
12.1 Introduction
Introduced by Echelon in late 1990, LonWorks (Local Operating 
Network) is a complete open solution for implementing interop-
erable control networks. Although it has become the de facto 
standard in the field of building control, it has been less suc-
cessful in entering the arena of industrial control systems.

The major perceived benefit of LonWorks is that it can be 
used on virtually any media, wired or wireless, and its success in 
building control applications is due, in part, to its ability to make 
use of existing electrical wiring within the building. Other benefits 
include: peer-to-peer communication; control and communica-
tion realised in a single low-cost chip; and the fact that it is an off-
the-shelf solution complete with tools and components, training 
and support, third party integration and development expertise.

12.2 General
The traditional approach to networking has been to make use 
of one or another of three different categories of control buses 
– Sensor bus, Device bus, and Fieldbus.

In practice, most industrial applications include discrete and 
analogue devices, instrumentation, data-intensive devices, and 
supervisory units. As a result, most industrial applications would 
thus require the use of all three types of bus. 

LonWorks technology allows all forms of sensors, actua-
tors, displays and controllers to communicate with one anoth-
er through a common communication protocol that is shared 
among all devices. Communication transceivers and transport 
mechanisms are standardised, as are object models and pro-
gramming/troubleshooting tools to enable the rapid design and 
implementation of interoperable, LonWorks-based devices. In 
addition, network management software, protocol analysers, IP 
routers, PC and PCMCIA interfaces, and development tools are 
all available off-the-shelf to speed development and reduce time 
to market. A brief summary of LonWorks is shown in Table 12.1.

Table 12.1: LonWorks features.

Parameter LonWorks solution

Physical connection Twisted pair, power line, EIA-232, infra-
red, fibre optic, coaxial cable

Transceiver Incorporated in Neuron chip

Media access control CSMA/CA

Maximum number of 
nodes

255 (subnet/domain) x 127(node/subnet) 
= 32 385

ID Unique 48-bit address within Neuron chip

Message length 228 bytes

Bit rate 3 600 bps to 1.2 Mbps

Cable length 2 700 m (78 kbps, bus, 64 nodes),
2 200 m(78 kbps, bus ,128 nodes)

Communication 
service

Peer-to-peer and Master/Slave

Message service Ackd, Request/Response, Unackd repeat, 
Unackd

Real-time performance 8-9 ms with 10 MHz Neuron chip,
4 ms with 20 MHz Neuron chip

12.3 The Neuron chip
The heart of any LonWorks hardware device is the Neuron 
chip (see Figure 12.1), an integrated circuit that combines a 
sophisticated communications protocol, three eight-bit, in-line 
microprocessors, a multitasking operating system, and a flex-
ible input/output scheme. The Neuron chip enables devices to 
send signals to, or receive signals from, each other without a 
central network computer or server. 

Figure 12.1: Echelon’s Neuron 5000 CPU chip (courtesy Ech-
elon.)

The Neuron also incorporates four memory images: 
• The System image contains the protocol, operating system, 

I/O libraries, etc. 
• The Comms image contains the communications parame-

ters such as media type, speed, etc. The Neurons default to 
differential twisted pair at the highest data rate available with 
the available clock.

• The Network image contains the device’s logical address 
and binding information, including the destination node to 
talk to, the message types to use, etc.

• The Application image contains the user’s custom control 
algorithms. 

12.4 Physical connection
LonWorks networks are media-independent and may be oper-
ated over long distances of twisted pair cabling, IP networks, 
power line carrier, fibre optic, radio frequency, coaxial cable, or 
infrared media. Intrinsically safe twisted pair operation is also 
supported. 

Each Neuron incorporates a five-pin configurable transceiver 
interface whose parameters are stored in the Comms image. 
There are three different configurations for the communications 
port:
• Single-ended Manchester encoded – typically used for inter-

facing to transceivers such as RS-485.
• Differential Manchester encoded – providing a two-wire po-

larity-independent interface typically found in standard twist-
ed pair wired transceivers. This is the default configuration

• Special Purpose Mode – providing a two-way port to an intel-
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ligent transceiver. Echelon uses this interface with its power 
line transceivers.

In addition, the Neuron chip incorporates a complete onboard 
transceiver capable of communicating over a twisted pair with 
no additional components – other than matching resistors.

A more recent introduction is Echelon’s FTT-10 (Free To-
pology Transceiver) that supports twisted pair, unshielded, po-
larity-insensitive, peer-to-peer communications at 78 kbps. The 
free topology approach allows any number of tees, stars, loops 
or bus combinations in a wiring segment – a single piece of 
uninterrupted wire supporting up to 64 devices. This approach, 
limited to lengths of 500 m, requires a single termination module 
installed anywhere on the segment.

In a doubly terminated approach, each physical end of the 
segment is terminated using a termination module – with the 
maximum bus length determined by the wire size (e.g., 1400 m 
using 22 AWG). In this approach, all twisted pair wiring is car-
ried out using a linear bus or daisy-chain that does not support 
wiring tees or star connections. 

This multiple-media approach allows LonWorks to be used in 
a wide variety of applications that would be unsupportable if the 
network were limited to one or two media.

12.5 LonTalk – media access control
The LonWorks protocol stack, called LonTalk, supports all 
seven layers of the ISO/OSI model and is therefore well suited 
to multiple-media communications – allowing routing over both 
LonWorks networks and IP-based networks. 

The MAC sub-layer is part of the data link layer of the OSI 
reference model and makes use of the CSMA/CA (Collision 
Avoidance) algorithm. The CSMA/CA, algorithm combines the 
light traffic efficiency of CSMA/CD (Collision Detection) with the 
heavy traffic efficiency of token-based protocols. 

Like the CSMA/CD protocol, a node must first listen before 
it transmits (carrier sense). However, if two or more stations 
collide, a jam signal is sent on the bus to notify all nodes of 
the collision, to synchronise clocks, and to start contention time 
slots. The contention slots, which follow the jam signal, help to 
avoid collisions. Each contention time slot, typically having just 
over a network round-trip propagation delay time, is assigned to 
a particular station and each station is allowed to initiate trans-
mission during its contention slot. 

Figure 12.2 shows a slot progression for a three-node net-
work. When Nodes 2 and 3 collide, a jam is initiated which is 
then followed by the contention slots. Since Node 1 has nothing 
to send, Slot 1 goes to idle. Node 2 starts sending its message 
during Slot 2. Other stations detect the message, and stop the 
slot progression. After the end of the message, all nodes initiate 
new contention slots. However, to ensure fairness and determi-
nacy, the slots are rotated to new positions after each transmis-
sion. Additionally, the priority slots, or p-slots, can precede each 
slot progression to support global prioritisation for high priority 

messages. The network returns to an idle state when all the 
slots go unused. 

Figure 12.2: Slot progression in a three-node CSMA/CA net-
work. 

In LonTalk, the number of slots is less than the number of sta-
tions and is varied dynamically based on expected traffic pre-
diction. In addition, the slot assignments are allocated randomly 
to minimise collisions. 

Another feature of the LonTalk protocol is guaranteed mes-
sage delivery. The use of multicast messaging with transport 
layer acknowledgements ensures that all the addressed nodes 
in a group receive a message.

12.6 Flexible addressing
The LonWorks addressing scheme makes it suitable for very 
small and very large networks without concern about exceeding 
available addressing space. Subsystems can be divided logi-
cally into domains, subnets, and groups – allowing both indus-
trial devices and non-industrial systems to share information yet 
remain distinct. 

As indicated previously, a single wiring segment driven by an 
FFT-10 transceiver supports up to 64 nodes. However, a chan-
nel can span multiple segments employing repeaters to expand 
both the number of nodes and the length of the control network. 
In this manner, the number of nodes can be expanded up to a 
maximum of 32 385.

12.7 Network variables and types
To ensure interoperability amongst products from different com-
panies, the LonTalk protocol provides a common applications 
framework using Network Variables (NVs) and Standard Net-
work Variable Types (SNVTs).

NVs are used to facilitate communications between nodes 
on a network, and take the form of a data item that a particular 
device application program expects to get from other devices 
on a network or expects to make available to other devices on 
a network.
Some nodes may send an NV while others may receive. By only 
allowing links between inputs and outputs of the same type, net-
work variables enforce an object-oriented approach to product 
development. Whenever a node program writes a new value 
into one of its output variables, the new value is propagated 
across the network to all nodes with input network variables 
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connected to that output network variable. Examples include: 
• Zone temperature. 
• Discharge air temperature. 
• Relative humidity. 
• Switch position.  
• Occupied/unoccupied mode.
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Figure 12.3: A typical example of a functional profile for a heat 
pump (courtesy Echelon). 

All NVs must be interpreted in the same way. This is the role 
of the SNVTs with each having standardised properties that 
are used to define the variables shared on the network. These 
include variable context (temperature, level, pressure) unit of 
measurement (°C, Volts, kPa) and dimensions (litres, litres/
min). Thus, for example, an SNVT for continuous level is de-
fined as:
SNVT_lev_contin.

In order to allow LonWorks devices to interoperate, NVs 
may be bound to one another through a process called ‘bind-
ing’. Typically carried during commissioning, output NVs may 
be bound to input NVs of the same data type or an output NV 
can be bound to multiple input NVs.

12.8  Functional profiles
Functional profiles allow device manufacturers to publish details 
of their device profiles in a standard format. A functional profile 
might include: network variables, configuration properties, de-
fault behaviour, and power up behaviour. A typical example of 
a functional profile for a heat pump is illustrated in Figure 12.3.
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