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1 General 

1.1 Introduction and Intended Use (Informative) 

 

This standard describes an extended protocol for bidirectional communication between a SUSI Host 

and SUSI Modules. This standard is based on the SUSI standard communication and is compatible 5 

with it. Mixed operation of BiDi and standard modules is possible as long as they respect the [S-9.4.1 

/ RCN-600]. Modules according to the old Dietz or NMRA standard may show deviations (see [S-

9.4.1] Appendix B: Identified problems with incompatibility to the standard). 

1.2 References 

 10 

This standard should be interpreted in the context of the following NMRA Standards, Technical 

Notes, and Technical Information. 

1.2.1 Normative 

When using the corresponding interface, the following standards must be complied: 

• [S-9.4.1]   SUSI bus communication interface 15 

• [RCN-600]   SUSI bus module expansion interface. 

• [S-9.4.2]   SUSI bus configuration variables 

• [RCN-602]   Configuration variables for SUSI. 

• [NEM 672]  Signal Control – Advanced Accessory Decoder Control (DCC) 

 20 

1.2.2 Informative 

The standards and documents listed here are for information only and are not part of this standard. 

• [S-9.2]   DCC Communications Standard 

• [S-9.2.1]  DCC Extended Packet Formats - 

• [RCN-212]   DCC operating commands for vehicle decoders 25 

• [RCN-213]   Operation commands for accessory decoders 

• [S-9.2.1.1]  DCC Adv Extended Packet Formats - 

• [RCN-218]   DCC-A-automatic registration 

 

 30 

 

 

 

 

 35 
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1.3 Terminology 

 40 

Term Definition 

HOST Main module which generate the SUSI Clock 

SUSI-Module Extension module, controlled by the Host 

  

  

  

 

1.4 Requirements  

 

To comply with this standard, the specifications and commands defined here must be respected. The 

basic specifications described in [S-9.4.1 / RCN-600] must be applied. It is not necessary to support 45 

all commands of the interface. This applies to both Hosts and Modules. The description of the 

respective product should list the usable / necessary functions.  
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4 Particularities compared to RCN-600 
 

With SUSI-BiDi, similarly max. 3 Modules can be operated by one Host. The Host regularly calls all 

registered Modules to enable them to respond. If data is available, the Modules responds to its BiDi 80 

call with an acknowledge ("ACK"). The Host then generates 32 clocks to read the message from the 

Modules. Since the BiDi messages are sent on the normal data line, they can be read directly by the 

Host and also by other Modules. A BiDi message always consists of two times two bytes (4 bytes). 

In the 1st and 3rd byte special BiDi identifiers are sent in order to maintain compatibility with the 

usual SUSI 2-byte commands. For other Modules, these are special command bytes. Modules without 85 

SUSI-BiDi ignore these unknown commands. In byte 2 and 4 the data bytes belonging to the BiDi 

identifier are transmitted. 

 

• The data line must always be on receive mode after a BiDi call (pull-up active). 

• After each BiDi call, a 4 to 5 ms pause must be used as a response window. 90 

 

5 Protocol  
 

After a restart/reboot, the 3 BiDi Modules are interrogated by the Host with special BiDi commands. 

Connected BiDi Modules must always answer (report) to these. Those Modules which answer 95 

(report), are considered thus in the Host as registered (announced). If a Module has no meaningful 

data to send, the function-empty command is sent two times. 

During operation, the Host must call each registered BiDi Module at least every 100 ms. If response 

data is available, the BiDi Module issues a 1 to 2 ms long "ACK" pulse at the latest 2 ms after the last 

falling edge. The Host must accept "ACK" pulses with at least 0.5 ms length as valid. 100 

As soon as the "ACK" has been cleared by the Module, the Host sends 32 clocks in the normal time 

cycle. The Host only outputs the clock and leaves the data line in receive mode. 

After each rising clock edge, the Module places its data bit on the bus. 

With each falling edge, the Host (and possibly other Modules) reads the bit. 

The Module releases its data from the data line 10 to 500 μs after the last negative edge and switches 105 

it to input. When reading a block, the Module only switches the data line back to input if no further 

clock is read within 50 μs or it has already sent the checksum. 

The Host must pause for 1 to 1.5 ms after the last negative edge before sending a new command. 

There are no breaks when reading a block and the clocks follows each other directly. 

A SUSI BiDi Module must always respond to a CV read command if the requested CV is in its CV 110 

range, even if it does not use it! A response with 0x8E + 0x01 (ERR 'not supported') is also permitted. 
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Figure 1: Timing diagram 

 115 

In Figure 1 the time sequence of a bidirectional transmission is illustrated. The blue pulse and the 

blue data are generated by the Modules. 

 

5.1 CV bank reading 

 120 

To read an entire CV bank, a special procedure is used to make the transmission faster and more 

secure. 

The special CV bank read command, which is available individually for each Module, is used for the 

transfer. This means that the Module can be selected, the bank which will be read can be defined and 

the data transfer can be started with one command. The read procedure always starts at the beginning 125 

of the bank, i.e. at CV 900, 940 or 980. This command works independently of the bank number 

stored in CV 1021 and this CV is not altered. 

After the command, the Host expects an ACK which is signaling that the Module has understood the 

command and the selected bank is supported. The Host then sends 32 clocks multiple times, during 

which the Module transmits the sequence: the BiDi command 0x8F, one data byte, the BiDi command 130 

0x8F, one data byte. This is typically done twenty times to transfer all 40 bytes of a bank. If the 

Module in a bank only has a small amount of data, it can abort the transmission by sending both bytes 

or just the second byte with 0x8E for CV not present. 

Regardless of whether all 40 bytes have been sent or the transmission was aborted, 32 clock cycles 

are then sent for a checksum. The first byte contains a CRC checksum, and the second byte contains 135 

the value 0. This is only transmitted to maintain the usual BiDi transmission of byte pairs (here we 

should have the same structure CMD, 1 byte = CRC, CMD, 1 byte = 0). 

The checksum is calculated as described in [RCN-218] Section 1.3. On the transmitter side, it is 

calculated according to polynomial x8 + x5 + x4 + 1 over all data bytes sent including the bytes sent 

with the BiDi command 0x8E, initialized with 0, not inverted. On the receiver side, the CRC is 140 

calculated with the same polynomial over all CVs including CRC; the result must be 0. Examples, 

informative notes and algorithm suggestions can be found in Appendix C of [RCN-218]. 

 

When reading a CV bank, the following steps are carried out: 

Host: The Host sends 0x0C – <Bank#> = Bank Read command for Module 1. 145 
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Module: The Module responds with an “ACK” if the bank is available. Without ACK, reading is 

aborted here. 

Module: The Module sends two bytes per 32 cycles as 0x8F + CV value. This usually happens 

twenty times. Optionally, to abort the read operation prematurely: 

Module: The Module sends 0x8F + CV value + 0x8E + 0x01 (ERR 'not supported') or 150 

Module: The Module sends 0x8E + 0x01 (ERR) + 0x8E + 0x01 (ERR). Both will prematurely abort 

further data reading. 

Module: The Module sends checksum as 0x8F + checksum + 0x8F + 0x00 

Then the Host must keep a 9ms long break so that all Modules can safely synchronize for the 

following SUSI command. Up to this point, 1 + 20 x 2 +2 = 43 commands without a break/pause 155 

were sent. The most important SUSI standard commands should be transmitted before reading another 

block. 

 

6 Commands (Host calls) 
 160 

Each BiDi Module call consists of 2 bytes. The 0x0# range is reserved for call commands. 

 

Command Header Data (Bit 7..0) Comment 

Bidi Modules 

call 
0x01 

Bit 1 & 0 = Modules 

number 

01 = 1, 10 = 2, 11 = 3 

Bit 2 = forced answer 
With Bit 2 = 1, the Modules must 

answer with a status 0x8A. 

Bit 4 & 3 = status address 
Selection of one of the four different 

status bytes (0x8A). 

Bit 7 .. 5 = reserved  

CV Bank Read 

from Module 1 
0x0C 

Bank No. 

Values 0 to 255 

To transfer an entire CV bank from 

Module 1 

CV Bank Read 

from Module 2 
0x0D 

Bank No. 

Values 0 to 255 

To transfer an entire CV bank from 

Module 2 

CV Bank Read 

from Module 3 
0x0E 

Bank No. 

Values 0 to 255 

To transfer an entire CV bank from 

Module 3 

Read CV 0x0F CV-Nr. – 769  

Modules only respond to inquiries 

from their own CVs according to 

[RCN-600] Table 1. 

Table 1: BiDi commands (Host call) 

 

 165 
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7 BiDi messages (BiDi Module responses) 
 

Each BiDi message consists of 4 bytes, which can be divided into 2 independent responses with 2 

bytes each. Byte 1 and 3 are header bytes, Byte2 and 4 are data bytes. The range 0x80 to 0x8F is 

reserved for BiDi messages. 170 

The position address mentioned in the table is an accessory decoder address. This accessory decoder 

address can be used, for example, by a transmitter module on the track (layout) to report its position 

(as an address) by a vehicle running above it. The matching receiver can be implemented as a SUSI 

BiDi module and pass on the received address as a position message to the Host and other Modules. 

This can be used, for example, for location-based station announcements in a sound module. 175 

• The position address is sent in pairs: Byte1 & 2 = high, Byte 3 & 4 = low. 

• The CV read response is sent in pairs: Byte1 & 2 = value (CV no.), Byte 3 & 4 = value (CV 

no.+1). Note: If e.g. CV 939 is read at Module 1, the automatic access to CV 940 leads to an 

error, which is transmitted as 0x8E 0x02. 

All not defined values are reserved! 180 

 

Command Header Data (Bit 7..0) Comment 

Signal state 0x80 

0 = stop (HP0) 

4 = slow travel (HP2) 

15 = trip (HP1) 

Based on NEM 672 

Function 

directly 

0x81 

 

0 = no function 

1 = sound: whistle / horn (variant 1) 

2 = sound: whistle / horn (variant 2) 

3 = sound: bell 

4 = Sound: station announcement v1 

5 = Sound: station announcement v2 

6 = Sound: station announcement v3 

7 = sound: level crossing bell 

15 = Sound: Customer specific 

16 = lighting 

17 = shunting light 

19 = evaporator on / off 

24 = sound on / off 

25 = reduced volume 

Data = 0: empty command 

 

Not all combinations are 

meaningful or permitted. 

 

The combination 0 + 32 = 32 

is not permitted. 

 

The combination 0 + 64 = 64 

means all functions off, i.e. 

according to the specification 

via the protocol on the track. 

+0 = impulse (end automatically) 

+32 = switch on 

+64 = switch off 
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Command Header Data (Bit 7..0) Comment 

Function 

value 

(DCC) 

0x82 

0 = DCC light function 

1..28 = DCC function 1..28 
Not all combinations are 

meaningful and allowed. 
+0 = impulse (end automatically) 

+32 = switch on 

+64 = switch off 

Short binary 

states 
0x83 

Definition according to [RCN-212] 

Section 2.3.5, encoded as DLLL-LLLL 

with D as binary state and 

LLL-LLLL for the number of the 

Binary state. 

 

Automatic 

speed 
0x84 

Speed step and direction as in 128 

Speed step command according to 

[RCN-212] Section 2.2.2, encoded as 

RGGG-GGGG with R as the direction 

bit and GGG-GGGG for the Speed. 

 

Automatic 

operation 
0x85 

0 = stop 

2 = travel (in the same direction) 

4 = forward travel (shuttle travel) 

6 = backward travel (shuttle travel) 

Unused values reserved 

+1 = slow speed level 

Test 

function 
0x87 0 … 255 Reserved Massoth 

Position 

address high 
0x88 

Bit2..0 = A10 .. 8 

+0 = address [RCN-213] standard 

+8 = address [RCN-213] extended (ext) 

The address ranges defined 

so far refer to accessory 

addresses. 

These are displayed linearly 

and not inverted, as shown in 

Table 3. 

Position 

address low 
0x89 

A7 .. 0 
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Command Header Data (Bit 7..0) Comment 

Status byte 0x8A 

One of the four different status bytes: 

Status 0: 

Bit 0 = 1: Motor control enabled (sound 

upgrade completed) 

Bit 1 = 1: Light function enabled (e.g., 

generator sound for steam locomotive 

running) 

Bit 4 = 0/1: Boiler fire simulation off/on 

(synchronized with coal shovel sound) 

Status 1: 

Bit 0 = 1: Another vehicle is coupled to 

the front. 

Bit 1 = 1: Another vehicle is coupled to 

the rear. 

All other bits in status 0 and 1 are 

reserved for future use. 

Status 2 and 3: Reserved for future use. 

Only the first two status 

bytes (status 0 and 1) may be 

sent spontaneously. The 

remaining two bytes are only 

sent in response to a BiDi-

SUSI module call with bits 2 

and 3 (address) set. 

 

Status 0 is always sent first, 

followed by status 1, or 

status 2 is sent first, followed 

by status 3. If a status is not 

implemented, the empty 

command 0x81 0x00 is sent 

instead. 

Analog 

values A 
0x8C 

Analog channel 1 and, if applicable, 

analog channel 2, each with 8 bit 

resolution. If two analog values with 

identifier 0x8c are sent in a BIDI 

message, analog channel 1 is transferred 

first and then analog channel 2 

 

Analog 

values B 
0x8D 

Analog channel 3 and, if applicable, 

analog channel 4, each with 8 bit 

resolution. If two analog values with 

identifier 0x8c are sent in a BIDI 

message, analog channel 3 is transferred 

first and then analog channel 4 

 

CV 

response: 

Invalid 

value 

0x8E 

0x00 = unknown error 

0x01 = CV not supported 

 

0x02 = CV number invalid 

 

CV is not implemented in the 

Modules 

CV number invalid for the 

Modules number 

CV 

response: 

value valid 

0x8F 

0 … 255  

Table 2: Arrangement of the bits of the position address 
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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. 

 

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. 


