THE COMPUTER/
MODEL RAILROAD
INTERFACE
(C/MRI)

USER’S MANUAL
Version 3.1a

By Dr. Bruce A. Chubb, MMR

Chapter 4: Super Mini-Node Interface
Card (SMINI)

www.jlcenterprises.net

©2013 Bruce A. Chubb



Chapter 4

Super Mini-Node Interface Card (SMINI)

This chapter is devoted to showing how to set up @MRI as a serial interface, including step-bsps
instruction for building the Super Mini-Node Intace Card (SMINI). Fig. 1-1, in Chapter 1, shows a
photograph of the SMINI card. From the perspeatif/previous C/MRI components the SMINI combines
enhanced features of the original design Unive8eaial Interface Card, the USIC, with two outputdsaand
an input card, placing everything on a single baardmuch larger than the original USIC. This conaion
provides a complete system node with 48 outputs2dridputs on a single card.

The SMINI provides everything required to set wesy capable node on a single card, at a very nedde
cost. For example, a single SMINI can drive 48 aldiEDs and read 24 detector and switch positiquiis.
Depending upon the size of your layout, this sirggled may be all you need to add signaling to yailroad.

If you desire more I/O than provided by a singleISMyou can simply distribute additional SMINI chr
around your layout to build up to whatever levetapability you desire. With an addressable capadil28
SMINI nodes, with 72 I/O lines per node, the maximeapacity of the C/MRI system using the SMINI is
9,216 I/O lines.

This distributed approach minimizes all local I/@ing. Any device you wish to connect such as asids/
signal, occupancy detector, switch motor, switchtact, pushbutton, panel display LED, or almosttlaimg
else electrical, simply plugs into the nearest node

At node locations requiring more than 72 I/O lings) can group SMINI cards together. However, often
more attractive option is to use the nBuper USIC. Using theSUSIC is the ideal approach for locations
requiring large amounts of concentrated I/O suchtaslever-type CTC machine. The SUSIC option is
covered in Chapter 10.

SERIAL INTERFACE STANDARDS

The SMINI and the SUSIC can make use of four iaiggfstandards: Universal Serial Bus (USB), RS232,

RS422 and a “full duplex” implementation of RS488.four standards can be used to connect your coerp
to an SMINI and to an SUSIC. Additionally, in evexgse, the RS422 or the RS485 full duplex impleatert
is used to make the “daisy-chain” connection betwealtiple nodes.

The only requirement for connecting the C/MRI iattiiour computer has an RS232 serial port and/or a
Universal Serial Bus (USB). This is the case farheevery personal computer, although the RS283alse
port has mostly been phased out of the latest P€an, however, frequently be added as an exparism.

By contrast, some Macintosh models provide an R&I2285 serial port. Each can work just fine wita th
C/MRI. Alternatively, if your computer has USB pounly, then it's possible to add a USB to RS23RD8B
to RS422/485 Converter Cable to make the compat€/MRI connection.

The most straightforward approach, and the onetypatally provides the best overall system perfance, is

using a computer with a built-in RS232 Serial Porgeneral, this is the preferred option and Eigd.shows
the typical setups.
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Fig. 4-1. Serial interfacing example systems employing RS28PRS422/485

Fig. 4-1a illustrates the simplest arrangemensjstems comprising just a single node. It requiremgle 3-
wire RS232 cable to connect between the compuR8232 serial port and the RS232 header on the SbHNI
the SUSIC. Alternatively, if your computer is limi to USB only, then you will need to incorporate 3B to
RS232 Converter Cable to make the connection.
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The typical multi-node setup is illustrated in Mglb. Fundamentally, every multi-node applicatiequires
that all nodes, plus the connection leading tovidedcomputer, need to be “daisy-chain” connectétbus
RS422/485, a 4-wire cable. Each SMINI and SUSIQuishes an adjacent pair of RS485 pins making theyeai
chaining easy to accomplish. An RS232 to RS485 €xerCard, such as the RS485 card supplied by JLC
Enterprises and covered in detail near the entdisfchapter, provides the required conversion tkenthe
connection to the computer’'s RS232 serial porterhlatively, if your computer has USB only, then yuill

need to incorporate either a USB to RS232 Convé&idle between the computer and the RS485 card or a
USB to RS422/485 Converter Cable connected bettveeocomputer and the RS485 header on the SMINI or
SUSIC.

If you are starting out with a single node, withnm to expand at a later date to multiple nodes, it's a good
idea to configure your first node for RS485. Thywy can use the Fig. 4-1 setup for connecting to yo
computer and have everything ready simply to conadditional nodes as your system expands.

Although many C/MRI users effectively make use &BJConverter Cables, their application can poseessom
challenges. These include adding another layeowiptexity and added system overhead. The lattermoay
be a problem with small systems. However, it caystantially degrade system real-time performandk wi
larger systems. Thus, whenever possible, | recordrnmplementing the simpler of the two choices, i.e.
making use of a computer that has an available RS28ial Port. However, how to apply each of tHéedent
serial interfacing options, including detailed wgiinformation for each approach, is presented tieaend of
this chapter.

For readers interested in more information regayderial interfacing, the following four subsecsdmighlight
each of the applicable serial interface standdfgeu would rather skip the detail, please do Imesitate to
jump ahead to the sectidBAUD RATE SETTINGS.

Universal Serial Bus (USB)

The Universal Serial Bus (USB) was developed toarinkundamentally easier to connect external devio
PCs by replacing the multiplicity of different cautors typically located at the back of PCs. Initialal it
addresses the usability issues of existing intedfasimplifies software configuration of all dexsaonnected
to USB, and permits greater bandwidths for extedeaices. Its first release was in 1996 and itheen
gaining popularity ever since. As a result, USB Ibasome the “commercial standard” for connectihdgyales
of computer peripherals such as the mouse, keybpgprithters, scanners, digital cameras, persondiame
players, joy sticks, card readers, flash drivesetdrnal hard drives. Similiarly, the USB canused for
connecting to the C/MRI.

The most common USB connector, referred to as Byges 4-conductors. This is the connector found on
most modern peripheral devices and installed ort,rifasot all modern PCs. Two wires deliver 5Vdonmy
and ground. The remaining two wires provide bakkahline, half-duplex communication. This means that
general, peripherals cannot communicate with tts, ltlee PC, unless the host specifically requests
communication. Data rates are up to 12Mbps for USRhd even higher for USB2.0 and USB3.0. All afsh
rates are much higher than needed with our raileggudications and the C/MRI.

Although basic data rates are high, there is exstesthead and subsequent delays in the manner ohw$B
handles data to and from the computer. These ddlgyisally 1 millisecond or greater, are of litireportance
when driving a printer or scanning a document. Hewewith real-time applications such as the C/Nfii
overall system performance can be degraded wheg W$B. This is especially true for large systesagh as

4-3



the SVOS where we have 6 nodes with 140 1/O cartsthe corresponding need to transfer 5480 bitsndu
each pass through the real-time loop.

RS232 Standard

Prior to the domination now exhibited by USB, th®22 standard was historically the most commorakeri
interface. It uses a voltage of -12Vdc to define Mark signal (Logic 1), and +12Vdc to define thpae
(Logic 0).

Typically, RS232 ports use either a standard 25epin, D-type male plug connector called a DBIP or
DB25P respectively. Thus, to mate with them youdneeéemale socket connector, a DB25S or DB9S. Pins
and 3 are the data wires, and are called the Tiaata and Receive Data lines. Specific allocabbthese
two pins depends on whether the connected or pEapdevice is configured &ata Terminal Equipment
(DTE) orData Communication Equipme(@CE). A DTE transmits on Pin 2 and receives on®ibut DCE
transmits on Pin 3 and receives on Pin 2. Some atemphave DTE ports, while others have DCE, sditke
step in setting up any RS232 interface is to dategrthe direction of data flow on Pins 2 and 3. $tendard
RS232 connections, used on most computer portsuanenarized in Table 4-1.

Table 4-1.Typical RS232 connections

Connector Type

and pin number
Function: DB25P DB9P
Transmit Data 2 3
Receive Data 3 2
Signal Ground 7 5

Transmission and reception directions are defineh the perspective of the computer. These threeswi
(Pins 2, 3, and 7 or 5) suffice for bi-directiosalmmunication between two devices. The other [@asn
number for the DB25, are for handshakii@ween the computer and the peripheral deviceekample, Pin
6, Data Set Ready on the DB25, is one that a prinight use to tell the computer it is ready toegtdhe next
character.

There is less standardization in how computerspanighherals use the hand-shaking lines. Besides the
interchange of Pin 2 and 3 functions, and the ns®ime terminals of a male DB25P connector white st
have a female DB25S, there are good reasons whHy$R82 is sometimes called “the most non-standard
standard.”

Length of cable also affects RS232 transmissiomlgitipy and limits the maximum transmission rateeT
specified maximum cable length with RS232 is 5@ feithout an audio modem (modulator-demodulator) at
each end. In practice, however, RS232 signalsaatinely run for 100 to 200 feet and operated ghHiaud
rates without problems. Such installations arestaidard, but they do work. For more reliable, refiree
transmission over long distances, you should ust8B.S

The RS232 circuitry used with the original desigalO required both + and —12Vdc supply inputs. The
updated circuitry used with the new cards geneiitgesvn + and — signal requirements (actuallpVvdc) so
that the latest design SMINI, SUSIC and RS485 canlig require +5Vdc power.

RS232 is limited to one receiver and one transmiftkat is suitable for many applications such@mecting
a printer, modem or a single SMINI or SUSIC to yoamputer. However, to support a distributed sysitgtin
multiple SMINIs (and/or SUSICs), RS232 will not thee job. You need to upgrade to RS485 or RS422, and
later | will show you how to build an RS232 to RS4&nverter card. Additionally, if your computediipited
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to USB ports only, then you need to employ a USB&232 Converter Cable or as we will observe liater
this chapter, a USB to RS422/485 Converter Cable.

RS422 Standard

With the exception of some versions of the Macihttigt provide a direct RS422/485 connection, fieany/
other personal computers directly support RS42R®$485. However the advantages of RS422, and eves mo
importantly RS485 make their application importemthe C/MRI. | will cover RS422 first and then loat the
differences when taking advantage of added capapilovided by RS485.

The main advantages of RS422, when compared toR@#8e from RS422 using twisted-pair, balanced
transmission lines. The difference between theagals on the two wires signals a Mark or a Spdcihe |
difference is positive by more than 200mV, the nemereads a Mark; if the difference is negativenigre
than 200mV, the receiver reads a Space. A secomgagfit arising from these levels is that the draitters
and receivers can easily be operated with the HorB\dc logic power supply.

RS422 is a full-duplex system, meaning that a deuiging RS422 can send and receive information
simultaneously. Four wires are employed. One tdigi@r is used for sending data and a second ulvjse

for receiving data. Whereas RS232 can support carimation between only two devices, an RS422 part ca
be connected with up to 16 devices, or nodes. Bddktional node is simplglaisy-chained with the same 4-
wire cable running from the computer to the firgtla, on to the second, to the third and so on @pptossible
total of 16 nodes.

On one hand you can think of both RS232 and RS42&mitting signals differentially, but RS232 suéfe
from using the voltage difference between the digniee and ground-wire. This is inferior becauseteand
of the ground wire is locally grounded. Any diffape in potential at the ends of the link causesetiito flow
through the ground wire, and the wire's resistammsires a difference in ground potential at eadrtiest can
cause errors in the data.

RS422 grounding requirements are much less crigicak local ground potential does not affect trakvor
Space signals. With the ground potential probleduced, the RS422 can send its Mark and Space signal
closer together to operate reliably at higher batiels and over greater distances.

RS485 Standard

In many ways the RS485 standard is similar to RS#B2 principal exception is that the RS485 speation
is Half-duplex, meaning that it cannot send aneirerdata simultaneously. Although there is sigaifit
added complexity in controlling Half-duplex datavll with RS485, its advantage is that the 4-wire
requirement with RS422 is reduced to 2-wires wig¥B5. Additionally, because RS485 was developed lat
than RS422, the RS485 transceiver ICs, a combmatmsmitter and receiver, exhibit higher inpup@dance
and output drive capability. The result is an imsein maximum node handling capability from 1628.

Although the C/MRI does not have a requirementiia-way simultaneous communication, there are defin
advantages to its using a separate wire pair fadling and receiving data - namely reduced desigmptexity
and easier system debug. For example, if theretigity on the one pair, we know data is flowingrin the PC
to the external hardware. Similarly, with activay the other pair, we know that data is flowingirthe
external hardware to the PC. You avoid needingd‘datection control circuitry. You also avoid theed of an
oscilloscope to check for the direction of datamMland the possibility of device failure causing lsostention
whereby data tries to flow in both directions sitankously on the same pair of wires. AdditionaMith
separate send and receive wire pairs, it is easctwporate sending and receiving data LEDs asemented
on the JLC provided SMINI, SUSIC and RS485 cards.
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The 4-wire design, as implemented by the C/MRIlesa&dvantage of both worlds, RS422 and RS485, by
dedicating one set of the more advanced RS485ceamss to sending data from the PC and a secdridrse
handling data being received by the PC. And, bexaugsare using the more advanced RS485 ICs, wadxpa
our maximum node capability from 16 to 128. Becanfsthis doubling up of the number of RS485 transae
ICs and the corresponding use of 4-wires, thissgeeent is typically referred to throughout the omercial
and industrial world as a “Full Duplex” implementat of RS485. However, just because the 4-wire
arrangement has the capacity for supporting simeties communication in both directions, it doesmeéan
that the capability is always utilized, as is titaation with the C/MRI.

Because typical computer interfacing distancesang short compared to the 4000-foot limit of RS4ibe
type of cable used is not overly important. For e@pplications, regular 4-wire telephone cable ioiexs/
acceptable performance. However, the model railevagronment can create a lot of electrical noise,
especially when using high-frequency power-pulstesys like DCC. This electrical noise can easilypte
into the RS485 cabling to create data transmissioors. Such cross-coupling effects become especial
prevalent where RS485 cable runs are long andsegparallel proximity to DCC or Railcommand track
wiring. To be on the conservative side, it is ale/éagst to use dual twisted pair shielded transomssable for
RS485.

Additionally, connections between nodes shoulddrgiguous from the computer to the first node, tbeno
the next and then the next. A “star” configuratiafiere there are branches going off to differemtasofrom a
central point, should be avoided. Also, it is gaflgmrecommended that cable be terminated with a
resistor/capacitor combination equivalent to tharahteristic impedance of the cable. Proper cable
termination, a topic covered near the end of thagpter becomes increasingly important as cableherg
increased.

BAUD RATE SETTINGS

It is important to understand that all four senmérface standards allow different baud or daaagmission
rates. This is significant because a serial intertaansmits data sequentially, one bit after semoths opposed
to a parallel interface, which for example miglatnsmit one byte (eight bits) at a time.

In a serial interface the receiving and transnttilevicesnust operate at the same baud rate. The SMINI and
the SUSIC are designed to operate with standard teas of 9600, 19200, 28800, 57600 and 115268M)bit
second or bps. This range is considerably fastar the standard rates of 150, 300, 600, 1200, /800,

9600 and 19200 provided with the original Class&l@. Thus, combining nodes using the Classic USIIG w
the newer SMINI and SUSIC nodes requires operatiregther the 9600 or 19200 baud rates — the vetese

the two ranges overlap. At this point, let’s justds in on the SMINI.

SUPER MINI-NODE INTERFACE CARD (SMINI)
Fig. 4-2 shows the parts layout for the SMINI cdtds a complete self contained node, being sbat gee-wiz

do-all type of card. | find it easiest to thinktbe SMINI card as being four cards combined inte,@m
SUSIC combined with two 24-bit output cards and Badit input card.
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I will refer to these “cards within a card” as “@ar0 and 1” for providing the 48-outputs and asrtiCA’ for
providing the 24-inputs. You will find these noméatares used along the left, bottom and right eaddése
SMINI card[1]

When using RS232, the serial connections betwezndmputer and SMINI are made using the 3-pin heade
along the top right edge of the card. Two 5-pindeea are provided for use with RS485. The left kead
connects with the cable running back toward thepmgdar and the right header connects with the calsiring
to the next node. This setup facilitates easyydegining from node to node. The fifth, or bottpm in each
RS485 header, is provided to maintain continuitytifie shield normally used with RS485 cabling.

Because there can be up to 128 SMINI cards conhectehe same 4-wire cable, the system must betable
discern between which SMINI is involved with comneations at any point in time. This is achieved by
giving each SMINI a unique address, 0 through $27 by using the 7-segment address DIP switch SW1.
These address settings follow the powers-of-twatyimumber scheme we established in Chapter 2hend t
resulting DIP switch settings for typical card nwerdare illustrated in Fig. 2-16.

The 4-segment DIP switch, SW2, sets the baud rdkeall segments off corresponding to 9600 bps. To
achieve each of the other 4 baud rates, the camelgpg segment is set to the on, or up, positiomare than
one segment happens to be turned on, the softwtrmwhe SMINI defaults to using the baud rate
corresponding to the highest switch segment wittoai setting.

Connections between the SMINI and the railroachaaide using Molex-style right-angle header connector
These connectors, used on all previous C/MRI bdagigns, have proven to be extremely rugged, dejiad
and cost effective. The SMINI includes circuitry favo 24-pin output cards and one 24-pin input card

Although all the I/O lines are physically on ther@aSMINI card it is convenient to talk about thesrbaing
separate (I/0O) cards within the same (SMINI) c&at. example, the two sets of 24-pin outputs arechas
Cards 0 and 1 located along the left and bottone efighe card. The 24-pin inputs are noted as Caidng
the right edge. Each 24-pin grouping is subdiviaied three ports labeled A, B and C. The 8-pindimithe
different ports are defined as AO through A7, B@tlgh B7 and CO through C7.

Each railroad device being interfaced simply cotmdaectly to one or more of these pins. In “cotepese”
we refer to each pin, or line, as a bit and 8 bgtsome a byte. Thus each port handles 8 bitspgtelof data,
either input or output. The use of the terms bit bByte will become second nature as you begin tahzu
interface to use.

Power connections, +5Vdc and ground, use the twewsterminals at the top right corner of the cdide
supply must be regulated with a tolerance rangedof5Vdc to +5.25Vdc. Most surplus computer power
supplies easily meet this requirement and are &jlgiavailable for zero or near zero cost.

The heart of the SMINI is part U1, a Microchip Taology PIC16F877-20/P Microcontroller with built-in
FLASH memory, making it amart interface. PIC processors are the most popular family ofogiontrollers
and the 877 is ideally suited for our interfacirgpds. This very capable Microcontroller IC is agkm0-pin

[1] Note: The first SMINI production run cards labetbdse “cards within a card” as 1, 2 and 3 versa<t 1
and 2 description provided in this manual. If yappen to have one of these early SMINI cards sirigpigre
the 1, 2 and 3 printing on the card and treat thenf they read 0, 1 and 2. See sec@ouanting Cards/Nodes
Using Number Zero in Chapter 2 for change in approach.
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DIP containing a Micro-Processor Unit (MPU), 8K hi#words of FLASH Program Memory, 368 bytes of
RAM Data Memory, 256 bytes of EEPROM data memor$edal Communications Interface (SCI), built-in
baud generator, three programmable timers, anthamdance of I/O pins. It is a very rugged statmi@cted
design with built-in TTL compatibility including gh sink/source current capability of 25mA per liael
These superior capabilities give the SMINI lotgofver in a very rugged package.

The main advantage of a smart serial interface luil-in MPU and memory is great flexibility. Tlsame
design works whether we are using it plugged iheoSMINI or the SUSIC and whether we are using RS23
RS422 or RS485 I/0. For RS232 the interface usBstbe Pin-2 and Pin-3 data lines and the Pin-Biar7
ground lines, so it is independent of the sometiomsedictable RS232 handshaking lines.

The PIC16F877 performs all the bookkeeping as tizghvparticular bit the computer is sending and \wheit
is part of an address or data. When the computerrsad data from the SMINI input ports, it simpdjls the
PIC16F877, which gathers the data from the 3 ipputs, sets it up in the prescribed format, andsimaits it
bit-by-bit back to the computer.

The three LEDs, L1-L3, indicate the operationatusaf the SMINI. L1 (green) blinks to show that's/1
internal program is operating correctly and alsovates error codes when not operating correctly &itmor
codes have been significantly expanded over thaseded with the original Classic USIC. LED L2 (aemp
blinks when the SMINI is receiving data from the 8@l L3 (red) blinks when the SMINI is sending daaak
to the PC.

Each of the 24 SMINI input lines feature optionmgdut line filtering for maximizing immunity to eleaal

noise frequently encountered with pulse-type contv@mtrol systems such as DCC and Railcommand. Each
of the SMINI output ports is configurable for stand current-sinking or alternate current-sourciFige

majority of C/MRI applications use current-sinkiwhereby railroad devices are activated, i.e. tuimedy

the SMINI completing the ground connection. Altamwely, with current-sourcing the SMINI provideseth

actual voltage that activates the railroad dev@igrent-sourcing is mainly used when driving 3-lead
searchlight signal LEDs or for other special amtlimns where railroad devices share a common ground
connection. | will make use of both arrangementsiter chapters.

Programming the PIC16F877 FLASH memory requirggezigal PIC Micro Programmer package. As a bare
minimum the package needs to include a programeniitgr and an assembler that turns the user written
assembly language code into 1s and Os for loadtogihe PIC16F877 Microcontroller. A big advantaf¢he
877's FLASH memory is that the ultraviolet eraseleys not required as it was for the MC68701, usend
the previous USIC. With the PIC16F877 everythingasdled electronically.

Do not worry about having to do any PIC programmihgs provided pre-programmed and tested in akiagr
SUSIC from JLC Enterprises. The cost is $34. Beshng more than twenty times faster and much more
powerful than the MC68701 used in the original gesUSIC, the programmed PIC16F877 is about half the
cost.

You do not need to understand electronics to kh#gdSMINI. Circuit cards and programmed PIC16F87ips
are readily available from JLC Enterprises; all y@ve to do is follow my instructions. If you prefall the
circuit boards, including the SMINI, can be puradully assembled and tested or as completerata f
SLIQ Electronics. If you are interested in how 8MINI works, and in debugging it in case of troybleill
explain what the SMINI does and give you a tout®Echematic. If you really just want to get stdrtskip
ahead t&MINI Parts. If you have purchased your SMINI already assethbled tested, you may skip to
Computer Connections.
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SMINI FUNCTIONS

Fig. 4-3 is a functional schematic illustrating wkize SMINI does.

U3-U5 are Input Line Octal Buffer Drivers

9 separate Port Enable Lines

1EN
CRYSTAL —
FREQUENCY Us Port \
Z CONTROL Cc
o ] 8 N
'(3 JEN
<9 e
- Z Port /O Card 2
< Z u4 B Input
oQ 8
2 ©
< a:J 1EN
@
w =
“a us Port
s Unique I/O circuitry A A J -
(@) depending on whether o
O using RS232 or RS485 JEN <
|
P —
<:{>¢ :> Ut ;tD o S
j—_—_{> PIC16F877 8 8 o
7 Micro- 1EN ~
controller %
7.sogment E‘> ” #m O Card 1 2
DIP Switch B P =
for Usic Address 8 O
determination 1EN %
=
(@]
v > ) 3
:1:{> 8 Q
4 ]EN
4-segment Port \
DIP Switch un o
for Baud Rate 8
determination
— 1EN
Port I/0 Card O
u10 B Output )
Address decoding, baud rate selection, 8
serial-to-parallel and parallel-to-serial EN
conversion and I/O port selection performed P
in PIC16F877 Microcontrolier Port
u9 A/
SMINI 8-bit Bi-directional Data Bus 8

U9-U14 are Output Line Octal Latches
Fig. 4-3.SMINI functional diagram

Its main hardware functions are address decodengy] bate generation, parallel-to-serial and se¢oigdarallel
conversion, input/output port selection, input gartfering and output port latching.
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Most functions are handled directly by the PIC16F8%luding all the parallel-to-serial and seriagarallel
conversions and determining the operational timfiogboth the serial and parallel lines. It alsep® track of
which information is data and which is address @eigrmines when to activate each of the port erladgde
for communication with the SMINI's 9 different I/@orts — 3 for inputs and 6 for outputs. The arrawsig.
4-3 indicate the direction of signal flow, and dtlines with a slash and number indicate multjaeallel
wires — four, seven or eight in our case.

The SMINI has six 8-bit output ports labeled ast®év, B and C for “Cards 0 and 1.” Similarly, the¢e 8-bit
input ports are labeled as Port A, B and C for t&Ca¢ Each I/O port includes an important buffetvibeen the
railroad’s connection to the SMINI card and the F8E877. The functional blocks, noted as U9 througB,
perform as buffer/line-drivers for the 6 output{8oAlso, these blocks provide a latching functiokeep the
output data constant during the period betweenubwtata updates. Blocks U3 through U5 perform as th
input data buffers.

A single 8-wire 1/O data bus connects the PIC16R87&ach of the 9 I/O buffering functions. There also 9
separate I/O control wires — typically called pgetect or enable lines — joining the 877 to eadhe® I/O
buffering functions. One of these port select linesnects directly to the enable (EN) inputs farheaf the
port I/O buffer functions. By selectively activagionly one of these 9 lines at any one time, tHfeBX@ sets up
direct communication to and from the desired p@tthie single function 8-wire bi-directional I/Otdaus.

For example, if the 877 wants to read data fronutiffort A on Card 2 it activates the port enabie li
connected to the enable input on Input Buffer USrr€pondingly, U3 transfers the input railroadadata
U3'’s 8 input pins to the 8-wire data bus to be nedal the 877.

For SMINI outputs, say Output Port C on Card 0,Rhe16F877 places the desired output data on thieeB-
I/O data bus and then activates the port enabdeckamnected to the enable input on Output Buffel.U1
Correspondingly, U11 takes the data found on @ealtta bus and transfers (and latches) it to theco8
output pins connected to the railroad.

On the serial side of the SMINI, one of two speti@l circuits couples the PIC16F877 to the sefiallines
coming to SMINI from the main computer, the PC. @hcircuit is used depends on whether you are using
RS232, or RS485 (RS422) I/0O. The basic functidhéssame, however, to buffer and convert the ssigalal
levels to be compatible with the +5Vdc and 0V ldgieels used by the PIC16F877's Transmit (TX) and
Receive (RX) lines.

To place multiple SMINI cards on the same RS485m-gable, we must be able to set a unique SMINI
Address, UA, for each card. This is handled by#segment DIP switch feeding directly into the FBER77.
The 7-segment switch can set 128 unique addresiémsing up to 128 SMINI cards in an RS485 systéhe
4-segment DIP switch feeding directly into the FBE&77 sets the baud rate generator built into #7et8 the
desired serial transmission rate.

SMINI SCHEMATIC
The schematic in Fig. 4-4 is simply an expansiotheffunctional diagram in Fig. 4-3. It looks comopted but

breaking it down into its various components araiglizing that many wires run in parallel to ideati
devices performing the same function, it becomete gaasy to understand.
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Everything focuses on U1, the PIC16F877, so | @aler it first. Of its 40 pins, 33 are I/O linegnéigured in
three 8-bit ports, one 6-bit port and one 3-bit p&oftware within the 877 can configure each bheach
port as either input or output.

Table 4-2 summarizes the utilization of the 877G port lines for the SMINI application. Seven infines,
RAO-RA5 and RC4, are connected to DIP Switch SWdading the SMINI's node address, UA. These input
lines have pull-up resistors, built into resistetwork RN1, so each line is held high, +5Vdc, usit®
corresponding segment of SW1 is closed, switchiedihe to ground.

Table 4-2.PIC16F877 port utilization for SMINI application

Port | Number Bit/line identifier(s) and function within SMINI
symbol of hits

RAO — RA5 used as inputs to read in the SMINI Address DIP switch segments

RA 6 A0 — AS.
RBO — RB5 used as outputs to drive the 6 latch enable lines for separately

RB 8 activating each of the 6 SMINI output ports.
RB6 — RB7 used as outputs to drive 2 of the 3 input buffer enable lines for
separately activating 2 of the 3 SMINI input ports.
RCO — RC3 used as inputs to read in the SMINI baud rate DIP switch segments.
RC4 used as input to read in the SMINI address DIP switch segment A6.

RC 8 RC5 used as output to drive the transmitter enable line for enabling the RS485

transmissions from SMINI back to the PC.

RC6 used as output for sending serial data back to the PC.

RC7 used as input for reading in serial data coming from the PC.

RDO0-RD7 used bi-directionally as inputs to read the 8-bit parallel data coming in
RD 8 from the 3 SMINI input ports and as outputs to send the 8-bit parallel data going
to the 6 SMINI output ports.

REO used as output to drive the 3™ SMINI input port enable.

RE 3 RE1 spare — not used for SMINI application.

RE?2 used as output to drive the green SMINI status indicator LED.

Four input lines, RCO-RC3, connected to DIP Swidk2, set the SMINI's baud rate. Pull-up resistamoek
RN2 keeps each line held high, +5Vdc, unless theesponding segment of SW2 is closed, switchinditiee
to ground.

U6 and U7 are identical RS485 transceiver ICs dapatfttransmitting and receiving over the same Bwi
transmission line to support half-duplex operatiamo wires transmitting bi-directionally. The C/MR set
up for full-duplex operation — two wires for tranigting from the PC and two wires for reception hg tPC.
Thus, two ICs are used where U6 is set up to readda from the PC and U7 is set up to transmit ttathe
PC. This provides easier system operation and dghgigapability.

U8, a dual RS232 transmitter and receiver IC, hesxdbmmunication in both directions when using RS23
Three wires are used with RS232. These are sifpmatsthe PC, signals to the PC and ground.

Line RC7, Pin 26, is Ul's serial data input Rec¢RX) line, while RC6, Pin 25, is the serial datdput
Transmit (TX) line. These connect U1l to the SMINiterface-unique circuitry for either RS232, or48S
I/O. If you are using RS232 you simply install W8,for RS485 you install U6 and U7. You shobIEVER
have U6 and U7 installed if you have U8 installed mice versa. If you do, then U6 and U8 both fight
control the RX line resulting in faulty operationdapossible IC damage.

Looking at RC5, Pin 24, the Transmit Enable (TXHNg, this is a little more complicated. To suppart

distributed serial system, multiple SMINI receiard transmitter ICs, U6 and U7, are connected liallghon
the same two sets of two wires leading back tdPieFig. 4-5 illustrates the situation.
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PC receives over these two lines

RS485 Conversion Card . .
PC transmits over these two lines
N + @ L >
ouT IN  RS4850UT |
- — W L 2 Q- ——> TO
PC GN GND | < J\ ADDITIONAL
+ >
IN OUT RS485IN T T T NQDES
// - 5 5 ~ 15
Z Z -
RS232 Connections R O . Sl B O PR - S * _ o + 2
< Us,/ < us,/ < Us,/
TX EN RX TX EN RX TX EN RX
U1 U1 U1 o060

SMINI Node 0 SMINI Node 1 SMINI Node 2
Fig. 4-5.Multiple RS485 transmitter and receiver ICs corieedn parallel

The arrows indicate the direction of data transiorsfr each two wire set. Two wires are used twls@ata
from the PC to the SMINI cards and two wires aredu® send data from the SMINI cards to the PC.

When the PC transmits data, every SMINI card lstien its address. Having multiple SMINI cardsdistis
not a problem because:

» Only one device is ever talking, which is the P& tfie RS485 card. This way only one device, the
driver IC on the RS485 card, is in command of the transmit lines.

* The receiving device on each SMINI, the U6 recel@rhas a high input impedance corresponding to
a Ya unit load. The driver IC on the RS485 cardasable of driving 32 unit loads or 128 of the ¥doa
devices. That is from where the limit of 128 nodesimum per distributed system arises.

When it comes to the PC receiving data from thelMhrds, the situation is more complex. Only one
SMINI, as determined by the PC, may be permittecbtomunicate back to the PC at any point in timaeW
an SMINI is talking to the PC, the SMINI card’s tfdnsmit IC is in effect operating in a low impedarstate
driving the two bus lines with ‘1s’ and ‘Os’. Fdms$ to happen without interference, the outputsftbe U7
transmit ICs on all the other SMINI cards must k&lhn a high impedance state, effectively an opesuit to
prevent loading down the bus.

This means that only the U7 transmitter on onei@ddr SMINI can be permitted to be active at aetim
otherwise there would be more than one U7 tryinguibthe transmission line high or low at the same
resulting in a confused state. Such undesiredraeticalled bus contention — must be avoided. Fosyistem
to work, only the transmitter IC from one SMINI che allowed to seize, i.e. transmit over, the g one
time and all other SMINI cards must have their @8 held in their high impedance (open circuitedjest.
This is accomplished by using RC5, Pin 24, asrstrat enable line connected to U7’s driver enabIg)(
input.

When the C/MRI application software, resident ia BC, requests that a given SMINI node send threoaal
data to be received as inputs on its 3 input ptresJ1 gathers the data, converts it to seriahédy then
activates U7’s DE enable line, which then seizesstrial bus for sending the input data to theB¥Cause
none of the other SMINI cards were addressed, twegresponding U7’s are held in their high impedatic
state, effectively open circuited, to prevent cabflvith the operation of the addressed SMINI.
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The 8-lines of U1's Port RD (Pins 19-22 and 27-8@® the bi-directional I/O data bus connecting t/he
SMINI’'s 3 input ports and 6 output ports. When Weds to read data from an input port, U1 software
switches the eight Port RD lines to be inputs. Whémeeds to send data to an output port the Ulvacd
switches the eight Port RD lines to be outputs.

Lines RBO-RB7 and REO perform as port enable ltoedefine which I/O port IC (U3-U5 for input or U914
for output) is activated for each input and outpperation over the 1/0 data bus connecting all@eto Ul's
Port RD. For example, if U1 needs to write to I@ard O Port A, it first sets Port RD to be outphdrn it
places the data for output on the Port RD linegnTih pulls line RBO, Pin 33, high to activate emrable, U9.
With U9 enabled it transfers the data from the Ritlines, the I/O bus, to the 8-output pins assed with
Card 0 Port A that are connected to the railroadsdon as U1 pulls the U9 enable line low, U9 lasctine
output data so that it stays constant until the nakput data update.

Likewise, when Ul needs to read from I/O Card 2 Eoit first sets Port RD to be input then it guihe REO,
Pin 8, low to activate, or enable U5 and thenadsethe input data that U5 places on the Port REsli

Each of the port latch outputs from U9 through Wa4ds through a transistor, Q1 through Q48, befmehing
the SMINI card’s 6 output ports. These transisttygically 2N4401 NPN transistors, operate in asrop
collector configuration to provide a sinking cap@piof .25A for loads up to 40Vdc. Railroad loasisch as
lamps, LEDs, relays, and switch motors are turrmedral off by your PC software turning each output
transistor on (transistor conducting with colleatonnected to ground) or off (transistor open ciexl). By
substituting a 2N4403 PNP transistor and changand pimper locations it is also possible to ob&nurrent-
sourcing output configuration which | will cover iine next section.

The R1, R2, D1 and C18 circuit ensures that thédster Clear (active low) line is held low duririget
power-up sequence. This insures correct reset penahen power is cycled to the SMINI. Includirget
diode provides an ultra fast reset to minimizevifag time required when cycling power.

The three LEDs, L1-L3, indicate the operationatusaf the SMINI. L1 (green) blinks to show that'€J1
internal program is operating correctly and alsavjates error codes when the SMINI is not operating
correctly. These error codes are significantly exjea over those supplied with the original USIC.(2llow)
blinks when the SMINI is receiving data and L3 {rbtinks when the SMINI is sending data.

OPTIONAL OUTPUT CONFIGURATIONS — SMINI CARD

The vast majority of C/MRI outputs make use of d&d current-sinking, where the transistor switwhlt
within every C/MRI output line, completes a conmetto ground to activate the connected railroadade
However for special cases that may arise, it ig &asary the output configuration to handle theemdative
current-sinking case. That is where the C/MRI'aigiator switch sources the voltage to activatddbd by
completing a connection to +5Vdc. Each SMINI outpatt is separately configurable by selecting the
appropriate output transistor and installing thprapriate jumper.

Typically the alternative current-sourcing optisrused only when driving:

» 3-lead searchlight signal LEDs
* Color light signals that are prewired with a comngoound connection

If you do not have either one of these situatioms gan simply skip ahead koput Line Filtering.
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Fig. 4-6 shows a sub-schematic detailing the latath output transistor portion of the SMINI cardpftgured
for both the standard current-sinking and optianatent-sourcing. Only one output line is illuse@tecause
all are identical. For illustration | selected three associated with transistor Q1.

+5Vdc to 40Vdc depending
upon load requirement

+5Vdc l

Output LOAD
pin
O

Jumper J1 installed O
in long location

Jumper J1 installed
in short location —

% +5Vdc

b. Current sourcing configuration - uses short jumper

Fig. 4-6.Current-sinking and current-sourcing configurasienSMINI

I will cover the standard current-sinking casetfivghich uses the 2N4401 NPN output transistortaedoort
configuration jumper installed in the long positi@s shown in Fig. 4-6a. When the output of thehlafoes
high, the pull-up resistor RN12 pulls the outputtad latch to +5Vdc. That causes Q1 to conductaatidfate
the load. When the latch output is low, Q1 is tdro# and the load is de-activated. Software isiisedefine
the latch output, and therefore we have total obtirthe load’s operation.

Circuit designers will be quick to observe that RN4 not really required because the high outpuheflatch
would turn on Q1 independent of having RN12. Howgelbave included RN12 for two reasons: it is riegg
for the current-sourcing option and keeping it liace for the current-sinking option assists debugdiy
allowing easy determination of whether an outpug fiailure is within the latch or the output trassi.

The current-sinking output format should work fopghapplications. It performs as if the computégiiface

were a large collection of toggle switches, where side of each switch is connected to ground edther
side is available for connecting to external handw&ach switch is separately controllable by safengiving
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you total freedom to turn each circuit on and afdasired. Current-sinking is the preferred metbfagsing
digital electronics to drive external hardware.

However, you may find situations where you needaionect the interface to external hardware that is
prewired with a common ground and what you neetbtes switch the hot, or power side, of the loddwese
situations can be handled by replacing the 2N44PN Kansistor with a 2N4403 PNP, and installingpbé
configuration jumper in the short position as ithased in Fig. 4-6b.

In this current-sourcing case, Q1’s emitter is @ntad to +5Vdc and the logic between the softwatkthe
load is reversed. When the latch output goes IRi\1,2 insures that the base of the transistor iegulp to
+5Vdc, turning the transistor off to deactivate lib@d. When the output of the latch goes low theeli the
2N4403 transistor falls below the emitter, caughgtransistor to conduct to activate the loaduldiog the
pull-up resistor is mandatory for the current-scwyccase to insure that the base voltage of tmsistor is
pulled sufficiently high when the latch is hightbat the transistor is turned fully off.

Table 4-3 summarizes the logical relationship betwatch output and the connected railroad deticth

when it has been turned on (activated) and turffie@eactivated). The situation is exactly reversdaen
using alternative current-sourcing rather thanddath current-sinking.

Table 4-3.Operational logic for current-sinking versus cuatrsourcing

Mode of Operation State of Latch Transistor Railroad Device
Output Status Status (load)
Current-sinking High On Activated
Current-sinking Low Off Deactivated
Current-sourcing High Off Deactivated
Current-sourcing Low On Activated

With current-sinking, having the latch high turnstbe load while with current-sourcing having ta&h high
turns off the load. Because your application sofena controlling the latch output, it is easy siymp reverse
the software outputs when driving current-sour@ntputs. Using this approach, all the other logithie
application program remains unchanged. | will fallthis procedure in all of our application program
examples.

The 2N4403 PNP transistor provides a drive cagglmfi.3A. In the current-sourcing case the suralbthe
load currents pass through the smaller +5Vdc gaks, whereas the larger ground traces are ugkd in
current sinking case. It can therefore become sacgso limit the size and the number of loads #ratturned
on simultaneously when using current-sourcing. Hawgefor railroading applications, current-sourciag
primarily used for driving 3-lead searchlight sigbacolor LEDs. Their maximum current draw, corresding
to displaying a yellow aspect with red and greetnorned on, is only about .03A per signal. Curteading
in this case is not much of an issue. The currmkirgy design is more tolerant of driving heavieads since
the ground traces are wider and there are thraendrpins per 1/O card. Also, current-sourcing wita SMINI
is limited to driving 5Vdc loads while current-sing can drive loads up to 40Vdc.

INPUT LINE FILTERING — SMINI CARD
The SMINI card is designed so that each inputisneired from the external hardware directly inte t

appropriate pin on input buffers U3-U5. This wovkesll for most applications, and is how the origimgdut
cards (the CIN24 cards using the 8255) functionvéleer, the interface input lines connected fromynan
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hardware applications contain extensive electncae. Adding a noise filter to each input line caduce the
effects of this noise.

It is my personal experience that few applicatigtpiire input line filtering. However, by contrattere are
many users that think input line filtering is orfelte C/MRI's greater assets. If you are unsurtheflevel of
noise filtering you need, or for that matter if yoeed it at all, then a good approach is to assethiel SMINI
cards without installing R6-R29 and C24-C47. Albus reduces parts cost and reduces assemblyTineg.
later, if you find it desirable to add filtering,is a simple task to cut the trace on the bottmia ef the board
and insert the desired parts. Thus, if you arecooently interested in implementing input lingdiing,
simply skip ahead t8MINI Parts.

Adding a low-pass RCRgsistorCapacitor) filter to each input line is easy with BW Simply cut the
narrower circuit trace located on the bottom sitihe card under each of the resistor locationd,iastall the
corresponding R6-R29 resistors and C24-C47 capacitthie R and C combination is called a low-pdsarfi
because it lets DC and low-frequency signals gassigh with practically zero attenuation while attating
high-frequency signals.

The product of the resistor and capacitor values R x C), is called thiélter time constantThe larger is this
constant the greater is the filtering. The filtesig-off frequency(in units of cycles/second, or Hz), is
calculated as 1/(6.28 x R x C), where R is expkgsehms and C is expressed in farads. AC sigmat®ise
above the cut-off frequency are severely attenyatbde signals below this frequency pass througth little
attenuation.

The big question is, “How do we go about selectigbest values for R and C?” Well, first off tlesistor
should never be greater than aboutcdQGarger values cause the input voltage into U3+fBesenting a logic
low to rise to a point where it is too close to t8&dc switching threshold of the ICs, thereby ati{u
increasing noise susceptibility.

Using less resistance is not good, because loweevao not adequately limit current surges rasgitiom
the capacitor being discharged when the inputiirewitched to ground by the external hardware.cliesion,
fix the resistor at 1@@and then adjust C to achieve your desired filtetavel.

The maximum capacitor that fits on the card isp,0L0Vdc (Digi-Key P6217) which when combined with
the 10@ resistor produces a filter time constant of .0d@omds (calculated as .000470 x 100) or 47ms, and a
cut-off frequency of 3.4Hz. This means that thesaaivould have to hold the input in the incorreatestor
approximately 47ms before the software would rezeiv incorrect input. With the 3.4Hz cutoff, theunline
would be very sluggish in responding to valid ches input. This is extremely heavy filtering gmmdbably
more than needed for even the most severe sitgation

Balancing the amount of filtering versus how fasti ylesire to track valid input changes is import&ot
example, using QuickBASIC with my Pentium in datguisition, | read input bytes 200,000 times pe&ose.
If you are interested in such fast tracking of itsp@and you installed the filter time constant 8m&, it would
take about 9,400 samples before you detect an ghartge, a totally unacceptable situation whenisgdligh
speed data acquisition. Thus, the upper bound onfitter time constant should be about half timeetiperiod
you expect between reads. In this case the desisetmum capacitor value would be aboutuB2which is
quite a difference.

Large capacitors also have a disadvantage by ogelatnger-lasting surge-currents when card inprgs a

switched to ground by the external hardware. UtiieglO@ resistor, this current is 5V (the normal charge on
the capacitor) divided by 1@0or 50mA. Therefore, you would not want to drivestlevel of filtering if you
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are using TTL circuits in your external hardwareswatch input lines to ground. Larger capacitorkenthese
high-level currents present for longer time-perieglacerbating the drive requirement.

Table 4-4 provides examples for a wide selectiofiltef capacitor values, along with the resultfiiger time
constant and cut-off frequency. For example, ifry@guirement does not demand a fast responsdaime
reading inputs, and you desire heavy filteringolNd suggest using the 100esistor with the 10 or 20F
capacitor. You can adjust these values up and ¢mwiTable 4-4 as needed, based upon the speediof yo
program and the filtering level desired.

A frequently used technique is to start with th@cl@esistor and the smaller size capacitors, and then
gradually increase the capacitor size until ang@@roblem is solved. Select one size larger, ttesagn
margin, and install the capacitors. Remember t@agdvkeep your filter time constant under half iheetit
takes your software to execute one loop, so thatgad data in a timely manner. Also, for applmasi where
you desire to filter out high frequency noisesibetter to use tantalum, disk ceramic or monalitiaipacitors
in place of the frequently lower-priced electratytiapacitors, which are less effective at the highe
frequencies.

Table 4-4.Input filter time constant and capacitor selection

Capacitor Value Filter Filter
(LUF) Time Constant Break Frequency
.0047 A7 psec 340 kHz
.01 1 psec 160 kHz
.047 4.7 usec 34 kHz
1 10 psec 16 kHz
A7 47 pusec 3.4 kHz
1 100 psec 1.6 kHz
4.7 470 psec 340 Hz
10 1 msec 159 Hz
22 2.2 msec 72 Hz
47 4.7 msec 34 Hz
100 10 msec 16 Hz
470 47 msec 3.4 Hz

Note: Table assumes an R value of 100Q

In place of using hardware filtering, you can paricoftware filtering in your application prografhe
software simply checks to see that the input hamieed stable for two or more samplings beforedeats
any change in input. A disadvantage of softwateriihg is that it does require extra processingfitherefore
slowing down your real-time loop. Its advantagtht extra hardware is not required and it is eassary the
effective filter time constant. However, for mogMRI users, myself included, | do not recommend leyipg
software filtering. Doing so is contrary to my swdire motto which is: Keep it simple, straightfordiand
easy to understand!

Any time | find | need to add input line filteringywould much rather provide it by adding the siemRC
hardware components rather than to complicatedftevare. | just cannot overemphasize the importarice
keeping your softwarsimple, straightforward and easy to understand!

SMINI PARTS

Because it is possible that the SMINI might be ylagt C/MRI circuit card assembly, | will descriltten
more detail than | will provide for the rest of tdéMRI cards. Ready-to-assemble SMINI circuit beaade
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available from JLC Enterprises and fully assemlaled-tested boards and complete kits are availatihe f
SLIQ Electronics.

For easy reference and assembly, a component gvenginted on the PC card. However if you haveys
purchased your card, you can refer to Fig. 4-Afoopy of the parts layout on the top side of thBN8 card.
Table 4-5 is the parts list.

Table 4-5.SMINI parts list (in order of recommended assembly)

Qnty. Symbol Description
2 - 4-40 x 1/4” long pan head machine screws (Digi-Key H142)
2 - 4-40 hex nuts (Digi-Key H216)
1 R1 10KQ resistor [brown-black-orange]
4 R2-R5 330q resistors [orange-orange-brown]
1 D1 1A, 100V 1N4002 diode (Jameco 76961 or Mouser 625-1N4002-E3/73)
1 S1 40-pin DIP socket (Jameco 112311)
1 S2 14-pin DIP socket (Jameco 112214)
3 S3-S5 20-pin DIP sockets (Jameco 112248)
6 S9-S14 20-pin DIP sockets (Jameco 112248)
1 RN1 2.2Ka 7-element SIP resistor network (Mouser 652-4608X-1LF-2.2K)
1 RN2 2.2Ka 5-element SIP resistor network (Mouser 652-4606X-1LF-2.2K) )
3 RN3-RN5 2.2Ka 9-element SIP resistor networks (Jameco 97893)
6 RN6-RN11 4700 8-elemenet DIP resistor networks (Jameco 108581)
6 RN12-RN17 4.7KQ 9-element SIP resistor networks (Jameco 24660)
1 sSw1i 7-segment DIP switch (Digi-Key CT2067)
1 SW2 4-segment DIP switch (Digi-Key CT2064)
3 H4-H6 24-pin right angle headers (Mouser 538-26-48-1242)
15 C0-C14 .1pF, 50V monolithic capacitors (Jameco 332672)
2 C15, C16 18pF, 100V monolithic ceramic disk capacitors (Digi-Key 490-9076-3)
2 C17,C18 10uF, 16V tantalum capacitors (Jameco 94060)
48 Q1-Q48 2N4401 NPN small signal transistors (Jameco 38421) for standard current-sinking or
2N4403 PNP small signal transistors (Jameco 38447) when using current-sourcing
6 J1-J6 Jumpers (make from excess resistor leads and install either long jumper for current-
sinking or short jumper when using current-sourcing — see text for details)
1 L1 Diffused green T1% size LED (Jameco 334086)
1 L2 Diffused yellow T1% size LED (Jameco 334108)
1 L3 Diffused red T1% size LED (Jameco 333973)
1 XL1 18.432mHz crystal (Digi-Key X179)
1 Ul Microcontroller PIC16F877-20/P with USIC programmed FLASH Memory (JLC U1B)
1 uz2 74L.S04 hex inverter (Jameco 46316)
3 U3-Us 74L.S540 octal buffer/line drivers — inverting (Jameco 47861 or Jameco 250915)
6 u9-ui4 74HCT573 octal D-type latched flip-flops (Jameco 45090)
Used only for RS-485 and RS422
2 S6, S7 8-pin DIP sockets (Jameco 112206)
2 H1, H2 5-pin straight headers (cut from 24-pin straight header - Mouser 538-26-48-1241)
2 ue, U7 RS485 transceivers MAX487CPA (Mouser 700-MAX487CPA)
Used only for RS-232
1 S8 16-pin DIP socket (Jameco 112222)
5 C19, C23 1.0uF, 35V tantalum capacitors (Jameco 33662)
1 H3 3-pin straight header (cut from 24-pin straight header — Mouser 538-26-48-1241)
1 us Dual RS232 transmitter & receiver (Jameco 24811)
Mating connectors for cable to computer, to next node and to external hardware
lor2 — One 3-pin terminal housing for RS232 or two 5-pin terminal housings for
RS485/RS422 (cut from 12-pin terminal housing Mouser 538-09-50-3121)
6 — 12-pin terminal housings (Mouser 538-09-50-3121)
82 — Crimp terminals (Mouser 538-08-50-0106 for wire sizes 18-20 or 538-08-50-0108 for

wire sizes 22-26)

4-20



Table 4-5.SMINI Parts List — Continuation

Fixed resistor and most popular alternate capacitors for different levels of filtering (see text)
24 R6-R29 100q resistors [brown-black-brown]
24 C24-Cc4a7 .1uF, 50V monolithic capacitors (Jameco 332672)
24 C24-C4a7 1.0uF, 35V tantalum capacitors (Jameco 33662)
24 C24-C4a7 10uF, 16V tantalum capacitors (Jameco 94060)
24 C24-Cc4a7 22uF, 16V radial lead electrolytic capacitors (Digi-Key P6224)
24 C24-Ca7 47uF, 16V radial lead electrolytic capacitors (Digi-Key P6226)

Note: Lead spacing for capacitors should be between .079"(2mm) and .1"(2.5mm)

Author’'s recommendations for suppliers given in parentheses above with part numbers where applicable. Equivalent parts
may be substituted. Resistors are %W, 5 percent and color codes are given in brackets.

Refer to the parts layout as you select and moairts pKeep the card oriented the same way as tHveiray
while you work, to help place each part in its popoles with correct orientation. Ensure that s
installing the right components. Sometimes the ingekare so small you may need a magnifying glassad
them, but extra effort at this stage is well wortliler. Check resistors against the color codes duedlin the
parts list and if still in doubt use the ohms rangeyour VOM to verify the required resistance.

Insert all components from the component or A siffine board, the side with the printed componeetiay.

Do all soldering on the back or B side. For mangtgthe correct orientation on the careigremely

important. These are diode D1, resistor network4 Bi¥ough RN17, DIP switches SW1 and SW2, capagitor
C17 through C23, the three LEDs L1-L3, the tramstsQ1-Q48, all IC sockets and the ICs themselles.
remind you to check this as you build your SMINhave marked the orientation-critical parts withlas sign

in brackets [+] in the instructions below.

Double-check your selection and location of eaghmanentbefore soldering it in place. It is a lot easier to
remove an incorrect component before you have smddéto the card! This is especially true withtpd-
through-holes since as you solder the part in pldeesolder flows all the way through the hole.

The basic skill for building the SMINI is PC caroldering. If that is new to you, make doubly surattyou
have thoroughly digested the sectionRéhCard Soldering in Chapter 1, to acquaint you fully with the tools
and techniques of good soldering. | have updatediéscriptive material on good soldering practicetlude
the newly recommended use of special electronieflowvcontent solders and improved commercial flux
removers. | find using these new products makestifich easier, so if you have not done so alrgaddgse
reread this important section coverirG Card Soldering!

Note that U1, the PIC16F877, is static-sensitivefoBe handling it you should ground your handsduching
them to a large metal object. This helps dischargestatic charge on your body that could damagetiip.

SMINI ASSEMBLY

The order of assembly is not critical, but for Hae of having a plan, follow the steps in ordet elmeck mark
the boxes as you complete each one. | list the acomsteps first, then the unique steps to configore
SMINI for one of the two interface standards.

Card inspection. Each SMINI card is factory tedtedcorrect continuity between pads and to ensuaéno
shorts exist between traces that should be isol#tedstill a good idea to look over both sidésyour card to
make sure that no scratches have occurred duripmeht and handling that may result in a shortpamo
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circuit. If there is a questionable area, use WoOM (Volt-Ohm Meter: review th&@ est Meters section of
Chapter 1). You will seldom find a problem in adt#inat has been factory tested, but if you do find and
correct it first you will save time in later debuigg. If you find an open-circuit trace, scrape awlas solder
mask coating and then solder a small piece of adress the damaged section. If you find a shoctitiruse a
knife to scrape away the offending material. EaeW nard is guaranteed against manufacturing defects
Therefore, if you suspect your new card has a dlefea may send it back to JLC Enterprises foraepiment.

Power terminals. Insert 4-40 screws in the +5\Vidt @ND connection holes from the top or componéatd s
of the card. Add 4-40 hex nuts on the trace sidaten firmly, and solder the nuts to the circlatp. Use
spade lugs when you attach your power supply vigesese screws for the best heavy duty connection.

R1-R5. Match the color code of each resistor éogarts list. Make 90-degree bends in the leadésich
resistor so it is centered between its two holestha leads just fit. Insert and solder while hdgihe part flat
against the card, then trim its leads flush with tibps of the solder tents on the back side ofdne.
Additionally, if you are unsure of the resistorweas or have difficulty in reading the color codlmands, as
might be the case if substituting 1 percent resstwhich have extra bands or because color rettogmay
not be clear, it is a good idea to use a VOM séstoesistance range to check the resistor vdiaésre
insertion.

D1[+]. Make 90-degree bends in the leads of tleeliso it is centered between its two holes andetus
just fit. Making sure that the banded end of thexldiis oriented as shown in the parts layout. treseat solder
while holding the part flat against the card. Tham its leads flush with the tops of the soldertteon the
back side of the board.

S1-S14[+]. To avoid mixing them up, install 40-p@hsocket S1 first, then 14-pin socket S2 folloviagd20-
pin sockets S3-S5 and S9-S14. To make certairPihat orientation is correct for each socket, tbh on
the end of the socket should correspond to thennmtioted on the parts legend. The Pin 1 hole laésothe
square pad for easy identification. As for any ivpilh part, solder only a couple pins first, i.@ @pposite
corners of each socket. Reheat as necessary toaeghké that the socket is firmly against the dodihen
solder the remaining pins.

RN1-RN5[+] and RN12-RN17[+]. Install these SIPr{@k In-line Package) resistor networks, making sur
you have the lead common to each resistor, tygicadrked with a dot or small vertical line, in thele with
the square pad and marked with the numeral ‘1'. ¥aualso use your VOM to locate the common lead.
Solder the two ends first. Once you have checkatitte part is firmly against the board, solderréraaining
pins.

RNG6-RN11. Install these DIP (Dual In-line Packagssjistor networks. Orientation is not important bstill
like to keep the end-notch on the part lined ugwlie notch printed on the parts legend. Solderduraer
pins first. Once you have checked that the pditridy against the board, then solder the remairging.

Note: The following assembly step can be a frequentcsaf error. The ON-OFF labeling printed on DIP
switches from different manufacturers varies. Stahel some of their switches ON when the switchugtris
closed and others are labeled ON when the switchitis open. Some switches have their segments
numbered from right to left while others are nunatkleft to right. It is easy for us to totally dirovent all
this potential confusion if you simply ignore diktlabeling printed on the switches and use youMuv®
insure correct switch orientation as describedhinfollowing step.
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SW1, SW2[+]. Mount the two DIP switches using yM®M to be sure they are oriented so their contacts
are closed when the switches are thrown towar@®tddabel as shown on the parts layout and printethe
SMINI card. Solder two corners first. Check that gart is firmly against the board, then solderrdmaining
pins.

H4-H6. Install the 24-pin right angle headers halil them tightly against the card as you soldés. best to
first solder only one pin located near each headdr Then place the board and header over a savewdr
clamped in a vice with the blade protruding up. tiag board bottom side up with the plastic pathefheader
resting on the screwdriver blade next to a soldpredReheat the pin while pressing firmly downtbe board
and the header will tend to “snap” in place. Repeathe second pin. Repeat the process for a eaupre
pins if required to get the complete bottom surfaicéhe connector firmly seated. Once verified tinat
header’s bottom surface is pressed flat and tigainst the board, then solder the remaining pins.

C0-C14. Insert with capacitor disk standing pedieular to the card, solder, and trim. These capegi
typically have a number 104 marking otherwise tbay appear very similar to C15 and C16. To avoid
possible error, ensure that you have the C15 adp@dts separated out for the next step and tlcat @fethe
C0-C14 parts have the correct markings before liafitan.

C15, C16. Insert with capacitor standing perpeaudicto the card, solder, and trim. These partcajly
have a unique bend in their leads so they starashort distance from the card when installed.

C17, C18[+]. Make sure that the + leads (typictily longer of the two leads and marked with a ktnal
sign) go into the + holes as shown in the partsuagnd printed on the circuit board. The ‘plustehalso has
the square pad for easy identification. Incorredapty will damage these capacitors. Solder aimd.tThese
capacitors are different in value from C19-C23 stkkencertain that you have the correct values ilestal
before you solder and trim.

L1-L3[+]. Install the LEDs with the + leads, typity the longer of the two leads, in the + holes, ithose
closest to U13 and with the square pad. Checkythahave the correct colored LED in the correciitpms
before you solder and trim.

XL1. Hold case firmly against card while solderiegds and trim.

—*

Note: Before installing jumpers J1-J6 and transistors38 you must decide if you want each output pmrt
be set up for standard current-sinking or the adtéve current-sourcing. Almost all applicationdlwse
standard current-sinking with the 2N4401 transgtbtowever, you may have a few special applications
requiring current-sinking where 2N4403 transistorsst be fitted. If you are not sure at this pointdy
postpone the following two steps until we develdgetter understanding of how railroad devices are
connected to the SMINI.

J1-J6. Make these jumpers from excess resistds laad install only one jumper, long or short,athe
location. Install only the long jumper for each tpoeing setup for standard current-sinking i.engshe
2N4401 transistors. Install only the short jumpmrdach port being setup for the current-sourcltegraative ,
i.e. using the 2N4403 transistors.

Warning: Each location J1-J6 should have only 1 long dndrtgumper installed. Installing both long and
short jumpers at any given jumper location results direct short between the +5Vdc supply and iggou
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Q1-Q48[+]. These transistors are in groups oftgagh output port. For each port that is configuiead
standard current-sinking (long jumper installedtall 8 of the 2N4401 transistors. For each gt is
configured for alternative current-sourcing (shjomper installed), install 8 of the 2N4403 transist

In each case slightly bend the leads of each swdio fit its holes, and orient each with itg #&de facing the
direction shown in the parts layout drawing angsted on the card. The transistor’s center, aebsad
needs to be inserted in the hole farthest fronfléteside. Push each transistor into its correspundoles

until there is about 3/16 inch of space betweerbtiard and the bottom of the transistor. Oncehall t
transistors are lined up evenly, | solder only twma&l of each transistor first and then recheck tha@nment. |
then solder the next lead of every transistor. iAdigain rechecking the alignment, | then trim #nedis that
have been soldered. Finally | solder and trim #maining leads.

U2-U5, U9-U14[+]. See Fig. 1-7 for IC insertionda@xtraction procedures. Be sure you have the ICs
specified, that you put them in the right sockeith worrect Pin-1 orientation and that all pinsigm the
socket. The notch in the end of each IC shouldumevith the notch in the end of the IC socket Hrenotch
printed on the parts legend.

That completes the general SMINI assembly. Nextry@ed only install the parts for the specific ifdee
standard you have chosen, i.e. either RS232 or RM&rnatively, you may elect to install the pass
components for both interface standards. This meélessy to switch your interface back and forthween
RS232 and RS485 if the need should arise.

Note: If you do install the passive componentsbioth standards, make sure you always
leave the ICs out of their respective socketsherdtandard not being used.

RS485:

S6, S7[+]. Install these 8-pin IC sockets makiagain that the end notches line up for correctlPin
orientation. Push each socket tightly against #rd end hold it that way as you solder.

H1, H2, Cut off two sets of 5-pins from a 24-piragght header. Insert and solder following theceidure
used for H4-H6 noted above, except that only sdldeicenter pin first.

U6, U7[+]. Be sure you have the ICs specifiedt $foa install them with the notches lined up forreat
Pin-1 orientation and that all pins go into thek&tcDo not install these ICs if you intend usin§232.

Skip down td nput Line Filtering unless you are also installing the RS232 companent
RS232:

S8[+]. Install the 16-pin IC socket making certthat the end notches line up for correct Pin-gmation.
Push the socket tightly against the card and hdltht way as you solder.

C19-C23[+]. Make sure that the + leads go intoithmles as shown in the parts layout drawing aimntqd
on the PC board. Incorrect polarity will damagestheapacitors. Solder and trim.

H3. Cut off 3-pins from a 24-pin straight headesert and solder following the procedure used-fé+H6
noted above, except that only solder the centefirgn
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U8[+]. Be sure you have the IC specified, that yaiall it with the notches lined up for correch-
orientation and that all pins go into the sockei.rdt install this IC if you intend using RS485.

Input Line Filtering:

Note: | find that many C/MRI applications do not requiihe use of input line filtering. Some C/MRI Users
however swear by it and think its incorporatiomsimportant C/MRI feature. To skip this featuien@y
proceed directly to U1 installation. As presentethie text on input line filtering, unless you atge you want
it, | recommend that you first build up the cardthaut filtering. Then if you decide that filteririg desired
you can incorporate it by implementing the nextrfsieps.

To implement input line filtering, cut the narrodvdown traces on the bottom side of the board érattea
under the center of each resistor in the location®6-R29, choosing only those traces for thedipeu
require to filter. Use an X-Acto knife or a cut-off wheel in a Dremektype hand power tool. The cut should
be at least 1/32-in wide and need not be any debparthe trace itself.

Use your VOM to make sure that you have an opeitiacross each of the cuts.
R6-R29. Match the color code of each resistohéogarts list and install them as you did for R1-R5

C24-C47[+]. Install with the value of your choiper Table 4-4 and corresponding text discussionthase
that are polarity sensitive (tantalum and electiojymake sure their plus (+) leads go into thespioles.

Ul[+]. The PIC16F877 is a static-sensitive chigttimust be handled with care. Avoid unnecessarglay)
and keep it protected in its conductive wrappeil veady to insert it. Before touching it, grounduy hands by
touching a large metal object, to help dischargestatic charge on your body that could damagetiia
Make sure you have the correct Pin-1 orientatiahthat all pins go into the socket.

Cleanup and Inspection. For a professional-lookiigand to help ensure your card functions prgperl
follow the specific steps covered in Chapter 1 rdig@ cleanup and inspection. This is a vital stelo not
shorten it!

That is all there is to assembling an SMINI card.

MAKING COMPUTER CONNECTIONS

Computers vary in their serial /0O capabilitiesr Egample, earlier PCs tended to feature one oR&®32
Serial I/0 ports, frequently providing one 9-pirdasne 25-pin connector. Later designs, and the nityajof
the computers sold today, feature multiple USBsdBenerally, computers sold in the transitionqukri
retained a single RS232 port, almost exclusivedy@¥pin connector, and multiple USB ports. These
transitional models tend to be good choices for RVlipplications. Additionally, connection requireme can
vary as a function of whether you are implemenérgingle node or a multiple node system. Withradse
options in mind, I'll cover the most common conneas for the single node first and then we’'ll lcatikthe
connection options for handling multiple nodes.
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Single Node Applications

When you have a single node and your computer in&S232 Serial Port, a “straight through” RS232 to
RS232 cable is the simplest approach. As indicaitédy. 4-7a, one end needs a standard 9-pin qir25-
RS232 connector, to mate with the connecter on gomputer. The opposite end requires a 3-pin M6le=l|
connector to mate with the 3-pin header on the SMINl SUSIC. Any 3-wire stranded cable will work.
However, | typically use 2-pair AWG 22 stranded coumication cable leaving one spare wire.

Computer SMINI/SUSIC
Connector Connector
End End
DP9P or DP25P 3- wire AWG 22 stranded Molex 3-pin
RS232 Connector / Communication Cable Connector™

RS232
a. RS232 to RS232 cable Pwr. & Data
FIQV LEDs
USB to RS232 DP9P RS232 .
Connector Molex 3-pin
Convirter Cabkx \o Connectore— _
[ 3 -
UsB o \ 3- wire AWG 22 stranded RS232

Communication Cable

b. USB to RS232 Converter Cable attached to R5232 to RS232 cable

Fig. 4-7.Connecting computer to SMINI or to SUSIC — singtele applications

If your computer provides USB only, then you needise a USB to RS232 Converter Cable to plug imdo t
computer's USB and use the aforementioned RS232 talconnect between the converter cable and-{tia 3
RS232 header on the SMINI or SUSIC as shown in4=igh.

There are a large number of USB to RS232 Conv&abtes on the market from which to choose and &pic
prices range between $15 and $50. Each of theg¢eadaor converters, contains electronics, andticeess
rate depends on the capabilities of the electraamickthe device driver software that is suppliethhe
converter to communicate with the electronics dkierUSB bus. The real challenge is in selectingctvhi
converter is best suited to a given applicatioom&imes, the adapter that works well for one user’s
application does not function as well or it funaiceven better for another user’s application. €guasntly,
which converter is best is a frequent discussigicton the C/MRI User’s Group. The end result, hesveis
an ever increasing number of C/MRI applicationsegsfully using USB converter cables.

Just as a personal note, based upon the limitédded three different USB to RS232 Converter @sbthe
one we have found that works best for the SVOSiegupdn is the Keyspan Model USA-19HS
(www.Keyspan.com). However, as we continue to engptither selections we may discover that there is
another converter that we like even better.

In contrast to the USB arrangement, the connedtidfig. 4-7a is just about as easy and straightfiodvas one
can achieve. Once determined that you have madefulse correct RS232 pinouts, as defined in Tdble
you have a functional connection. Additionally, #etup has minimum software and hardware overhead
resulting in maximized real-time system performance
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Multiple Node Applications

Connecting your computer for multi-node applicasi@aquires using the SMINI and SUSIC RS485 5-pin
headers. Different connection possibilities are manzed in Fig. 4-8.

As illustrated in Fig. 4-8a, the simplest setupdomputers having RS232 is to use the JLC proviRiea32 to
RS485 Converter Card to be covered in detail shdimply use the aforementioned RS232 cable for
connecting between your computer's RS232 seridlgmt the RS485 card. Then use a 4-wire commuaoitsiti
cable to connect between the RS485 card and th&lSMISUSIC.

Computer SMINI/SUSIC
C°ER§°t°r /ILC R8485 Card C°E’,‘%°t°r

Molex 5-pin

DP9P or DP25P
Connector™~.

RS232 Connector

-wire AWG 22 stranded

o
RS8232 Comm. Cable wi/shield RS485
Shield GndV
a. R§232 to RS485 connection using JLC provided RS485 ConversionCard
4-wire AWG 22 stranded
DP9P RS232 | c R$485 Card  Comm. Cable wishield
USB to RS232 Connector I:z\ '
/ Converter Cable& o
o — 1
: Joo Ei
° o tlol=t /
usB ? Molex 5-pin RS485
Shield Gnd %7 Connsclor
b. USB to RS232 Converter Cable attached to JLC provided RS485 Conversion Card
USB to RS422/48 DPgP _
/ Converter Cable Connector Molex 5-pin
o Connector

USB \ 4- wire AWG 22 stranded
Communication Cable RS485

c. USB to RS422/485 Converter Cable attached to RS422 to RS422 cable Shield Gnd

Fig. 4-8.Connecting computer to SMINI or to SUSIC — mukiplode applications

Alternatively, for computers having only USB, yoancuse the same USB to RS232 Converter Cable ds use
in the previous subsection followed by the JLC pted RS232 to RS485 Converter Card as illustratdglg.
4-8b. However, for applications where you haveaugjuired the USB to RS232 Converter Cable or th23RS
to RS485 Conversion Card, one option is to purchad&B to RS422/485 Converter Cable as indicatédgn

4-8c.

There are many different USB to RS422/485 ConveéZadrles on the market. Prices range somewhat higher
than their RS232 counterparts but are still typyciaiss than $80. However, a little extra careeguired when
purchasing USB to RS485 Converter Cables. Thietabse some suppliers fail to include in their agsiag
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that their USB to RS485 Converter Cable is capablendling the “Full Duplex” implementation of RE&,
i.e. the 4-wire option where separate RS485 tramsieare used for output and input. This 4-wiragdtion
is a requirement for use with the C/MRI. Standa8#85 Half Duplex will not work with the C/MRI.

It is important to point out that the multiple nottennections shown in Fig. 4-8 are the more generarms
of capability. That is, all the multiple node exdagpcan be used to connect to a single node systewever,
the converse is not true; you cannot use eithéreosingle node examples, as illustrated in Fig, #® connect
to a multi-node application. Therefore, if you atarting out using a single node system but haaespio
expand later on to multiple nodes, then it is pritde start by using one of the connection scheathedrated
in Fig. 4-8.

For testing purposes, | selected two different USBRS485 Converter Cables. Both are from
www.usconverters.comith model numbers UT890 and U485G. The U485Ghdpeiesigned for industrial
applications, is optoisolated with an approximatE higher cost. Both units include the desiratata flow
display LEDs.

Initial testing proved that both converters worledfectly when interfacing to a single SUSIC nduit i use
for testing 1/0O cards. However, to date, both himided when connecting to the 7-node, 3800 I/O @iBIRI
system used on the SVOS. That is, they initialrze @mmunicate properly with some nodes but nagrsth
should point out however, that the SVOS with iteeesive amount of I/O, represents a severe testripr
distributed system. Thus the problems | detect wipnobably will never be seen by other users.\@osely, if
something works on the SVOS it will most likely wagverywhere.

The source of our problem might just be limitedrdrcapability resulting from both of the USB to R34485
Converter Cables under test receiving their 5Vdegrdrom the PCs USB port which is typically lindtéo
100ma. If this is the case, then utilizing a cotsethat has its own built-in power supply or isinectable to
an external supply may well solve our problem. Babobsen, the founding creator of JMRI, helpedioonf
our rationale by informing me that his JIMRI useasécertainly seen RS-485 adapters that don’t Bagagh
drive for handling large C/MRI systems

Encouraging Trend Using USB Converter Cables

Tom Gordon, one of the C/MRI Users exploring thplaation of VB.net is very successfully using tame
USConverters’ Model UT890 for connecting to thréélSIs. His application program uses VB.net runnorg
an Intel i7 processor operating at 2.67GHz with &éws 7/64. The drivers for his USB-based virtual B
serial port came as part of a Windows 7 update.

While the performance numbers for Tom’s applicatishich we will look at shortly, are very encounagji

it’'s important to emphasize that Tom’s applicati®programmed in VB.net which is significantly difent

than programming in VB6. For example, the VB vensid the Serial Protocol Subroutine Package (SPSYBM
introduced with the V3.0 User’s Manual will not fttron with VB.net.

For this reason, Tom converted them to operate Mmet and his results can be found in the “filesttion

of the C/MRI User’s Group.

The overriding point to make about Tom’s setugha,tusing a baud rate of 28800, his real-time ltenation
rate ranges between .030 and .031 seconds, wheeskothier time occurs when he is using the same atamp
to surf the net, play music and read/write emaddiition to simultaneously interfacing with theg@& SMINI
cards on his railroad.
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The .030s cycle time that Tom is achieving usirggwsConverters’ Model UT890 USB to RS485 Converter
Cable is very good. Why do | say that? Well, fofft it has no problems keeping up with pushbuftogsses.
However, it is really more than that. Communicativith 3 SMINIs requires that 810 bits (calculatesd2d0
data bits + 540 overhead bits) be transmitted tbfeom the railroad every pass through the reaétioop. At

a transmission rate of 28800 bits/sec, the thaxadeterial I/O time is calculated as 810/28800a8.seconds.
This means that the railroad oriented processmg within Tom’s PC plus any USB overhead time 8.0
.028 or .002 seconds, or 2 milliseconds. Certaimby,much time is being wasted in Tom's USB to R548
Converter.

However, even at this point, Tom’s results appeaonfirm a desirable trend that with faster corepsiind
with the even faster USB3.0 becoming available mmareasing number of such computers, we can éxpec
continuing improvement in making use of USB forl+#&ae applications such as the C/MRI.

RS485 CONVERSION CARD
Assuming your selected connection method makesfuse JLC provided RS485 card, then this sectsoof i
importance. However, if you do not have need fahsa card, then feel free to skip ahea®$232 and

R$485 Wiring Connections.

Fundamentally, if you want to use RS485 1/O wittoanputer not equipped for it, then assembling aBRS
to RS485 Conversion Card, as shown in Fig. 4-9 beaa wise investment.

O +5VDC ) O (@)~GND [b O

J1 R8 R6
RS-232 +QCQ _‘?%_ L1 C1 RS-485
BT S T o
= ourll o | Al | 2
o2 s3 Q)Cz@ 0 N | —
e

©2OOZO1 o5 1 U3 J5 ve - o SHLD| I-r;

BRUCE +&5 *Cs *C7 *Cs +© 74 .

JLC ENTERPRISES — v 1

O B goxssisr R11
GRAND RAPIDS Mi 49518~ RS485 REVB U2 O

Fig. 4-9.RS485 conversion card parts layout

Ready-to-assemble conversion printed circuit cardsavailable from JLC Enterprises and fully asdedib
and-tested cards and complete kits are availabie 8LIQ Electronics.

The RS485 card contains many of the same partsesibwith the SMINI and the SUSIC. The 3-pin righgle
header connector on the left provides the RS23 eaimnections to your computer. The 5-pin rigtglan
header connector on the right provides the RS4BE @annection to your SMINI, or SUSIC. The fiftmp
used for connecting to the cable’s shield is atsmnected to a screw terminal enabling easy shieldngling.
Also, two terminal screws are provided for connegthe required +5Vdc and ground for powering thielc
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Two LEDs are employed to monitor the card’s operatiThe L1 yellow LED blinks when data is being
converted from RS232 to RS485, that is going froemRC to the SMINI, or SUSIC. The red L2 LED blinks
when data is being converted from RS485 to RS2 ,i$ going from the SMINI, or SUSIC, to the PQege
come in handy for checking out system operation.

The schematic for the RS485 conversion card is shaswFig. 4-10.

+5VDC GND
o]
o 3 +8VDC————
1 L 1T I I+ -
R5 U1 ]8__,, |
I;I_mj b A 6
C1 C2 C3 C4 C10 y 4 DI | +—O +
- + L]%
16 2,\L 5 ,J__‘CQ _ ”RS 3 DE B 7 ¥R6 ouT
Cej—_T +10v 31\ 2 RE -
T3] U4 6 10V - 12 N/CT R RY
e Fros >t :
RS232 TS +5VDC
S , o 3 RS485
e H= NiC +5VDC —g———
8 9 I R2
ve g Do—2ne | o, o U2 g R10
GN
i3 o e 2 |14 s o pAE—4—o+
oUTO- 14 o<‘rﬂ 11 | [ 6 @5 3 DE 1 sl R7 IN
I ’ e e
\v4 TR R11

Fig. 4-10.RS485 conversion card schematic

Resistors R6 and R7 are line termination residtorthe RS485 cable. These match the typical impeel@f
the transmission cable to minimize reflectionsdyetp reduce serial transmission errors at the lnighed
rates. Resistors R8-R11 act as pull-up and pullrdm@sgistors to help maintain the differential vgéa on the
transmission line in their idle state (an absolaieie less than 200mV) when no data is being handlable
4-7 provides the parts list.

The RS485 assembly steps are much like those édBkmiNI, and SUSIC, so | will only comment on the
highlights as follows:

Card inspection.
J1-J5. Make these jumpers from excess resistds laad install, solder and trim
R1-R11. Check the color codes for each resistamnagthose listed in the parts lists before itisigl

Terminals. Insert 4-40 screws into each of therfinal holes from the top or component side oftibard.
Add 4-40 hex nuts on the bottom side, tighten fiznaind solder the nuts to the circuit pads.

S1-S4[+]. Make certain that the notch at the enebah socket lines up with the notch printed anghrts
legend.
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Table 4-7.RS485 conversion card parts list (in recommendddraf assembly)

Qnty.  Symbol Description

5 J1-J35 Jumpers - make from spare resistor leads

2 R1, R2 330Q resistors [orange-orange-brown]

3 R3-R5 2.2KQ resistors [red-red-red]

2 R6, R7 120Q resistors [brown-red-brown]

4 R8-R11 1.0KQ resistors [brown-black-red]

3 - 4-40 x ¥2" pan-head machine screws (Digi-Key H142)

3 - 4-40 hex nuts (Digi-Key H216)

2 S1, S2 8-pin DIP sockets (Jameco 112206)

1 S3 14-pin DIP socket (Jameco 112214)

1 S4 16-pin DIP socket (Jameco 112222)

4 Cl-C4 .1pF, 50V monolithic capacitors (Jameco 332672)

5 C5-C9 1pF, 35V tantalum capacitors (Jameco 33662)

1 C10 2.2uF, 16V tantalum capacitor (Jameco 94001)

1 H1 3-pin Waldom right angle header (make from 24-pin right angle
header Mouser 538-26-48-1242 — see text)

1 H2 5-pin Waldom right angle header (make from 24-pin right angle
header Mouser 538-26-48-1242 — see text)

1 L1 Diffused yellow T1% size LED (Jameco 334108)

1 L2 Diffused red T1% size LED (Jameco 333973)

2 U1, U2 Dual RS485/RS422 transceivers (Mouser 700-MAX487CPA)

1 U3 7407 hex buffer/driver open collector, non-inverting (Jameco 49120)

1 u4 Dual RS232 transmitter & receiver (Jameco 24811)

Author’s recommendations for suppliers given in parentheses above with part numbers
where applicable. Equivalent parts may be substituted. Resistors are %W, 5 percent
and color codes are given in brackets.

C1-C4. Polarity is not important. Insert, solded drim.

C5-C10[+]. These capacitors are polarity sensgivée sure to insert the + lead into the + holiekvhas
the square pad. Note that C10 is a different vatugou might want to identify it and install itgirbefore
installing C5-C9.

H1-H2. Cut off the required number of pins frorB4pin right angle header. Install and hold theghtty
against the card as you solder. It is best to $iofder only one pin near the center. Then plaeddard and
header over a screwdriver clamped in a vice wighidlade protruding up. Lay the board bottom sideviip
the plastic part of the header resting on the sdreer blade next to a soldered pin. Reheat theyite
pressing firmly down on the board and the headBrevid to “snap” in place. Having verified thaeth
header’s bottom surface is pressed flat and tighinst the board, solder the remaining pins.

L1, L2 [+]. Make sure you have the correct col@&D and that the + lead, typically the longer ose, i
inserted into the + hole which has the square pad.

U1-U4[+]. Make sure that you have the correct parnhber for each location and that the ICs areriede
with their end notch lined up with the notch at émel of the socket and printed on the legend.

That is all there is to assembling the RS485 caivarcard.
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RS232 AND RS485 WIRING CONNECTIONS

Fig. 4-11 summarizes the wiring connections betweaem computer and the SMINI or SUSIC. It also skow
connections to and from the RS485 Conversion Garrddpporting multi-node applications.

It is important to note when connecting RS232, thattransmit data out of the PC connects to th23R SN
terminal on the SMINI and SUSIC or on the RS485@osion Card. Similarly, the receive data into B
connects to the RS232 OUT terminal on the SMINI 86IC or on the RS485 Converter Card. Regarding
the RS485 connections, the +OUT connects to theanliNthe -OUT connects to the -IN. Quite rationalhe

output of one device becomes the input to the next.

RS232:
DB25P connections
on PC with pin no.

Transmit data

=

3|° Il

z
o

0 ] oUT

H3 header connector
on SHINI and SUSIC

2
Signal ground

d
Receive data

33

a. RS232 cable uiring using DB-25P connector on PC

RS232:

DBSP connections
on PC with pin no.
Transmit data

z
3|9

o |eno

H3 header connector
! on SMINI and SUSIC

0 {ouT

3
Signal ground

5
Receive data

2}

b. RS232 cable uiring using DB-9P connector on PC

Header connectors

i )
RS232: RS485 Conversion Card on SMINI and SUSIC @
DB25P connections RS485 . T 5/H2 o
on PC with pin no. — +0UTo i o] «in [o—= c
2[:Transmit data OIN —oUTo : : -IN ol : ; -g
yrpsnal orond 1oeno +sING L o |+ouT | ottat— > ©
3 [CjRecelve dats out -INO — © | -0UT | om—t—— b
SHLD \5) SHLD 0-4— he)
1 1 0
(H1-H2 connections on card) '2
c. RS232,RS$485 cable wiring using DB-25P connector on PC

: Header connectors
RS232: RS485 Conversion Card on SMINI and SUSIC
DBYP connections RS485 - 5 /Hl /M2 3
on PC with pin no. RS232 +OUTO= : ol +IN | o : e
3[:Transmi( data oIN -ouT ol -IN o 1 3
5:51qnal ground —— +IN o= o | +out | o g
zgneceive data o0UT -INO : o | -out %
SHLD © k:E) O | SHLD o———\:—— 'g
1 1 o
(H1-H2 connections on card) -

d.

RS232/RS485 cable wiring using DB-8P connector on PC

Fig. 4-11.Computer connections using RS232 and RS232/RS485
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RS485 LAST NODE TERMINATION RESISTORS

Serial transmission cables or lines operatinggtt Bpeed data rates can generate signal reflectidreseby
the pulses being sent over the line, on reachieggposite end, can bounce or reflect back towsrd t
transmitter. The reflection problem is particulargublesome for data rates above 1Mbps and fratyyen
commercial systems run up to 600Mbps or highertupaitely, at the relatively low bit rates used wihb
C/MRI, which are up to a maximum of 115200, or 2iWbps, reflections are not a serious issue.

A good design rule of thumb is that as long asvihevidth is 40 or more times greater than the graission
delay through the cable, any reflections will haeéled by the time the receiver reads the bitsidJhe
relationship that an electrical signal travels thylo copper wire at approximately 5(1.5 x 10 seconds) per
foot, one can calculate the maximum cable length fasiction of baud rate before line terminatiogisgance
is important. This relationship is summarized iblEad4-8. This shows that at the lower baud rat®g, s
28800bps and below, we need not be concerned alddirg line termination resistors, that is, unkassr
RS485 cable becomes greater than 600 feet.

Table 4-8.Maximum cable length before require line termioatiesistors

Baud rate (bps) 9600 19200 | 28800 | 57600 | 115200
Bit width (usec) 104 52 34.7 17.3 8.6

Max cable length w/o | 734 867 595 289 144
line termination (feet)

However, at 57600bps and above, and with long sablgding termination resistors at the far endhef t
RS485 cable (i.e. at the last node) can becomertaniio Should you desire to add such terminatisrsters,
you can easily do so by assembling a terminatisist@ connector as shown in Fig. 4-12. Once askssinb
simply plug the connector onto an open set of RS¥&fsler connector pins on your very last nodethee.
furthest from the computer. This node can be eiimeSEMINI or SUSIC.

2 ea. 120 ohm 1/2W resistors crimped and
m [T]/ soldererd to Molex Crimp Terminals
_— Molex Connector Housing (cut 4-positions
- from Mouser 8-pin 538-09-50-3081 or from

ﬂ ﬂ I‘I 12-pin 538-09-50-3121) and use 4-ea
Crimp terminals (Mouser 38-08-05-0106)

connected to the resistor leads

Fig. 4-12.RS485 termination resistor connector

Make sure the connector is on the 4-signal linesrant the shield pin. Normally however, you willtneed
this connector. For example, for testing purpokkaye run the SV Oregon System’s 7-node systera fary
long time both with and without the plug installedth no noticeable performance difference.

The higher baud rates provided by an all new SMihd/or SUSIC distributed node systems can provide a
great speed advantage. The higher baud rates a@spbeially important in keeping serial /0 timadine
with response time requirements when creatingidiged systems with a large number of nodes.

Because most serial interfaces do not begin tooaghrthe 128 node capacity of the C/MRI and becatidee
high-speed capabilities of computers and the redbtilow speed requirements of our railroads, n@IMRI
users need not be concerned about serial I/O titoeever for those that do, | covBerial I/O processing
time and writing large C/MRI programsin theRailroader's C/MRI Applications Handbook.
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Additionally, if you are not interested in pursuid&B applications, | recommend that you jump ahtedtie
next chapter. However, for those interested, tlil dome closing sections covering my personal épes,
and what | have observed from others, applied tB GBVIRI applications.

ADDED RESEARCH REQUIRED TO BEST APPLY USB TO C/MRI APPLICATIONS

There are a large number of USB to RS232 and U3BS#22/485 Converter Cables on the market and a
significant number of C/MRI users are successfudiyng many different brands. However, based upon my
discussion with many users and postings to the C/W#Rr’s Group, it appears that some brands waor fior
some users while the identical model does not wasriwell, or it might even work better, for otheetss The
problems encountered appear often to be softwéatecein terms of:

*  Which computer operating system is being employitd which cable, and

» The capability and universality provided within tli&evice Driver” software supplied with the
particular converter cable and the correspondingllef provided customer support.

Personally, | avoid the very low priced convertieranticipation of lower level customer suppon. general,
there appears to be two different brand of proge&€oused within the converters, “Prolific” andTBI”.
Although | am not sure of how universal is the Kiiig, C/MRI user Jean-Francois posted in Messagé8 8
the C/MRI Group that the “FTDI” based devices atetaimpler to install. Although far from conclusi my
observations seem to support his input.

Because user experience varies between differantbrof converter cables and even when using érdiddl
model number device it is difficult to make specifiecommendations. However, for the benefit oftadgr
users to the potential challenges that they migite in trying to incorporate USB converter cables)l
discuss my latest findings. Remember however ttieaexperience of others may be entirely oppo¥gitich
more experimentation and research efforts beinfppraed by other C/MRI users, what is found as
unworkable today may very well be workable tomorréditionally, a simple wiring error or an incocte
parameter set in the driver software may lead ponténg that a particular converter doesn’t dojtte Then,
later on, when the error is corrected the convenigy provide good performance.

To support my own experimentation, | purchased 6iifeerent USB Converter Cables but found none that
really performed to my high-level expectations. Mimctioned successfully when connected to a singde
used for testing I/O cards, but failed or were liabte when attached to the large multi-node SVOS
application involving 7 nodes with 134 1/O cardgarting nearly 3800 I/O lines.

* The USB to RS232 cables that | purchased inclwger.cablestogo.coiart Number 26886,
www.usconverters.coiiodel UT880 andvww.Keyspan.corlodel USA-19HS.

e The USB to RS422/485 cables include the USConvweNMeEdels UT890 and U485G.

One design feature | like with the UT880, UT890 &mB5G is their having three display LEDs. One
illuminates when power is applied, the second wdteta is flowing from the PC and the third when data
flowing to the PC. | find these display LEDs veetul when checking and debugging system opera@pn.
contrast, the Keyspan USA-19HS has a single LEDhwaks when data is being transmitted or receized
the Cables-to-GO has no display LED.

I did find when first attempting to use the Calllegso converter, with my Laptop operating with VI&Tthat

| received an “Error 820" message when trying tdr€/MRI data to the PC. A quick email to
techsupport@cablestogo.canstructed me to download a new driver for Vistaiah after doing so solved the
“Error 820" problem but I still could not read inpdata.
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Taking advantage of Message 13358, as posted byRraacois to the C/MRI User’s Group, we downloaded
the two Microsoft updates which he found requirddewusing USB with Vista and VB6. However, our
experience so far is that even with these updatgalled, we still were unable to read input dadanfthe large
SVOS system using the Cables-to-Go converter cable.

C/MRI User Chris Elliott posted with his Messaget18 to the C/MRI User’s Group denoting a “littlengie

he found on the JMRI list that said: “Some of tlegvar adapters require the following pins connetagdther
DSR-DTR (pins 4 and 6 on a DB9) and RTS-CTS (piasd 8 on a DB9)". However, with just so many other
avenues to investigate, and publication deadlioesiing, we have not yet taken the opportunity tatiome

with such testing to see if making these added ecinons or following some other avenue-of-attadkesoour
problem when using the Cables-to-Go converter.

By contrast, once we installed the driver softwthgg came with the USConverters Model UT880, wentbu
that it worked right-out-of-the-box in communicagim both directions with the SVOS. However, theuténg
real-time loop response was very sluggish. Typycalhd as covered in the Railroader’s Applicatiandbook
in detail, the iteration time of the real-time loop the SVOS using VB6 and operating at 28800 hsw2b
seconds. Out of the total .26s, the actual séfatime (the physical time it takes to transmit aaeceive data
over the RS232 lines, including overhead) is .X8kthe internal processing time of the VB6 applarais
.07s.

With everything else held identical except for ditb8ng the UT880 in place of the direct RS232 wection,
the loop response time increased from the .26s 468s. This is unacceptable. For example, yod teeold
a “pushbutton pressed” for close to 2s to be adsina the button press was recognized by the cgipin
software.

An email to the support teammgil@usconverters.cocame back with the following respon§€&hank you
for your detailed description (of your problemurderstand what you mean. There will always benlzes
with using a USB to serial adapter because of tiveds and data conversion. Unfortunately, theraashing
we can do to improve the adapter itself, we woaldehto find you another high-speed adapter thatyfttur
exact application.” Then they went on to suggest other converteresatbiat | should purchase for testing to
see if they did a better job. Well, one could gokerpretty fast following that approach.

While waiting for the response, we sought suppammfthe C/MRI User’s Group. Bob Jacobsen, one @f th
responders and the founding creator of JIMRI, pewisignificant input with his explanation in Messag
13552 that:

“Serial-to-USB convertors have to decide when tovlrd the input data to the computer.
Ideally, this would be done on each character,dmrhe adapters default to only forwarding
when a control character is received, and someueta only forwarding on CR or LF. Since
C/MRI messages don't end in a CR or LF, that igs¢ tan delay reception until a timeout
expires, typically 250 msec. It sounds like thatsit's happening here.

If bad defaults for the adapter are the cause i, tthe program needs to set some options.
Setting the "framing character" to 0x03 really h&lpecause then the USB adapter knows to
forward the contents immediately when the end ssage is received. Setting the receive
timeout to something small (JMRI uses 10 milliséspian also help, at some cost in increased
processor load.

It would be straight-forward to test for the coritleads causing the delay. Take the DTR signal
on pin 4 (as an active level; or use a power supahd jumper it to pin 1, 6 and 8. (CD, DSR,

4-35



CTS) Only CTS (clear to send; permission for themater to output characters) might make a
difference. If you find that it does, the port isipably trying to do "hardware flow control"; the
program can explicitly turn that off.

I have no idea how to do this in VB, but here &iedorresponding Java statements:
activeSerialPort.enableReceiveFraming(0x03);
activeSerialPort.enableReceiveTimeout(10);
activeSerialPort.setFlowControlMode(SeriatPBLOWCONTROL_NONE);”

Based upon Bob’s input, we delved into implemenhiggrecommendations, first via the driver software
supplied with the UT880. Low and behold, and cetyanot told to us by the USConverters’ supportiiethe
UT880 driver software provided an option to setlth&ency Time. Adjusting the Latency Time from its
“default” setting of 16ms to the lowest acceptettiisg of 1ms, resulted in a loop response time ghdrom
1.68s to 1.2s. A significant improvement, but $&aH short of that required for acceptable reaktiresponse.

At that point in our test/experimentation process,received the Keyspan USA-19HS USB to RS232 adapt
that is advertised as “Low Latency”. Using its @n'¢ “default setting” the measured real-time resswas
.9s. We then changed the driver’s “compatible mfet”’ setting to “high performance bulk” and thniing
improved to .84s. Next, changing the “Transmit Clatipn Timing Advance (TCTA)” from the default sety
of “standard” to “faster” the timing improved tos.8_astly, changing the “receive First-In-First-QEtFO)
buffer size” from its default value of “16” to “nefiimproved the loop time to .46 seconds.

When operating at the .46s rate, we could very@iabdy move levers and press code start buttortnthe
US&S and the GRS CTC Machines, and operate the ti+¥ Interlocking Machines and achieve acceptable
system performance. That made us pretty happy.

To further test the Keyspan converter, SVOS Opeiatm Jones moved it to our Laptop computer opegati
with Vista. With the identical VB6 application saefire operating the railroad, Don cycled through all
combinations of the “driver options”. The best laegponse achieved was .46s, which is identictilab
achieved with the XP machine. Additionally, theiops that provided this response were, “high pentorce
bulk”, “TCTA = faster”, and “FIFO” set to 16 althgh a setting of 56 provided the same results. Hewev
reducing “FIFO” to “none” increased the loop timmerh .46s to .58s.

As we will see in a following section, | am verynigent that if the Keyspan Driver software woulermit
changing from “high performance bulk” to “isochrarsotransfer”, that we could achieve significandgter
real-time loop response. However, to date, | hanteyat located a USB Converter Cable that permits
Isochronous Transfers. C/MRI serial system spestialian Anderson is supporting this research wisipecial
test setup that he is generating.

Besides its improved operation, the Keyspan USA8 @kbvides a downloadable 34-page Users Manual.
Additionally, a “Keyspan Serial Assistant” softwgrackage is provided that can capture and dispeyytes
going and coming on the port. It includes timestarapd has good “display” and “save to file” featuréhe
“Open Data Monitor Window” sets up the traffic cat feature.

SUBSTANTIAL USER TESTING USB APPLICATION

Another point of reference is the extensive testiagormed by Ken Cameron, who among his many iaiesv
supports a C/MRI system on Jim Heidt's freelancegdénsburg and Norwood Railway which was a real
railroad name that Jim'’s family owned for yeard tlaa between Ogdensburg, NY along the St. Lawrence
River to Norwood, NY where it interchanged with Reentrallts 5-node C/MRI system comprises 3 SMINI
cards, an SUSIC with 5 DOUT32 and 1 DIN32 and aséSUSIC with 1 DOUT32 and 1 DIN32. The
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system’s function is to monitor 85 DCCODs and 5@dwt sensors and control all wayside signalingoAl
part of the job of the one SUSIC node is running@pper motors that drive the room lighting dimsrend
another 6 for clock speed control. Everything feilatis and out of JMRI via the C/MRI.

Two different computer setups are employed withdata for each summarized as:

1. 800MHz Pentium running Windows ME, JMRI 2.9.6, @vad 16.0_17, and a real RS232 serial port
operating at 19200 baud and using the defaulingsttvithin JMRI for the serial port control. Thake
time loop cycle time for this set up using RS23#&@d>ort is .2695s seconds.

2. Dual Core 2.6GHz computer with USB2.0 ports runiivigdows XP, JMRI 2.9.6, on Java 16.0_20
and incorporating the Keyspan USA-19HS USB to RS28averter Cable operating at 19200 baud.
The real-time loop cycle time for this setup using USB Converter Cable is .1564 seconds.

The first setup is used to support normal railropdrations and the second, making use of a lagaised for
application program development and system debgggin

What is encouraging regarding Ken’s data is thasteehieving faster real-time loop response whsngithe
USB port than when using the RS232 port, albei omuch faster computer. Based upon Ken'’s findiitgs,

might be safe to assume that as computer speadsige; the applicability of USB to adequately hamdhl-

time requirements will become increasingly attnzeti

To obtain a better handle on equivalent timingagishe same computer, Ken set up additional tesisimy a
computer having both an RS232 Serial Port and a ti#Bection. For the record, it was an IBM Thinkpad
A21, 200MHz P3 Pentium with 384Meg RAM operatinghwVindows XP. The real-time loop cycle time
when using the RS232 Serial Port setup was .13sscand when using the Keyspan USA-19HS Converter
Cable was .16 seconds. Table 4-9 summarizes thdfittKen collected.

Table 4-9.Loop timing test results for different computerslgort connection$]

Computer Operating Computer’'s Loop Timing PF;:)%ger;Tns l::ﬁ{gg]
(see text for details) System Port Connection (seconds)[2] (secc?n ds)
Pentium 800MHz Windows ME RS232 .27 .19
. USB2.0 using
Dual Core 2.6GHz Windows XP Keyspan USA-19HS .16 .08 [4]
Pentium 200MHz Windows XP RS232 13 .05
. . USB1.0 using
Pentium 200MHz Windows XP Keyspan USA-19HS .16 .08 [4]

[1] All test data supplied by joint C/MRI and JMRI user Ken Cameron with all testing conducted with a C/MRI
System consisting of 3 SMINIs and 2 SUSICs with 8 I/O cards (32-hit) using a baud rate of 19,200

[2] Loop timings are rounded to the nearest .01 seconds.

[3] Assumes theoretical serial I/O time, as calculated below, of .08 seconds (rounded to nearest .01 seconds)

[4] Includes possible added delay resulting from USB Converter Cable

Numerous conclusions can be reached by studyingethts presented in Table 4-9:
» All four loop timings listed in Table 4-9 yield aggtable performance,

* However, when the same computer is used for bsth &s indicated with the last two rows, the
operation with the USB cable is slower by 23%.
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» Also of special interest is that the performancthe 200MHz Pentium, both with RS232 and with
USB, is significantly faster than the performancevided by the 800MHz Pentium using RS232. This
result may be attributed to non-optimality of thendbws ME operating system applied to real-time
applications.

* Equally interesting is that there is no measurabfgovement in loop timing when using the 2.6GHz
Dual Core processor with USB2.0 as compared wigl2lDMHz Pentium using USB1.0. It would
appear that both performances are being limitethéyerformance of the Keyspan USA-19HS.

To expand a little on the last conclusion, it igportant to understand that in every applicatioardhs a
portion of the loop timing that is essentially ipgadent of computer speed. This is the actualitrangime
that it takes for the bits to be transmitted to &nd the railroad. This time is dependent uponithed rate,
which is the number of bits that are transmittedgeeond, and not computer speed.

Table 4-10 shows a “work table” that can be usea#tculating the theoretical Serial 1/0O time foryaC/MRI
system as a function of its number of nodes, tlezalcompliment of cards making up the nodes,tard
baud rate being employed. | have filled out thégalsing the numbers noted in italics, for the @IMystem
used for collecting the test data shown in Tab® Ber those interested, the derivation of Tablé4s
presented in Chapter 15 of the Railroader’s ApfilblceHandbook.

Table 4-10.Serial I/0O time calculation for Ogdensburg and\Wawod Railway
(Employing 3 SMINIs, 2 SUSICS and 8 I/O cards (8 b

No. of Bits
Arithmetic Function to be performed: and
Serial /0 time
Enter total number of 24-bit I/O cards here __ 0 then multiply by 30 0
Enter total number of 32-bit I/O cards here __8  then multiplied by 40 320
Enter total number of SMINI cards here __ 3 then multiplied by 90 270

Enter total number of serial nodes here 5 (including all USIC,
SUSIC and SMINI nodes) then multiply by 180 to determine total number 900
of “overhead bits” per pass through real-time loop

Perform addition of the above 4 entries in the rightmost column to arrive
at the total number of bits that need to be transmitted each pass through 1490
the real-time loop

Enter the baud rate here 19200 (with valid entries being 9600,
19200, 28800, 57600 or 115200) and use it to divide into the above total .0776s
number of system bits to arrive at the serial /0 time in seconds

Table 4-10 shows us that communicating with 3 Silahd 2 SUSICs with a combined total of 8 I/O carfds
32 bits each, requires 1490 bits (calculated asda®® bits + 900 overhead bits) being transmitbeahtd from
the railroad every pass through the real time léd@ transmission rate of 19200 bits/sec, thertézal serial
I/O time is calculated as 1490/19200 or .0776 sdsonhis is the actual time it takes for RS23Zansmit all
the required I/O bits, including overhead, betwdenPC and the railroad each pass through thdinealloop.

From this, we can determine that the internal JigiRtessing time, including any extra delay caugethé

USB conversion as simply the measured Loop Tintimg second column from the right in Table 4-9, msinu
the .08 seconds. This subtraction is the time tegdn the rightmost column in Table 4-9.
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USB TRANSPARENCY AND DATA TRANSFER METHODS

A key point in using a USB to Serial Port convedable is that the resulting conversion is transpiary ou
simply compose your program just as if you weregisi “standard” RS232 serial port. The only differe

you are likely to notice is a change in the COMPQRimber. Dependent upon which USB port you plug,int
the Operating Systems’ Device Manager assigns aivagnt COMPORT number, usually between 4 and 9.
To determine the specific assignment in your siomatClick on “Control Panel” and then click on “idee
Manager”.

If the assignment is greater than 4, and you drgyuke Serial Protocol Subroutines supplied with V3.0

User’s Manual, you will encounter the “COMPORT mhstl, 2, 3 or 4” error message. To correct the
problem, replace the SPSVBM.bas module in youriegfibn program with the one contained on the CD
associated with this manual. Assuming your compligaran available expansion slot, then an altemn i
purchasing a USB to RS232 Converter Cable is teshin a plug-in serial interface card that sup&$232

and sometimes RS422/RS485 combined with RS23Balncase direct connections can be made between the
computer and the SMINI and SUSIC.

**x*Key Points Using USB with C/MRI****

1. Once the USB to RS232 Converter Driver is recoghlzgthe Operating
System, the fact that you are using a USB Portangoof having an RS232
Port is transparent to the user.

2. Simply set up your I/O identically to how you wowldhen using RS232
which is exactly how all of the presented C/MRI mdes are created.

The main reasoning behind using a “real” RS232, momtrasted to a “virtual” RS232 port as set ugmwh
using USB, is that physical RS232 ports are integranore closely with the computer’s hardware and
application software. Typically with the real RS233#t, the application software has direct or alinasect
accessibility to the port’s performance. Settirigs baud rate, number of data bits and stop bid,use of
hardware-software flow control can frequently batoolled from within the application program.

By contrast the USB interface is much more complgik much added overhead. Additionally, it does not
provide a close tie to the application softwareisTdan result in the user having less effectiverobof how
the 1/0 is handled. To try and provide “transpar&$232 performance under USB, a second devicedisv
necessary with its purpose being to emulate an REZRT, which is the IC that handles the RS232 data
transfers, but still communicates through the USB.

The challenge with real-time applications, suckhasC/MRI, is that specific timing constraints apf 1/O
handling. With RS232 ports closely integrated itt® computer’s core architecture, data transfeheavery
closely controlled when running QuickBASIC applicats under DOS. Even when operating with Visual
Basic under Windows, which can interfere with IADogency, there is still reasonably tight contrbbr the
most part, the application software communicatesctly, or via a small and very efficient devicéver, to the
RS232’s UART. Thus, everything happens within @ealosely defined time frame.

The setup with the USB bus is much more complexnanch more divorced from the application software.

Additionally, having the double device driver layefith an RS232 driver functioning on top of therguex
USB driver, is prone to adding extra communicatearhead, resulting in delays. In our quest to maze
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system responsiveness when using USB it is impbttalne aware of the four different types of tramsf
employed with USB. These are:

Control Transfers — are typically used for command and status ojmeraaind they are the only type that is
specified by the USB specification. They enablehtbst, in our case the PC, to read information ahou
device, set a device’s address and select itsgumafiion. They may also be used to send requestsebult in
sending and receiving data for any other purpobis “Bend request” capability is essential bec&lSB bus
operation is a “polled system” whereby USB devioeghe bus can send information to the host onlgrwh
requested to do so by the host.

Interrupt Transfers — are typically non-periodic, small device “intga” communications whereby the device
must receive the PCs attention or the PC mustmokhai device’s attention with a bounded latency. Fo
example, mouse movement and key press data mak# uerrupt transfers.

Isochronous Transfers— can occur continuously and periodically. Thgyidglly contain time sensitive
information and enjoy a guaranteed delivery timgpidal applications include transferring audio aiako
files to be played in real-time. If there were $agleor retry of data in a video stream, then yowlda@xpect
some erratic video containing glitches or with adia file the “beat” may no longer be in synchrani€On the
contrary, if a frame or packet of data was droppesty now and then, the loss would be less likeljced.
Thus, there is CRC checking of isochronous transfedata but there is no automated retry if datauad to
contain errors. Consequently, if using isochrorntoaissfers, occasional errors must be tolerated.

Bulk Transfers — are intended to support moving large “burstytadander situations where the timing to
initiate the transfer is not critical. Example apations are sending a file to a printer, or recgj\data from a
scanner. In these applications, data transferygaoally wait for a reasonable period of time. Fanmentally,
bulk transfers use spare un-allocated bandwiditherous after all other transactions have beecatidol. For
example, if a bus is busy with isochronous anditarrupt transfers, then bulk transfers may jusivsf trickle
over the bus. As a result, bulk transfers shoutdeaused for time sensitive communication as tien®
guarantee of latency. On the other hand, if theibidie, bulk transfers can be very fast.

Almost everything | read and study regarding USBifgoto the fact that real-time applications, sash
transferring audio and video files to be playedeal-time, robotics, machine tool control and tiMRI, are
best served by having the USB port operate irs@isihronous Transfer mode. However, up to this point
time, | haven't discovered a USB Converter Cabéa germits operating in this mode. Possibly, seagcfor
adapter cables designed to support the audio aed wditing market, would provide fruitful results.

Although the management of all transfers is underdirection of the PC, it is the responsibilitytioé end-
device, e.g. the printer, scanner, mouse, andri, o inform the PC as to its data transfer ne€uge these
needs are understood, the PC operates under td'stnie slicing protocol” to manage all transfeBependent
upon such factors as the particular version of W8ig used, the type of device with which it is
communicating and the transfer method being empgloyeee different operational speeds are involiégse
are denoted as “low speed”, “full speed” and “hsgleed”. Traffic is managed by dividing time intaces
called “frames”, or in the case of high speed tienss‘microframes”. Frames, used for low and fpéed
transfers, are 1ms duration. For high speed datsfiers, the PC divides each frame into eighfi425
Microframes. Low speed devices, such as mouse eylabkrds, must use either Control or Interruptdiens,
while Isochronous and Bulk transfers must usedutiigh speed. However, USB1.0 only supports lod fa
speed while USB2.0 automatically uses high speezheter possible, switching to low and full speetienv
necessary.

For general applications, where you plug a USB aibfe device, such as a printer, mouse or scatinectly
into a USB socket on your computer, the PC autaratlyiinterrogates the attached device to deterntene
capabilities and needs and then adjusts the oparatithe USB port, such as setting the transfetemno
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operational speed, receive buffer size, etc., &stiservice” the device. To provide this “plug guhaly”
capability, every manufactured USB device mustikeca Vendor ID and a Product ID that are embedded
the device to identify it to the PC’s operatingtsys. Additionally, “device specific” parameters aransferred
as part of the interrogation that in turn enabl®@atic optimization of the USB port to “best métte
needs of the device.

FUNDAMENTAL CHALLENGE USING USB CONVERTER CABLES

However, once a USB to Serial Port converter cabéanployed to attach a non-USB equipped deviash as
the C/MRI, the merits provided by “plug and plagbke their luster. The host no longer knows ifehd-point
device is a printer, scanner, digital camera, robiece of laboratory test equipment or producti@chinery,
or a C/MRI. It simply knows that a particular brasrd model number adapter cable is attached. The
knowledge that the PC needs to “optimize” its USB performance is missing.

To help overcome this limitation, USB to Serial PGonverter Cable providers include options in‘thaver
Software” supplied with their cable. Then, workinghin the constraints of the driver software tlable’s end
user has latitude in tailoring the operation of /B port to best fit the intended application.

For the majority of applications where USB to Sefiart converter cables are employed, such astutiga
non-USB equipped printer or a reasonably sized G/dfRRlication, simply applying the “default optidris

adequate. Other general applications that havewbatanore time-critical transfer requirements, irtthg

medium sized C/MRI application, may require somell®f “driver parameter” tweaking.

Fundamentally, being able to “best set” driver pagters becomes increasingly important as the desnaind
the real-time system expand. With the C/MRI, tlegpanse of the system” is measured in terms afitingber
of bits that need to be transmitted between tham{the railroad during each pass through thetimalloop.
As indicated within Table 4-10 this number is dihecelated to the total number of Nodes, SMINIESECs
and 24-bit and 32-bit I/0 cards.

Experience has proven for a growing number of USRI users that obtaining a suitable USB adaptéteca
and then, if and when required, making appropudaitecr parameter adjustments, can and will contiloue
provide successful results. This is especially farghe smaller, less-demanding, real-time apgibces. The
challenge comes, | believe, when working to appBBladapter cables to the larger real-time systems.

While this “research level” activity is continuingyy recommended course of action, and especialigrsihe
large system application users, is to continue @lget have a choice to make use of a computestitiat
employs a RS232 connector. However, as the tecgpelod our application of it improves, | fully exgpehat
the utilization of USB for C/MRI applications witlontinue to expand. Furthermore, as they expanabie
increasing use of USB ports as integrated inttatdk model computers, the typical C/MRI setups gl
reflective of those illustrated in Fig. 4-13.
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USB to RS232
Converter Cable

If computer has RS232
Serial Port, then substitute
“straight” RS232 Cable

Interface plugs into
Computer’s USB (or
alternate RS232 Port)

. Single node: SMINI
a. Single Node o e a BUSIE

USB to RS422/485
Converter Cable

If computer has RS232

Serial Port, then substitute
RS232 to RS485 Converter

4-wire shielded cable (RS485)

Interface plugs into (up to 4000 ft long .
Computer’s USB (or connecting up to 128 I° 'dd:'sw""
alternate RS232 Port) SMINI and SUSIC nodes d:’i“r od

SMINI node with 72

I/O lines per node SUSIC node with up to
64 1/O cards (maximum
b. Multi-Node 2048 /O lines) per node

Fig. 4-13.Serial interfacing example systems employing UrsakeSerial Bus (USB)
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