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Improving Industrial Control 
with Integrated MEMS Inertial 
Sensors 
by Bob Scannell, Business Development Manager, 
MEMS/Sensors Technology Group, Analog Devices, Inc. 
 

IDEA IN BRIEF 
The availability of fully integrated and calibrated MEMS 
inertial sensors can be the critical go-ahead factor in 
choosing to proceed with system upgrades such as platform 
stabilization, motion control for industrial machinery, 
security/surveillance devices, robotics, industrial vehicle 
navigation, and mechanical leveling. 

Recent sensor technology developments are enabling 
revolutionary improvements in industrial system designs. 
Applications where inertial sensors can potentially improve 
system performance include platform stabilization, motion 
control for industrial machinery, security/surveillance devices, 
robotics, industrial vehicle navigation, and mechanical 
leveling. The motion information provided by such sensors 
can be invaluable in improving not only performance but 
also reliability, safety, and cost of ownership. 

However, there are barriers to overcome to obtain these 
benefits, particularly in the tough physical environment of 
many industrial applications, where temperature, vibration, 
limited space, and other factors must be addressed. Extracting 
consistent data from the sensor, translating it into useful 
information, and reacting to it within the system’s timing 
and power budget require expertise on the part of the 
engineer in many technology domains, including careful 
design practice. 

UNDERSTANDING THE PROBLEM 

Information from inertial sensors can be processed and 
integrated to derive many different types of motion, position, 
and directional outputs. Each type of motion entails a wide 
range of application-dependent complexities that must be 
understood. A good example of this is industrial control 
applications where some form of pointing or steering of 
equipment is useful. Tilt or angular sensing is often at the 
heart of such applications and, in its simplest incarnation,  
a mechanical bubble or ball in tube sensor may suffice. 
However, before specifying the sensor needs, the full motion 
dynamics, environment, life cycle, and reliability expecta-

tions of the end system must be analyzed. If the system’s 
motion is relatively static, a simple angle sensor may be 
adequate; but response time, shock and vibration, size, and 
performance drift over life will drive the actual technology 
decision. Additionally, many systems involve more than one 
type of motion (rotation plus acceleration, for instance), and 
quite often operate on more than one axis, thus driving the 
need to consider combining multiple sensor types. 

Once the proper sensor types and technology are known, the 
challenge shifts to understanding, and ultimately compensating 
for, the sensor’s reaction to the environment (temperature, 
vibration, shock, mounting position, time, and other variables). 
Such environmental compensations involve additional 
circuitry, testing, calibration, and dynamic adjustments. 
Because every sensor type, and ultimately every sensor, is 
unique, there is the added risk of under- or over-compen-
sating unless sensor characteristics are fully understood. 
This last point is what drives many designers to adopt more 
fully integrated sensor solutions that can reduce the barriers 
to adoption and implementation. 

INERTIAL SENSOR COMPONENTS: LINEAR RATE 
AND ANGULAR RATE SENSORS 

There are several kinds of inertial sensors. MEMS (micro 
electro-mechanical system) sensor technology is among the 
most well established and has brought benefits to a wide 
range of applications. MEMS linear rate sensors (acceler-
ometers) revolutionized the automotive airbag system 
industry 15 years ago. Since then, they have enabled unique 
features and applications ranging from hard-disk protection 
on laptops to more intuitive user-motion capture in game 
controllers.  

Angular-rate sensing is also available from MEMS structures 
based on the principle of a resonator gyro. Two polysilicon 
sensing structures each contain a dither frame, which is 
electrostatically driven to resonance. This produces the 
necessary movement to create a Coriolis effect during rotation. 
At two of the outer extremes of each frame, orthogonal to 
the dither motion, movable fingers are placed between fixed 
fingers to form a capacitive pick-off structure that senses 
Coriolis motion. When the MEMS gyro is rotated, the change 
in position of the movable fingers is detected via a change in 
capacitance, and the resulting signal is fed to a series of gain 
and demodulation stages that produce the electrical-rate 
signal output. In some instances, the signal is then converted 
and fed into a proprietary digital calibration circuit. 
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The level of integration and calibration around the sensor 
core is dictated by the end performance requirements but, in 
many cases, motion calibration may be desired to achieve 
the highest level of performance and stability. 

THE INDUSTRIAL CONTEXT: INTEGRATED SIGNAL 
CONDITIONING AND SENSOR PROCESSING 

In the industrial market, applications such as vibration 
analysis, platform leveling, and general motion control need 
highly integrated and reliable solutions where, in many 
cases, the sensing element is embedded directly into the 
existing equipment. It is also important to provide sufficient 
control, calibration, and programming features to make the 
device truly self-contained. Some applications examples 
include 

• Condition monitoring of industrial machinery: 
substantial value can be gained from the ability to more 
deeply embed sensors within machinery and to get an 
earlier and more accurate representation of condition 
shifts related to both sensor performance and 
embedded processing.  

• Machine automation: autonomous or remotely 
controlled precision instruments and robotic arms can 
be made more accurate and efficient by improving 
accuracy and more tightly correlating them to remote 
controlled or programmed movement. 

• Mobile communications and surveillance: whether on 
land-, air-, or sea-based vehicles, inertial sensors can aid 
both in stabilization (antennas and cameras) and in 
directional guidance (dead reckoning with GPS, other 
sensors). 

Because the industrial sensing market is incredibly diverse, it 
requires a wide range of performance, integration, and 
interfaces that must be accommodated via the integration of 
embedded tunable features such as digital filtering, sample-
rate control, condition monitoring, power-management 
options, and application-specific auxiliary I/O functions. In 
other more complex scenarios, the use of multiple sensors 
and sensor types is also required. Even apparently simple 
inertial motion constrained to movement on one or two axes 
can require both accelerometer and gyroscope sensing to 
compensate for gravity, vibration, and other irregularities 
and influences.  

Sensors additionally can have cross-sensitivities which, at a 
minimum, must be understood, and often times compen-
sated for. This is made more difficult by the varying standards 
for inertial sensor specifications. When specifying inertial 
sensors, most industrial system designers are primarily con-
cerned with gyro stability (bias estimation over time), which 
is typically not specified in consumer grade gyros. Even a 
good gyro bias stability of 0.003 degree/sec is somewhat 
meaningless if the sensor has poor performance with respect 
to linear acceleration. A linear acceleration specification of 
0.1 degree/sec/g, for instance, adds 0.1 degree of error to the 
bias stability spec of 0.003 degree/sec, in the simple environ-
ment of rotation through ±90 degrees (1 g). Typically, an 
accelerometer is used in conjunction with the gyroscope to 
detect the gravity influence and provide the necessary infor-
mation to drive the compensation process. 

Optimizing sensor performance and minimizing development 
time require intimate knowledge of both sensor sensitivities 
and the application environment. The calibration plan can 
be tailored to address the most influential elements and thus 
minimize test time and compensation algorithm overhead.  
If made cost effectively and with standard, system-ready 
interfaces, application-focused solutions that combine the 
appropriate sensors with the necessary signal processing can 
remove the implementation and production barriers that 
many industrial customers have faced in the past. 

HARNESSING ACCELERATION TO PROVIDE 
VIBRATION ANALYSIS 

In some cases, the sensing element is optimally designed in 
relatively close to the basic transducer output, while in others 
(condition monitoring with vibration analysis), there is 
significant additional processing required to realize the desired 
output. An example of a highly integrated device built around 
an inertial sensor is the Analog Devices ADIS16227 (Figure 1), 
a fully autonomous frequency domain vibration monitor. 
Rather than the relatively simple output of g/mv, devices like 
this may instead provide application specific analysis, in this 
case, embedded frequency domain processing, a 512 point 
real value FFT, and on-board storage providing the ability to 
identify and classify individual sources of vibration, monitor 
their changes over time, and react to programmable threshold 
levels.
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Figure 1. ADIS16227 Block Diagram  

The ability to detect and understand motion has the potential 
to add value to nearly any conceived application. In most 
cases, the desire is to harness the motion that a system 
experiences and translate that information into improved 
performance (response time, precision, speed of operation); 
enhanced safety or reliability (system shut-off in dangerous 
situations); or other added-value features. In some cases, it is 
the lack of motion that is critical, and thus sensors can be 
used to detect unwanted movement. These feature or 
performance upgrades are often implemented on existing 
systems, and the small size and low power aspects of MEMS 
inertial sensor components are attractive given that the end-
system’s power and size envelope are obviously already fixed 
or must be minimized.  

In some cases, designers of these systems are not motion 
dynamics experts, and thus the availability of fully integrated 
and calibrated sensors can be the critical go-ahead factor in 
choosing to proceed with these system upgrades. 

RESOURCES 

For more information, visit www.analog.com.  

Products Mentioned in This Article 
Product Description 

ADIS16227 Digital TriAxial Vibration Sensor with FFT Analysis 
and Storage  
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