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Electronic controls are taking hold,
improving reliability, simplifying installation
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Vehicle control solutions are making systems 
more efficient, installation simpler, equipment 
more reliable and even cutting fuel costs. The 
benefits of electronic controls align closely with 
the preferences of operators and fleet managers, 
as well as the OEMs and system integrators 
who design and build small and large vehicles. 
Consequently, electronic controls are increasingly 
used across a range of on- and off-highway vehicle 
applications, especially where uptime is key. 

Today, there is a shift from traditional electro-
mechanical devices to electronic multiplexing  
(or MUX) technology, the most common of which 
is the Society of Automotive Engineers (SAE) 
J1939 CAN 2.0B standard for communications and 
diagnostics. The electronic multiplexing technology 
helps OEMs and system integrators reduce 
manufacturing and troubleshooting time, because 
of the simplification of the harness assembly, 
increased flexibility, and improved diagnostics 
capabilities. In addition, MUX technology can also 
improve operator feedback and overall equipment 
reliability, offering late-point definition capabilities, 
increased illumination options, and dramatic 
reductions in harness complexity.

Electronic switch modules are engineered as 
an alternative to traditional electromechanical 
switches for use with a MUX network. Typically, 
the technology is used to accomplish one or  
more of the following: 
•	 Simplify system control architecture, reducing 

assembly time
•	 Reduce weight and potential warranty issues
•	 Simplify the wire harnesses
•	 Improve operator feedback 
•	 Increase switch life-cycle performance

Shifting preferences
Electronic technology has been around for more 
than a decade. So why are preferences changing 
now? In large part, it is because wiring (and wiring 
harnesses) are becoming more and more complex 
as control requirements continue to increase.  
Yet there are space constraints behind the dash—
there are only so many switches and wires that 
will fit. Wire harness troubleshooting is difficult at 
best, and accommodating proprietary messaging 
structures is time-intensive and costly, compared 
to using the J1939 standard. Further, there are 
only so many points of I/O on existing controllers, 
and all of those points can be exhausted. Adding 
more points of connection is costly in terms of 
increasing controller size. 

However, there are times when the traditional 
technology makes more sense. Vehicles that have 
relatively simple control architecture, a low volume 
of interface products, or those that have no 
intention of multiplexing their platforms, may be 
better served using traditional electromechanical 
devices. Even customers who have adopted MUX 
technology may still employ electromechanical 
solutions for specific applications, such as for a 
“park brake,” where direct control is preferred, or 
for accessories that get added after shipment.

Electronic technology overview
An electronics-based driver interface product uses 
a vehicle’s communication network to transmit 
switch inputs and interpret messages from the 
vehicle controller to provide visual feedback to the 
operator. Such a product makes it easier and faster 
to diagnose vehicle status, as it allows operators 
to see a specific application state through LED 
indicators. Diagnostics can also be accommodated 
to simplify troubleshooting. An electronics-based 
driver interface product also dramatically reduces 
complex wire interconnections—upwards of 
83%—and provides OEMs the opportunities for 
significant warranty and installation savings. 

OEMs and system integrators are less interested 
in changing the type of interface that operators 
are already accustomed to than in the technology 
below the dash. In other words, the technology 
can be transparent to the operator, so the interface 
feels much the same, but the technology behind 
the dash is new. 
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Electronic modules are often used where gangs of rocker switches 
are mounted in a panel or dashboard, and expansion modules 
can be easily connected to a master module, further simplifying 
the communication architecture. They can provide upwards of 
500,000 cycles. Keypads are ideal for use in severe environmental 
applications, where there is a need to protect the device when it will 
be directly exposed to the environment, such as on the exterior  
of a vehicle.

communications enabled
Multiplexing switch solutions seamlessly integrate with a vehicle’s 
network standard communication protocols. It works with any 
controller that uses SAE CAN J1939. Multiplexing technology can be 
used on a LIN bus or proprietary communication scheme, with an 
additional layer of software. CAN OPEN, LIN, or adaption to other 
communication protocols can be accommodated via programming. 

Manufacturers enable the master module to communicate with 
expansion modules through a LIN sub bus, offering a single CAN 
connection for up to 64 switches to the controller for keypads, and 
up to 24 switches for rocker modules.

Wiring simplified 
In terms of wiring, things are simplified with electronic technology, 
reducing material and labor costs while improving reliability. The 
master module requires four to six wires to the controller, and the 
expansion modules require three wires—no matter if the connection 
is between expansion modules or expansion modules and the 
master modules. 

Figure 1. Back Demo Panel

The specific wires that must run between the vehicle controller and 
the master module include: 
•	 Power
•	 Ground
•	 CAN H
•	 CAN L 

Alternate options for wiring would include:
•	 System wake-out
•	 Addressing of master modules

The wires that need to run between the master and expansion 
modules include power, ground, and LIN subbus. These same  
three wires run between expansion modules: 
•	 Power
•	 Ground
•	 LIN

Comparatively, traditional electromechanical switches typically 
use five to seven wires each on average. On the face of it, the 
multiplexing wiring scheme may not seem that much simpler. 
However, as the number of switches increases, the amount of 
wiring increases exponentially. For example, if 12 electromechanical 
switches are required (using the seven wires per switch on average), 
that translates into 84 wires and 168 connection points. On the 
other hand, if an electronic multiplexing solution is used, that would 
require one master module and three expansion modules. That 
translates into 13 wires, 26 connection points, and an 83% reduction 
in connection points. 

Fewer wires directly translate into lighter equipment and more 
space—wires and connectors add up, which adds to vehicle 
weight. With fewer wires as well as fewer and smaller connectors, 
electronic devices take up less space, yielding more manufacturing 
space behind the dash. The reduction in the number of wires and 
connectors reduces the weight of wiring harnesses, improving 
fuel efficiency and increasing vehicle capacity. As fuel efficiency 
standards evolve and become more stringent and fuel prices 
continue to climb, it is increasingly important to find savings. 

As each connection point can be a potential point of failure, system 
reliability can be improved and warranty issues reduced. Fewer 
wires means fewer wire interconnections and fewer points of 
possible failure. In turn, that translates into reduced downtime  
and fewer warranty claims—all while making installation easier. 

Before: Total of 84 Wires to Controller After: Total of 4 Wires to Controller
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Figure 2. Harness Reduction
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Look and feel stays (mostly) the same
Operators can hardly tell the difference between traditional 
electromechanical switches and electronic devices. New, electronic 
multiplexing switches are engineered to match the look, feel, and 
tactile experience of traditional devices, so the driver should not be 
able to feel or identify the difference. 

In terms of look, lighting, and feel, there is little perceptible 
difference. Color and styling are engineered to match traditional 
devices and even allow for dimming via CAN message to match 
interior lighting levels of the vehicle. The main exception is in the 
flexibility of the illumination feedback provided to the operators: the 
center of electromechanical rocker switches is typically difficult and 
expensive to make center illumination available, whereas it is easily 
accommodated in electronic controls. The center illumination or 
“indicator” feature adds flexibility and an additional layer of operator 
feedback, providing for multiple colors and flashing options all 
controlled via CAN message from the controller. 

Much like traditional devices, electronic multiplexing devices can be 
marked with laser etching or pad printing processes for graphical 
representation of specific applications. Actuators can also be 
differentiated, customized, and branded. Momentary or maintained 
and two- or three-position circuits are determined through color-
coded sub-actuators. To minimize inventory and increase flexibility, 
late-point definition can be easily accommodated with electronic 
devices for both rockers and circuits. 

Figure 3. Front Demo Panel

Diagnostics
With multiplexing technology, there is no longer a need to test each 
switch individually and then trace the wiring manually to pinpoint a 
possible point of failure. Instead, testing can be done automatically, 
using software in the controller. A CAN interface device allows 
OEMs and integrators to trace the offending switch without having 
to trace the harness with a multimeter. 

Additionally, the electronic technology has the ability to provide LED 
diagnostics to indicate a switch change and associated bus activity 
between CAN and LIN communication. 

Savings
Electronic switch modules cost somewhat more than traditional 
devices. However, those costs are offset by savings from the 
reduction of wire harnesses, interconnections, installation time 
and labor, and reduced warranty costs; improved flexibility through 
late-point definition and overall increased reliability yield overall cost 
savings. Additionally, increased operator feedback and overall weight 
reduction equating to improved vehicle performance provide real, 
saleable features to an end-user.
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