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NMRA Standard
Serial User Standard Interface

Jun 9, 2024 S-9.4.1 Draft

1 General

1.1 Introduction and Intended Use (Informative)

This standard describes an interface between a main module, referred to as master, and extension
modules, referred to as slaves, in the model. These can be sound modules, extended function
outputs, or other function modules. The SUSI is an abbreviation for “Serial User Standard
Interface™.

SUSI

The SUSI logo is a trademark of Dietz Elektronik GmbH & Co.KG. It can be used freely on
compatible products.

This document replaces and supersedes T1-9.2.3 Serial User Standard Interface for DCC.

1.2 References

This standard should be interpreted in the context of the following NMRA Standards, Technical
Notes, and Technical Information.

1.2.1 Normative

S-9.1.1.3 21MTC Decoder Interface

S-9.1.1.4 PluX Decoder Interface

S-9.1.1.5 Next18 and Next18S Decoder Interface
S-9.2.1 DCC Extended Packet Formats

1.2.2 Informative

TI1-9.2.3 Serial User Standard Interface for DCC
RCN-600 SUSI bus

RCN-601 SUSI-BiDi

RCN-602 SUSI Bus Configuration Variables

1.3 Terminology
Term Definition

SUSI Abbreviation for “Serial User Standard Interface”

© 2024 National Model Railroad Association, Inc.
S-9.4.1 Draft Serial User Standard Interface Page 1 of 12 —Jun 9, 2024



25

30

35

40

1.4 Requirements

In order to meet this standard, all mechanical and electrical characteristics as well as the defined
commands shall be observed. It is not necessary to support all commands of the interface. This
applies to both master and slave modules. The description of the respective product shall list the
implemented functions. A component tolerance of 10% is permissible for all resistance values.

2 Mechanical properties
There are three different plug systems, which also differ in their electrical characteristics.

Designation Master Connector(s) Slave Connector(s) Current Capacity
classicSUSI JST SM04B-SRSS-TB JST 04SR3S 1000mA

JST BM04B-SRSS-TB JST SRH-04V-SB
microSUSI JST SMO04BXSRS-ETB JST 04XSR-36S 200mA
powerSUSI Wirth 62000511622 Wirth 620005113322 2000mA

Wiirth 62000511722

Wirth 620305124822

Wiirth 620105131822

“classicSUSI” is the interface that has been known since 2003 and is mainly used in HO scale.
“microSUSI” is a small design introduced in 2017, e.g. for N scale. “powerSUSI was added in 2018
for larger scales and modules with higher power requirements. The three versions are described in
more detail in the following sections. Alternatively, solder pads can be provided for the connection
instead of a plug. Additionally, it is also possible to connect a SUSI module to a decoder interface
as described in S-9.1.2.3, S-9.1.2.4, and S-9.1.2.5.

2.1 classicSUSI Interface

A 4-pin connector system from JST. The recommended pin header
on the master is JST SM04-SRSS-TB (horizontal) or JST BM04B-
SRSS-TB (vertical). The matching cable connectors are JST
04SR3S or JST SRH-04V-SB.

© 2024 National Model Railroad Association, Inc.
S-9.4.1 Draft Serial User Standard Interface Page 2 of 12 —Jun 9, 2024



45

50

65

2.2 microSUSI Interface

A 4-pin connector system from JST. The recommended pin header on the
master is JST SM04BXSRS-ETB. The matching cable connector is JST
04XSR-36S.

2.3 powerSUSI Interface

A 5-pin connector system from W(rth Electronik (WR-WTB) with a
2.0mm pitch is used. The recommended pin header on the master is
62000511622 (through hole vertical), 62000511722 (through hole
horizontal), 620305124022 (surface mount vertical), 620105131822
(surface mount horizontal). The matching cable connector is 620005113322.
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3 Electrical Properties
3.1 classicSUSI Interface
The maximum load capacity is 1000mA.
Pin | Description
1 Ground (decoder negative side of rectifier)
2 Data
3 Clock
4 | Plus (decoder positive side of rectifier)

3.2 microSUSI Interface
The maximum load capacity is 200mA.

Pin

Description

1

Ground (decoder negative side of rectifier)
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2 Data
Clock

4 | Plus (decoder positive side of rectifier)

3.3 powerSUSI Interface
The maximum load capacity is 2000mA.

Pin | Description

Trigger (open collector/drain signal or contact to ground for synchronization)

Ground (decoder negative side of rectifier)
Data
Clock

Plus (decoder positive side of rectifier)

a1l Bl W N -

The powerSUSI interface, with its higher load capacity, is also suitable for steam generators and the
additional trigger signal enables wheel-synchronized steam burst without constantly sending trigger
commands. The trigger is active on the falling edge. The pull-up resistor for the open collector/drain
trigger signal is located on the SUSI module (slave), and is connected to VCC of the SUSI module
(slave). It should be a value between 4.7k and 22kQ.

3.4 Decoder Interface

When using a standard decoder interface to connect a SUSI slave, the specifications in S-9.1.1.3, S-
9.1.1.4, and S-9.1.1.5 shall be observed.

Signal S-9.1.1.3 (21MTC) S-9.1.1.4 (PluX22) (Nexfig}hiil%)
Ground 20 5 5and 14
Data 6 4 13

Clock 5 3 4

Plus 16 9 6 and 15

3.5 Common Properties

Recommended cable colors for the 4-pin interfaces. These are recommendations and are not
evaluated for conformance.

Pin | Description Color
1 | Ground Black
2 | Data Grey
3 | Clock Blue
4 | Plus Red
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Up to 3 slave modules can be connected to a master. The slave modules are connected in parallel.
Appropriate adapter cables or distribution modules are required.

If the load capacity of the master may be lower than the maximum specified. If the load capacity of
85  the master is lower, it shall be specified in the product documentation. The maximum current
consumption that flows through the bus connection shall be specified for each slave module. If
more current is required in a slave module, it shall be separately supplied with power. When
connecting several slaves to the master, the master’s total load capacity must not be exceeded.

A reverse polarity protection diode should be installed in series on the positive connection of the
90 slave to prevent a defect in the event of reverse polarity. The diode may be omitted if one of the
standard decoder interfaces described in Section 3.4 above.

A logic level high shall not fall below the value of 0.7 x VCC. Both lines contain a series resistance
of 470Q on the master and the slave. The data line has a pull-up resistance of > 15kQ to VCC on

the master.
VCC =5V or 3.3V for SUSI3
Master Slave

> 15kQ

470Q 470Q
Data ° 1 Data
Clock b———"1L"—"—"1— o 1 Clock

470Q 470Q

95 3.6 Logic Level of the Interface
Levels corresponding to VCC =5V and VCC = 3.3V are permitted. The following rules apply:

The supported levels shall be specified in the product documentation.
Each slave shall tolerate 5V levels.
A slave for microSUSI shall also accept 3.3V levels.
A slave that also accepts 3.3V levels may be marked with “SUSI3”.
A master that only supplies 3.3V levels shall be marked with “SUSI3”.
o Only masters with microSUSI socket are excluded from this requirement.

100

For the user, this means that only slaves with “SUSI3” marking can be safely operated on a master
with SUSI3 marking. If masters and slaves are used with a microSUSI socket and plug,

105  compatibility is ensured. If a master with VCC=3.3V is still required to deliver 5V levels, a level
adjustment circuit is required. A suggestion can be found in Apendix ...

4 Protocol

The data transmission is synchronous unidirectional. All packets are two or three 8-bit bytes. The
clock is low in the inactive state. Data is sent on the rising edge and shall be valid on the falling
110  edge. The data shall be read on the falling edge.

Future extensions shall only be two byte packets. The exception mentioned are the commands that
begin with the command code 0111XXXX. These are programming commands for CV
manipulation with 3 bytes that are taken directly 1:1 from the DCC protocol.

115
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The high or low period of the clock pulse shall be > 10us, the total period for one bit may not
exceed 500us. When reading a CV bank using SUSI BiDi commands, the total period for one bit
may not exceed 100us. The master always supplies the clock pulse for data transmission. The first
bit transmitted is the LSB (bit 0).

Since a single interference pulse on the clock line leads to a permanent data shift during
synchronous transmission, a special timing is used for synchronization. 8ms +1ms after a complete
byte has arrived, all bits that have arrived so far are deleted and the slave is reset. This applies both
internal and external of a command sequence.

Individual bytes of a command shall follow one another within 7ms. Further commands can be sent
seamlessly, ie without a time gap, provided they follow the previous last command byte faster than
7ms. Otherwise the next command shall not begin until 9ms after the last byte sent.

For synchronization, the master shall insert a clock gap of at least 9ms after no more than 20
commands. When the reading a CV bank using SUSI BiDi commands, up to 50 commands can be
transmitted without a break.

Commands that expect a response shall be confirmed by the slave with an acknowledge (ACK), if
the response is positive, by pulling the data line to ground via the 470 series resistor. The
acknowledge shall be > 1ms and < 2ms, and shall be completed no later than 20ms after the falling
clock edge of the last bit. After 20ms, without a complete acknowledge, the master can abort the
command with a negative response. A master shall accept acknowledge pulses of > 0.5ms and <
7ms as valid. Shorter pulses should be considered invalid to suppress interference.

When accessing CVs 897 to 899 and 1020 to 1024, several slaves can respond with an
acknowledge. In this case, the master shall always wait the full 20ms and shall not send the next
byte immediately after a successful received acknowledge.

Error detection and/or correction is not provided because the cables are generally very short. It is
recommended that they be no longer than 20cm between master and slave modules.

If slave modules do not receive valid commands within 100ms after reset, they may automatically
start in an alternative mode without SUSI command control.

5 Commands

The data bytes are basically derived from DCC commands of S-9.2.1. This allows for very simple
forwarding of DCC commands to the slave modules. A more detailed description of the individual
command bits can be found in S-9.2.1. Commands are sent to the slaves when required, e.g. when
data is currently being received in the master. Every active function or driver command should be
repeated at least every 200ms, even without new data being received, in order to enable safe
operation even in the event of faults. If the master has no external data reception, it can also
independently generate commands based on specific operating states (e.g. in analog mode).
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Command Data Byte(s) Notes

Function Group 1 0x60 | 000FoF4F3F2F1 FO is always sent in FG1.

Function Group 2 0x61 | Fi2F11Fi0FoFsF7FsFs F5—F8 and F9 — F12 are combined into one command
Function Group 3 0x62 | FaoFioF1sF17F16F1sF14F13
Function Group 4 0x63 | FasFarFasFasFasF2sF22F21
Function Group 5 0x64 | FssFasFaaFasFa2F31F30F29
Function Group 6 0x65 | FasFasFaoFaiFaoFaoFasFar
Function Group 7 0x66 | Fs2FsiFsoFagFasFa7Faskas
Function Group 8 0x67 | FeoFsoFssFs7FssFs5FsaFs3
Function Group 9 0x68 | FesFe7FesFesFeaFs3Fe2F61

Binary State Short | 0x6D | DLsLsLsloLilo D = 0: function L switched off
Form

D = 1: function L switched on
L =1 —127: Function number
L: = 0: broadcast, all functions 1 to 127 off (D =0) or on (D = 1)

Binary State Long | OX6E | DLsLsLsloLilo Commands are always sent as a pair of binary state long form low and high
Form Low Byte byte. The low byte command shall be sent first If the two commands do not
Binary State Long | OX6F | DHsHsHeH2H1Ho follow one another directly, they shall be ignored.

Form High Byte D = 0: binary state L switched off

D = 1: binary state L switched on

L: low order bits of binary state 1 to 32,767

H: high order bits of binary state 1 to 32,767

H & L = 0: broadcast, all binary states 1 to 32,767 off (D =0) oron (D = 1)

Direct Command 1 | 0x40 | XgX7XeX5X4X3X2X1
Direct Command 2 | O0x41 | X16X15X14X13X12X11X10X9
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Command Data Byte(s) Notes

Direct Command 3 | 0x42 | X2aX23X22X21X20X190X18X17 | Direct commands are used to directly control outputs and other functions after

- applying the function table in the master. A bit= 1 means the corresponding
Direct Command 4 | 0x43 | X32X31X30X20X28X27X26X25 output is switched on.

Trigger Pulse 0x21 | 00000001 Command used to synchronize a steam burst. It is sent once per steam burst.
Bits 1 to 7 are reserved for future use (sent as 0 by master, ignored by slave).

Current 0x23 | S7S6555452S1S0 Current consumed by the motor. The valid range is -128 to 127 in 2’s
complement format calibrated to a manufacturer specific CV in the master.
Negative values mean feedback, as is possible with modern electric
locomotives.

“Actual” Velocity | 0x24 | RGeGs5G4G2G1Go The speed and direction corresponding to the actual or target motor condition.
“Target” Velocity | Ox25 | RGeGsG4G2G1Go G is to be normalized to the Vmax scale set in the master.

G = 0: locomotive is not moving
G =1-127: normalized speed
R = 0: reverse direction

R = 1: forward direction

These commands are not recommended for new designs. Slaves should
instead evaluate commands 0x50 to 0x52. Masters that use different
implementations of commands 0x24 and 0x25 for reasons of compatibility
with existing products are still compliant to the standard.

Load Balancing 0x26 | P7PePsP4P2P1Po The load state can be detected via motor voltage (Back-EMF), current, or
power.

0: no load
127: maximum load

Negative values are also possible and transmitted in 2’s complement. Negative
values mean less load than operating on flat terrain. G is to be normalized to
the Vmax scale set in the master.
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Command Data Byte(s) Notes

“Actual” Velocity | 0x50 | RGeGs5G4G2G1Go The speed and direction corresponding to the actual motor condition. This is a
control value in relation to “target” speed, i.e. after adjusting the speed ramp,
the actual and target should be the same (regulated state).

G = 0: locomotive is not moving
G =1-127: normalized speed
R = 0: reverse direction

R = 1: forward direction

“Target” Velocity | Ox51 | RGeGs5G4G2G1Go The internal speed of the “master” normalized to 127 levels based on received
speed converted via the characteristic curve (CVs 67 to 94, CV2, 6, and 5; and
other CVs that determine the speed of the locomotive). This means that the
highest value that can be achieved using CVs 94 and/or CV5 or other
corresponding CVs is normalized to 127. CV’s for acceleration and braking,
such as CVs 3, 4, 23, and 24, are not included in the calculation.

G = 0: locomotive is not moving
G =1-127: normalized speed
R = 0: reverse direction

R = 1: forward direction

Since different decoders use different methods to determine the maximum
speed, there may be slightly different implementations. It is most important
that the commands for actual and target speed behave the same.

“DCC” Velocity 0x52 | RGeG5G4G2G1Go This value is directly as received by the master from the system. No
adjustment is made by any CVs. 14 and 28 speed step commands from the
system are normalized to 128 speed step values 0 — 127.

Analog Function 0x28 — | A7AsAsALAA1AL The eight commands in this group allow the transmission of eight different
Group Ox2F analog values.
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Command Data Byte(s) Notes

Direct Command 1 | 0x30 | D7DsDsD4D2D1Dg Set basic functions in analog mode without using a function assignment.
for Analog Bit 0: sound on/off

Bit 1: upgrade/dismantling

Bits 2 — 6: reserved

Bit 7: reduced volume

Direct Command 2 Set basic functions in analog mode without using a function assignment.
for Analog Bit 0: peak signal
Bit 1: end signal
Bit 2: parking light

Bits 3 — 7: reserved
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Important Notices and Disclaimers Concerning NMRA Standards Documents

The Standards (S), Recommended Practices (RP), Technical Note (TN), and
Technical Information (TI) documents of the National Model Railroad
Association (“NMRA Standards documents”) are made available for use
subject to important notices and legal disclaimers. These notices and
disclaimers, or a reference to this page, appear in all standards and may be
found under the heading "Important Notices and Disclaimers Concerning
NMRA Standards Documents."

Notice and Disclaimer of Liability Concerning the Use of NMRA
Standards Documents

NMRA Standards documents are developed within the Standards and
Conformance Department of the NMRA in association with certain Working
Groups, members, and representatives of manufacturers and sellers. NMRA
develops its standards through a consensus development process, which
brings together volunteers representing varied viewpoints and interests to
achieve the final product. NMRA Standards documents are developed by
volunteers with modeling, railroading, engineering, and industry-based
expertise. Volunteers are not necessarily members of NMRA, and participate
without compensation from NMRA.

NMRA does not warrant or represent the accuracy or completeness of the
material contained in NMRA Standards documents, and expressly disclaims
all warranties (express, implied and statutory) not included in this or any
other document relating to the standard or recommended practice, including,
but not limited to, the warranties of: merchantability; fitness for a particular
purpose; non-infringement; and quality, accuracy, effectiveness, currency, or
completeness of material. In addition, NMRA disclaims any and all conditions
relating to results and workmanlike effort. In addition, NMRA does not
warrant or represent that the use of the material contained in NMRA
Standards documents is free from patent infringement. NMRA Standards
documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of NMRA Standards documents is wholly voluntary. The existence of an
NMRA Standard or Recommended Practice does not imply that there are no
other ways to produce, test, measure, purchase, market, or provide other
goods and services related to the scope of the NMRA Standards documents.
Furthermore, the viewpoint expressed at the time that NMRA approves or
issues a Standard or Recommended Practice is subject to change brought
about through developments in the state of the art and comments received
from users of NMRA Standards documents.

In publishing and making its standards available, NMRA is not suggesting or
rendering professional or other services for, or on behalf of, any person or
entity, nor is NMRA undertaking to perform any duty owed by any other
person or entity to another. Any person utilizing any NMRA Standards
document, should rely upon their own independent judgment in the exercise
of reasonable care in any given circumstances or, as appropriate, seek the
advice of a competent professional in determining the appropriateness of a
given NMRA Standards document.

IN'NO EVENT SHALL NMRA BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO: THE NEED TO PROCURE
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR
RELIANCE UPON ANY STANDARD OR RECOMMENDED PRACTICE,
EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

NMRA'’s development of NMRA Standards documents involves the review of
documents in English only. In the event that an NMRA Standards document
is translated, only the English version published by NMRA is the approved
NMRA Standards document.

Official Statements

A statement, written or oral, that is not processed in accordance with NMRA
policies for distribution of NMRA communications, or approved by the Board
of Directors, an officer or committee chairperson, shall not be considered or
inferred to be the official position of NMRA or any of its committees and shall
not be considered to be, nor be relied upon as, a formal position of NMRA.

Comments on Standards

Comments for revision of NMRA Standards documents are welcome from
any interested party, regardless of membership. However, NMRA does not
provide interpretations, consulting information, or advice pertaining to
NMRA Standards documents.

Suggestions for changes in documents should be in the form of a proposed
change of text, together with appropriate supporting comments. Since NMRA
standards represent a consensus of concerned interests, it is important that
any responses to comments and questions also receive the concurrence of a
balance of interests. For this reason, NMRA, its departments, Working
Groups or committees cannot provide an instant response to comments, or
questions except in those cases where the matter has previously been
addressed. For the same reason, NMRA does not respond to interpretation
requests. Any person who would like to participate in evaluating comments
or in revisions to NMRA Standards documents may request participation in
the relevant NMRA working group.

Laws & Regulations

Users of NMRA Standards documents should consult all applicable laws and
regulations. Compliance with the provisions of any NMRA Standards
document does not constitute compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or
referring to the applicable regulatory requirements. NMRA does not, by the
publication of NMRA Standards documents, intend to urge action that is not
in compliance with applicable laws, and NMRA Standards documents may
not be construed as doing so.

Copyrights

NMRA Standards documents are copyrighted by NMRA under US and
international copyright laws. They are made available by NMRA and are
adopted for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of modeling, structural and
engineering practices and methods. By making NMRA Standards documents
available for use and adoption by public authorities and private users, NMRA
does not waive any rights in copyright to the NMRA Standards documents.

IMPORTANT NOTICE

NMRA Standards documents do not guarantee or ensure safety, security,
health, or environmental protection, or ensure against interference with or
from other systems, devices or networks. NMRA Standards documents
development activities consider research and information presented to the
standards development group in developing any safety recommendations.
Other information about safety practices, changes in technology or
technology implementation, or impact by peripheral systems also may be
pertinent to safety considerations during implementation of the standard.
Implementers and users of NMRA Standards documents are responsible for
determining and complying with all appropriate safety, security,
environmental, health, and interference protection practices and all
applicable laws and regulations.
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