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PICAXE ™ fSerialPowe Network

Jurjen Kranenbogy
http://www.kranenborg.org/jurjen

1. Summary and motivation

The PICAXEfSerialPowed Network allows combined power delivery anddiiedional
data transfer betwegmocesses oa numbeof intelligentnodes over just two
interchangeableviresspanning tens of meterShe network consists of a master node
and(several)xslave nodes, each node containing a PICAXE microcontroller. The master
node manage®r power delivery and the provision in a regulastion for timeslots
duringwhich processes oa slave node can excharigéormation withprocesses on
other nodes using fixed data frame. Slave node processe& functionabehavior
(whichmaster nod@rocessesay providefor as well). Slave nodes eé just a capacitor
for energy storage and bufferirgowerdemandinghodes with local power sources can
be addeds wellwithout any changesimplediode mixing networks with separate power
and communication lines can be used with the same protocol.

Thenetwork has the following characteristics:

1 Multi-drop bidirectional network (haltluplex), allowing information transfer
between angombination®©f nodesNodes t hat (ledolngthafiel i st eno
sending processes) may be implementéd reduced halware and software
complexity.

1 The concept of communicating processes is used (each process has a unique
identifier), allowing abstraction from physical nodes and thereby flexible
distribution of functionality over different nodes. A node may implemergrs¢v
processes, and tlsame proceswmay run concurrently on several nodes with local
modifications. As a result extremely flexible nodes can be degitirat can be
reconfigured vidhe network. Data is transferred over the network using a data
frame condining the calleprocess identifier, the calling process informatoal
a number of data byteghe network protocol completely abstracts form the
underlying network hardware, allowing the applicatiowvery simplefi d i o d e
mi X i netgabk hardware witheparate power and communication lines as well.

1 Data transfer and power delivery to nodes over the same twdhio@sliditional
GND or handshakingines!), to which an unlimited numbef nodescan be
connected in any fashio@onsequentlythe network comlexity and software
complexity does not scale withenumber of nodes.

1 The network connections are npalarized, i.e. any node can be connected in any
fashion to an existintyvo-wire network using two identical and interchangeable
wires.

1 The master noderovides for power (delivered by default), all slave nodes have a
local capacitor for uninterrupted operation when the network is pulled low during
communications or interrupts.
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9 All nodes contain a PICAXB8M , PICAXE-18X or other PICAXE
microcontroller  implement the network (requiring only a small part of the
available program memory) as well as functidoethavior(for example for
sensing, switching aignalingpurposes).

1 The network protocol implementation is strongly based on interrupt handling,
allowing the nodes to concentrate on functional operation for most of the time. All
nodes read all data frames on the network, but quickly return to normal operation
if they do not implement one of the processes relevant to the particular data
frame.

1 Theneworkseack i s i mpl ement embstavnoddhatrcams A1 nt el | i
for sending slave processes, and aetgistering slave nodes that respond with the
IDs of their sending process@$us, the master node becongcesmpletely
application independeffavoiding reprogrammingand focusson timeslot
provision. Additionallythe mastenode provides for processes to add extra
timeslots forotherslve processes that wish to send,
slave nodes to be added on the fly.

1 The master node captionallycontrol the speed of all network nodes (4MHz
8MHZz) at poweiup through a switch setting

1 Simple and cheap circuitry for network electrical implementation usilg state
components only (no analog components like transformers used).

1 The netvork concept can be extended in many ways, like adding CRC checking
prioritizednode timeslot assignment, interrupting slave nodes, longer data frames,
adding node specific processes for energy consumption regulation etc

1 Energy consuming nodes that neleeir own energy source e used without
modifications.

1 Minimum setup of two nodes is possible in which the master node implements
functional processeas well(at the penaltpf some network bandwidth

reduction)
1 A full slave network stack on a PICABBM still leavesampleroom for
applications.

1 Although extremely well suited tine PICAXE microcontroller, ther types of
microcontrollercan be applied inetworknodes as wellin particular those that
can operate below 5V)

The idea of developing a ply two-wire bidirectional network came into my miradter

| had read about horraade sensors for the LEGHMindStorms robotics package [1].
The sensors used for this system have a backup capacitor. Prior to reading they are
powered from the main contlimg modulefor a short whilesubsequentlgn analog

value related to the ssor is readThe simplicity of this interface has motivated a number
of people to develop their ovaensorsref [1] provides links to several advanced
exampleslinitially | had thought of making a PICAX#ased design for this type of
interface.

The analog interface has a number of drawbacks. First of all, only one analog value can
be read at any tim&econd,n case an accurate sensor measurement is needed, a more
complex inteface at the sensor side is needed. Furthermore, the analog interface does not



allow any form of addressing of multiple sens@ihough some hardware hacks have
been developedhich sometimes allow a few mosmplesensors to be used)

| quickly realizd thata completely digital interface that the same timprovides for

continuous power would be much more flexible as well as support more-pawgry

applications. The current document is the resuttrendoff work for more thanwo
yearsondeveb pi ng such an interface. I decided to
in order to learn as much as possilalighough it is much alike official standards. | also

learned much about the analog aspects of digital networks; although ereatnega

digital network, the fact that we are dealing with relatively voltageshackup

capacitorsand MosFET gate threshold voltages just below the main vdkade

naturallyto issues of analog nature.

| hope that the work published in this documiespires pepleto both develop

applications as well as investigate improvements on the presented network concept. |
believe that a network concept like the one presented here can lead to applications that
are more powerful as well as much cheaper than those ba&d#t@mmunicationsh
particular attractive feature is that very cheap but also very functional nodes can be built
with the exceptionally powerful bigmall PICAXEO8M microcontroller.

| wish to remark that the work presented here is a tribute not otig 8ICAXE concept

butalso tothe PICAXE forum [2]1 have been inspired by many discussion threads, and

readers will probably recognizeanyelementsFor examplethenetworkmessaging

approach is strongly basedn i h iexcellgnéireatment okeral interruptq3].
Furthermore fAwilf _nvd has contriakdesiged gr eat |
forthe masternodé Puddl ehaveno has contributed to the
operation through his SerialPoweased applicatiorit is this combination of excellent

hardware, support and user base that makes the PICAXE concept ideal for designing

systems.

All documentation as well as software implementations (including future revisions) are
available for download from the authors home sitd?ICAXE applications:
http://www.kranenborg.org/ee/picaxe/twowirenetwork.htm
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2. Application areas

Thei Ser i a Néwork spardicularlyuseful for short tanedium range ne/orks
(ters of meter$ over which lowintensity information exchange is required and network
electrical stability is god Application areas include:

Home monitoring system&xamples of useful applications inclueleergy monitoring
(temperature and ligj climate regulation, safg monitoring and local traffic
monitoring.

Weather monitoringoutdoorintelligentsensorgan be placedt different locationso
report on meteorological conditions.

Information presentationnformation can be presentedség at several locations,
possibly dependant dacal context.

Model railway automatian Trafficking light signalsandlarge amounts of passage
detectionsensorand/or switchesan be managed and powered without complex wiring
in toughto-reach enviroments where battery replacement is difficult. Furthermore, the
network concept allows easy extension with new nodes.

Robot designMultiple sensors and actuators and switches can be mawéhaeduced
wiring effort. Although the network is not designied operations that require large

power consumption suddenly (starting up motors for example), the backup capacitor in
slave nodes can be replaced directly by a local power source, while communication
occurs over the netwows usual

Sensor fusion netwks. Powerful highlevel sensors can be built that integrate many
physicalsensor types in an intelligent node.

Beacon networksA networked set of beacons can be developed that supports IR or
ultrasound bdirectional communications with local moduledowing the latter to
perform outof-sight communication®lso various applications in robotics can be
thought of, like for example position determination.
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3. Operation and technical concepts

This partgivesa short @erview of the fustioning of thefi Se r i a heBvorly starting
with the network hardware. A thorough oviemw of all conceptaind their relationss
given in Part 2 of this documefitiit Ar ¢ h i, wieich startsvieh éhe highlevel logical
concepts igtead.

Hardware and logical views
Figure 1 shows a hardwaoeiented impression of the network. It shows a master node

that manages for power delivery and timeslot provision to all nodes. The slave nodes
have a backup capacitor for use during timeslodsiaterrupts on the network.

5V,
regulated

Network/ {;y? Network/ &
Power interface Power interface

PICAXE-18X

Actuator

PICAXE-18X
or
PICAXE-08M

PICAXE-08M

Sensors

EEPROM memon
Clock&Alarm

.‘

\ / Switches
LCD Display
[ T
\ il A\ il /
Figure 1: Hardware view on the ASeri al
The network consists of a pair of wires. 1In
interfaces of a fASer ifaaddibdeDCeredidier bridge,wor Kk consi

allowing the wires to be connected to the nodes in gpotarized, i.e. interchangeable
fashion. Slave nodes can be added to the network in any fashion and any number.
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The logical view as depicted in Figurd@lowcompletely abstractsdm the underlying

hardware, ashe mapr concepts are processes and messages between them

[called ID, caller IDdataH datal] =

#11, 23,

18]

#2 (data display)
- 4
#3 (time)

- 4
#9 (data storage)

#11 (temp. sensing)

Node Node
(master) (slave)
.

Figure 2:Logicalvi ew on t he

)

#2 (data display)

- 4
#14 (RFcommg

- 4
#7 (light sensing)

Node

(slave)

N g

fiSerial Power 0O

A process can communicate with any other process using a set of standardized messages.
These messges contain the ID of the process that is addressed, the calling process ID,

and some data bytes. On this level of abstractiondldes themselves are not visible in

any way; a process may be distributed over several nodes, and on a node several
processemay resideThis implies that slavéo-slave is the standard way of
communicationBoth aspects are depicted in the figure, where a temperature sensing
process (with ID 11 that happens to reside on some slave node) sends information to a
displaying proces (with ID 2, this process happens to be distributed over two nodes).

Since the logical view completely abstracts from the network hardware, the software that

i mpl ements the processes

and t hei

used with vey small adaptations tany other, simpler type afterruptdriven
networking hardware with separate power lirfagch a simple solution is presented

Figure 3and dealt with further in lkapter7.3.
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Figure 3 Simple etwork dsign with separate prosion forpower and serial
communication.

Master and slave node networking hardware description

One

fimaster o

node

provi des

(Aprocoamsneermords| aveo

interval. Figure 4shows the hardware principles oh@tworkconsisting of a master node

and just one slave node
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@radefnadtsne

t he

Active, Passive, DC
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D N-Gate | ° Lo G5
MosFE Zx Zx
= RSerialln
—
Master Node Network Slave Node

Figure 4 Main interface elements of the netwofke master node is on the left.

13

bus

we l

f

I
0



The master node has an aetiriver conisting of twomosfets. This driver is used to
power the network or to transmit master node messages to the natinanhk.the

network is to be used by slave nodes the active drivesiat8dby the masteand the
passive pulup resistor keeps the netwakhigh levelfor a certain periodThus a

Ati mesl oto i s cr eat &dbsequetly aslaseenode gan demdeercs | av e n
bits by locally pulling the network lowt the network is not pulled lowthe passiveull-

up keeps the network at a logl high level At the slave node a DC rectifier bridge based
on Schottky diodes allows for combined power delivery and information transfer from
the slave controlleMote that a timeslot is only allowed to last for a short period of time,
as the slave rdes are then dependent on their local backup capacitors for power
provision.

Figure 5shows the current flow irhie network when the master controls the network
during network powering or during the transmission of a masitésted serial message
trangnission.Note that the nodes are powered during transmissiosb§ 1

| [1
) —| l/lJ “‘ —|
c v L
Active/ P-Gate RpuIIup C
3state MosFE R ZE A backup
oV PICAXE] serout e ‘ ,|PIcAXE]
_ nc 1 MoSFET] b - — .
1 | driver 5 >—Hf o /L
(08M, . <:DG (08M, \f /0
18X) Serln l+< s E/ < 18X)
D N-Gate | - E—_| .
MosFE Zx :
d "
| | a an?®
L -LL l Y - L ’y 'y
= RSerialln
— AW
Master Node Network Slave Node

Figure5: Current flow when the active, puglll driver is used. Straight arrows
correspond with a high level network state; dotted arrows correspond with a low level
network gate.

Figure 6shows the current flow during a timeslot when a slave communicates. The
network can be pulledlowy t he sl ave t o s e nhi). lmthatc@éd | o
the backup capacitor is the power source for the slave node. AHIGH Ibgecale 4 ( A 1
bit) is crea¢d by closing the slave node MoskEET
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Figure 6: Current flow during a communication timeslot when the passiveuputlriver
is used and the slave pulls the network, leither for sending an interrupt or creagj a
logical low level A green arrows shows current supplied by the master, a red color
denotes current provided by the slave bapkcapacitor.

Note that the master node PICAXE can read network messages thraugh R

Communication

The network onsists of only two lines without any additional handshaking lines.
Therefore communication is managed based on the following principles:

A The network is ahighlogical levelby default to allow power delivery to all slave
nodes

A All communication is iniated and timed by the master node trough master
commands (i.e. master node messages).

A All messages are transferred as a result of an interrupt, caused by a master or a
slave pulling the network low.

A A message always has the same format

A The master nodesesspecial messagée.g.availableTimeSlot ) to indicate

that a network slot is available for a process during which the tattgrsend a
messagéself (directly after the master messagehis special messagdso
indicates which process may use tmeeslotto send a messagius avoiding
network message collisions.

15



The list below shows all possibtases fomessaging sequencese@mbedded in bus
states:

1. HIGH, INT, MasterMessage, HIGH
2. HIGH, INT, MasterMessage, HIGH(weak pup), INT, SlaveMessageHIGH
3. HIGH, INT, MasterMessage, HIGH(weak pullup), HIGH

In this listiHIGHO means that the network level is driven high through the active push
pull driver, i.e. power is supplied to the nod@3IGH (weak pultup)o means that the

active driver is sstaed and the network level is held high through the mastewupull

resistor, INT implies that the bus is shorted (either by the master or the slave) to trigger a
network interrupt and indicate to all nodes that a message is underway.

1. In Case 1 the masteersds a message and then returns to power provision again.

2. In Case 2 the sequenstrtsin the same manner, but now the master message is a
special commandafailableTimeSlot ) indicating that a certain process on
some slave node is granted a timesloetadsa message in the same way as the
master didConsequently the master creates a timeslot by applying the passive
pull-up driver to the network. If thearticular procesBas a message to send, it
will do so byquickly pulling the network low and sendiiitg message.
Afterwards, the masterodereactivates the active driver to restore power
provision.

3. If a process is granted a timeslot but does not ukerntCase 3 applies, i.e. after a
defined period of time the masteplaces the passive driwgith the active
power driver.

Node Configuration

The actual distribution of processes on nodes is very flexible, and can range between the
following options:

A Thin master, large slave nodes: In this scenario there are a large number of
approximately equallymportant processes distributed over the various slave
nodes that communicate intensively with each other, and the primary goal of the
master node is to provide for a fair distribution of timeslots amongst the
communicating processes.

A Large master, thislave nodes: This would be appropriate if the slaves act as
peripherals to the master node, #imere is a central process on the master node
that communicatet® the slave processéshile the slaves require little
interaction themselves)

A Thinfi i n t retimiastegnedéor timeslot provisionone slave node as master for

functional processes, plus remaining thin
master node can be ordered to provide or remove additional timeslots, the
Afunctional m a Salveenode itselfaovbieh daesnot nédeé to a

16



continuously manage tieslots anymore. Furhtermore the timeslot master node is
then completely application independent.

Which distribution of processes amongst the modes is best depends much on the
application ad the resources that nodes can provide to processes.

Simplified polarized network interface for slave nodes

M c1 c2
BATL;.’JL é |—_L1
41000 _[1004

R1

10k PICAXE
08M/18X
El R2 ]
IC1

“ 10k
BS170

Figure 7 Polarized slave node connection

In case the polarization of tip@wer/datanetwork is known a much simpler interface for
slave mdes can be usgeds show in Figure 7. Section déals further with this hardware
simplification.

Intelligent, network roaming master nobautoregistering slave nodes

In order to avoid reprogramming of the master node for each application aralto all
slave node processes to add and remove timeslaier process on the flgn
intelligent,network roaming master node / awegistering slave node softwatask is
presented in Chapter Bhis leads t@a completely applicaticmdependent masteiode
and results irmuch easier andéxible application development. It is the recommended
software stack to be used, and the programming guidexamdple routines in Chapse
10-11 are based on this conceBbth master and slave node network stacksiftiin a
PICAXE-08M.
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Plug & Play network slave nodes

Anintelligentmaster node that itself can roam the network for serutiogesses and
collecstheir IDs allows the use of Plug & Play type nodes that can be connected to the
networkon the fly. This speciahodetypeis shown in Figur® belowandis dealt with

in Section 7.4.
b2 R1
tt WA i.
| ca
@_} Yo T T
7§05 YEDG . T4 | ’_ﬁa
AN A I PICAXE
R4 08M/18X
o—t M
1c1 LOAD
o y Ic2 é
TC54
T2 VC30 T3

TR e @

R3

=

Figure 8 Hardware for a Plug & Play type slave node
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4. Network logical concepts

4.1 Logical view I: Nodes Processesand Messag Frames
Centralto the network architecture are the following concepts:

A Processegerform some useful activity

A Nodes contain one or more processpeoviding them with resources

A Network allows processes to exchange information via data transfer
A Messae FrameData format by which processes exchange information

Figure 1 shows how these concepts are related. A node may have several processes
running;each process is uniquely identified through a nur(iipge) A process may be
distributedover multiplenodes (in Figure 1 the data display process with ID #2 is
distributed over two nodes, one node may display a message using a LCD, another node
may display the same message usingsagment display).

[called ID, caller ID dataH datal =
[ #2 , #11, 23, 18]

w, Network

#2 (data display)

- 4
#3 (time)

- 4
#9 (data storage)

Node

(master)

/

#4 EE' ance reading)

#11 (tep. sensing)

Node
(slave)

/

#2 (data display)
#14 (RFcommsg

#7 (light sensing)

Node
(slave)

/

Figure 1: Components of the network

All processesommunicate via a muidrop network by plaong a message frame on the

bus n an appropriate tinsot Figure 2 depicts this message frame. It contains the
process that is to be addressed, information from the caller process (i.e. the process that
put theframeon the network, for example it could thee sending process ID), and a few
data bytes
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These message frames are handled by the network stacks present on each node and
passed to the process that is addredsean the message point of view it isimaportant

on which node thaddressegrocess is located, as all nodexluding the masteread

the frame in an equal manner.

Called Process ID Caller information Data byte (H) Data byte (L)
A Y e s s I

Figure 2: Message Frame format

The message format as depicted in Figure 2 majtbeedat will (to beableto exchange
more data at one instan¢but it must have the same size for all messages. In this
document decided to stick to the-Byte format, foronly few PICAXE registers aréhen
needed for handling the frame data elements

Figure lalsoshows that there arevd different types of node: a master node and one or
more slave nodeOne function of the master node is to provide for timeslots during
which data frames can be put on the netwdhe next sections deal with this aspect in
more detail. From a messagemtof viewthe nodes arperfectly equaland the message
formats used by the master and slaves are eguakl|

4.2 Logical view Il: Protocol and bus timing

We are dealing with a pure tweaire bus on which both power delivery and message
exchange ave to take place while handshake signal laresabsent. Consequentiye
rely onwell-defined busstatesequencingnd timingdefinitions with the master node
defining the latter.

Figure 3 shows theetworkbus timing diagram for the mosbmplete (ad most
complicatedl case a bus transactioim which aslavenodeprocesss allowed to pua
message frame on thetworkbus. The timing interval names are those that are used in
the network stack software.

| start the descriptioaf the bus timing irFigure 3 starting on the left side by assuming
that the bus is in a high state (meaning that the voltage difference between the lines is
sufficient to define a high TTL signal). In this state power is supplied over the bus to the
slave nodes by the mastevde through the high side of a pymhil (or halfH) MosFET
bridge.

At instance Athe bus is brought low by the master nfithe highside of the bridge is
closed while the low side is opened, effectively causing a-shodf the navork lines.
The slave nodesiow have to rely ortheirlocal caacitor for their energy needd his
signals that a message frame is to be awaited by all other nodes, and an isterrupt

22



generated in the nodes causing theiistenfor a serial message. The bus is kept low f
a time interval equal to INT, allowing the slave nodes to interrupt their current program
execution and get into listening mode.

- -

~

©
Network bus \ N Master /v \ N Slave /v
' ' i message), : ; ' i message;, '

Time axis

..............................................................................................................................

Bus drive

- push/pull

— — —

-t dataFrame

- t_respondDelay

- t_testTimeSlot

-t _masterTimeSIot - .

-t_comms

-t_powerMode

Figure 3: Bus messaging sequences, drive characteristics and timing
for a single bus transaction

At instance Bhemaster node sends a message frame on the bus. This frame is read by
all slave nodesrThe time interval required to send the message is equalataFrame

Immediately aftethe completion of the message frame transigt atinstance Ctwo
situatiors may apply

If the message framis definednotto lead to a response from a process on a slave node
the bus level can be brought high again by the master node for power delivery, and
instance G appliedo procesds thenallowed to try to take the su

In all other cases at most one prodesated at no more than one nadwuld be granted

the possibility to take control over the network to send a messagarange for this, the
master node has put a special master command on the network gileds c
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availableTimeSlot (see Chapter)9ln this case, at instance C the bus is brought
high again by the master node, but now through a passivepudsistor éndthe push
pull driver is 3stated). The total amount of time that this condition exiggusl to

t slaveTimeSlot + t_testTimeSlot

After some time periotl respondDelay proces®ne some nodmay takecontrol of the
network bus by pulling it low ahstance DNow the same situation appears as at
instance A (but with the bussistivepull-up usednstead of the active driveran
interrupt occurs on all nodes (now possialsoincluding the master node) and
subsequentlafter a period_INT atinstance Ehe message is read. idstance Rhe
message is sent and after a short pdritstTimeSlo{potentially useful for bus testing
purposes by the masteodg the bus is brought high againiastance Goy the master
node for power delivery.

In the timing diagram of figure 3 the underlined time interval names are maximum
durations andra defined by the master node. Consequently slave nodes need to adhere to
these definitions

Note that the way to initiate a message transfer is similar for both master and slave node
messages. 180 short period of timequal tot_respondDelays availeble between the two
transkrs. Consequently, both message tyg@@sbe handled by the same software routine
responsible for handling the ertupt and reading the messages. In fact, from a software
point of view there is no difference between the mastistéave node message. This
approacHeaves usvith a very compact network stack. For example, a fully functional
network stack for bdirectionaltransfer require39bytes on a PICAXE)8M based

slave node, leaving ample room for fude@pplications.In case a slave node has only
processes that receiaad do not sendhe network stack can be reduced to ab8ut
bytes.Chapter Qresents a generic implementation of the network sfacksasterand
slave nods as well as reduced network stack felave node that implemenlistening

only processes.

5. Software concepts
The following conceptsan be generally found on angde:

Functional processe$hese are the syfrograms that do the functional work, like
reading sensors, displaying informatietc. Theseprocesses eitheun in the

A bac k g (e thenpdgram bodynd may benterrupted when a messaggpeas on
the networkor are started as a result of a received message addressing the particular
processProcesses may pass data to tvork stack via certain memory variables or
registers.

Network stack This comprises an interrupt routine that reacts on the network input
monitoring line to go low, indicating that a message frame is on the way. Furthermore the
routine reads the messagéores the message components locally, decodesitad
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process ID and starts up the referenced (called) process if it is available on the particular
node.On a slave node also may subsequently send a message frame if a process on the
node is grane a timeslot on the netwolly the masteand the particular process
actuallyhas a message (i.e. data) to sédther parts of the stack inclutiee definition of

some variables for message passing betwestawvaprocess and the network stack in

order tocreate a message fraitat the process wants to hdransmitted Finally, some
initialization code is included.

Dedicated processeSedicated processes may be useidhgement parts of the network
stack or for example enable processes on n&d&@snpes of such processes that are
described in thexamples of Chapt&are:

A availableTimeSlot : This process is part of the network stackl should be
implemented by all slave nodes that have one or more processes that might want
to put data on the netwark is used by the masterd®to generate a timeslot for
the particular proces3he associated message frame is:

[IDavailableTimeSlot, IDcalledProcess, dataByteH, dataBytel]

By sending this message frame to the netwdkmaster node indicatessome
process corresponding with IDcalledProcess that it is allowed to subsequently put
a message frame on the netw@ke section8.1 and9.2 for examples.

A registerSendingprocess : This processan be used by slave nodes or
slave processes to requestdstots for other processes

Synchronization routine#\ synchronizatiorconceptis necessary for two reasons:

1) Execution of timeonsuming instructiond’he PICAXE has a code interpretetich
implies that code instruction speadrelatively low (oder of a millsecondor the 08M
and 18X. It has some instructions that take longer to execute than the period of time
t INT that is availabléo finish execution, turn to the interrupt routine, and wait for the
message fram&xamples of such instructisrare:

SLEEP, NAP(Note that PAUSE and WAIT can be interrupted and thus may
sometimes be preferrédr usg

READTEMP, READTEMP12

SERIN, SEROUT, SERTXD

SOUND

COUNT

D> D>

For examplea long instrutton might endust after instance B in Figure and when the
network input line gets low duringnessage biransmissiorbetween instance B and i€
will erroneously turn to the interrupt routine, and will be-otisynch with the
transmitted message frame as well as with all future messagbsut\precautions the
node mayeven get blocketly a waiting SERIN instruction.
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2) Uninterrupted program executiqonly allowed for a finite period!): This may be
needed if fo example data is to be recordsahtinuously, or inputs have to be monitored
without interruptia.

The solution | applied was to introduce two subroutines that can be used to encapsulate
the code part into a nanterruptiblesubprogramthat is synchronized with the network
upon exit

A deSynch : This routine disables interrillowing the targetode to end
without erroneously responding to an interrwpien a message transfeas
happerdsimultaneously. As a resudf the call to this routinéhe node getsed
synchronized with the network, ijgrocesses on it doot catchany network
messageanymore!

A reSynch : This routinemonitors the network input line for a highrwlition,and
if N0 message transfer occurs in a given tinterval interrupts are renabled.
Consequently the processpiperlysynchronized with the network again.

A code parin aprocessnaybe encapsulated as follows:

REM PROGRAM

é

GOSUB deSynch

{ Code part or slow instruction }
GOSUB reSynch

é

Note that a consequence of this approach ighiesé is no guarantee that a prodéss

is addressed throughmessag&amewill actually get this informatiorfandoptionally
respond. This is an import issue but in most cases does not cause severe problems. In
many cases wheeenodeacts as a sensor, the sensor will be queried for information on a
regular basis, and a misslMae followed by a successfalibsequent queryhe best way

to guarantee regular access to the node is to ensure that the encapsulated part of the
process code takes relatively less time than theemoapsulated, interruptible part. This
can be done eweby including an extra (interruptible) PAUSE commandstesvn for
example inthe simple example in Section 10.1

Anot her way i s to add bgregoeng that achliedpeocess hands h a
responds (and until that moment the process is quesgeatedly). Although perfectly
feasible, this approach may consume considerable code space.

If the timing of the encapsulated code block in a process is approximately known, this
information may be used to synchronize other process with it as wellagjrisach will
often be the most effectivEor example, a process can be used to initiate a temperature
measurement with a DS18B20 sensor. As it is known that a temperature measurement
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with this sensor takes a maximum of 0.75 seconds, another procasatizthe
measured value can betivatedafter this period.

Yet another way is to have a separate PICAY8M that focuses completely on network
message handling, a second PICAXE at the same node taking care of the functional
processes. A simple handskrakprotocol based on polling can then be defined between
these controllers. Consequently the network picaxe is always ready to respond to
interrupts,as long acommunication with the functional picaiseperformednly

directly after aslave responsemesage has been handige. those messages that do not
create a timeslpsince a message will then never follow directly afterwariishough

this may look more complex, the low price of a PICABEM may justify this effective
solution.
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6. Hardware implementation
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Figure 4: Hardware view of the network concepts

Figure 4shows the main components of the netwiookn a hardware viewpoint

A

A masternode responsible for power management and network configuration
(through a pusipull active bridge) aththe provision oshorttimeslots (during

which the active bridge is replaced with a passive putlupllow for the slave

nodes to send messagéke node may be extended with functionatitst is

useful for all processes, for example time provisisrmemory capacity.

One or moreslave nodeseach slave node has alectrolyticcapacitor as a

primary back power source during communication timeslots. Furthermore a
network interface is present that allows the slave to send as well as receive serial
dama f r ame s . tidrkanteddceauses @ctifiermragebased on

Schottky diodes with low forward voltage drimporder to generatecal GND

and V¢ levels from thenetwork.The local capacitor needs to be dimensioned
according to the node powerquirements as well as the duration of the passive
pull-up networkstate Note that a slave node may locally implement it d#@or

SPI based serial network for communicating with devices!

Thenetwork wires; a simple twdine connection that ison-polarized slaves

and master nodes can be connected in any fasftennetwork carries both

power and communication informatioflthough unimportant from a practical

point of view, it is worth noting that it is the master connection to the network that
definesthe network polarity.
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The networkcan be builaccording taanytopology, as the network impedance (through
Rouiup) is quite low and the communication speeds are low as well (2800 baud).

All nodes receive messages sent on the network. Beformassage is sent, the network
is pulled low by the sending node, generating an interrupt on all other nodes and initiating
a listening and decision process.

6.1 Master Node

The master node is responsible for power delivery to all slave nodes, thegorovis
timeslots to processes for communication, and may implement functional processes itself
as well.

T ‘
BC559
! R4 RS
C1 c2 | F)
K‘ 10 édm (N2>
IRF9540 ‘
100n_|470p s | | Lep2

R1 T3
45-5V 10k ‘ 6 é R8

+V G 470
indicatorLedOutput netSerialOut Q
é 47k BS170

_/\/\/‘\_

R7
1 )
K Picaxe .
(optional) | 08M / 18X § R2 ! " § 10k
Frequency netSerialin 10K G S

switch

= N4 s1 GND 82549
LED1

Figure 5: Basic master node circuit. See text for component values

The master nod@ Figure 5consists of three basic building blocks:

A A PICAXE oontroller controlling the bus as well ésptionally)implementing
functional processes

A An active puskpull driver (or halfH bridge) consisting of B-channepower
MosFET(T3) andaN-channekmallsignalMosFET(T4), allowing the voltage
difference baveen the network lines to swing between Vcc and GND, as well as
provide for a very low impedance power source to the network nodes

A A transistordriver (T1, T2)to translate the CMOS voltage levels from the
PICAXE to the levels required by the MosFETSq(is particularly important as
powerMosFETsgenerallyhave a large gate capacitameel need a gate voltage
of more than 4V in order to have a low drain/source on resistageg)(R

The MosFET driver circuit shown here thhvstates the MosFET bridgethe PICAXE

output is threestated (which is the case if the corresponding pin gets definedgsudn
Thus a separate pin for controlling the driver is not needed.
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The PICAXE communicates to the netwdinkoughthe MosFET bridge. This implies
thatduring masteto-slave communications the network is powered when a HIGH (logic
1) is transmitted. Thus it is advantageous to transmit the value ¢gaR&igic 1 bits)for

data bytes that are not used

R4is an optional current inrush limiting resistbat may le needed for large networks.
R5is thenetworkpull-up resistor that provides for a high network level during
communications. The PICAXE reads network information thrabgtcurrent limiting
resistorR6.

The capacitors C1 and C2 atecouplirg and power smoothing capacitors.

The following table shows values for the components that have been successfully applied
during testing:

IC1: PICAXE-08M or other microcontroller

T1: General purpose smaignal PNP Transistor, BC559 etc.
T2: General pypose smaikignal NPN Transistor , BC549 etc.
T3: P-gate Power MosFET, IRFO9540N

T4: smaltsignal MosFET, BS107, BS170 etc.

C1: Decoupling capacitor, 0.0F

C2 Power smoothing capacitor, 1008

R1,R2: Base resistors for T1/T2,KL@hm

R3: Gate separatiaesistor 4,7K ohm

R4: Network nrush current limiting resistor, dhm

R5: Network pultup resisto(1) , 470o0hm

R6: Current limiting resstor for PICAXE serial input,dK ohm
R7: Current limiting resistor for LED4700hm

R8: Network puHup resistor (2, 470 ohm

I I D T I D T D D D D D

According to figure 4, the master node may be locally extendidothier components
through anC bus to implement processes like for example time provision, message
storage or message display.

PICAXE18X vs. PICAXED8M as a master node

The description of the software examples in section 9 assumes a PiC&3M&s a
master node, because this controller has sevedhtdmtional 1/Gpins. Consgquently the
INPUT command can be used tatite the corresponding pin, thustating the active
driver. The PICAXE18X formally doesnot have this optioas the I/O direction is fixed
and the INPUT/OUTPUT commands are not vatdwever, in [4] it is shown that all
18X output pins can be defined as input pins as well by poking an appropriate SFR
regider of the microcontroller. In this way the samaster nodéardware can be used.
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6.2 SlaveNode
A basic slave node consists of three parts (Figure 6):

A A PICAXE controller implementing the serial interface as well as executing
functional processes
A A network interface consisting of a fouliodebridgerectifier generating local
Vcec and GND levels, plus a fifth diode (D5) tlpaibvides a onavay isolation of
the nodeds supply from the communication
types that have a lovofward voltage drop as well as a very low reverse current.
A A communication interface consistingtbe bridge rectifierR1, R2 and a small
signal MosFET T1

Cc2 Cc3
1 :
BATS85 é ==
BATES 2
e ‘10)n 100p
/ N\

O—= 9 A
10k PICAXE | |
— oemiex| 1
1 1w )

V——I W <
O N\ / : A "‘\u'/\_‘ |C 1 J-

BATES

F S
L

Figure 6: Basic slave node circuit. See text for component values

When the master node ctea a voltage difference between the network connections

through its pustpull bridge, the backup supply capacitor C2 is charged. Also a HIGH

logic level is created at tHICAXE6G s net wor k i nput. This | ogic
when the active bridge i3-stated and only the passive pufl resistor of the master node

is active. As soon as the voltage difference becomes small, because some nadgsshort

the network linedogic LOW level is read at the network input because R1 is pulling it

low.

Theslave node takes caot over the network througéwitchingvia MosFETT1. Also

a serial message frame is sent to the network through T1. Note that the signals sent by the
PICAXE are inverted by T1, and therefore the T2400 level is used for serial
commurncations.

During testinghe following component valuegpplied successfully
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IC1: PICAXE-08M, PICAXE-18X or other microcontroller (note that it must be
able to operate below 5V as there exists a voltage drop over the rectifier bridge)
T1: smaltsignal MosFET, BS107, BS107A, BS170 or other with low gate
threshold voltage (maxa4n)less than or equal to 3V)

D1-D5: Schottky diodes with low forward voltage drop and low reverse leakage
current, BAT85

R1, GND Level resistor, 2208hm

R2, Current limiting reistor, 10Kohm

C1: Decoupling capacitor, OulF

C2 Power backup capacitdQ01 2200uF

D> > > >

The required size of the power baclagpacitor C2lepends on various factors:

Power consumption of the slave node

Size of the message frame (number of bytes)
Network communication speed

MosFET minimum gate threshold voltage
Network pultup resistor value

I > > D >

In the tested configuration havingkave node with only one led a 108 capacitor
appeared already sufficient. In a future version of the document | pilaciude a
electrical circuit analysithat incorporates the aspects listed.

Note that a voltage drop exists over the rectifier bridgei(@.8V, depending on

loading). This implies that the node local supply voltage will generally be somewhat less
than4.5V. Most of the modern ICs are specified to work as low as 239V, so this

does not pose any problem. Some older ICs hkeeliS1307, IR receivers and ma§iD
displays needt least 4.5V supply. Note also that the master node has full 5V supply.

32



The test configuration | used is depicted in Figures 7 amd@ementing the exang as
described in section SectidnAfter powerup the master node registarprocess on the

slave node that continuously reads a switch. If the switch has been peefiagds set.

Upon request by the mastevde-- and only if the flag has begmeviouslyset-- the

slave node sends a message frame to another process on the master node to flash a LED.
This simple application is sufient for testing all bdirectional communication aspects.

The test has been successfully applied using-flouse 20m network wire.

Figure 7: Prototypes for the master node (left) and a slave node (rightt) based on a
PICAXEO08M.

Figure 8: Test bench configuratianith a short network wire. In the final successful test
the network wire length was 20m.
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The prototyping system used for testing is the famous Philips experimentation set of kits
(Philips EE) as described on my websitét#://www.kranenborg.org/e€The circuit
board layouts almost exactly follow the circuit diagram layouts.

7. Simplifications & extensions

7.1 Simplified slave node with readonly processes

If a node does not implement any process $kads to the network, the slave node
network interface can be simplified by removing the MosFET transistor. This leaves us
then with the reducedircuit as depicted in Figure 9

Pﬂ 21 Cc2
BATS8S BAK;SL é é
100n [100p
VNN ‘
R2
O—4 —— AN
10k PICAXE

o P>

BAT8S

X R ?1

220k

Figure @ Slave node circuit that implements reaily communicatiorSee text for
component values.

7.2 Polarized slave node connection

The nonpolarized network interface offers an extremely simple way of connecting, and
this setup is used generally in this document. In most applications however, a polarized
interfaceis very acceptable (the polarity of an active network can be determined very
easily). As a result we get a very simplified interface as presented in Figure 10. Apart
from a reduction in components, the voltage drop over the interface (sidg9.2-

0.3V), leaving a larger local Vcc, which can be beneficial for components like LCD
displaysand other components with a minimum operating voltage of.4AsNitionally,

the logic levelgyenerated at the network through switching via the ssngitlal MosFET

are close to the master node GND and Vcc levels
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The corresponding cirdgudiagram is given in Figure lifelow.

T\rl C1 c2
s L L
]100n |100p
R1
o—¢ e
10k PICAXE
08M/18X
D) -y
MiA—- 101
T 10k
BS170

Figure 10: Polarized slave node connection

The following values apply successfully:

I > >

D1-D2: Schottky diode, BAT85
T1:smallsignal MosET, BS107, BS170 etc.
R1, R2; Current limiting resistor, H0ohm
C1: Decoupling capacitor, 0.1 uF

C2: Power backup capacitor, 10@200 uF
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7.3Simple network with separate power and communication lines

The ASeri al

Power o

implementation, includingnplementationshat have separate power and communication
si mpl eni txy pe(see {b] japasthovoogh k
discussion)n which a common pulip resistor keeps theetwork at a logical high level
anda logical low level is created by pulling the network low via the diode. In the latter

l i nes. The

case, the pullp resistor limits the sink current through the diode and the microcontroller.

mo st

Figure 11 presents such a networlatlis valid for any type of microcontroller.

Out

R1
D1
1l
N

5V
_ Master PICAXE

N

Master Node

C1

s

Slave PICAXE

Out

Slave Node

C2

Lb

Slave PICAXE

N ot

D3

R4

Slave Node

Appropriate components for this configuration are:

Figure 11 Simple diodemixing network

1 D1- Dx: Schottky diode, BAT85 etc.
1 R21: Network pulup resistor: 1K 10K ohm (determines network impedance)
1 R271 Rx: Current protection resistor in case of programming error, 10K ohm

Network

GND

The network software discussed in Chapter 9 can pkedhere as well if some
modificationsto the slave network staegke made. These are needed sinceeheing
slavenow does nbhave a MosFET that inverts the output signal

1 Directly after powetup all network outputs should be set HIGH (master and

slaves).

1 The polarity of the interrupt signal should be reversed.

1 The polarity of the SEROUT message in #vailableTimeSlot

should be reversed.
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Implemented in this way, full bidirectional communications between processes on
different nodes without message collisions is possible, even on the simplest physical
microcontroller networks.

Notethatif the PICAXE-08M, 28X2 or 4X2 is used in a slave node, the input and

outpu lines can be the same since these PICAXE variants support configurable
bidirectional 1/0.In that way one pin can be saved for other use, which counts especially
for the 08M.Figure 12 below shows this cogfiration.

Network

Cc1

b

%r . In/Out

R2 Slave PICAXE,
08M, 28X2, 40X2

Slave Node

GND

Figure 12: Slave nodeonfiguration for PICAXED8M/28X2/40X2odes with combined
serial input/output line.

The appropriatadaptedsoftware implementations for theregoingcases can be found
at http://www.kranenborg.org/ee/picaxe/twowirenetwork.htm

7.4Plug & Play slave nods

When a Plug & Play node is connected to the network, it should not disturb the operation
of the network. Thus the primary function of a haade solution is to control the

impedance of the slave node as seen by the network. The circuit in Figure 13 is an
extension of the slave node circuit in Figure 6 and can be described as to work in to
stages:

Stage 1: When the slave node is connecteldemétwork, the node impedance must be
high enough to not disturb the network by pulling it to a low logic level, i.e. the
connection should not lead to a voltage drop of the network below the minimum voltage
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level required for a high logic state. The stozase situation occurs when the network
itself is at relatively high impedance, i.e. during a timeslot when only the master node
pull-up resistor keeps the network at high logical level. During this stage the switching
transistors T2 T4 are not condurtg (as well as T1) and the main backup capacitor C4
slowly charges through resistor R1 (whose value must be much larger than the master
node pultup resistor). During charging the impedance seen by the network increases
because the capacitor charging euatrdecreases. This allows at some point the slave
node to be fully exposed to the network.

'3,21 R1
™ AN —
o
Wo I | -
] —
rZSJDSrZSJDG T4 c3
2 H]
AN Ao PICAXE
Ra 08M/18X
o—r1 W
T IC1 LOAD
O IC2 §
TC54
T2 VC30 .

TROLT S @ B

R3

Figure 13 Plug & Play slave node hardware

Stage 2: When the backup capacitor has charged to a level that the potential difference
over it is equal to about BV the node can be exposed to the network by closing the T4
switch (through T2, causing R1 to be bypassed) and starting up the microcontroller
(through T3). A Microchip TC54 voltage detector is used for quick closing of the
switches T2 and T3 to guarant@roper voltage rise time for the microcontroller, in
particular for the 18X which does not have an internal browtrfunction. The actual
voltage level at the network interface will be a little bit over 4.0V due to the voltage drop
over the rectifier thdes. As the backup capacitor is not fully charged at the beginning of
this stage, the microcontroller should execute a sleep/nap instruction to reduce its power
consumption to allow quick charging of the capacitor to its maximum level. The
combination D1 C3 prevents resetting of the voltage detector due tewgiaot the
microcontroller and a possible associated voltage drop. At the end of this stage the
backup capacitor is fully charged and the node is ready for operation.
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In order to quarantee a er low impedance network, we assume thatiheter node

has a passivpull-up resistomwith avalue of 1 kOhmThen,proper valuegor the

components in Figure l&e:

DD DB B DD I B B D DD D

D1:

Ordinary silicon diode: BA318, 1N4001 etc.

D2-D6: Schottky diodes with low voltagdrop and reverse current: BAT85
T1-T3: smaltsignal Nchannel MosFET, BS107, BS107A, BS170 or other with
low gate threshold voltage (max¥(m)less than or equal to 3V)

T4: P-Channel power MosFET (IRF9540 etc.)

R1:

Slowcharging resistor, 4.7 KOhm

R2: Gate resistor, 1MOhm

R3:
R4.
R5:
R6:
C2:
C3:
C4.

Gate resistor, 1IMOhm

Current limiting resistor, 10 KOhm
Grounding resistor, 1IMOhm

Curent limiting resistor, 10KOhm

decoupling capacitor, 0.1 uF

Backup capacitor for voltage detector; 22 uF
slave node backugapacitor, 100 2200 uF

IC1: Slave node PICAXE (any type)
IC2: TC54VC30 (Voltage detector, 3.0V trip, active driver output)
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8. Usage issues & performance

Catching events during message processing

When a message appears on the adtwthe nodes geénvolved inprocessig it during a
time period at ledsqual tot_commsThis may mean that some very fast evelisng
this timemay be missed byhe PICAXE controlling the node, and this effect counts
stronger if the network traffic increasésgeneal solution to this iso use alesignated
I/0O interface IC that catchessmnal and stores the event locally until its interrupt tegis
is read. See also the next issue for a discussion of proper interfaces.

Another option is to designate a sepaRiteAXE for continuous data processing, and to
establish a simple handshaking prota@@sed on pollingyvith the network PICAXE on
the same node.

I2C versus SPI for I/O interfacing

Concerning the communication interface between the PICAXEs and patifid&on a
node, there exist thé@ and SPI buses as the main synchronous bus options. The main
characterization of these buses is given as follows:

A 1?C: flexible but slower than SPI

o The FC protocolincludesdevice addressing, which implies that haade
selection of these devices is absent, and devices can beveitiumad
extra hardware.

o Since the address detection takes some time, the protocol is somewhat
slower than SPI, (generally 400KHz), but still fast enough for almost all
practical applicatios.

A SPI: Faster darfC, but less flexible if more than one device is used on the same
bus:

o The SPI protocol generally does not include device addressing (although
there are a fewmportantexceptions, see below), as a separate CS (Chip
Select) pin shoultde available for each SPI device. Data is simply clocked
in or out which can be done very fast (several MHz).

0 Since a separate CS line is needed for every deadickng devices means
also adding extra logic and consumption of extra PICAXE I/O pins.

If a PICAXE is used that supports i€ directly, the most efficient and elegant way is
of course to use it. There are many interesfiignterfacingchips anddevices that offer
amultitude of 1/0O or processing capabilities, like the MCP23008/2301 mikdface
chips, the MAX6956 LEDdriver, 24LC512 EEPROM)S1337 clock/calendar/alarm and
many more devices.
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If the PICAXE-08M is used, arfC interface is not standard available, and a serial
interface needs to be simulated. In that case it might be ipradfio implement a SPI
protocol instead of arfC protocol, as the latter is more complex and takes up muah mor
memory. See for example re§] ffor some building blocks on which a SPI protocol may
be basedFor a simulation example of afCl protocol se ref. [7]. Note that most

peripheral chips are available in botf land SPI variants.

A few recent SPI variants of I/0O drivers (MCP23S08/23S17) do include addressing in the
communication protocol, a 14Q. This implies that multiple ICs of this kindrcahare a

single CS line. As a result, a memanyd pirefficient PICAXE08M slave node may be
feasible that has several MCP23S17 devieasl{devicecontaining 16 I/O channelall

sharing a single CS lijeand this setip may consume less memory thareguivalent

I°C implementation.

Note that most I/O drivers®T and SPI) have a separate INT output (often open drain so

that they may be tied togethex3 well as an interrupt registiéiat may be polled by the
PICAXE indicating that something on thepirt has changed.
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9. Network Stack: Intelligent master node & autoregistering slave nodes

This chapter describes the network stacks for both the master node and the slave nodes.
You should first consultthe User Guide (Chapter 11) The code isvailabk for

download fromhttp://www.kranenborg.org/ee/picaxe/twowirenetwork.lam is self
documenting. Thavailable processes atiger parametersire described in detai this

section Note that in the codes a provision for 8MHz operation is incldetconsult

the User Guide, Chapter ,1dn some cautionary remajks

The following 4byte message format is alwagssumedhn this implementation for these
processes:

IDcalledProcess IDcallerinfo dataByteH dataByteL
I s ) e s s Iy

9.1 Intelligent, network roaming Master Node network stack

The main goal of the master node is to provide for power and fosltteeon request for
sending slaverocesss In order to do sdhe master node implementsnainprogram
that can be described using fbdowing pseudecode:

Initialize:
Network PowetUp
Configure (optional) Network Manager Node
ROAM for sending processes (request process IDs from slave nodes that
implement sending procesand store them
in a RAM tablé
loopCreateTimeSilots:
DO (infinitely)
Set pointer to start of RAM tabieith registered IDs
DO WHILE not end of RAM table
GET next ID of sending proce$som RAM table
SEND NetworkMessagefvailableTimeS|of, ID)
LOOP
IF plug&play optionenabled
SEND NetworkMessagepamForPlug&PlayNode)
ENDIF
LOOP

Thus, the masr node continuously fetches a procEssf a registered process from the
RAM table and subsequently creates a timeslot fasiitg anavailableTimeSlot
messaggeallowing the slave process to send a messaghe networklirectly afterwards
Since theavailableTimeSlot messageontains the registered process ID as well
any message collisions can be completely avoided.
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This code is executed in the body of theguamn andyets interruptedduring a timeslot
wheneveia slave process sends a response tvaitableTimeSlot message from

the master. In the interrupt routine the slave message is decoded and may lead to the
startup of one of the master node processes described further on in this section. One of
these igegisterSendingprocess causing a process ID to be added to the RAM
table for timeslot generatidor the corresponding process addition, user processes

may be added as well.

Note that in aravailableTimeSlot message the master node providesentioan
just the ID of the process that is allowed to use the current timeslot; it also provides
Aadmini strativeo information (current maxi mu

timeslotted ID in the RAM table) that generals of little use to normabrocesses but
which can be used by specrades like the Network Bhager Node and Plug&play
nodes; see the nestilsection on slave nodes for a definition.

The master node requires very little configuration in the softwaréhe User Area part
of thesymbol declarations, the following parameters can be adapted:

1 Configuration data for Network Manager Node (can generally be left unchanged)

1 Indicate whether plug & play nodes may be used (implying special timesleots, de
comment code line if this featurgto be used )

1 Time between two timeslots (default =t_comms which should be regarded as a
minimum, but may be set much larger for knaffic networks) Note that this
could even be made programmable by defining an extra process that adjusts this
variablebased on data in the corresponding message frame.

Since the network stack is defined such that the master roams for sending processes, the
slaves respond automatically by registering theirs and the master node adnihesters
registered processa® use intervention is needed and the tesasiode becomes

essentially application independent.

In orderto be able to add process IDs of processes that need timeslots to send messages
on the network as well as to remove these IDs, the master node impleraedtkotihing
processethat can be addressed by any slave process

1 registerSendingprocess
1 unRegisterSendingprocess
1 flashLEDmasterNode

registerSendingprocess:

This process isalledby a slave procesghenever anesgge frame is @t on the network
duringa timeslot where thiollowing parameter definitions apply:
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