VAStatus schema diagram

[xv.2] :.;}al,r ltemns

U VAVendorData : array ] ?ﬁml [0-n] . integer
[...] Minltems 0 ( 1.2 Minimum ]

1.2 Maximum 255
1.2 Exclusive Minimum Fals
1.2 Exclusive Maximum Fals
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8.5 GAStatus

‘priy'val Properties
[ABC| GAException : string
Enwm “None”,
val “SystemErmorlnldie0OrPT,
"BystemErrorinAA”,
"SystemErmrorlnSI”,
"SystemErmorinSB”

Val Description Exceptions on GA.

[ABC| GAState
\al Enum

: string

“WET S D05"

E GA 5t

9. EXAMPLE ME

The message seqy
and GA-CP during
characterization of
conditions, see Se

WFI_5 SH,
"WPT_5_5I",
TWPRT_S_AA7
"WPT_5_IDLE",
"WPT_S_PT,
"WPT 5 FRR"
States on GA.

itus : object

Val Descripticn

[x,v,z] Array Ttems

l...]] GAVendorData : array [&np! “[0-n] : integer
[-.] Minltems O \"1.2 Minimum 1]

[...] Max ltems 32 1 1.2 Maximum 255
Val Description Proprietary vendor data < ] 1.2 Exclusive Minimum Fal

1.2 Exclusive Maximum Fak

Figure 57 - GAStatus-schema diagram
SSAGE SEQUENCES
ence diagrams illustrate various example scenarios to show representative interactio
the various message cycles. They are not an exhaustive specification of all scenarios

worst case scenarios. For greater detail on how each GA-CP and VA-CP should bsg
ction 11.

]

morm

hs between VA-CP
5, nor necessarily a
have across many
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9.1 Alignment and Charging

Note: Vehicle messages are
omitted and importanttriggers
are shown, for clarity.

X

Vehicle

SetupCommunicationsWithGA[)

Wi

o

-

3

GA-CP

seq Communications Setup /J

[ seq Establish 1P-Based Connection, /

seq Compatibility Check /|

|
|
0
|
|
|
|
|
|
|
|
|
|
|
|
|
!
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

ReadyToCharzel]

T

EnzblePowerTransfer()

o

H LA =L Lat=2 n =30 g

InitialResponse(0K)

seq Alignment )

loop while GA sets up for align I'I'lEI'It/)
T
FinePositidningRequest(Cnsoing)

FinzPgsitioningResponse|Processing)

logp while VA detects that devicesare nntaligney

FinePositioningRequest(Onsoing)

s ———

_ FinePositioningResponse(OK) _

q ldle Alignment Check

loop when devices are align E:I/

FinePositioningRequest(Aligned)

_ FinePositioningResponze(OK) _

s ———

LJ
|
1
|
T
|
|
|

—

L
seq Charging

loop while GA prepares for power tmnsfey

T
I PowerBegquest|OK)
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11
loop during power control /

PowerRequest| K]

e PowsdiesponselOK)

CizzblerowerTransfar])

A |
_C____ PR S

seq TerminatePowerTransfer /

loop while GA terminates power transfer /

! Terminstepoyernenye o]

I =

TerminatePowerRequest[Processing|

T —— ]

TerminatePowerRegquest|OK)

- TerminatePowerResponse| Ok

Bl

seq Idle Alignment Check /

loop while GA sets up for Siznment //I
T

|
| EinePositioning Request{Ongoing)
o

kL }

FinePositionResponse| Processing)

{: _______________________

loop when devices are aligned /

FinePositioning Reguest[Aligned)

L J

I FinePocitioningResponse(0K)

TerminateCommunicationsWwithGa()

§

seq Terminate Communications /
T

I s W o WO R

“Termunatelommunicabons Request{ CK)

TerminateCommunicationsResponse{OK)

B o T e et e

| seq Terminate IP-Based Connection /
|

Figure 58 - Alignment and charging sequence diagram
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9.2

GA Exception During Power Transfer

%

Vehicle VA-CP GA-CP
| | |
| SetupCommunicationsWithGA() - | |

8] =0 !
| 1 1
) | seq Communications Setup/ |
Note: Vehicle messages are | |
omitted and important triggers ] | |
are shown, for clarity. | [ [
I seq Compatibility Check / i
| |
| 0 0
| 1 1
) seq Alignment / |
I |
| | |
| I I
| L t
] seq Idle Alignment Check |
| ReadyToCharge() |
o™ @) |
| 1 |
| EnablePowerTransfer() o | |
] g ®| |
| | |
I seq Charging :
| L L
| loop while GA prepares.for power transfe/ |
| T |
| | |
! I PowerRequest(OK) I
: >
|
: = PowerResponse(Processing)
|
| |
| !
| |
: loop during power controV :
| |
: PowerRequest(OK) - :
|
|
| PowerResponse({OK|
! le ——___ FPowerResponse(OK) _ _ __ _ _ |
|
| |
| 0
| H
| seq Exception on GA/ i
| |
| |
| |
| PowerRequest(OK) = |l
|
|
! P R (Fail)
| owerResponse(Fai
| -k = — — — — — —
| T
| | |
| | |
| ] |
| | |
! ! !
: seq Communicate Error Detaiy :
| I |
| H H
| loop while GA reports errors/ |
| T |
| I StatusExchangeRequest(OK) |
| L
|
|
: StatuskxchangeResponse(OK, SystemErrorinPT)
|
| |
| L
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seq Exception on GAis Cleared /

-
1
|
|
|
|
'

;
|
|
I
| StatusExchangeRequest(OK) -
|
|
I
|
| StatusExchangeResponse(OK, None)
I -€ ________________________
I
| I I
I I I
I I I
I | |
| [ [
I f
| seq Idle Alignment Check / |
| T |
! - ReadyToCharge() ! |
o) 0 |
| | |
T - - T
| loop while GA sets up for alignment / |
| T |
: ! FinePositioningRequest(Ongoing) !
I
|
I
|
| FinePositioningR P i
| b _ TINEF0S! tioningResponse(Processing) .
I
I I
| |
I ]
| |
: loop when devices are aligned / :
I I
I I
| FinePositiohingRequest(Aligned) - !
I
|
I
|
| EmePositioningR OK
| le _ _ _ aSMEFOsITONINg Response(OK)_ _ _ _ _ _
|
I
|
I
|
I
1

Figure 59 - GA exception during power transfer sequence diagram
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9.3 VA Exception During Power Transfer

x % X

Vehicle VA-CP GA-CP

SetupCommunicationsWithGA()

-
-

—-d--

seq Communications Setup/
|

seq Compatibility Check /

|
|

seq Alignment /
T

seq Idle Alignment Check /
ReadyToCharge()

EnablePowerTransfer()

Note: Vehicle messages are
omitted and important triggers
are shown, for clarity.

A

[
>

seq Charging /

—{-—- |

loop while GA prepares forpower transfe/
I
: PowerRequest(OK) -
L
PowerResponse(Processin
=\ _ _PowerResponselProcessing) _ _ _ _
I
|
I
!
loop during power cantraV i
|
PowerRequest(OK) - |
L
PowerResponse(OK]
| ___ PowerResponse(0K) _ _ _ _ _ _
|
|
i
1
seq Exception on VA/ :
|
PowerRequest(Fail) - I
-
PowerResponse(OK
| ____ PowerResponse(OK) __ _ __

- —— -«

loop while VA errors are not clearecy

|
[
h
|
I
1
seq Communicate Error Detail/ |
|
T
|
|
|

|
| StatusExchangeRequest(OK, SystemErrorinPT)

StatusExchangeResponse(OK
| ___ Statusxchan geResponse(0K)

e B T e & s 6 S B o
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[ :
seq Exception on VA is cleared / |

StatusExchangeRequest|{OK, None)

StatusExchangeResponse(CQK)

seq ldle Alignment Check /

loop while GA sets up for alignment /

: FinePositioningRequest{Ongoing)

- - L)

FinePositioningResponsé{Brecéssing)

{ _________________________

ReadyToCharge()

loop when devices arealighed /

FinePositioningRequest{Aligned)

FinePositioningResponse(OK)

{ _________________________

Figure 60~ VA exception during power transfer sequence diagram
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9.4 GA and VA Become Misaligned

X

Vehicle

SetupCommunicationsWithGA()

X

VA-CP

Note: Vehicle messages are
omitted and important triggers
are shown, for clarity.

[
-

——d--

seq Communications Setup/

seq Compatibility Check /

ReadyToCharge()

seq Alignment /

seq Idle Alignment Check )

A

)

i
loop when devices aligned/

T
| FinePdsitioningRequest(Aligned)

FinePositioningResponse(OK)

e — e e e —

seq Exception on VA/

FinePositioningRequest(Fail)

FinePositioningResponse(OK)

e —— —— (S T T

Yy

-
|
|
|
1
|
|
|

seq Communicate Error Deta'lV
1

loop while VA errors are not clealed/
T

I StatusExchangeRequest(OK, SystemMisalignedinldle)

[
-

StatusExchangeResponse(OK)

e ——— L e

f—_—_————,————,—,—,—,—ree— e (O

seq Exception on VAis cleared/

StatusExchangeRequest(OK, None)

StatusExchangeResponse(OK)

4<_ ___________________

S
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seq Alignment /

loop while GA sets up for Alignment/

| FinePasitioning Request(Ongoing)

FinePasitioning Response(Processing)

e e

loop while VA detects that devices are not aligned/

FinePasitioning Request(Ongoing)

FinePositioningResponse|0K)

ke — TS

seq Idle Alignment :Zhs_hck/I

b‘. ReadyToCharge() |
|

loop when deviees are aligned/

FinePositioningRequest{aligned)

FinePositioningResponse|0K)
{_: _______________________

Figure 61 - GA and VA become misaligned sequence diagram
10. MESSAGE TIMING
The timing specifidations attemptto define the timers of importance and specify where timeouts, performance times, and

execution periods $hould be'implemented. They also provide default values for timeouts, performance times, and execution
periods.
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%

VA-CP Appli

stion Layer

?

GA-CP Application Layer

[NACP Execution Pericd Timer|

Request-Response Message Pzirn

RequestMessagel)

{VACP Message Timer}

| Request Message Transmission!
1 Delay

| .

ResponseMessaga()

IRESpnnsEMEssagETransm\ss\r, L
Dalay |
i

1
&
L

{gacrsequence Timer)

Request-Response Message Pair n+1

RequestMesszge()

Definit]

— Timeout: Ifthe specified time is exceeded,|
— Performance Time: Ifthe specified time is
— Execution Pariod: The spacified time shoul

— shorter periods or langer periods may lead

— the nominal period are acceptable withoul

11. COMMUNICA

The communicatio
GA-CP.

b
:

{sAcP Massage Performance Timer)

Response Messagevansrmssw’<

Delay ! b
|

i

ons
fhen error handlingis initiated

<ceeded, then performance may be impacted
be used as the nominal execution interval -
Jto degraded performance. Miner variations in

significant performance pensltiss,

[ION STATES

VA-CP Execution Periods GA-CP Message Performance Times

—=, Initi3| Response:GACP Massage Performance Timer=1second

— AvOther

Initial Request: VACP Exacution Period Timer =15 seconds.
Timer =3/

Fine Fositioning Request: VACP Exacution Period Timer = 85 milliseconds. PMessaze
Power Request: VACP Exacution Period Timar = 100 milliseconds
Terminate Power Request: VACP Exacutian Pericd Timer = 100 millisecands ey T,
Status Request:VACP Execution Period Timer = 1 secand
Terminate Communications Request: VACP Execution Period Timer = 15 b aCACEBIEsr=p e LG EMESssae e pes 2 oSt
Mote: If VACP Massage Timer exceads the VACP Execution Period Time, theh
the exacutian pericd goal can not be met and the VACP should wiivtdsend GA-CP Timeouts
request n+1 until response n has been received and progeSséd

— Initial Request:GACPSequence Timer >= 8 seconds

— All Other Requests:GACP Sequance Timer 3= 2 saconds

Figure 62 -~Timing specifications

n state diagrams attempt to-provide a detailed specification of the expected behavio

foras:

VACP and GACP timings are measuradwith respact
tothair respective application ayers

ADats. j I /confirmation
nemenclature is omittedfor simplicity and
rezdability

Mot dmwn to scale

of the VA-CP and


https://saenorm.com/api/?name=00bd8969269c23aeccf23e09752e51ac

SAE INTERNATIONAL J2847™/6 SEP2020 Page 56 of 96

11.1 VA-CP Communication States

Notes:

. Initial follows the establishment of an IP-based connection with a GA-CP

. Reset causes a restart at Initial

. Loss of auxiliary power and reapplication of auxiliary power causes a restart at Initial

. Lozs of communications may result in restart at Initial if trigger from vehicle iz received to establish
communications with GA

. Resetting of message timers, sequence timers, period timers, and event timers is omitted for simplicity

. If multiple transition events coccur simultaneously in a given state, priority should be given to error-handling
transition events over non-error-handling transition events

. Ifan expected message is received with 2 MessagelD that is out of sequence, it should be treated like an

Initial improperly formatted message and error handling should be initiated
. . If 3 new error occurs while already in Error State, the Exception type that caused the initial entry to Error should
continue to be reported and should be used to determine the return state once a1l errors are cleared
. If multiple errors from different Exception categories cause an entry to the Error state, the return state from
those Exceptions that iz chronologically earliest in the system state disgram should be used after all errors are
cleared

Meanitor for unexpected messages received

Unexpected — i =c SEl O Ere e Initial Request Retry Coung %= |hitial Ryquest Max Num Retries
message received == Compatibility I"'t'al'fe Request Retry Count
Check =
WACP Mezzage Timer
VACP Exec Period Timer >= e
i 7 Timeout
Manitor for VA Errors WVACP Exec Pericd WA Error Detected
b Lr Lr
R ode =Fail
Monitor for Trigger to Terminate MGniter for ResponseCode=Fail T~ | -
Communication Monitor for Improperly Formatted [nitizlize Timer = Initizlize Timeout
3 Weszages
InitialRezponsze received
L
ResponseCode =Incompatible j Process InitialResponse Improperly formatted
I I i message received
Rezponse parameters flgil VACP
compatibility chefk
E
Wait to Send
. Initial Request Retry Count < Initizl Request Max Nom Retrizs \‘
Trigger received fo InitialResponse has ResponseCode = Processing
terminate
A r
communication) v InitialRespagsg has ResponseCode =
OK apd'meszage parameters pass
VACK compatibility check
Start "Alignment Setup
Timer"
WACP Mezsage Timeq = VACP Meszage Timeout
Setup for Manitar for VACP Messag, =
Alignment Timeout
VACP Exec Period Timer »=VAGR Exet FineFositioningResponze
*_Pericd OR Trigger from Application received
Wait to Send Send Wait for w Process
FinePc i = FingRdsitibni FinePositioni FinePasitioni
‘with Status = Ongoing
FinePositioni has ResponseCode = Processing
)
NS
J Alignment Setup Timer § Unable-To-Align Timeout
I
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N~ I -
FinePositioningResponse has ResponseCode = 0K and
data indicates devices are not aligned
Start "Al Timer" | ]

TerminatePowerResponse has
ResponseCode =0K

Alignment
{ VACP Exec Period Timer == VACP Exec FinePositioningRezponse
Wait to Send Period OR Trigger from Application - received Process
Finep: i X . :5El'!d Wait for FinePasitioningResponse
FinePositionir FineP i

with StatusCode = Ongoing ResponseCode =Processing

FinePositioningRequest data indicates devices are not aligned E

Alignment Timer = Unable-To-Align Timeout

FinePositioningResponse has ResponseCode = 0K ‘

{ Wait to Send ‘|__4 and data indicates devices are aligned

FinePositioningRequest |-HT |
FinePositioningRequest data indicates that
devices are aligned

Idle
Alignmeant
Chege

FipePositioningResponse
gta indicates devices are

WVACP Exec Period Timer == VACP Exec

~

o

Period OR Trigger from Application received
Send Wait for " .F..FDEESS not aligned
| FinePositi FinePasitionir B

with StatusCode = Aligned

ResponzeCode = Processing

p FinePaositionin, data indicates devices are aligned,

\‘_ r no enable power trigger received

I
‘ Trigger received to enable power transfer,
Start "Prepare Power FinePositioningResponse datadndicates devices are aligned
Transfer Timer" - |

Prepare I
Power
Transfer

VACP Exec Pericd

Timer>=\f'ACP Exec PowerResponse
. ™ Pericd . received
‘Wait to 5end Send PowerRequest ‘Waitfor PowerResponse Process PowerResponse
PowerRequest :

PowerResponsze has ResponseCodes Rrocessing

Prepare Power Transfer Timer = Prepare|Power Transfer Timeout
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Power
Transfer

Wait to Send
PowerRequest

VACP Exec Period
Timer >= VACP Exec

| ResponseCode !=Fail)

PowerResponse has ResponseCode !=Processing and

Period ( Send PowerRequest

=

Wait for PowerResponse

PowerResponse
received

PowerResponse is properly formatted and has ResponseCode != Fail

Received trigger to disable
power transfer

Start "Terminate Power

AV

Transfer Timer"

B

Process PowerResponse

ResponseCode = Processing

N

Power
Transfer

Wait to Send
TerminatePower-

Timer >= VACP Exec

VACP Exec Period

Period

Send

Request

TerminatePowerRequest

Wait for
TerminatePowerResponse

TerminateP

owerResponse
received

TerminatePowerResponse has ResponseCode = Processing

Process
TerminatePowerResponse

Terfninate Power Transfer

Terminate Commu

ications Trigger Resulted From Incompatibility

Wait to Send

TerminateCommunications- |

Request

Tinper > Terminate Power
Transfer Timeout
" i v
start "Terminate D \
3 Communications Timer" Q
Terminate
Communications
Send TefminateCommunicationsResponse
TerminateCommunications- received
Request Waitfor Process
- Terminate€ommunications- TerminateCommunications-
VACP Exec Period Timer >= ReseoEs BesEREES Terminate ommunications Timer >
VACP Exec IPenod Terminate qommunications Timeout

TerminateCommunicationsResponse has ResponseCode = Processing
TerminateCommunifationsResponse has ResponseCode = OK | | Normal disconne(ﬁ
—

TerminateCommuni

= T
FationsResponse has ResponseCode = Fail or is improperly formatted
I

Ungraceful disconne€t }
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Error(s|

detected on VA?

Trigger received to terminate
communication and Active Message
Pair is not PowerReg/Res or
TerminatePowerReq/Res or

Yes

VACP Exec

VACP Exec Period Timer >=

Response from
Active Message Pair
Received

Period Time

TerminateCommunicationsReq/Res ﬁah to Send Request from
!

L Active Message Pair [

Wiait for Response

Send Request fram Active from Active

Process Response
from Active

Message Pair with
StatusCode = Fail

Message Pair

Trigger received to
terminate

Wait to Send

J

No

Message Pair

Error
Condition

T

Error(s

include Loss of
Communication?

communicatipn

Monitor for VA Errors

StatusExchangeResponse had ResponseCode = OK, GAException I= None,
message is improperly formatted, or VA has uncleared error

uncleared errors

VACP Exec Period Timer >=
'VACP Exec Period and VA has

Send
StatusExchangeRequest
with StatusCode = OK and

Wait for
StatusExchangeResponse

StatusExchangeResponse

Process
StatusExchangeResponse

received

VAException =
appropriate exception

VACP Exec Period
Timer >= VACP Exec

Period and all VA
errors are cleared

Send

StatusExchangeRequest
with StatusCode = OK and
‘VAException = None

||l

StatusExcharigeResponse
had'ResponseCode = OK,
GAException = None, and VA
‘errors are all cleared

Terminate
IP-Based
Connection

Figure 63 - VA-CP;communication states

Return to Appropriate State
Based on Specific Error(s)
that were Cleared

Communication Lost:
Terminate IP-Based
Connection
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11.2 GA-CP Communication States

Unexpected
message received

—

Notes:

Initial follows the establishment of an IP-based connection with a VA-CP

Reset causes a restart at Initial

Loss ofauxiliary power and reapplication ofauxiliary power causes a restart at Initial

Resetting of message timers, sequence timers, and period timers is omitted for clarity

If multiple transition events occur simultaneouslyin a given state, priority should be given to error-handling
transition events over non-error-handling transition events

Ifan expected message is received with a MessagelD that is out of sequence, it should be treated like an improperly

~

Initial .
formatted message and error handling should be initiated
. Ifa new error occurs while already in Error State, the Exception type that caused the initial entry to Error should
continue to be reported and should be used to determine the return state once all errors are cleared
. If multiple errors from different Exception categories cause an entry to the Error state, the return state from those
Exceptions that is chronologically earliest in the system state diagram should be used after all errors are cleared
r Monitor for unexpected messages received
Ve
4 N Monitor for GA Errors \

Monitor for

TerminateCommunicationsRequest

Monitor for GAPC Sequence
Timeout

Monitor for StatusCode = Fail
Monitor for Improperly Formatted
Messages

Improperly fogfiatfed message received
N

GACP Sequente Timer > GACP Sequence Timeout

Wait for InitialRequest

GA Error(s) Detected

InitialRequest received Process InitialRequest V )
/] StatusCode = Fail

InitialRequest parameters
are incompatible

—

GACP Msg Performance
Timer >= GACP Msg
Performance Timé

Wait for

InitialRequest parameters are compatible
ode = 0K » )

Send InitialResponse with
/] ode =
INCOMPATIBLE |
TerminateCommunicationRequest Compatibility
receiv Check
Send InitialResponse with
ode =
Processing ' ~
Send InitialResponse with
Setup for
Alignment

e

Process

FinePositioningRequest I\

FinePositioningRequest

FihePositioningRequest received

____J

FinePosi ‘Sepd GACP Msg Performance Timer >= GACP Msg Performance Time
1

with ResponseCode =
Processin|
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Alignment

‘Wait for
FinePositioningRequest

Idle Alignment
Check

Wait for
S

Einep, =t

Send

Alignment Setup is Complete

FinePositioni ns:

with ResponseCode = 0K

FinePositioningRequest recei

FinePositioningRequest has StatusCode = Ongoing

Process
FinePositioni 1est

Send

FinePos

FinePositioningResponse
with ResponseCode = OK

FinePgcitignineBequect received

FinePositioningRequest has StatusCode = Aligned

Process

tioningRequest has StatusCode = Aligned
)

or PowerRequest

Send PowerResponse with
ResponseCode =
Processing

PowerRequest received
P

AN

‘Wait for PowerRequest

Prepare
Power
Transfer

ait for PowerRequest
or
erminatePowerReques

Power
Transfer

PowerRequest received

Process PowerRequest

Send PowerResponse with | Prepare Power Transfer completed

ResponseCode = OK and
appropriate
ResponseCodeDetail

Finished precessing PowerRequest

Process PowerRequest

PowerReguest recei

ved

Sefid
[TerminatePowerResponse

GACP M

with ResponseCode =
Processing

TerminatePowerRequest received
P

Process

Wait for
erminatePowerReqL

TerminatePowerRequest received
P

TerminatePowerRequest

GACP Msg Performance Timer >= GACP Msg Performance Tipie

sg Performance Timer »= GACP Msg Performance Time



https://saenorm.com/api/?name=00bd8969269c23aeccf23e09752e51ac

SAE INTERNATIONAL

J2847™/6 SEP2020

Page 62 of 96

Send
TerminatePowerResponse

Terminate
Communications

Terminate Power completed

with ResponseCode = OK

Wait for
TerminateCommunications-

Request

= Process

TerminateCommunicationsRequest received

Send

TerminateCommunicationsResponse
with ResponseCode =Processing

Not ready to terminate comms

|\

Terminate CommunicationsReguest

/

,

Send

Ready to terminate comms

TerminateCommunicati se

Terminate
IP-Based

k with ResponseCode = OK

S

end Response from
Active Message Pair with

Error(s) detected on GA?
No

q/% include Loss

of Communications?

Error
Condition

ResponseCode = Fail

N/
S

enhd Response from
Active M Pair with

Wait for
StatusExchar !

ResponseCode = OK

StatusExchangeRequest received

Send
StatusExchangeResponse

with ResponseCode =
Processing

Senidl

StatusExchiangeResponse
withResponseCode = OK
and GAException =
appropriate exception

l Send
Status ExchangeResponse

A
¢ N

Impreperly Formatted Messages

©/
/

Process, StatusExchangeRequest, s
Monitér fer GA Errors, Monitor for

GACPMsg Performance Timer >=GACP Msg Performance Time

and GA is not ready to communicate its status

uncleared errors

errors are cleared

with ResponseCod
OK and GAException =
None

GACP Msg Performance Timer >=GACP Msg Performance
Time, GA is ready to communicate its status, and GA has

GACPMsg Performance Timer >=GACP Msg Performance
Time, GA is ready to communicate its status, and all GA

Connection

Figure 64 - GA-CP communication states

StatusCode = OK, VAExcepfion = None, and all
A error(s) arefleared
N
Yes
J Commupication Return to

Lost: Teyminate Appropriate
IP-Bgsed State Based
Conndction on Specific

Error(s) that
were Cleared
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12. MESSAGE MATRIX

Below is an example enumeration table for the message matrix.

NOTE: In the table, the following notation is used: M = Mandatory; O = Optional
Initial FinePositioning | Power TerminatéPower || Status Exchange | Terminate Communications
Signal Valpe More Rgq | Rs | Rq Rs Rq | Rs | Rq Rs Rq Rs Rq Rs
Ongoing M
AlignStatusCode Aligned M
Fai M
CurrentToEV
GACoilCurrent O
GACoilCurrentControl M
Cirqular M
GACoilType DD M
Solenoid M
Nore (0] M (6]
SysitemErrorInIdIeOrPT o M (0]
GAException SyeitemErrorInAA O M O
Sy+emErrorInSl o M (0]
SysltemErrorInSB o M (0]
GAFinePositioningMethods GABPtatus (0]
GAFrequency o
GAMaximumCoilCurrent (0]
GAMaximumDeliverablePower M
GAMaximumFrequency M
GAMaxTxPwr (0]
GAMinimumCoilCurrent ©
GAMinimumFrequency M
GAMInTxPwr (6]
GAModel M
GANaturalOffset M
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Initial FinePositioning | Power TerminatePower | Status Exchange | Terminate Communications
Signal Value More Rq | Rs | Rq Rs Rq | Rs | Rq Rs Rq Rs Rq Rs
WPT1 M
WHT2 M
GAPowerClass
WHT3 M
WHT4 M
GAPowerDemandParameters GAPtatus (0]
GAProtocolVersion o
WHT_S_00S o M (e}
WHT_S_SB o M o
WHT_S_SI o M o
GAState WHT_S_AA o M (e}
WHT_S_IDLE o M o
WHT_S_PT o M (e}
WHT_S_ERR o M (e}
None o M (e}
SystemErrorinldleOrPT (0] M (0]
GAException SystemErrorlnAA o M (0]
SystemErrorinSl (0] M o
SystemErroninSB O M (0]
WPT,._ S *00S o M o
GAStatus
WPT_S_SB o M (e}
WPT_S_SI o M (e}
GAptate WPT_S_AA o M o
WPT_S_IDLE o M (e}
WPT_S_PT O M o
WPT_S_ERR O M (e}
GASupportedFinePositioningMethods
GATargetCoilCurrent
GATerminateCommunicationsParameters (6]
GATerminatePowerParameters GAStatus (6]
GATxRx TxRxID O
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Initial FinePositioning | Power TerminatePower | Status Exchange | Terminate Communications
Signal # | Value More Rgq | Rs | Rq Rs Rq | Rs | Rq Rs Rq Rs Rq Rs
1 | TxRxPosition
2 | TxRxOrientation [@)
GAVendor M
0| 21 M
1 | 21422 M
2 | Z14Z2+Z3 M
GAZRangeSupported
3| 22 M
4 | Z24Z3 M
5| Z3 M
0 | OK M
1 | Professing M
InitialResponseCode
2 | Incpmpatible M
3 | Fai M
InputGridPower M M
VAKTX o
GA|sTx O
VANumTXRx (e}
GANumTXRx O
TxRxID
] VATxRx TxRxPosition
] TxRxOrientation
TxRxID O
LFMethod T
GAJ'xRx TxRxPosition
] TxRxOrientation O
VAPulseSequenceOrder (6]
GAPulseSequenceOrder O
VAPulseSeparationTime (6]
GAPulseSeparationTime O
VAPulseDuration O
GAPulseDuration O
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Initial FinePositioning | Power TerminatePower | Status Exchange | Terminate Communications
Signal # | Value More Rgq | Rs | Rq Rs Rq | Rs | Rq Rs Rq Rs Rq Rs
VAPackageSeparationTime o
GAPackageSeparationTime [@)

MessagelD M M M M M M M M M M M
ProprietaryMethod ProprietaryData (0]

0 | OK M M M M M
ResponseCode 1 | Professing M M

3 | Fai M N

0 | Nope M

1 Thqrmal M

2 Gri+Limit M

3 IantCurrent M
ResponseCodeDetail 4 | BageCurrent M

5 | IntdrnalCurrent M

6 | IntdrnalVoltage M

7 | Frepuency M

8 | ConptrolRange M

0 | OK M
StatusCode

1 | Fai M M M M M

0 | None M

1 | Thgrmal M

2 | Batfery M
StatusCodeDetail

3 | Frepuency M

4 | CortrolRange M

5 | Shytdown M

0 | Cirgular M
VACoilType 1| DD M

2 | Solenoid M
VAControlLoop M

0 | None (6] M (6]
VAException

1 | SystemErrorinldleorPT
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Initial FinePositioning | Power TerminatePower | Status Exchange | Terminate Communications
Signal Value More Rq | Rs | Rq Rs Rq | Rs | Rq Rs Rq Rs Rq Rs
SystemErrorlnAA o M (0]
Sys‘temErrorInSI [¢) M (0]
Sy+emErrorInSB o M (0]
SyeltemMisaIignedlnldle O M O
UngbleToAlign O M O
VAFinePositioningParameters VA$tatus (0]
VAFrequency (0]
VAMaximumGroundClearance M
VAMaximumReceivablePower M
VAMinimumGroundClearance M
VAModel M
VANaturalFrequency M
VANaturalOffset M
VAPowerDemandParameters O
VAPowerReceived
VAPowerRequest M M
VAProtocolVersion O
WHT_V_OFF (e} M (e}
WHT_V_SB o M o
WHT_V_SI (e} M (e}
VAState WHT_V_AA (e} M (e}
WHT_V_IDLE o M o
WHT_V_PT (e} M (e}
WHT_V_EMR o M o
None (e} M (e}
SystemErrorinldleorPT O M (@]
SystemErrorlnAA (0] M (0]
VAStatus VAException
SystemErrorinSI O M (0]
SystemErrorinSB O M (0]
SystemMisalignedinidle o M (0]
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Initial FinePositioning | Power TerminatePower | Status Exchange | Terminate Communications
Signal Value More Rq | Rs | Rq Rs Rq | Rs | Rq Rs Rq Rs Rq Rs
UnableToAlign o M (0]
WPT_V_OFF O M (e}
WPT_V_SB (e} M o
WPT_V_SI (e} M (e}
VA$tate WPT_V_AA (¢} M (e}
WPT_V_IDLE (S} M o
WPT_V_PT (e} M (e}
WPT_V_ErR (e} M o
VASupportedFinePositioningMethods (0]
VATerminateCommunicationsParameters (0]
VA$tatus
VATerminatePowerParameters (e}
TxRxID O.
VATXRx TxRxPosition
TxRxOrientation
VAVendor M
VoltageToEV o
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13. JSON SCHEMAS

This section should be used as the authority on how to properly form all JSON messages. The schema provides complete

information where

schema diagrams presented earlier in the document may abbreviate.

13.1 InitialRequest

"$schema": "http:

"type": "object",

/lison-schema.org/draft-04/schema#",

"additionalProperfies™ 1alse,

"properties": {
"InitialRequest
"type": "obje
"additionalP

"properties";

24
Ct",
operties": false,

{

"MessagdID": {

"type":
"descri
"maxi
"minim
"exclus
"exclus
b
"StatusCd

"type":

integer"”,

tion": "Initialize to 0. Must be incremented from last message recéived.",
m": ,

m": 0,

veMinimum": false,

veMaximum": false

de": {
string"”,

"description": "Use Fail to communicate VA detection of an error to the GA.",

lvenum"
lvOKl
"Fail

h

[

"VAMaxinjumReceivableRower": {

"type":

integer"”,

"descri
"maxi

tion": JNUMber of watts that the VA is willing to receive, as measured at the output of the VA"

m"S22000,

"minimyms

"exclusiveMinimum": false,

"exclusiveMaximum": false

"VAControlLoop": {

"'boolean”,

"description": "\"true\" if VA executes a control loop, \"false\" otherwise."

"VAMaximumGroundClearance": {

integer"”,

"description": "Maximum height of the VA in mm.",

2
"type": "
2
"type": "
"maxim

umlv.

"minimum": ,
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"exclusiveMinimum": false,
"exclusiveMaximum": false
h
"VAMinimumGroundClearance": {
"type":
"description": "Minimum height of the VA in mm.",

integer",

"maximum": 250,
"minimum"; 100,
"exclusiveMinimum": false,
"exclusiveMaximum": false

%
"VACoiITJpe": {
"type": ['string",
"description": "Type of VA coil.",

"enum"f [
"Circplar", /\ Q/)
X

nDDl

"Solgnoid" (\]/Q)

) K
| QQ

"VANaturglFrequency": {

"type": [integer", §
"description": "The natural resonant frequency of the VA n%l the presence of a GA.",
"maxirr}}m": 10000000, \\S\
"minimgim": 1 ) ®$
3 D
"VAVendgr": { O
"type": |'string”, . c\}‘

"description": "Name of the VA vendQB\\
"maxL{ngth" 64,

"minLength": 1 ()®

b O

"VAModef" { Q-

ntypell. Stl‘ing",

"descri tlon el of VA device.",

"maxLgngt

"minLe @
h

"VAProtocolVersion": {
"$ref": "CommonTypes.json#/definitions/ProtocolVersion"
b
"VASupportedFinePositioningMethods": {
"$ref": "CommonTypes.json#/definitions/FinePositioningMethods"
}
e
"required": [
"MessagelD",
"StatusCode",
"VAMaximumReceivablePower",
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"VAControlLoop",
"VAMaximumGroundClearance",
"VAMinimumGroundClearance",
"VACoilType",
"VANaturalFrequency",
"VAVendor",

"VAModel"

13.2 InitialResponse

{

"$schema": "http:/json-schema.org/draft-04/schema#",
"type": "object",
"additionalProper}ies": false,
"properties": {
"InitialResponge": {
"type": "objeft",
"additionalPfoperties": false,
"properties":|{
"MessagdD": {

"type": linteger”,

"description": "Must be incremented from the last. ngeSsage received.",

"maximum": ,
"minimyim": O,
"exclus|veMinimum": false,
"excluslveMaximum": false
b
"InitialRegponseCode": {
"type": |'string”,
"description": "Responsé&*code from GA.",
"enum"} [
"OK'
"Prog¢essing”,

"Inca mpnfihln"1

"Fail"

%
"GAPowerClass": {
"type": "string",
"description": "SAE J2954 power class of the GA.",
"enum": [
"WPT1",
"WPT2",
"WPT3",
"WPT4"
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3
"GAMaximumDeliverablePower": {

"type": "integer",
"description": "Number of watts that the GA is willing to transmit, as measured at the input of the GA.",
"maximum": 22000,
"minimum": O,
"exclusiveMinimum": false,
"exclusiveMaximum": false

b

"GAZRangeSupported": {
"type": rstrres
"descri;l>tion": "Z range supported by GA."
"enum"} [

"Z1", (]9
"Z1+Z2", Q) /
"Z1+72+73", /\ /

"Z2" Q)b‘
"Z2+¢3", (\]/
"z3" S\

) O
"GAMinimumFrequency": {
"type": I[number",

1 . O
"description": "Minimum frequency the GA supports in kﬁz\(e.g. 82.5).",
"multipleOf": 0.001,

: P

"maximum": 90, A’\Q)
"minimym"; 79, \O
"exclus|veMinimum": false, N c\}‘
n H ", \\
excluslveMaximum": false C)
h Yo
"GAMaximumFrequency": { C)®
"type": I[number", C)

"description": "Maximu@*équency the GA supports in kHz (e.g. 82.5)."
"multipleOf": 0.00
"maximum": 9 b
"minimgim":
"exclus va. imum": false,
"exclusiveMaximum": false
%
"GACoilCurrentControl": {
"type": "boolean",

"description": "\"true\" indicates the GA has explicit control over the current entering the GA coll, \"false\" indicates
no explicit current control."

%

"GACoilType": {
"type": "string",
"description": "Coll type of the GA.",
"enum": [

"Circular",
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"DD“,

"So

2

lenoid"

"GAVendor": {

"type“:

string",

"description": "Name of the GA vendor.",

"maxL

ength": 64,

"minLength": 1

h

"exclus|veMinimum": false,

"exclusfveMaximum": false \\S\g
) D
"GAMinimumCaoilCurrent": { A\

"type": I[number", \O

"description": "Minimum current the GA @h‘deliver into the GA coil.",

"multiplpOf": 0.1, C)\\

"maximum": 127, .

"minimyim": O, O®

"exclusfveMinimum": faIseC)

"excluslveMaximum"; y
) &
"GATargetCoilC @Q{

"type™: nur?%’,

"descri[pt : "Target current into the GA coil.",

"multipleOf": 0.1,

"maximum"; 127,

"minimum": O,

"exclusi
"exclusi

2

veMinimum": false,
veMaximum": false

"GAProtocolVersion": {

"$ref": "CommonTypes.json#/definitions/ProtocolVersion"

h

"GASupportedFinePositioningMethods": {
"$ref": "CommonTypes.json#/definitions/FinePositioningMethods"
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e

"required": [
"MessagelD",
"ResponseCode",
"GAPowerClass",
"GAMaximumDeliverablePower",
"GAZRangeSupported",
"GAMinimumFrequency",
"GAMaximumFrequency",
"GACoilCurrentControl",
"GACoilType~
"GAVend¢r"
"GAMode]"

13.3 FinePositionjngRequest
{

"$schema": "http:/json-schema.org/draft-04/schema#",
"type": "object",
"additionalProperfies": false,
"properties": {
"FinePositioningRequest": {
"type": "objeft",
"additionalPfoperties": false,
"properties":|{
"MessagdID": {
"type": [integer",

"maximum":

)

"desc’ri}}tion": "Must be increfnénted from the last message received.",
"minimym": O,

"exclus|veMinimuim") false,

"excluslveMaxirnum": false

2

"AlignStatus€ode": {

"type": "string",

"description": "Status of VA.",
"enum": [

"Ongoing",

"Aligned",

"Fail"

b
"VANaturalOffset": {
"type": "integer",

"maximum":

"minimum":
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b
"LFMethod": {
"type": "object",
"description": "Parameters for LF positioning method.",
"additionalProperties": false,
"properties": {
"VAISTX": {
"type": "boolean",
"description": "Does the VA contain the transmitters?"
e

"V AN

"type": "integer”,
"description": "Number of transmitters/receivers on VA",
"maximum": 255,

"minimum"; O
B
"VATXRX": {
llty pe": llarrayll, ,(\L%
"items": { (s)\
ype” "object”, Q<<
"additionalProperties": false, Q
'maxProperties": 255, §
"'minProperties": 0, @S\
"properties": { \\S\
"TXRxID": { ®$
"type": "integer”, K\
"description": "Transmitter/Rece'\'@r D",
"maximum"; 255, . c\}‘
"minimum": 0 C)\\

h Yo
"TxRxPosition": { C)®
"type": "objecC)

"additi roperties": false,

wx" {
%v "type": "integer”,

ies": {

"descripti "Positiion in mm of the transmitter/receiver on the VA relative to the coil center.",

"description": "X location in mm relative to center of VA coil.",
"maximum": 32767,
"minimum"; -32768

b
"Y": {
"type": "integer",
"description": "Y location in mm relative to center of VA coil.",
"maximum": 32767,
"minimum": -32768
h
"Z"{

"type": "integer”,
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"description": "Z location in mm relative to center of VA coil.",
"maximum": 32767,
"minimum"; -32768

2
"required": [
N
.
wzm

1

I

"TxRxOrientation": { QQ
lltypell "obj e(;tll Q

"descrlptlon" "Unit vector given the direction of measurement. If no dlrectlom&pplicab e then all thr
ee values are set to|zero."

"additionaIProperties": false, Q) 4
. o A/
properties": { b‘
"XO". { . (L%
"type": "number”, c‘)\\
"description": "X orientation vector component in mn<<elative to center of VA coil.",
"multipleOf"; 0.001, Q
"maximum®: 1, \\
"minimum": -1 @S\\)
) N
uYou. { $

"type": "number”, A\Q)

"description™: "Y orlentatlop\@ctor component in mm relative to center of VA coil."
"multipleOf": 0.001, \{.

"maximum"; 1, C)\\

"minimum": -1

h

o*

"typwumber
tion": "Z orientation vector component in mm relative to center of VA coil."

ItlpIeOf" 0.001,
Q/é

"'maximum": 1,

% "minimum"; -1

},

"required": [
"XO",
"YO",
"o

b
"VAPulseSequenceOrder": {
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