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The purpose of this study is to show how Electronics MEMS Technology is able to solve 

automotive stability problems to eliminate accidents by use of Accelerometer and Gyro-

scope sensors. This study shows how MEMs Technology broad portfolio of automotive 

accelerometers, gyroscopes and other sensors, helps automotive designers tackle the 

most demanding in-vehicle sensing applications such as roll-over protection, hill start as-

sist and vehicle stability control. 

The study starts with background information and then focuses more on operation of gyro-

accelerometer sensor, SCC1300 sensor. It also provides detailed study of accelerometers, 

gyroscopes and other MEMS sensors used in the automotive industry. An SCC 1300 

demo kit was used for gyro-accelerometer analysis for the purpose of this study. The kit 

was fastened on to a motorbike, and then interfaced to a laptop running the graphical user 

interface software, then the motorbike accelerated and the data captured was recorded in 

a graph.  

In a continuous acceleration test, the accelerometer gave an output of X=0.17g, Y=0.10g 

and Z=0.76g [1g=9.8m/s2], while for the same moment the gyroscope gave 0.22°/s. In real 

applications, these results would be typical inputs to the automotive Electronics control unit 

(ECU), which when processed is sent to other processes for corrective action.  The results 

compares well with the one printed in the manufacturer’s website. 
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1. Introduction 

 

The aim of this study is to show how Electronics MEMS Technology is able to solve 

automotive stability problems and eliminate accidents by use of inclinometers, Accel-

erometer and Gyroscope sensors and related Electronics. 

This study shows how MEM Technology broad portfolio of automotive accelerometers, 

gyroscopes and other sensors, helps automotive designers tackle the most demanding 

in-vehicle sensing applications.  

Any automotive Engineer designing for roll-over protection, hill start assist or vehicle 

stability control will need to design using accelerometer, gyroscopes, and magnetic 

sensors which are now readily available in the market. 

2. Problem Statement 

 

Annual Global Road Crash Statistics  

Nearly 1.3 million people die in road crashes each year, on average 3,287 

deaths a day. 

An additional 20-50 million are injured or disabled. 

More than half of all road traffic deaths occur among young adults ages 15-44. 

Road traffic crashes rank as the 9th leading cause of death and account for 

2.2% of all deaths globally. 

Road crashes are the leading cause of death among young people ages 15-29, 

and the second leading cause of death worldwide among young people Of ages 

between 5 to14. 

Each year nearly 400,000 people under 25 die on the world's roads, on average 

over 1,000 a day. 

Over 90% of all road fatalities occur in low and middle-income countries, which 

have less than half of the world's vehicles. 
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Road crashes cost USD $518 billion globally, costing individual countries from 

1-2% of their annual GDP. 

Road crashes cost low and middle-income countries USD $65 billion annually, 

exceeding the total amount received in developmental assistance. 

Unless action is taken, road traffic injuries are predicted to become the fifth 

leading cause of death by 2030. [1] 

The above statistics do not account for the number of people living with untold suffering 

after the accident, many of whom no longer manage their lives by themselves any-

more. Such people need daily support just to perform their basic functions like feeding, 

dressing and bed transition. 

 This being just one example, I was compelled to come up with this study that would 

challenge all of us, especially Electronics Engineers to come up with new ideas or to 

improve on the existing ones and give a solution to above problems. 

3. Background Information 

 

To solve the problems described in the second chapter of this study, many Companies 

have come up with different solutions and some of them are already at work, but for us 

to understand how the automotive designers implement their sensors systems in their 

solutions, we need to have some background knowledge of different forms of motor 

vehicle accidents and how they occur. 

 

3.1  Rollover Accidents 

 

 

Case 1 here gives details of a rollover accident as quoted in The National Transporta-

tion Safety Board (U.S.A) in their report. 

The National Transportation Safety Board has made a series of recommendations as part of 

its report into a tanker truck accident in Indiana.  Some of the recommendations have 

been strongly supported by Los Angeles truck accident lawyers for years now. 
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A study carried out by Battelle Memorial Institute shows that about half the accidents in 

which trucks hauling tank trailers rolled over because they went around a curve too fast 

could have been prevented with stability control systems. Figure 1 below shows a tanker 

truck accident in Indiana in 2009.  

The National Transportation Safety Board recommendations came after an investigation in-

to a tanker truck rollover accident in Indiana in 2009.  The truck loaded with liquefied petro-

leum gas went out of control on a busy Indiana interstate, crashed into a guardrail and took 

over.  The liquefied petroleum gas leaked from the tanker, igniting into a massive fireball 

that caused massive damage to the highway, injured five people. 

 

Figure1. A tanker truck accident in Indiana, USA.  

(Reprinted from The Reeves Law Group blog)[2] 

 

The National Transportation Safety Board report blames a number of other factors like driv-

ing errors and road defects for the accident.  However, the main factor in the accident ac-

cording to the National Transportation Safety Board was the vehicle’s susceptibility to rollo-

ver accidents and its lack of preparedness to deal with such situations.  According to the 

National Transportation Safety Board, if the tanker truck had come with a stability control 

system, the driver would likely have been able to control the truck, and prevent a rollover. 

The National Transportation Safety Board is likely to issue a series of twenty recommenda-

tions for federal trucking and hazardous material safety agencies.  One of the biggest rec-

ommendations will be a mandate for the installation of stability control systems on tanker 

trucks.  The National Transportation Safety Board wants to see tanker trucks with a GW of 

more than 10,000 pounds outfitted with stability control systems. 

 Tanker trucks comprise barely 6% of all commercial trucks, but are involved in a dispropor-

tionate of number of rollover accidents every year.   
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These trucks are involved in 30% of all fatal rollovers annually.  The National Highway Traf-

fic Safety Administration has been aware of the role that stability control systems can play in 

reducing rollover accident numbers involving tanker trucks.  In fact, estimates by the Na-

tional Highway Traffic Safety Administration  indicate that if all tanker trucks were mandated 

with these stability control systems, we could prevent as many as 3600 truck rollovers of the 

year, and save more than 106 miles. 

Tanker trucks are used to carry liquid cargo which can shift weight while in transit.  This can 

disrupt the balance of the tank, creating conditions that are ideal for a rollover.  It’s not just 

the risk to truck drivers and motorists nearby from a rollover that concerns Los Angeles 

truck accident lawyers but also the fact that these tanks are often loaded with hazardous 

materials that can ignite.  

The National Transportation Safety is also likely to ask the National Highway Traffic Safety 

Administration to develop stability control performance standards for all commercial motor 

vehicles and buses of more than 10,000 GWR.  The Board also wants the federal highway 

safety agency to mandate the installation of stability control systems on all commercial ve-

hicles.  The recommendations are expected to be released soon. [2] 

 

3.2 How Electronics Stability Control (ESC) Works  

 

An Electronic Control Unit, or ECU as commonly referred to, as computer is the brain 

behind sophistication and control of all the vehicle functions. Together with sensors the 

computer makes a system which continuously monitors how well a vehicle responds to 

a driver's steering input and selectively applies the vehicle brakes and modulates en-

gine power to keep the vehicle travelling along the path indicated by the steering wheel 

position. The vehicles installed with this feature are able to manage sideways skidding 

and loss of control which in turn leads to rollovers. It helps drivers maintain control dur-

ing emergency manoeuvres when their vehicles otherwise might spin out. A federal 

rule will require ESC in all cars, SUVs, pickups, and minivans by the 2012 model year. 

Sometimes heavy trucks carrying load are unable complete climbing uphill as shown in 

chapter 3, sub topic 3.3 

 The truck rolls back crashing the any vehicles or objects behind it.  
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3.3  Roll Back Accidents 

 

A truck climbing uphill is shown on figure 2. A technical analysis is here given below in 

the adjoining text. As shown on Figure 2, two components are present as the vehicle 

travels uphill. Its weight works in a direction opposite to its motion. If some energy is 

not supplied to overcome this backward force, then the vehicle slow down stalls and 

starts to roll backwards. 

   

Figure 2.  A truck moving uphill (Reprinted from truckit1.blogspot) [3] 

 

Figure 2 shows a truck that is climbing uphill at a slope of θ where the weight of the 

vehicle, W has two components, one force perpendicular to the road surface (with a 

value        ) and the other one along the road surface (with a value       ).  

The component along the road surface is the one that tries to restrict the motion. Thus, 

the gradient resistance is given by, 

                                         =       ,                                                           (1) 

Where W = weight. 

Gradient resistance may best be described as resistance a vehicle faces while attempt-

ing to move from a stall condition or while accelerating and must be overcome by the 

power plant of the engine in order to sustain motion up hill.  

The vehicle will gradually slow down when the power produced is smaller than the re-

sistance to motion. There are four categories of resistance aerodynamic drag or air 

drag, gradient resistance, rolling resistance and inertia.  
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When a truck performs an uphill task, all the above resistances produce a restraining 

force, which works against the tractive force. In order to maintain a sustainable motion, 

the tractive force must be maintained to be greater than or equal to the resistive forces. 

[3] 

 

We can then balance them as 

      F=    =     +         +                   +         ,           (2)                

 

Where 

    =Force due to air resistance, 

         = Force due to the gradient of the sloped surface, 

                    = Force due to the rolling resistance, 

        = Force due to moving or static inertia. 

Note:          appears only when the vehicle accelerates or decelerates. The rest three 

always offer a resistance even when the vehicle is moving at a constant speed. 

 

More examples of forms of accidents and their solutions are available in chapter 5, 

’Solving stability problems with Electronics MEMS Technology’ but basically most solu-

tions have gyroscopes and accelerometer involved in their design 

A detailed study of gyroscopes and accelerometers is therefore necessary and will be 

studied in the next chapter. It is also important to note that this is in line with this thesis 

topic and will also be expanded to cover the SCC 1300 combo gyro-accelerometer 

sensor. 
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4 Overview of Gyroscopes and Accelerometers 

 

Gyroscope is a device that is used to measure angular velocity. This kind of device 

may be used to measure the rotation of the earth.  It works more less the same with an 

accelerometer but it gives more accurate information for example to know how exactly 

an object is oriented. While accelerometers are affected by gravity, gyros are not and 

so they make a great complement to each other. They measure angular velocity in 

units of rotations per minute (RPM), or in degrees per second (°/s). The three axes of 

rotation are mostly referenced in many texts as roll, pitch, and yaw. [4] 

 

4.1.1   Uses of Gyroscopes  

 

Gyros are used alongside accelerometers for applications such as vehicle navigation 

and motion-capture for example in high tech cameras and video equipment.  

Other uses are computer pointing devices, flight guidance, antiroll devices for automo-

tive industry, space navigation, missile control and under-water guidance.[4] 

4.1.2   Features of gyroscopes  

 

The following features are important to Engineers and designers as they consider se-

lecting a perfect gyro for some design: -  

As the Accelerometer, Gyro and IMU buying guide points out in reference [4],the fol-

lowing features are important to Engineers and Desgners:- 

 Range: Care should be taken that the maximum angular velocity expected to be 

measured does not exceed the maximum range of the gyroscope and at the 

same time, in order to get the best possible sensitivity, gyroscopes’ range 

should not be much greater than the expected maximum readings expected. [3] 

 Interface: 95% of the gyros have an analog output. There are a few that have a 

digital interface - either SPI or I2C. [4] 

 Number of axes measured: Most gyros have 1 or 2 –axis. It is until recently 

those inexpensive, 3-axis gyros begun to appear on the market.  
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When selecting the gyro, it is important to which of the three axes the gyro will 

measure; for example, some two axis gyros will measure pitch and roll, while 

others measure pitch and yaw. [4] 

  Power usage: In a gyro project using battery, you might want to consider how 

much power the gyro will consume. The required current consumption normally 

is usually in the 100s of µA range. Some of the sensors have some feature 

sleep functionality to conserve energy when the gyro is not needed. [3] 

 Gyro applications: In the past, gyros have been used for space navigation, mis-

sile control, under-water guidance, and flight guidance. Nowadays, they are be-

ing used alongside accelerometers for applications like motion-capture and ve-

hicle navigation. [4] 

 

4.2     Accelerometer  

 

As is its name, accelerometer measures acceleration or how fast a mass or a body is 

speeding up or slowing down. Accelerometers can measure in one, two, or three or-

thogonal axes, X, Y and Z.  Acceleration is displayed either in units of meters per sec-

ond squared (m/s2), or G-force (g), where g = 9.8m/s2. Accelerometers are used to 

sense both static (e.g. gravity) and dynamic (e.g. sudden starts/stops) acceleration. 

One of the more widely used applications for accelerometers is tilt-sensing. This has 

many applications in automotive industry as will be seen in other chapters later in this 

report. Because they are affected by the acceleration of gravity, an accelerometer can 

tell you how much one is oriented with respect to the Earth’s surface.  

For example, many smart phones manufacturers have installed accelerometers. The 

phone display is able to maintain the orientation whether held in portrait or landscape 

mode. The accelerometer is able to flip the photos in upright position regardless of 

changes in the physical orientation of the phone.  Other uses are where accelerome-

ters are used to sense if a device is in a state of free fall. A good example being in 

computer hard drives: if a drop is sensed, the hard drive is quickly switched off to pro-

tect against data loss due to crash. [4] 
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4.2.1   Characteristics Guide to Selecting an Accelerometer  

 

Accelerometers have almost the same characteristics as their counterparts, the gyros. 

The difference being what they measure for example, the maximum range in accel-

erometers is measured in e.g.  ±250g, while we have degrees per second (°/s) in the 

gyroscope world. [4] 

  Range: The upper and lower limits of what the accelerometer can measure are 

also known as its range. In most cases, a smaller full-scale range means a more 

sensitive output; this means that a more precise reading out of an accelerometer 

with a low full-scale range is realised. To select a sensing ranges that will best fit 

any project, it is necessary to choose the correct match of the sensor. For ex-

ample, if project will only be subjected to accelerations between +2g and -2g, a 

±250g-ranged accelerometer selection will be a wrong selection since it will not 

give much, if any, precision.  

There are good assortments of accelerometers, with maximum ranges stretching 

from ±1g to ±250g. [4] 

 Interface: This is another one of the more important specifications. Accelerome-

ters will have either an analog, pulse-width modulated (PWM), or digital inter-

face. Accelerometers with an analog output will produce a voltage that is directly 

proportional to the sensed acceleration. At 0g, the analog output will usually re-

side at about the middle of the supplied voltage (e.g. 1.65V for a 3.3V sensor). 

Generally this interface is the easiest to work with, as analog-to-digital convert-

ers (ADCs) are implemented in most microcontrollers. Accelerometers with a 

PWM interface will produce a square wave with a fixed frequency, but the duty 

cycle of the pulse will vary with the sensed acceleration. These are pretty rare. 

Digital accelerometers usually feature a serial interface be it SPI or I²C.  

Depending on one’s experience, these may be the most difficult to get integrated 

with your microcontroller. Digital accelerometers are popular because they usu-

ally have more features, and are less susceptible to noise than their analog 

counterparts. [4] 
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 Number of axes measured  

This one’s very straightforward: out of the three axes possible (x, y, and z), how 

many can the accelerometer sense? Three-axis accelerometers are usually the 

way to go; they are the most common and they are really no more expensive 

than equivalently sensitive one or two axis accelerometers. [4] 

  Power Usage: Just like in gyro, if the designer is considering implementing a 

task that is battery powered, He or she might want to consider how much power 

the accelerometer will consume. The required current consumption will usually 

be in the 100s of µA range. Some sensors also feature sleep functionality to 

conserve energy when the accelerometer is not needed. [4] 

 Bonus Features: The recently developed accelerometers may have a few extra 

features, beyond just producing acceleration data. These newer accelerometers 

may include features like selectable measurement ranges, sleep control, 0-g de-

tection, and tap sensing. [3] 

4.2.2    Accelerometer Working Principle  

 

The figure 3 below shows a simplified diagram of a basic accelerometer structure. A 

simple mass (m) is attached to a spring of stiffness (k) and the other end of the spring 

is then attached to the casing. The dashpot with damping coefficient (B) is normally 

attached to the mass in parallel with the spring. This provides a desirable damping ef-

fect.  [5] 

 

Figure 3. Simplified diagram of the accelerometer structure 
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Where  

k=Stiffness (spring constant), 

m=Simple mass [also called seismic-mass or proof-mass in accelerometers], 

B=Damping coefficient. 

 

4.2.3   Operation  

 

When the accelerometer is subjected to linear acceleration, a force equal to mass 

times acceleration (F=ma), acts on the proof-mass, causing it to deflect. This deflection 

is sensed by a suitable means and converted into an equivalent electrical signal. The 

amount of deflection is directly proportional to the accelerometer’s acceleration. Some 

form of damping is required; otherwise the system would not stabilize quickly under 

applied acceleration. To derive the motion equation of the system Newton’s second law 

is used, where all real forces acting on the proof-mass are equal to the inertia force on 

the proof-mass.  

Accordingly a dynamic problem can be treated as a problem of static equilibrium and 

the equation of motion can be obtained by direct formulation of the equations of equilib-

rium. This damped mass-spring system with applied force constitutes a classical sec-

ond order mechanical system.  [5] 

From the stationary observer’s point of view, the sum of all forces in the z direction is,  

 

 applied − gnipmad− sprin  d = m ̈  ,                                       (3) 

 

m ̈ + gnipmad + sprind =  applied  ,       (4) 

 

 m ̈ +Kx+  ̇x =   ,             (5) 
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Where 

m= mass of the proof-mass, 

x= relative movement of the proof-mass with respect to frame, 

B= damping coefficient, 

k= spring constant, 

F= force applied. 

The equation of motion is a second order linear differential equation with constant coef-

ficients. The general solution x (t) is the sum of the complementary function XC(t) and 

the particular integral Xp(t) [5] 

 

X=   (t) +    (t) ,         (6) 

    

The complementary function satisfies the homogeneous equation 

 

M ̈ +kx+ ̇x=0 ,        (7) 

    

The solution to   (t) is   

     

   (t)=B   ,        (8) 

  

Substituting equation (6) in equation (5) 

 

 (m  +Bs+K).B    = 0,        (9) 
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As B    cannot be Zero for all values of t, then  

  

               (m  +Bs+K).B    = 0,      (10) 

                          

called as the auxiliary or characteristic equation of the system. 

The solution to this equation for values of S is 

             

                    = 
 

 
m (-B ± √        ,       (11)                    

 

From the above equation (9) the following useful formulae are derived 

 

ωn =   √
 

 
 ,     (12) 

 

C/m = 2  ωn ,      (13) 

 

 =     c/2 √     ,    (14) 

 

Where 

 

ωn = Undamped resonance frequency, 

 

  = damping Factor.  
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4.2.4   Accelerometer Internal Structure  

 

The internal structure of a capacitive accelerometer is as shown in figure 4. There are 

other different designs by other manufactures, as well as many other accelerometer 

types. The choice depends on the intended application, limitations, cost and other fac-

tors like sensitivity. For example, Silicon designs Inc. SDI's accelerometers use capaci-

tance change due to acceleration force as the sensed parameter.  A capacitive ap-

proach allows several benefits when compared to the piezoresistive sensors used in 

many other accelerometers. 

  

   

Figure 4. Configuration for The sensing element of a silicon based capacitive accel-

erometer  

(Reprinted from ineer.org/events/icee1999/proceedings/papers/130) [6] 

Capacitive and piezo crystal sensor technologies are mostly used in design of 

accelerometers while In Capacitive acceleration sensors are based on a very 

small cantilever made of silicon and well known elastic properties of silicon is the 

basis of the acceleration sensing. The cantilever is located inside the cavity of a 

small silicon block.  
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In piezoresistive method stress of the cantilever in its movement will change re-

sistance of the piezo crystal attached on the cantilever.  

Temperature compensation has to be taken into account using Resistance 

Bridge if piezo crystals are used. Shock resistance is reduced for piezo sensors 

if compared with the capacitive methods. Mechanical stress in piezo crystals will 

give voltage output in piezo material and is used in accelerometer sensors for 

output signal. [6] 

The basic structure of the SDI sense element is shown in figure 5 below.  The sense el-

ement wing is a flat plate of nickel supported above the substrate surface by two torsion 

bars attached to a central pedestal.  The structure is asymmetrically shaped so that one 

side is heavier than the other, resulting in a center of mass that is offset from the axis of 

the torsion bars.  When an acceleration force produces a moment around the torsion bar 

axis, the plate or wing is free to rotate, constrained only by the spring constant of the tor-

sion bars. [11] 

 

Figure 5. Location of capacitor plates (Reprinted from oocities.org/stsolutions) [11] 
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4.2.5   Material Used in Manufacturing of Accelerometers  

 

Due to its excellent properties, Single crystal silicon (100) material is selected for ac-

celerometer structure. Silicon is most widely used manufacturing material in MEMs 

world and is an ideal structural material.  

It has about the same young’s modulus as steel but is as light as aluminium. Silicon 

has high melting point, 1400 degrees Centigrade .Its thermal expansion coefficient is 

much less than steel which makes it dimensionally stable even at high temperatures.  

Other advantages of using silicon are that its wafers are extremely flat, meaning that 

they are easily adaptive to coatings & additional thin-film layers for building microstruc-

tures. It also exhibits no mechanical hysteresis and precise geometrical features can 

be realized using standard photolithography and etching techniques.  

Due to its properties, electrically conductive silicon with resistivity 0.1 Ω-cm is selected 

to manufacturing the accelerometers the proof-mass. Similarly Pyrex 7740 glass is 

chosen for top and bottom wafers as it reduces stray capacitance and provides re-

quired sealing. 

The glass wafers are bonded to silicon wafer using anodic bonding process. Electrodes 

and electrical contact pads are realized by depositing sub-micron thickness aluminium 

coating, using E-beam evaporation process. The material properties of silicon and py-

rex glass are shown in table 1. 

 

Table 1:  The material properties of silicon and Pyrex glass. 

Material Property Silicon Pyrex  

σ y (yield strength)    
N/   7 0.5-0.7 

E (Young Modulus)     
N/   1.69 400 

(Poisson’s ratio) 0.28 0.17 

α Thermal expansion coefficient     mt/m  c 2.5 0.5 

ρ  (Density)  g/c  
 

 

2.3 2.225 
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5  Solving Stability Problems with MEMs Technology to Elimi-

nate Accidents 

 

MEM Technology broad portfolio of automotive accelerometers and magnetic sensors, 

coupled with modern technical support and systems know-how, helps automotive de-

signers tackle the most demanding in-vehicle sensing applications.  

Automotive Engineers designing for roll-over protection, hill start assist, vehicle stability 

control or another application will find the right accelerometer and magnetic sensor, at 

an affordable cost. With over temperature performance and engineering support in the 

modern world of MEMS, the next automotive design has been guaranteed safety. Nav-

igation applications have shown a lot of success thanks to MEMS Technology. The 

following therefore are some of the many MEMs applications that are readily available 

in the market and in every one of them; there will be either a gyro sensor or an accel-

erometer in use. [8] 

 

5.1   Material Electronic Stability Control  

 

This feature is today in use with motor cycles. A gyroscope maintains the orientation of 

the motorcycle and when implemented, the bike is parked upright without anchor sup-

port lever. 

The following are the technological features that should be in the designer’s list while 

working on Electronic Stability Control system.  

 Vibration Immunity 

 Temperature performance 

 Flexibility of interface (Analog, PWM and SPI®) 

 Low PPM and High Reliability 

 

SPI is a registered trade mark of Motorola. 
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5.2  Roll Over Detection  

 

Sport Utility Vehicles (SUV) and Pick-up trucks have a higher center of gravity than 

regular passenger cars. Their higher centre of gravity makes them more susceptible to 

a roll over condition. In an effort to make them safer and protect the passengers in the 

event of a roll over, many OEMs use a roll detection system to deploy side airbags. A 

roll over event is much different than a crash event so an additional inertial sensor lo-

cated in the vehicle is needed. For many roll detection systems the accelerometer is 

aligned normal to the earth. 

Some manufacturer’s XZ configuration packaged accelerometers are better for roll-

detection systems because they can be mounted directly on the PCB and normal to the 

Earth. This eliminates the need for a daughter board and associated costly manufactur-

ing to mount the daughter board perpendicular to the mother board. Devices packaged 

in a XY configuration are also available. [8] 

 

These are Factors to look for when designing 

 Reliable and predictable over range recovery  

 On demand Self Test 

 High Frequency Vibration Immunity 

 Road-Proven Technology 

 High Shock Survivability 

 

5.3   Automotive Headlight Leveling  

 

Advances in automotive headlight technology have enabled drivers to use brighter 

headlights providing better visibility at night and in foul weather conditions. Unfortunate-

ly, these brighter lights have created a significant hazard for oncoming traffic if they are 

not positioned at the correct angle at all times. If a bright beam is set at an adverse 

angle, the light has the capacity to momentarily blind any oncoming drivers. Vehicles 

equipped with High Intensity Discharge (HID) headlamps are required by The World 

Forum for Harmonization of Vehicle Regulations, The United Nations Economic Com-

mission for Europe (UNECE or ECE) regulation 48 to be equipped with automatic 

http://en.wikipedia.org/wiki/United_Nations
http://en.wikipedia.org/wiki/Europe


 19 

 

 

 

beam levelling control to keep the light focused on the road and not into the eyes of 

oncoming drivers.  

Accelerometers are used to detect the angle of inclination of the vehicle providing the 

information necessary for the headlight levelling control system to keep the beam fo-

cused on the road. The sensor must have a low frequency response, then high fre-

quency vibration immunity, minimal 0g drift versus temperature and vibration immuni-

ty.[8] 

 

5.4   Vehicle Alarm  

 

Accelerometers are used for anti-theft car alarm systems to detect real time status/ 

position of a parked car. The accelerometer is a key part as they are able to detect any 

shock to the vehicle: If somebody hits, jostles or otherwise moves your car, the sensor 

sends a signal to the computer system indicating the intensity of the motion.  

Depending on the severity of the shock, the system signals a warning horn beep or 

sounds the full-scale alarm. Such an accelerometer must have high quality and low 

PPM, high reliability, low frequency, and automatically reduces false alarms and lastly it 

must have a high accuracy for tilt measurement.  [8] 

6  Microelectromechanical systems Sensors 

 

Microelectromechanical systems, MEMS is the technology of very small mechanical 

and electromechanical devices and structures. MEMS are made by using microfabrica-

tion techniques. MEMS sensor used for this study is SCC1300 gyro-combo manufac-

tured  by Murata Electronics Oy. Figure 6 shows 3D view of the SCC1300 DIL-32 

package. Murata MEMS sensors product range includes accelerometers, gyroscopes, 

and inclinometers.  
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Figure 6 shows Murata’s Combo gyro accelerometer. The chip is fitted onto a printer 

circuit board in the demo kit. 

 

 

Figure 6. SCC1300 Combo gyro-accelerometer sensor  

Functionality and properties of the SCC1300 gyro-combo can be demonstrated by SCC 

1300 Gyro-Combo demo kit shown in figure 7.  

 

The SCC1300 gyro-combo demo kit contains accelerometer sensor soldered on a chip 

carrier printed wiring board (PWB), USB interface card, USB cable and Graphical User 

Interface (GUI software comes in a Memory stick).  
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Figure 7. SCC1300 gyro-combo demo kit 

 

The demo kit comes with instructions that describe how to install the required software 

and how to use the SCC1300 demo board and Graphical User Interface (GUI) soft-

ware. The demo kit is powered from USB port. 

 

7 Experimenting with SCC 1300 Combo  

 

Figure 8 shows test equipment setup in the Laboratory. The SCC 1300 demo 

software windows is displayed on the laptop.  

An SCC 1300 demo kit module is attached to the rear of the motorcycle and a 

USB cable attached linking it to the USB port of the laptop.  
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The motorcycle is at rest and the default sensor parameters are displayed. 

 

 

Figure 8. SCC1300 sensor operation setup 

 

Figure 9 shows a closer view of the motorcycle carrying the Demo kit. A USB cable 

sends the sensor output signals to the Laptop and the controller cable connects the 

motor cycle to the joy stick controller module, where the acceleration is controlled from 

.        

           Figure 9.   Motorbike in motion 
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8 Experiment Results 

 

8.1   Gyro and Accelerometer Readings Results 

 

The results are shown in the pictures on the next few pages. The Figure 10 shows the 

results when the motorbike is at rest while the rest shows the outcome from different 

acceleration speeds and deceleration. 

Figure 10 shows the readings of accelerometer on the X, Y and Z axis on the upper 

graph. The gyroscope reading is displayed by the lower graph.  

 

 

               Figure 10. Gyro and accelerometer readings, for motorbike at rest. 

 

The measured acceleration is displayed in g-force where 1g-force = 9.81 m/s2, dis-

played in the 3-axis, X, Y and Z, while the lower one indicates the measured gyroscope 
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readings in degrees per second (˚/sec). The Measured quantities are shown on the 

table 2. 

The picture shows that the accelerometer range is between +2.1g to -2.1g, while  the 

gyroscope measuring range starts from 110 (˚/sec) to – 110 (˚/sec). 

          

                                     Table 2. Motorbike at Rest. 

 Measured 

Acceleration 

Data Sheet 

Values 

X -0.03 0.294 m/s2 

Y -0.02 0.196 m/s2 

Z 0.73  0.5329 m/s2 

G 0.10 0.01 (˚/sec). 
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Figure 11 shows a screenshot for continuous forward acceleration. This is when the 

motorcycle is accelerated in forward motion 

 

 

                 Figure 11. Continuous acceleration signal-Forward   

  Table 3. Continuous acceleration signal-Forward       

 Measured Acceleration  

X 0.17 1.666 m/s2 

Y 0.10 0.98  m/s2 

Z 0.76 7.448  m/s2 

G 0.22 0.22 (˚/sec). 
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Figure 12 displays continous deceleration signal for  since the motorcycle was being 

reversed. 

  

                Figure 12. Continuous acceleration signal-reverse 

 

                 Table 4. Results for continuous acceleration signal-reverse 

 Measured Acceleration  

X 0.17  

m/s2 

Y 0.12 m/s2 

Z 0.83 m/s2 

G 7.04 (˚/sec). 
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 Gyroscope Signal for a Falling Motorbike 

 

Figure 13, shows spikes on the signals of each of the 3 axis of the accelerometers. 

Correspondingly, the gyro output signal also appears to have the same shape. The 

graphs are relatively stable and then a sudden change happens in a short period of 

time and then stabilizes again for the time period between 0 seconds and the start of 

the spike. 

 

 Gyro and Accelerometer signals:  

The spikes represents the falling moment of the motor cycle. Figure 13 shows a bounc-

ing motorcycle after falling. Each peak represents vibration. The sideway right fall has a 

positive going signal spikes, whileas the left fall has negative going signal. 

 

 

                                   Figure13, (Sideways- Right)    
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Table 5. Falling Motorbike-sideways right 

 Measured Acceleration 

at unidentified time 

X g Measured 

Acceleration/Decceleration 

at the spike max 

X -0.12  -1.9g  

Y 0.70 9.81   2.3g 

Z -0.07 9.81 -1.2g 

G 0.14  -73 (˚/sec). 

 

 

 

1g-force = 9.81 m/s2 

Table 5 shows the contents of measurements analysed from the graphs on Figure 13. 

The reference measurement at unidentified time were the values captured during the 

screen shot. 

The measured values at the spikes max represents corresponding accelerometer 

readings for the lowest point of the gyroscope measurements. 
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                            Gyroscope signal for a falling Motorbike 

 

 

                                     Figure 14 (Sideways- Left) 

 

Table 6. Falling Motorbike-sideways Left 

 Measured Acceleration 

at unidentified time 

Measured 

Acceleration/Decceleration 

at the spike max 

X -0.04 -0.25 m/s2 

Y -0.73 -0.27 m/s2 

Z -0.02 0.51 m/s2 

G 0.07 -120 (˚/sec). 
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9  Conclusion 

 

The purpose of this study was to show how Electronics MEMS Technology is able to 

solve automotive stability problems to eliminate accidents by use of Accelerometer and 

Gyroscope sensors. 

Detailed study was carried out on the gyroscope and accelerometer sensors and their 

applications. 

There was no printed circuit board design required in this project, nor programming. 

This is because a complete demo kit was supplied by Murata electronics. 

Overall, the study was a success, but there is a lot to be improved on. 

Challenges: Much more time is needed to implement a real solution and involvement 

and participation of the manufacturing company can go a long way to help.  
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Appendix 1 

 

 

 

 SCC Demo kit information Links 

 

1) SCC1300-D04  

       Combined Gyroscope and 3-axis Accelerometer with digital SPI interfaces 

1. URL:http://www.muratamems.fi/sites/default/files/documents/82113100e_scc13

00-d04_datasheet.pdf 

 

 

 

2. URL:http://www.muratamems.fi/sites/default/files/documents/82113500c_scc13

00_pwb_specification.pdf 

 

 SCC1300-D0X PWB Specification 

 

 

 



Appendix 2 

 

 

 

3. URL:http://www.muratamems.fi/sites/default/files/documents/tn92_spi_communi

cation_with_scc1300_rev_1.1.pdf 

Spi communication with SCC 1300 

 

4. URL:http://www.muratamems.fi/sites/default/files/documents/tn82_assembly_in

structions_for_scc1xx0_revision_1.0.pdf 

            Assembly instructions for SCC1xx0 
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