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Summary
Provided in this document are the basic system design details of an LC-DCC controller design that can be
controlled via Windows PC, Android phone or tablet or using potentiometers for analogue control.

The hardware design is provided free but the software resident in the ARM processors or for the Windows
and Android applications must be licensed by purchasing a license from eBay.

Disclaimer
The designers accept no responsibility for any damage to any train or accessory decoder connected to this
DCC system through incorrect assembly or use of the hardware design.

Please read s-9.1_electrical_standards_2006.pdf NMRA standard before purchasing and using a power
supply. Also note some cheap power supplies can give over voltage output.

Decoder Compatibility

Included at the end of this document is a list of decoders know to work with this LC-DCC controller. This
list will increase with time as more and more people start using this LC-DCC controller for service mode
programming and layout control.

Please let us know of any decoders not listed that are working with the LC-DCC control system.

License / Usage Terms

All the software components are protected by license. When you buy the software from eBay, you are
entitled to one license which will be provided by Email, contact support@swws.co.uk with processor
identification code. Extra licenses may be purchased via PayPal, go to http://www.swws.co.uk/Ic-dcc.htm| and
complete the PayPal order.

Existing users of the 1.X design

Anyone using version 1.X of this design should be aware that the function of M3/M4 pins A6/A7/PC0/PC1/PB0/PB1
has been swapped. Users should check the latest build documents for version 2.0 onwards. Existing users will need
to obtain a license key, this will be provided free if you have purchased via the eBay account. Users creating their
own software who want to upgrade will also need to contact support@swws.co.uk to obtain an “unlock code” for
the M3/M4.

LC-DCC Forum

A low cost DCC forum can be found at http://low-cost-dcc.freeforums.net, this was created in March 2019.
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Buying On EBay

Please note that there are a number of false adverts on eBay that cannot provide support or valid updates
for this project and may not even provide anything for your money. The idea of Low Cost DCC is to make

available a quality product at a price that everyone can afford. Only buy from the designer and developer
of this project. To ensure you are buying from the only official eBay listing check the seller information is

as displayed below (seller: johncaffyn, location: Bristol). Any other listing is false.

BB Low Cost DCC Controller2amp ¢ X 4
sfed7e12g8nvarOsw.. % @y | @

@ https://www.ebay.co.uk/itm/Low-Cost-DCC-Controller-2amp-or-10amp-with-CV-programming-and-BlueTooth/332313493010?epid= 140058687 158hash=item4

€ &
Create postage discounts
<3 Low Cost DCC Controller 2amp or 10amp with CV programming and Shop with confid
& op with confidence
&£ BlueTooth
("0 4 A KA 3 t eBay Money Back Guarantee
= = 8. 8 8 & product ratings Y Y
Low Cost DOC 20 X G Get the item you ordered or your
Condition: New money back. Learn more
20 available
Quantty: |1 86 sold / See Feedback
Seller information
johncaffyn (253 % )
£14.99
100% Positive Feedback
m Contact selier
Add to basket See other items

Add to watch list |«

e S j . -
Configuration Check Updates
L Bxit LC-DCC
100% buyer satisfaction Click & Collect 162 watchers

Collection:  Click & Collect - Select store at checkout

Postage: Free Standard Delivery | See details
ftem location: Bristol, United Kingdom
— Posts to: Worldwide
=
Delivery: Estimated between Fri. 12 Apr. and Mon. 15 Apr. @
" Processed
Payments:  PayPal m visA =|_hypaypa4 | See payment information

Returns:  No returns accepted | See details

@ Have one to sell? Sellit yourself
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Introduction

This book describes how the LC-DCC controller system works, its NMRA compatibility and its basic concepts
and operation. This book has been created to address feedback from current users.

The LC-DCC systems supports the following NMRA DCC features:

e 7-bit engine decoder addresses from 1 to 127

e 14-bit long engine decoder addresses from 1 to 10239 (0 is reserved)
e 9-bit accessory decoder address from 1 to 512

e 28 or 128 engine speed steps selectable on an engine by engine basis
e Emergency stop

e FOto F28 inclusive engine functions for light and sound

e Volume control for sound via extended DCC packet

e CV programming

e CVreading (requires an INA219 current monitor module)

The LC-DCC controller system supports the following features:

e Multiple users via USB serial, Bluetooth or WIFI

e Wireless train and point control via Bluetooth or WIFI

e Linux and Windows layout control applications via USB or WIFI

e Voice controlled Android application via Bluetooth

e Up to eight optional analogue speed controls via slider or rotary potentiometers and 12C
e Current overload detection and automatic track power off with optional INA219

e Track A and track B outputs to allow booster operation or CV programming

e LC-DCC RFID? train location message forwarding is supported

e Software crash detection watchdog to protect train operation

e Stop switch or both engine stop and track power deactivation

The LC-DCC controller system does not support:

e Analogue train control, all engines must be fitted with DCC decoders
e NMRA DCC 14 step engine speeds

The LC-DCC controller is compatible with a number of NMRA standards as defined later in this document.
A list of DCC decoders that the system has been tested with is listed at the end of this document.

NOTE: 1. LC-DCC RFID system is under development and is an “add on” to the LC-DCC controller and will be available
later as a separate item.



Licensing

The Windows, Linux and Android software require a license to work with the LC-DCC controller. The main reason for
this is to allow all software to be downloaded from http://www.swws.co.uk/lc-dcc-files.html without the need to
protect the software. As such every LC-DCC controller needs a different license. Multiple licenses can be obtained
with discount by contacting the EBay seller or sales@swws.co.uk.

When you first use either the Android software, the Linux software or the Windows software with a new LC-DCC
controller M3 or M4 processor you will need to obtain a license. The software will tell you that you need to contact
support@swws.co.uk for a license and that you must provide them with the M3/M4 processor identification
displayed at the same time with the message.

You can build and test the basic M3/M4 design without needing a license, but you will need a license to run trains,
control accessories and program CVs.
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DCC Controller Designs

When building the LC-DCC system there are number different controller design options:

e M3 STM32F103 blue pill or black pill board-based controller

e M4 STM32F411 nucleo board-based controller

e Controller with train control and CV programming (no INA219 current monitor)

e Controller with train control, CV programming, reading and overload detection (with INA219)
e Controller with eight analogue controls (using sliders or potentiometers)

e M3 STM32F103 with WIFI

e 1298 2A+2A H bridge

e BIT-2 H bridge 43A (tested up to 10A with LC-DCC) suitable for all gauges

e IBT-4 H bridge 50A (tested up to 5A with LC-DCC) suitable for N/JHO/OO and smaller gauges

The main differences are:

e The M3 boards are cheaper than the M4 boards but need soldering skills

e Notincluding the INA219 removes overload detection and CV reading

e Adding the analogue controls will lose one UART used for Bluetooth or serial operation on M3
e WIFI allows five connections, serial and Bluetooth are limited to four connections maximum

e The L298 H bridge allows 2amp drive plus 2amp booster or CV programming track output

e The IBT-2 allows up to 10amp drive and can be combined with another IBT-2 or L298



The following block diagram shows a basic design with no INA219 for current monitoring:
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This figure shows the basic design with an INA219 for current monitoring capability:
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The software for both designs is the same, the DCC controller auto-detects the INA219 presence.



DCC Controller Operation

The M3 or M4 ARM processor (DCC Controller) is used to generate the DCC packets that are sent to the tracks by the
H bridge. The DCC Controller also controls whether the tracks are powered or not. Both of these functions are
achieved by using digital output lines from the ARM processor micro controller.

If an INA219 is fitted the micro controller will detect this and use it to measure current.

If the potentiometers are fitted via the ADS1115 12C ADC modules then four (one ADS1115) or eight (two ADS1115)
engines can be controlled using the potentiometers.

The DCC Controller has three modes or states of operation:

e |dle
e QOperational
e Service Mode

In Idle mode the DCC Controller only generates DCC IDLE & RESET packets as per NMRA S 9.2 document. In service
mode the DCC Controller only performs CV writing and optionally reading when an INA219 is fitted to the design. In
operational mode the DCC Controller manages accessory decoders and engine decoders generating the DCC packets
required to manage the trains and layout.

All LC-DCC controller mode changes are controlled via the USB/WIFI/Bluetooth/Serial interface of the micro
controller. The same interface is used to read/write CV values, control trains and manage accessory decoders.

With WIFI and Bluetooth your train control interface is wireless and you can move around while using it.

Current designs can use either an STM32F103 M3 micro controller or a STM32F411RE M4 micro controller.



NMRA DCC Compliance

Engine Address

The LC-DCC system supports 7-bit multi-function decoder address range from 1 to 127.

The LC-DCC system supports 14-bit multi-function decoder address range from 1 to 10239, 0 is reserved.

Speed Steps

The LC-DCC system supports 28 speed steps (engine decoder CV 29 value bit 1 unset).

The LC-DCC system supports 128 speed steps (engine decoder CV 29 value bit 1 set).

Accessory Decoder Address

The LC-DCC system supports 9-bit accessory decoder address range from 1 to 512 and values 0 to 7. With the
current software you can program on and off values (or left and right values) in the range 0 to 7.

Engine Decoder Functions

The LC-DCC system supports NMRA DCC function groups for FL (FO) and F1 to F28.

FL and F1 to F4 are implemented using NMRA DCC packet Function Group One Instruction (100) as described in
NMRA standard S-9.2.1 July 2012.

F5 to F12 are implemented using NMRA DCC packet Function Group Two Instruction (101) as described in NMRA
standard S-9.2.1 July 2012.

F13 to F20 are implemented using NMRA DCC packet Feature Expansion Instruction (110) as described in NMRA
standard S-9.2.1 July 2012.

F21 to F28 are implemented using NMRA DCC packet Feature Expansion Instruction (110) as described in NMRA
standard S-9.2.1 July 2012.

Extended Packet Volume Control

The LC-DCC system supports NMRA S-9.2.1 July 2012 “Analog Function Group” for volume control as described in the
standard.



Power Supply Selection

The LC-DCC system does not come with a power supply. Please choose a DC power supply with a voltage suitable for
your gauge. If in doubt consult the NMRA website for recommendations. The following table is a general guide:

Gauge DC Supply Voltage
N 12.0v
00/HO 14.4v
0/G 18.0V

Note however that modern engines appear to tolerate lower voltages than these. For example, some OO layouts can
run on 12V it is dependent on voltage drop between the controller/booster and the engines.

Overload Detection

The LC-DCC system provides overload detection when an INA219 is fitted. This is achieved by monitoring
the current using the INA219 and disabling the H Bridge drive if a current that is too high is detected.

The overload current is set via the Windows or Android applications.

Multi User Operation

The LC-DCC system can support multiple users at any one time via either WIFI or multiple serial or Bluetooth
connections.

The users cannot share engines and only one user can change the DCC controller state from idle to operational or
service mode. Only one user can perform service mode operations.

The user that is first to select either operational or service mode is considered the state owner and only he or she
can change the state of the DCC controller.

Once a user has selected an engine address and sent any command (speed/stop/function) he or she owns that
address until the DCC controller returns to the idle state.

If a user attempts to control an already owned engine the Windows or Android application will indicate the engine
address is locked.

Engine locking can be turned on or off using the Windows or Android application configuration window. The same is
true for accessory locks. These options allow one user multiple connections to the DCC controller so walk about
mode can be used.



Decoder Compatibility Table

Manufacturer | Model Comments

LaisDCC Engine decoder 2 function 2A/1A bare wire No known issues?
LaisDCC Engine decoder 4 function with NMRA 8 pin socket (860021) No known issues?
Hornby R8249 Engine decoder No known issues?
Hornby R8247 Accessory decoder No known issues?
Gaugemaster | 6 pin engine decoders No known issues?
Hornby TTS Decoder No known issues?
Bachmann 36-553 No known issues?
DCC Concepts | DCC CONCEPTS DCD-AD2FX COBALT IP ACCESSORY DECODER No known issues?
TrainSave TSV01la decoder No known issues?
Digitrax DCC Decoder No known issues?
Atlas/Lenz LEO63XF N Gauge DCC Decoder No known issues?
Digikeijs DR4024 Servo Decoder No known issues*

1. These decoders have been tested by the DCC-CTRL developers.

2. These decoders are reported as working by users of the DCC-CTRL system.

The LC-DCC system has also been tested with the Arduino NmraDcc library and has been used with the SMA20 Low
Cost 17 Channel DCC Decoder Ver 6.01 found here: https://model-railroad-hobbyist.com/node/24316
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Website References

Low Cost DCC Controller Software

Email: support@swws.co.uk

FAQS: http://www.swws.co.uk/lc-dcc-fags.html

Downloads: http://www.swws.co.uk/lc-dcc-files.html

NMRA Website

https://www.nmra.org/

https://www.nmra.org/sites/default/files/s-92-2004-07.pdf

https://www.nmra.org/sites/default/files/s-9.2.1 2012 07.pdf

L298N

http://www.instructables.com/id/Arduino-Modules-L298N-Dual-H-Bridge-Motor-Controll/

INA219

https://www.adafruit.com/product/904

STM Nucleo F411RE

https://developer.mbed.org/platforms/ST-Nucleo-F411RE/

http://www.st.com/en/evaluation-tools/nucleo-f411re.html

http://www.st.com/en/embedded-software/stsw-link004.html|

STM32F103

http://wiki.stm32duino.com/index.php?title=Blue Pill

IBT-2

http://www.instructables.com/id/Motor-Driver-BTS7960-43A/

JMRI

http://imri.or
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Version Change History

April 2020

Added extra ADS1115 information to allow up to eight potentiometers for speed control. Added stop switch
information. Added Android voice controlled application information. Added Linux references.

April 2019

Initial version.
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