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RATIONALE

Version 02.10 clarifies requirements concerning the OD field and expands on the data integrity checks for the OD field.
Several standard OD data blocks are defined and appendices with examples supplied. Transparency examples are
expanded to cover all cases.

TABLE OF CONTENTS

ST O SRR 3
1.1 Gaseous Hydrogen Fueling System BackgroUnd.............ooooiiiiiiiiiiiiiiie e 3
2. REFERENGES ... ..ottt ettt bt e et ea bt e eh bt e o bt e e be e e smb e e e abee e sab e e ebeeesmbeeeabeeenaneeenbeas 3
2.1 PN o] o [Te= 1] (=Y B LYol U] 4 1= | €= Pt 3
211 SAE PUDIICAIONS. ...ttt et b ettt 3
212 IFDA PUDBICALIONS. ...ttt b et sa et ea bt e e b e e bn e e s e e e anneenanee s 4
21.3 ANSIT PUDBIICAHIONS ...ttt b e e ettt eat e e b e e bt e s r e e e nnreenanee s 4
21.4 1 =( O 0] o] [Te=1 i o] o - PRSP 4
21.5 SO I U] o 171 (1] 1 PR 4
2.2 Related PUDICAIONS ........ooiiiiiieee ettt e e sttt e e st e e e abe e e e e anneee s 4
221 YN 0] o] [ Te=1 i o] o - TSPV PPR 4
222 WE-NET PUBICAIONS. ...ttt et e e b e e e bt e e e s enre e e e anneeas 5
223 PRHYDE PUDICAtIONS ... ..ttt e e e e e e et e e e e e e e e e s nteeeeeaeeeaeanneneeeeaens 5
3. DEFINITIONS ..ottt ettt a e bt e st e ot et eeh bt e e b et e be e e eab e e e ah e e e sab e e embe e e smbeeeaneeesaneeenbeas 5
4. ABBREVIATIONS AND SYMBOLS ... ..ottt sttt et sre e anreennee s 8
4.1 341 oo ) £ RPN 8
4.2 L@ 1 I Yo o0}V 0 1 USRS 8
5. COMPRESSED HYDROGEN SURFACE VEHICLE TO STATION COMMUNICATIONS DEVICE............ 9
51 Non-ASIL/SIL Communications ASSUMPLIONS .......ooiiiiiiiiiiiiii e e e e e e e e e e e e e e e e nneneeeeeeas 9
5.2 Physical and Functional REQUIrEMENTS. ..........oiiiiiiiiiii e 9
5.2.1 Physical Layer Protocol SPecCifiCation .............ooiiiiiiiiiiiiiii e 9
5.2.2 Data Link Layer ProtoCol SPeCIfiCation ............oiiiiiiiiiiiiiie ettt e e e e e seeeeeeanneeaean 9
5.2.3 Presentation Layer Protocol SpecCifiCation ...........c.ooiiiiiiiiiii e 11
5.3 Communications Hardware for Gaseous FUEIING .........c.oiiiiiiiiiiiie e 13
5.3.1 Vehicle Transmitter REQUIFEMENTS.........ooo it e e e e s neaee s 13

SAE Executive Standards Committee Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and
suggestions.

Copyright © 2026 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, or used for text and data mining, Al training, or similar technologies, without the prior written permission of SAE.
TO PLACE A DOCUMENT ORDER:  Tel: 1-877-606-7323 (U.S. and Canada only) AYA

Tel: ~ 1-724-776-4970 (outside U.S. and Canada) | For more information on tnis stabdardvisit Sharing [Hub
Fax:  724-776-0790 .
Email: CustomerService@sae.org https://www.sae.org/standards/content/J2799 202603/
SAE WEB ADDRESS: http://www.sae.org
Full document details: SAE J2799_202603



https://www.sae.org/standards/content/J2799_202603/
http://www.avadocuments.com/doc/sae-j2799-202603
http://www.avadocuments.com/doc/sae-j2799-202603

SAE INTERNATIONAL J2799™ MAR2026 Page 2 of 62

5.3.2 NOZzle RECEIVEr REQUIFEIMENTS ........cuiiiiiiie ettt e e e e e e e e e et e e e e e e e e s s s aeeeaaeesesnnrnneeeeens 13
5.3.3 Vehicle Requirements in Case of Having Two Receptacles Installed on One Vehicle ..............cccooceee 16
54 Communications Definition (Version 01.10).......cooiiiiiiii e e e e 16
5.4.1 Gaseous Fueling CoOmMMUNICALIONS ..........eiiiiiiii e e e s ene e e e annee e e e ennee 16
5.5 Communications Definition (Version 02.00)..........ocuueiiiiiiiiieiee e 19
5.5.1 Gaseous Fueling CoOmMMUNICALIONS ..........uiiiiiiiii e bbb e e e e e e 19
5.6 Communications Definition (Version 02.10).........ciiuiiieiiiie et eeiiee e see e eeiee e s e e s sseeee e s sneeeessneeeesenees 22
5.6.1 Gaseous Fueling CommMUNICALIONS ..........uiiiiiiiiie et e e s e e e e e s ee e e e snnteeeeanneeeeeennes 22
5.7 Optional Data BIOCK DEefiNItiONS ..........cc.uuiiiiiiiei et e e e e e e e e e anaees 24
571 OVErall REQUIFEMENES ...ttt e e e e e e e e e e e st a e e e e e e e e e assbseeeeaaeesasssssaeeeaeeesaansnnees 24
5.7.2 Progress Data BIOCK ...........uuiiiiiiii ettt e e e e e e e e e e e e e s — e e e e e e e e anrarraaaaas 25
5.7.3 ComMMON DAta BIOCK ......coiuiiiiiii ettt 27
574 Common DyNamic Data BIOCK ...........ooiiiiiii e 29
5.7.5 Transport Data BIOCK ..........ooo et s e e e 31
5.8 RV A=Y 4 Tor= Yo g T 1= £ SRRSO 34
5.8.1 Verification Test, Verification of a Gaseous Hydrogen Communications System ............ccccevviieiiniienens 34
59 Verification of a Gaseous Hydrogen Communications System in a Dispenser...........ccccccoveeeiiiiiieeneeenn. 36
5.9.1 Examples of Verification Testing on Dispenser Side for CSAHGV 4.3 ... 36
6. N[O I S SRS 36
6.1 AV To] o T [ g To [Tor=1 (o USRS 36
6.2 L= 1T 0 €T T PP TP PSP PPPPPN 36
APPENDIX A FAST FRAME CHECK SEQUENCE (FCS)...ciiitiiiiiiiiiieitie ettt et 37
APPENDIX B IrDA-FRAME EXAMPLES ...... ..ottt et e ettt e e e s et e e neeeate e e emteeaneeeaneeeanseeeaneeeanneeanee 47
F N o =N 1D O O T I e 4 o = S 49
APPENDIX D t-Final Table EXamPIES ... ... ..ottt e e e e e e et e e e e e e e e e e e e e e e e e e e e e nnenneeaaeeeaaannneees 51
APPENDIX E HISTORICAL VN 01.00 DOCUMENTATION.......oiiiiiiii ettt e snee e seeeenee e e eneeeenneeeas 55
APPENDIX F  Optional Data HEAEIS........... ettt e e e e e e ettt et e e e e e e st e e e e e e e e e e nnnnneeeaeaeeaannnnees 58
APPENDIX G FUTURE REVISIONS OF SAE J2799......co ittt ettt sate e st sbe et esnnee e e 59
APPENDIX H Rationale concerning paragraphs and texts in SAE J2799 ..........cooiiiiiiiiiie e 60
Figure 1 Overall gaseous hydrogen fUEIING SYSIEM ... e e e e e ae s 3
Figure 2 Connector with infrared commuNICAtioNS lINK ..........cooiiiiiiiiiiiie e 6
Figure 3 1 =T 41 YU PPPRRR 9
Figure 4 Receiver transparency state MacChine. ............ooi e 11
Figure 5 Vehicle transmitter (frONt VIEW) ... e e 14
Figure 6 NOZZIE reCEIVET (TTONT VIBW) ..ottt ettt e e sttt e e e et e e e e beee e e annneeeeanneeas 15
Figure 7 Vehicle receptacle (SIAE VIEW) .......ooiiiiiiiiii ettt e et e e e et ee e s aabeeeeeas 15
Figure 8 VerifiCation tEST SEIUPD ....coi i ettt e e e et e e s e e e e 34
Table 1 (= = T 1 1= 0 011 o RSP 10
Table 2 Delimiter permutations and interpretations ...............ueviiiiiiiiiii e ——————————— 11
Table 3 Value check permutations and interpretations............ooovvviiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeee e 12
Table 4 Definition of minimum and maximum infrared emitter and receiver distances for
Ifferent CONNECION SIZES ... ..iiiiiiee ettt e enre e s e e nnne e 14
Table 5 Examples of OD Data Blocks, OD Header, and OD Data ..........cooooiiiiiieee i eseneee e 25
Table 6 QLIS 8ot = o SRRSO 35
Table 7 Bit €rror ratio (BER)........ceiiiiieiii ettt e e a et e ne e e e e anne e e e nreeas 36
Documents

Document Sharing Hub

Full document details: SAE J2799_202603


http://www.avadocuments.com/doc/sae-j2799-202603
http://www.avadocuments.com/doc/sae-j2799-202603

SAE INTERNATIONAL J2799™ MAR2026 Page 3 of 62

1. SCOPE

This standard specifies the communications hardware and software requirements for fueling hydrogen surface vehicles
(HSV), such as fuel cell vehicles, but may also be used where appropriate with heavy-duty vehicles (e.g., buses) and
industrial trucks (e.g., forklifts) with compressed hydrogen storage. It contains a description of the communications hardware
and communications protocol that may be used to refuel the HSV. The intent of this standard is to enable harmonized
development and implementation of the hydrogen fueling interfaces.

This standard is intended to be used in conjunction with the hydrogen fueling protocols in SAE J2601 and nozzles and
receptacles conforming with SAE J2600 and ISO 17628. It may also be used with future hydrogen fueling protocols at the
discretion of those fueling protocols.

1.1 Gaseous Hydrogen Fueling System Background

The overall hydrogen fueling system consists of a dispenser, HSV, and hydrogen fueling coupling. The nozzle and
receptacle mechanically couple the hydrogen fueling system (dispenser) and the HSV and allows hydrogen gas to flow
between them. The interface between the two is defined as the fueling interface. The data is transmitted from the IR
transmitter on the HSV to the IR (infrared) receiver on the dispenser. See Figure 1.

H2 Fueling Couplina
Data . Data
Hydrogen IR 3 | IR o
Dispenser Receiver i ‘ Transmitter ydrogen
| ' | Vehicle
Hydrogen &ZZ'e ' Receptacle | Hydrogen

Fueling Interface

Figure 1 - Overall gaseous hydrogen fueling system
2. REFERENCES
2.1 Applicable Documents

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 1-877-606-7323 (U.S. and
Canada only) or 1-724-776-4970 (outside U.S. and Canada), www.sae.org.

SAE J2579 Standard for Fuel Systems in Fuel Cell and Other Hydrogen Vehicles

SAE J2600 Compressed Hydrogen Surface Vehicle Fueling Connection Devices

SAE J2601 Fueling Protocols for Light Duty Gaseous Hydrogen Surface Vehicles

SAE J2601-5 \I—/Iighr_\-llzlow Prescriptive Fueling Protocols for Gaseous Hydrogen Powered Medium and Heavy-Duty
ehicles
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2.1.2 IrDA Publications

Copies of these documents are available online at www.IrDA.org.

IrDA IrPHY 1.4 IrDA Serial Infrared Physical Layer Specification
IrDA IrLAP 1.1 Serial Infrared Link Access Protocol
IrDA Physical Layer Measurement Guidelines V1.1

2.1.3 ANSI Publications

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

CSAHGV 4.3 Test Methods for Hydrogen Fueling Evaluation
2.1.4 |EC Publications

Available from IEC Secretariat, 3 rue de Varembé, PO Box 131, CH-1211 Geneva 20, Switzerland, Tel: +41 22 919 0211,

www.iec.ch.
IEC 61508 Functional Safety of Electrical/Electronic/Programmable Electronic Safety-Related Systems
IEC 61511 Functional Safety - Safety Instrumented Systems for the Process Industry Sector

2.1.5 ISO Publications

Copies of these documents are available online at www.iso.org/store.

ISO 17268 Gaseous hydrogen land vehicle refuelling connection devices
ISO 26262 Road Vehicles - Functional Safety Related Publications
2.2 Related Publications

The following publications are provided for information purposes only and are not a required part of this SAE Technical
Report.

2.2.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 1-877-606-7323 (U.S. and
Canada only) or 1-724-776-4970 (outside U.S. and Canada), www.sae.org.

AS568 Aerospace Size Standard for O-Rings

SAE J2574 Fuel Cell Vehicle Terminology

SAE J2578 Recommended Practice for General Fuel Cell Vehicle Safety

SAE J2601-2 Fueling Protocol for Gaseous Hydrogen Powered Heavy Duty Vehicles

SAE J2601-3 Fueling Protocol for Gaseous Hydrogen Powered Industrial Trucks

SAE J2601-4 Ambient Temperature Variable and Fixed-Orifice Fueling Protocols for Light-Duty Gaseous Hydrogen

Surface Vehicles

SAE J2760 Pressure Terminology Used in Fuel Cells and Other Hydrogen Vehicle Applicatigns
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2.2.2 WE-NET Publications

Lynch, F. (2002). Communication Between Vehicle Onboard Tanks and a Hydrogen Fueling System. WE-NET Task 7A-13,
HCI.

2.2.3 PRHYDE Publications

PRHYDE Results as Input for Standardization, Deliverable D6.7 (05 April 2023), https:/Ibst.de/wp-
content/uploads/2023/04/PRHYDE_Deliverable-D6-7 Results as Input for Standardisation V1-2 final Apr 2023.pdf.

3. DEFINITIONS
3.1 AMBIENT TEMPERATURE

The temperature of the air measured at the fueling station, where the measurement is protected from direct sunlight and
other radiative and environmental effects.

3.2 COMPRESSED HYDROGEN STORAGE SYSTEM (CHSS) MEASURED TEMPERATURE
The measured temperature of the gas in the vehicle CHSS.

NOTE 1: If the vehicle contains a temperature measurement device for the purpose of sending a temperature signal to the
dispenser during fueling, this temperature is also assumed to be the average temperature of the gas in the vehicle.
Due to the accuracy of the sensor, the vehicle manufacturer should consider the tolerances of the temperature
measurement and include them as criteria for the Abort and Measured Temperature signals.

NOTE 2: For vehicles with multiple tanks in the CHSS, the measured temperature in each tank can vary. The vehicle
manufacturer should consider the best approach for transmitting a single representative temperature as MT. One
approach is to transmit the lowest measured temperature from the tanks in the CHSS, since the primary purpose
of MT is to determine when to end the fill based on a calculated pressure or density where MT is an input. The
highest measured temperature can be utilized in the criteria for sending an Abort signal.

3.3 COMPRESSED HYDROGEN STORAGE SYSTEM (CHSS)

As defined in SAE J2579, the compressed hydrogen storage system consists of the pressurized containment vessel(s),
pressure relief devices (PRDs), shut-off devices(s), and all components, fittings, and fuel lines between the containment
vessel(s) and these shut-off device(s) that isolate the stored hydrogen from the remainder of the fuel system and the
environment.

3.4 COMPRESSED HYDROGEN STORAGE SYSTEM (CHSS) CAPACITY

The total water volume of all the storage vessels in the CHSS or the total mass of hydrogen stored in all the storage vessels
in the CHSS at the nominal working pressure at 15 °C.

NOTE: The total mass of hydrogen stored in the CHSS at the nominal working pressure at 15 °C is equivalent to a 100%
state of charge.

3.5 COUPLING OR CONNECTION

A joined assembly of a nozzle and receptacle that permits rapid coupling (or connecting) and decoupling (or disconnecting)
of the fuel supply hose to the vehicle fuel system, as per SAE J2600 and ISO 17268.

3.6 DATA COMMUNICATIONS LINK

The data communications portion of the connector consists of an infrared emitter that is mounted in the HSV in close
proximity to the receptacle and infrared receivers that are located in the nozzle. These devices allow the HSV to send data
to the fuel dispensing system. Figure 2 illustrates the emitter and receiver placement.
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Figure 2 - Connector with infrared communications link
3.7 DESIGN VERFICATION TEST
A method of testing a product to ensure that it meets all of its design specifications.
3.8 HYDROGEN DISPENSING EQUIPMENT (DISPENSER)

The equipment required to condition and transfer fuel from the station to vehicle storage for the purpose of fueling
the vehicle.

3.9 HYDROGEN SURFACE VEHICLE (HSV)
Any surface vehicle that stores and uses hydrogen as a fuel. An example of an HSV is a Fuel Cell Vehicle.
3.10 NOZzZzZLE

Device connected to a fuel dispensing system that engages the HSV receptacle and permits transfer of fuel. See coupling or
connection (see 3.5).

3.11 PRESSURE CLASS

The pressure class will be defined by the protocol’s nominal working pressure. The class is denoted by the letter H followed
by the nominal working pressure in MPa. For example, H70 is the pressure class for a hydrogen fueling protocol with a
NWP of 70 MPa.

3.12 RECEPTACLE

Device connected to a vehicle or storage system that receives the dispenser nozzle and permits transfer of fuel. This may
also be referred to as a fueling inlet.
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3.13 COMMUNICATIONS DEFINITIONS
3.13.1 COMMUNICATIONS FUELING

Communications fueling means that a valid data connection has been established from vehicle to fueling station dispenser
as described in SAE J2799.

Also known as comme-fueling.
3.13.2 NON-COMMUNICATIONS FUELING

Non-communications fueling means that no valid data connection from vehicle to fueling station dispenser as per SAE J2799
exists or that the received data has not been recognized as valid (or wished to be used) by the dispenser.

Also known as non-comm fueling.
3.13.3 LOSS OF COMMUNICATIONS FUELING

Loss of communications fueling means that all static data has been correctly received initially and is considered as valid but
at a certain point, during the fueling, the communication was interrupted.

Also known as comm-loss fueling.

3.13.4 OPTIONAL DATA (OD Data)

Data contained in the Optional Data Field.

3.13.5 OPTIONAL DATA BLOCK (OD Block)

A set of data in the OD data field that contains a header and data.
3.13.6 OPTIONAL DATA BLOCK HEADER (OD Header)

A signifier at the start of the Optional Data Block (see 3.13.4) used to designate the data contained in the Optional
Data Block.

3.13.7 DATATYPES

3.13.7.1 DYNAMIC DATA

A type of data transmitted from the vehicle to the station that can change during fuelings.

3.13.7.2 PERSISTENT DATA

A type of data transmitted from the vehicle to the station that is fixed during the duration of the fueling.
3.13.7.3 STATIC DATA

A type of data transmitted from the vehicle to the station that is permanently programmed into the vehicle and does not
change over the life of the vehicle or component, except during authorized maintenance.
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4. ABBREVIATIONS AND SYMBOLS
4.1 Symbols

Onmax distance nozzle maximum
Onmin distance nozzle minimum
dvmax distance vehicle maximum

dvmin distance vehicle minimum

In radius nozzle
Mrec radius receptacle
rv radius vehicle

4.2 OD Acronyms

The following are acronyms associated with the OD
oD Optional Data

ODB Optional Data Block

ODH Optional Data Header

PDB Progress Data Block

OoDS Optional Data Sequence

CDB Common Data Block

CDBF Common Data Block Field

CDDB Common Dynamic Data Block
CDDBF Common Dynamic Data Block Field
TDB Transport Data Block

TDI Transport Data Item

TDIF  Transport Data ltem Fragment

TDIS  Transport Data Item Sequence

Full document details: SAE J2799_202603
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5. COMPRESSED HYDROGEN SURFACE VEHICLE TO STATION COMMUNICATIONS DEVICE
5.1  Non-ASIL/SIL Communications Assumptions

The IrDA communications defined in SAE J2799 have not been Automotive Safety Integrity Level (ASIL) or Safety Integrity
Level (SIL) classified to any standard at the time of publishing this standard. This means until ASIL/SIL certification is
achieved, the signals are not guaranteed to be accurate, and the station is responsible to ensure that process requirements
are followed if it uses the communications signals.

The following are some of the guidelines that may be used to qualify components and systems for the station side SIL:
IEC 61508/61511 and for vehicle side ASIL: ISO 26262.

5.2 Physical and Functional Requirements
5.2.1  Physical Layer Protocol Specification

The infrared data link uses an optical interface based on the 38400-baud interface specified by IrDA physical layer
specification IrDA IrPHY 1.4. The physical layer implements only a portion of the IrPHY specification, and it is not meant to
be compatible with standard IrDA devices.

5.2.1.1 Modulation Scheme

The modulation scheme defined below is described in Section 2.3 of IrPHY 1.4. A return-to-zero-inverted (RZI) modulation
scheme is used, where a “0” is represented by a light pulse and a “1” is represented by no light pulse. The optical pulse
duration is nominally 3/16 of the bit duration. The maximum pulse duration is 3/16 of the bit duration, plus a tolerance of
0.60 ps.

5.2.1.2 Byte Framing

The signal is organized into IR frames, as shown in Figure 3, that have a direct correlation to UART frames as described in
Section B.3 of IrPHY 1.4. Each byte is transmitted asynchronously with a start bit, 8 data bits, and a stop bit. Data bits are
transmitted in serial byte order, with the least significant bit (LSB) transmitted first and the most significant bit (MSB)
transmitted last. Bits are transmitted at a rate of 38400 bits per second.

IR Frame >
Stop

Data Bit it
LS8 ata Bits VSB Bit

0 1 0 1 0 0 1 1 0 1

Bit Pulse Width
Timel€ _)I |H 3/16 Bit Time

Figure 3 - IR frame

Start
E.itar I(

5.2.2 Data Link Layer Protocol Specification

The purpose of the data link layer is to ensure valid application data is transferred from the transmitting side to the receiving
side of the data link. The data link defined below is based on the low-speed asynchronous data link specified by IrDA IrLAP
1.1. The data link implements only a portion of the IrDA specification, and it is not meant to be compatible with standard
IrDA devices.
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5.2.2.1 Data Link Control Characters

The following control characters are used for the data link framing as described in Section 10.1 of Ir(LAP 1.1.

e (X)BOF: Extra Beginning of Frame character shall be OXFF hexadecimal.

e BOF: Beginning of Frame character shall be 0xCO hexadecimal.

e EOF: End of Frame character shall be 0xC1 hexadecimal.

e CE: Control Escape character shall be 0x7D hexadecimal (see A.1.1).

5.2.2.2 Frame Check Sequence (FCS) Field

The frame check sequence field detects errors in the received frame as described in Section 10.1.2 of I'LAP 1.1. The FCS
field shall be a 16-bit CRC-CCITT cyclic redundancy check computed on the bytes in the application data. The polynomial
for the CRC shall be X16 + X12 + X5 + 1. The FCS is transmitted with the least significant byte first followed by the most
significant byte.

An implementation of the CRC-CCITT FCS algorithm for calculating the CRC has been provided in the fast frame check
sequence (FCS) implementation section of the appendix.

5.2.2.3 Data Link Frame

The application data packets are transmitted in data link frames as described in Section 10 of IrLAP 1.1. The application
data packets shall be transmitted in data link frames. Five (X)BOF characters shall precede the data link frame transmission.
A single BOF character shall be transmitted at the start of the data link frame. The application data packet shall be
transmitted immediately following the BOF character. A frame check sequence field shall be transmitted immediately
following the application data packet. The data link frame shall be terminated with an EOF character as shown in Table 1.

Table 1 - Data link framing

| (X)BOFs | BOF | ApplicationData | FCS EOF

5.2.2.4 Transparency

A transparency character is defined to transform application data bytes (and FCS field bytes), which correspond to data link
control characters as described in Section 10.1.3 of IrLAP 1.1. The transmitting side of the data link shall transform any data
bytes, or FCS bytes, corresponding to control characters (X)BOF, BOF, EOF, or CE into non-control characters prior to
transmitting the data link frame.

The transformation method on the transmitting side shall be:

a. Insert a control escape (CE) byte preceding the data byte.

b. Exclusive OR the data byte with 0x20 hexadecimal.

The receiving side shall reverse the transformation whenever a CE byte is received in the data stream.

See Section B.2 for an IrDA-Frame example with the maximum transparency characters possible.

The receiving side shall reverse the transformation using the following method:

a. Discard the control escape (CE) byte.

b. Exclusive OR the data byte with 0x20 hexadecimal.
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The state machine shown in Figure 4 is an example of what must be implemented by the receiver to properly decode
received characters as described in Sections 10.1.3 and 10.1.5 of IrLAP 1.1.

EOF

(X)BOF

AnyChar

AnyChar

Figure 4 - Receiver transparency state machine

All bytes received are discarded in state A until a BOF (or (X)BOF) is received. All bytes received on the AnyChar events
(which cause a transition from state B to state D or from state C to state D) are inserted into the receive data packet. A
complete data packet has been decoded on the EOF event (which causes a transition from state D to state A).

5.2.3 Presentation Layer Protocol Specification

The dispenser shall attempt to support the standard-communications fueling process, as defined in the associated fueling
protocol, for which it has received all the required data that meet the required data integrity checks.

5.2.3.1 Data Integrity Checks

5.2.3.1.1 Data Type

All data shall be transmitted in ASCII format.
5.2.3.1.2  Proper Delimiter Check

A single pipe character ("|" ASCIl, $7C hexadecimal) shall be used to delimit all pieces of data. All valid data shall be
contained between two pipe characters, as shown in Table 2.

Table 2 - Delimiter permutations and interpretations

[MP=010.0]VN=02.99| Proper format, both valid

MP=010.0]VN=02.99| MP not valid due to no leading delimiter
[MP=010.0]VN=02.99 VN not valid due to no trailing delimiter
[MP=010.0]|]VN=02.99| All data valid, redundant delimiter is not required
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5.2.3.1.3 Proper Tag Check

The first two characters after the data delimiter shall contain a defined data tag. All tag comparisons shall be case-sensitive.

The third character after the delimiter shall be the “=" character (hexadecimal $3D). Any deviations from this format shall
result in all data between the delimiters being discarded.

5.2.3.1.4  Properly Defined Value Check for Required Character Data

All character data for a required data field shall be an exact match for a defined value. All defined data comparisons shall
be case-sensitive. Extra spaces or characters shall invalidate the data.

5.2.3.1.5 Properly Defined Value Check for Required Numerical Data
All defined numerical data positions shall be filled using leading and following zeros as required to fill the defined format.
Extra spaces or characters shall invalidate the data. All defined numerical data shall be greater than or equal to the minimum

defined value and less than or equal to the maximum defined value, as shown in Table 3.

Table 3 - Value check permutations and interpretations

[MP=035.0] | Proper format

[MP=35.0| Not valid due to lack of leading zero

[MP=035| Not valid due to lack of decimal point and trailing zero
[MP=035.0] | Not valid due to extra space before numerical data
[IMP=3.5E1| | Not valid, scientific notation not supported

[IMP=035.0] | Proper range

[IMP=100.1] | Not valid, data outside of defined data range (000.0 - 100.0)

5.2.3.1.6  OD Data Block Checks
5.2.3.1.6.1 Improperly Formatted OD Data Block
The entire OD field shall be scanned to identify the OD Data Blocks before any individual OD Data Block is processed.

If data block(s) with improper format are identified the entire OD field shall be discarded. This discarding of the OD field
shall not result in the invalidation or discarding of the other data fields.

5.2.3.1.6.2 Unrecognized OD Header

If any properly formatted OD data blocks are found that contain an unrecognized OD Header, that data block only shall be
discarded. All data from the end of the unrecognized OD Header until its terminating \ character shall be discarded with no
processing of the characters. This shall not invalidate the remaining OD data and all other recognized data blocks shall be
processed normally.

5.2.3.1.6.3 OD Data Block Contents Format Checks

Some OD Data Blocks are defined in this specification. For these data blocks the correct formatting of the data shall be
verified in the manner specified in 5.2.3.1.1, 5.2.3.1.3 (excepting that some fields have tags that are longer than 2 characters,
in which case the full tag is checked), 5.2.3.1.4, 5.2.3.1.5, and 5.2.3.1.6.

For other data blocks, the content portion is not defined in this document. The content portion must be defined elsewhere
in the documentation of the application that uses that data block.

Format and content of each recognized data block shall be checked to ensure that it is compliant with the definition of that
data block. If a data block is found by these checks to be non-compliant to its definition, that data block only shall be
discarded and its contents not used in further processing.
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5.2.3.2 Data Interval Check

All required data fields for a given fueling process, as defined by the fueling protocol, shall be updated with properly
formatted message data within five times the nominal transmission interval (5 x 100 ms) to be considered valid, except for
the OD data field. If none of the messages meet this requirement within 5 x 100 ms, communications shall be considered
lost.

The data in the OD is optional and so may be omitted

If the vehicle chooses to send an OD data block then that OD data block becomes required for that fueling and has the
same data interval checks as for the required fields. All used OD data blocks shall be updated with properly formatted
message data within five times the nominal transmission interval (5 x 100 ms) to be considered valid. If none of the
messages meet this requirement within 5 x 100 ms, communications shall be considered lost.

The only other exception to this requirement is that the dispenser shall respond to any properly formatted abort command
(FC=Abort) from the vehicle regardless of whether the data has been received within its nominal transmission interval.

5.2.3.2.1  Communications Interval Tolerance

The signal interval tolerance shall be within £20% of interval time.

5.3 Communications Hardware for Gaseous Fueling

5.3.1  Vehicle Transmitter Requirements

5.3.1.1  The vehicle shall have at least one infrared transmitter, as shown in Figure 5.

5.3.1.2 The sum of the infrared transmitter(s) on the vehicle shall have an effective half angle of a=55 degrees.
See Figure 7.

5.3.1.3 The center of the vehicle transmitter element(s) shall be located on the mounting surface at a radius of rv=rrec x
1.7 £ 4 mm from the axis of the receptacle, where rc is the largest radius of the standardized receptacle defined
in connector standards, such as SAE J2600 and ISO 17268. See Figure 5.

5.3.1.4 The external housing of the vehicle transmitter(s) facing the receiver shall be at least dvmin from reference plane
z=0, which is the plane defined by the leading edge of the receptacle. dvmin is defined as the full length of the
standardized receptacle (the edge of the receptacle to the stop ring) plus 10 mm. See Figure 7 and Table 4.

5.3.1.5 The center of the vehicle transmitter element(s) facing the receiver shall be at most dvmax from reference plane
z=0, which is the plane defined by the leading edge of the receptacle. dvmax is defined as the full length of the
standardized receptacle (the edge of the receptacle to the stop ring) plus 30 mm. See Figure 7 and Table 4.

5.3.1.6 The minimum intensity of the vehicle infrared emitter shall be 40 mW/sr within the range of the half angle. The
maximum intensity of the vehicle infrared emitter shall be 100 mW/sr within the range of the half angle.

5.3.2 Nozzle Receiver Requirements

5.3.2.1  The nozzle shall have at least three infrared receivers. The infrared receivers on the nozzle shall have a minimum
half angle of b=55 degrees. See Figure 7.

5.3.2.2 The angle between adjacent nozzle infrared receivers shall be no more than c=120 degrees. See Figure 6.
5.3.2.3 The center of the nozzle receiver elements shall be located rn=rrec x 1.7 £ 4 mm from the axis of the nozzle, where

rec is the largest radius defined in the standard of the standardized receptacle defined in connector standards,
such as SAE J2600 and ISO 17268. See Figure 6.
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53.24

5.3.2.5

5.3.2.6

NOTE 1:

NOTE 2:

When the nozzle is fully engaged with the receptacle, the center of the nozzle receiver elements facing the
transmitter shall be at least dnmin from the reference plane z=0. dmmin is defined as the largest value between
15 mm and the full length of the standardized receptacle (the edge of the receptacle to the stop ring) minus
25 mm. See Figure 7 and Table 4.

When the nozzle is fully engaged with the receptacle, the external housing of the nozzle receivers facing the
transmitter shall be no more than dnmax from the reference plane z=0. dnmax is defined as the full length of the
standardized receptacle (the edge of the receptacle to the stop ring). See Figure 7 and Table 4.

For the above specified geometry, the minimum irradiance that the nozzle receiver will be required to detect will
be 100 yW/cm?, and the maximum irradiance that the nozzle receiver will be required to detect will be 50 mW/cm?.

Table 4 - Definition of minimum and maximum infrared emitter and receiver distances
for different connector sizes

dvmin dvmax dnmin dnmax rec
(mm) (mm) (mm) (mm) (mm)
H35 40 60 15 30 12.5
H35MF 55 75 20 45 12.5
H35HF 58 78 23 48 20
H70 50 70 15 40 12.5
H70HF 80 100 45 70 21

The H35HF and H70HF dimensions are currently being standardized in ISO 17268-2.

Due to the larger diameter of H35HF and H70HF, special attention is necessary regarding the proper overlapping
of the emitted signal area and the receiving signal area. This may imply an increase in the minimum number of
infrared nozzle receivers, e.g., from 3 to 5 or by reducing dnmax to ensure additional distance between dvmin and
dnmax, €.9., from 10 to 15 mm.

Receptacle

Vehicle
infrared
emitter

Figure 5 - Vehicle transmitter (front view)
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Receptacle

Nozzle
infrared
receiver

Figure 6 - Nozzle receiver (front view)
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Figure 7 - Vehicle receptacle (side view)
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5.3.3 Vehicle Requirements in Case of Having Two Receptacles Installed on One Vehicle

The minimum distance between the receptacle IR transmitter and the IR receiver of the opposite nozzle shall have a Dirmin
of 87 mm unless special measures, such as a shield or separate fueling housing, have been taken to avoid cross
communication.

dvmax

dv min {
Plane z=0 —-JI Vehicle_' infrared
n transmitter

]

Nozzle infrared
receiver

b

[

In case of Mid Flow Twin concept where two H70 receptacles can be fueled simultaneously, if the distance between both
receptacles is over 130 mm, then the Dirmin requirement is inherently satisfied.

5.4 Communications Definition (Version 01.10)
541 Gaseous Fueling Communications
5411 Data Definitions

5.4.1.1.1 Communication Protocol Identifier

Tag: ID=

Type: Static

Units: Not Applicable
Range: SAE J2799
Example: |ID=SAE_ J2799|
Interval: 100 ms

Direction: Vehicle to Dispenser
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The vehicle shall transmit the communication protocol identifier to the dispenser to aid in the decoding of the transmitted

data. For this revision of this standard, the ID shall be “SAE J2799.” The “_” symbol is to denote a space and used after
SAE in the identifier.

54.1.1.2 Data Communications Software Version Number

Tag: VN=

Type: Static

Units: Not Applicable
Format: #H H##

Range: 00.00 - 99.99
Example: [VN=01.10]

Interval: 100 ms

Direction: Vehicle to Dispenser

The vehicle shall transmit its version number to the dispenser to aid in the decoding of the transmitted data. The major
revision shall be defined as the whole number portion of the version number. The minor revision shall be defined as the

decimal portion of the version number. Example: For version number 10.02, the major revision is 10 and the minor revision
is 02.

For this version of the communications definition, VN=01.10

5.4.11.3 Total Volume

Tag: TV=

Type: Static

Units: Liters

Format: HHHE #

Range: 0000.0 - 5000.0
Example: [TV=0200.0|
Interval: 100 ms

Direction: Vehicle to Dispenser

The vehicle shall transmit the total water volume of the CHSS in liters at the nominal working pressure to the dispenser.
NOTE: This is also known as the CHSS volume.

54.1.1.4 Receptacle Type

Tag: RT=

Type: Static

Units: Not Applicable

Range: H25, H35, H50, H70 (as defined by
the SAE J2600 standard)

Example: [RT=H70|

Interval: 100 ms

Direction: Vehicle to Dispenser

The vehicle shall transmit the pressure class of its CHSS, as defined in 3.11. The dispenser shall not dispense fuel if the
RT is less than the pressure class of the nozzle.
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54.1.1.5 Fueling Command

Tag: FC=

Type: Dynamic

Units: Not Applicable

Range (VN=01.10): Dyna, Stat, Halt, Abort
Example: [FC=Dyna|

Interval: 100 ms

Direction: Vehicle to Dispenser

The vehicle shall transmit the fueling command signal to inform the dispenser on how to handle the fuel flow. All stations
that are compliant with SAE J2799 shall use the following commands:

FC=Dyna Dispenser shall dispense fuel based upon the procedures defined in the appropriate fueling protocol in

SAE J2601.

FC=Stat  The dispenser shall dispense fuel based upon the procedures defined in the appropriate fueling protocol in

SAE J2601.

FC=Halt  The dispenser shall pause the fueling process, using the procedures defined in the appropriate fueling protocol

in SAE J2601.

FC=Abort The dispenser shall terminate the fueling process and shall not dispense fuel until the dispenser fueling process

is restarted by the operator.

54.1.1.6 Measured Pressure

Tag: MP=

Type: Dynamic

Units: MPa

Format: i #

Range: 000.0 - 100.0
Example: [MP=043.7|

Interval: 100 ms

Direction: Vehicle to Dispenser

The vehicle shall transmit the measured CHSS gas pressure in MPa.

5.4.1.1.7 Measured Temperature

Tag: MT=

Type: Dynamic

Units: Kelvin

Format: Hitt H#

Range: 16.0 - 425.0
Example: [MT=353.0|

Interval: 100 ms

Direction: Vehicle to Dispenser

The vehicle shall transmit the measured gas temperature of the hydrogen gas in the vehicle’s storage tank in Kelvin.
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5.4.1.1.8 Optional Data

Tag: OD=

Type: Static, Persistent, or Dynamic

Units: None

Range: Any 0 to 74 Characters not
including "["

Example: |OD=Parameter(s)|

Interval: 100 ms minimum

Direction: Vehicle to Dispenser

The vehicle may transmit this optional dataset to the dispenser. The data shall contain any character except the delimiter
character ("|" ASCII, $7C hexadecimal). The optional data should not be viewed as an open configurable signal without a
secondary identification of the vehicle (to avoid misinterpretation of multiple signal definitions).

Optional Data Blocks as specified in 5.7 may be sent in the Optional Data. The sum of their lengths shall not exceed 74
characters.

5.5 Communications Definition (Version 02.00)

The following communication definitions in this section expand the range of total volumes for the TV parameter and provide
structured formatting rules for data communicated in the OD field. These changes from version 1.10 to 2.00 are needed to
facilitate new high flow fueling protocols such as SAE J2601-5. Communications definitions Version 02.00 may be used for
other fueling protocols that need an expanded OD field.

5.5.1 Gaseous Fueling Communications

5511 Data Definitions

551.1.1 Data Communication Protocol Identifier

Tag: ID=

Type: Static

Units: Not Applicable
Range: SAE J2799
Example: [ID=SAE _, J2799|
Interval: 100 ms

Direction: Vehicle to Dispenser

The vehicle shall transmit the protocol identifier to the dispenser to aid in the decoding of the transmitted data. For this
revision of this standard, the ID shall be “SAE J2799.” The “” symbol is to denote a space and used after SAE in the
identifier.

5.5.1.1.2 Data Communications Software Version Number

Tag: VN=

Type: Static

Units: Not Applicable
Format: it H#H

Range: 00.00 - 99.99
Example: [VN=02.00]

Interval: 100 ms

Direction: Vehicle to Dispenser

The vehicle shall transmit its version number to the dispenser to aid in the decoding of the transmitted data. The major
revision shall be defined as the whole number portion of the version number. The minor revision shall be defined as the

decimal portion of the version number. Example: For version number 10.02, the major revision is 10 amﬁeﬂmém
is 02.
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