
are energy efficient as no energy is needed 
to hold them in place like a solenoid. On the 
downside, they require a high voltage, and 
they exhibit hysteresis. They are used for 
haptics in consumer devices, valve 
positioning and precision mechanics.

Driving actuators
To drive the actuator, an analogue front 
end (AFE) is used. This consists of a digital-
to-analogue convertor (DAC), then a high 
voltage buffer to generate the voltages 
needed to drive the actuator. 

A resistance ladder-type DAC is usually 
sufficient because of the low conversion rate. 
A high voltage buffer is typically used between 
the DAC and actuator, depending on the load 
characteristics. 

Control loops
While control loops vary, they tend to share a 
few common elements: these include sensors, 
measurement, analysis and response.

Single sensor
To understand the principles of control, we can 
look at a relatively simple system at first. Figure 
2 shows an environmental chamber with a set 
of lasers with controllers. The lasers need to be 
kept within a strict temperature range of just 
tenths of a Kelvin. To adjust the temperature of 
the chamber, we can inject warm or cool air. 
Each laser and controller have thermistors 
nearby to measure temperature. 

To make sure we set the correct temperature, 
we have to take into account that there may 
be differences between actual temperature 
and temperature measured at the thermistors. 
This difference is the temperature error. By 
combining the errors from each thermistor, 
and then doing the root mean square, we can 
minimise the worst-case error. 

This gives us a single number we can use  
to estimate temperature error, and with 
which we can determine how to control the 
air going into the chamber. The simplest 
method to do this is to multiply the error by 
a number, ‘P’. This gives us a difference we 
can apply to the air temperature setting.  
The ‘P’ setting will determine how quickly  
the error is reduced. 

This control scheme, however, will not be able 
to completely eliminate the error. To accom-
plish that feat, we would need to account  
for memory. By adding in a term that sums 
previous errors and multiplies by ‘I’, we end  
up with a ‘PI’ controller. If we needed a faster 
response to rapidly changing temperatures, 
we could also add a term for the derivative of 
the error, or a ‘D’ term. Thus, we end up with 
a classic PID controller.

Multiple sensors
The controller scheme can get more 
complicated when there are multiple sensor 
inputs to consider. An example is a valve 
control system that uses compressed air set 

by piezo control. Pressure sensors check the 
compressed air pressure at various points;  
the rotational position of the valve is also moni-
tored. All of these sensor inputs are used in 
the control loop.

Such systems, which have multiple sensor 
inputs, can be challenging: multiple sources 
of information have to be reconciled. It may 
be that the position sensor has shown the 
valve is in the desired position, yet the 
pressure sensors indicate the compressed air 
has not moved it correctly yet. The control 
system needs to be able to reconcile various 
sensors, which may provide conflicting 
information, and use a decision tree to 
perform the right action. 

Other factors to consider are loop bandwidth 
(how fast the sensors will respond to changes 
in air temperature, as well as lag), and how long 
it takes for a change in an actuator to produce 
a change in the thing being measured.

Integrated control
Rather than building control systems 
separately, a popular and cost-effective 
solution these days is to integrate functionality 
into a single chip. Integrating a processor like 
a Cortex M3/M4, which can perform floating 
point calculations at high speed, can provide 
high loop resolution for rapid response control 
loops. These processors can be integrated on 
the same die with other digital and analogue 
components, such as AFEs to control 
actuators, or sensors to provide input, and 
even op-amps, power switches and other 
devices that would otherwise need to be 
separate board components. This type of 
integration can both increase reliability and 
reduce energy consumption, BOM costs  
and the risk of end-of-life sourcing issues  
for components.

For a ready-made solution, the S3 Semicon-
ductors SmartEdge platform integrates sensor 
AFE, control loop, calibration, security and 
communication elements – all onto a single 
cost-effective ASIC suitable for smart edge 
devices.

Well-designed control loops can greatly 
simplify system design. The principles we’ve 
described are the fundamental building blocks 
of control mechanisms and can be used to 
understand systems of all sizes and 
complexity. Once tested at the board level, 
these control loops can be integrated into a 
single chip – helping to save BOM costs, 
improve energy consumption, and increase 
long-term reliability.
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Rather than building control systems separately, a popular and cost-
effective solution is to integrate functionality into a single chip. Integrating 
a processor like a Cortex M3/M4 can provide high loop resolution for rapid 
response control loops.
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Figure 2. Environmental chamber with lasers and controllers


