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USAGE OF MEMS SENSORS FOR THE SPEED CONTROL  

OF THE INDUSTRIAL TRANSPORT VEHICLE 
 

It is possible to increase the productivity using the machines with their own 
intelligence. The drive characteristic of the autonomous industrial vehicle could be 
optimized by the modern MEMS sensors. During the drive are recorded  
and processed data from the build-in sensors through microprocessor. The drive 
characteristic is improved to obtain the optimal speed, safety and reliability 
according the recorded data. 

 
ZASTOSOWANIE CZUJNIKÓW MEMS DO KONTROLI PR ĘDKOŚCI  

W PRZEMYSŁOWYCH POJAZDACH TRANSPORTOWYCH 
 

Istnieje moŜliwość wzrostu produktów przy uŜyciu maszyn o własnej inteligencji. 
Autonomiczna charakterystyka przemysłowych pojazdów moŜe być optymalizowana 
poprzez nowoczesne czujniki MEMS. Podczas przejazdu są rejestrowane dane 
z wbudowanych czujników poprzez mikroprocesor. 
Charakterystyka przewozu jest udoskonalana celem otrzymania optymalnej 
prędkości, bezpieczeństwa i niezawodności zgodnie z zarejestrowanymi danymi. 

 
1. INTRODUCTION 

The paper presents a short introduction to MEMS sensors, our implementation of the 
drive algorithm and an experimental measurement on simple testing track. In the modern 
factories actually are in use many machines with their own intelligence. That is one of the 
reasons why the productivity is growing. Other opportunities to increase the productivity 
are the usage of Electro-Mechanical Systems (MEMS) and the poweful microprocessors. 
With the assistance of MEMS sensors and microprocessors it is possible to shorten the 
goods transport between the place of production and the store. Actually is not so rarely 
usage of the autonomous transport vehicle. It transports the goods through the checkpoints 
along the selected track. Usually the speed of transport vehicle is constant. MEMS sensors 
could be use to map the track and adjust the speed of the vehicle to shorten the 
transportation time and to drive safely.  
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2. MICRO-ELECTRO-MECHANICAL SYSTEMS (MEMS) [1] 
MEMS stand for Micro-Electro-Mechanical Systems which integrates mechanical units 

and electronic components together through micro-fabrication technology at the sub-
millimeter scale. With this technology, we can build microstructures through micro-
machining and create sensors which are very small in size. There are several different 
methods for sensing motion.  
2.1 Principle of the accelerometer  

The MMA7361L is a low power, low profile capacitive micromachined accelerometer 
featuring signal conditioning, a 1-pole low pass filter, temperature compensation, self test, 
0g-Detect which detects linear freefall, and g-Select which allows for the selection between 
2 sensitivities. Zero-g offset and sensitivity are factory set and require no external devices. 

 

 

 

Fig.1. The Working Principle of a MEMS Accelerometer [1] 

 
There are polysilicon springs inside the sensor which are used to suspend a beam over 

the surface of a silicon wafer and provide a resistance against applied force as shown in  
Fig.1. When acceleration is applied to the sensor, according to the Hooke’s law, the 

beam deflects as described in Equation (1) and a differential capacitor is used to measure 
the distance of the beam deflected as shown in Equation (2). Finally, we can further 
measure the applied acceleration which is proportional to the deflection of the beam as 
described in Equation (3) 
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where: F is the applied force 

 k is the spring constant of tether 
 ∆d is deflection of the beam 
 a is the applied acceleration, 
 m is mass of the beam 
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 C0 is the capacitance of the unit cell measured at stationary 
 C is the change in capacitance during force is applied  
 d0 is the separation between the planes at stationary. 

 
2.2 Principle of a MEMS Gyroscope 

The gyroscope is an instrument which is used to measure angular velocity of a target 
mounted object. There is a bimorph vibrator inside the instrument as shown in Fig.2(b) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
(a) Foucault’s Pendulum                                      (b) Structure of Gyroscope 

Fig.2. The Working Principle of a MEMS Gyroscope [1] 

 
which resonates with linear velocity ( )tvvibration Ωcos . If the sensor is fixed to the target 

body rotating at rate ωinput, the vibrator inside experiences a timevarying Coriolis 
acceleration as shown in Equation (4) and Fig.2(a). The acceleration is at the same 
frequency as the driving acceleration, but at right angles to the vibrator velocity. Hence, the 
magnitude of the applied rotation about the axis orthogonal to vibrator can be determined 
by measuring the Coriolis acceleration generated. 
 

( ) [ ]vibrationinputcoriolis vta ⊗−= ω2         (4) 

 
where: ( )tacoriolis  is the Coriolis acceleration at time instant  t 

 ωinput is the input angular velocity 
 vvibration is the linear velocity of the vibrator. 

 
2.3 Application of the motion sensors 

For the position computation is possible to use also an accelerometer or an encoder. 
With accelerometer can be measured actual acceleration in all three axes. Recalculation to 
the inertial system is necessary due to accelerometer is related/connected by the chassis. 
Negative influence of the vibration is eliminated by the either software or hardware 
filtering. Using encoder to obtain the position is easiest compared to accelerometer position 
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computation. Count of the impulses is proportional to the position. Gyroscope sense the 
angular velocity. Double integration is used to determine the yaw angle. Yaw angle is 
needed to translate into the inertial system [5]. 
 
3.  IMPLEMENTATION OF OUR ALGORITHM 

We had two ideas how to map the track. The first idea was to create map of the 
centrifugal forces. We can calculate velocity and position from centrifugal forces. The 
acceleration is the rate of the time change of the velocity of an object. At the same time, the 
velocity is the rate of change of the position of that same object. In other words, the 
velocity is the derivative of the position and the acceleration is the derivative of the velocity 
[3], thus: 

( )
2

_
dt

dsd
a

dt

ds
vand

dt

dv
a =∴==           (5) 

where: a(t) – acceleration 
  v(t) – velocity 
  s(t) – position 
 

The integration is the inverse of the derivative. If there is known of the acceleration of 
an object we can obtain the positional data by two successive integration of acceleration 
(assumed initial conditions zero): 

( ) ( ) ( )( )∫ ∫ ∫∫ ∴== dtdtadtvsanddtav __        (6) 

 
Inertial system permits to carry out the actual position relative to start point of the track. 

We can calculate actual position, velocity and direction from measured acceleration and 
angular velocity.  

∫= dttt )()( ωϕ            (7),  

where: φ(t) – angular position 
  ω(t) – angular velocity 
 
From actual angular position and actual position difference in all three axes we can 
calculate position difference in the inertial system [4].  
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where: α – pitch    x ′′′∆ - actual position in x-axis  x∆ - actual position in inertial x-axis 
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 γ – yaw   y ′′′∆ - actual position in y-axis  y∆ - actual position in inertial y-axis 

 β – roll   z ′′′∆ - actual position in z-axis  z∆ - actual position in inertial z-axis 
 
4. EXPERIMENTAL MEASUREMENT  

A simple testing track was used to prove the computation of the position. The ellipse 
shape of the track was built. The accelerometer has measured the accelerations in two axes. 
The angular velocity ω was measured by the gyroscope. Measured data was filtered out by 
simple first-order lowpass filter. During the ride all the data was saved into the serial 
EEPROM. After one lap the data was read from EEPROM to the PC via BDM. Embedded 
board and PC were interfaced via freemaster software environment. All calculations were 
done in Matlab. 
The measured angular velocity ω is depicted in the next Fig.3. The yaw angle θg was 
computed by Equation (9). 

( ) ( )∫= dtttg ωθ            (9) 
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Fig.3. Angular velocity ω(t) and angle θg(t) 

 
The variable realAcc is calculated from the measured voltage equivalent to the acceleration. 

acc
acc

ACCADC

gADCacc
realAcc

sensres

ref ⋅⋅=
⋅
⋅⋅=

⋅
⋅⋅

= 3-109,942
8.04095

81.93.3      (10) 

where: acc – measured acceleration in the particular axis 
ADCref – ADC voltage reference voltage 
g – gravitational acceleration 
ADCres – resolution of the ADC 
ACCsens – accelerometer sensitivity pre Volt 
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Fig.4. Computed real acceleration in X and Y axis 

 
StacAccX/Y is the translated acceleration into the inertial system. 
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The integrals was discreted using Forward Euler Method. 

∫= stacAccXdtSpeed  => [ ] [ ] TstacAccXnSpeednSpeed ∆+−= .1     (13) 

∫= SpeeddtPosition => [ ] [ ] TSpeednPositionnPosition ∆+−= .1     (14) 

 
Sensor error around the zero was eliminated by hysteresis as shown in the sample of the 
code.  
 
for i=1:length(accX) 
    if (and(accX(i)<100 ,accX(i)>-100)) 
        accX_0(i)=0; 
    else 
        accX_0(i)=accX(i);     end 
    if (and(accY(i)<100 ,accY(i)>-100)) 
        accY_0(i)=0;         
    else 
        accY_0(i)=accY(i);  end 
end 
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Fig.  5. Acceleration, speed and position in X axis related to the origin 
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Fig.  6. Acceleration, speed and position in Y axis related to the origin 

The computation inaccuracy/error has been caused with neglect of the sensor drift and tilt 
compensation in X, Y axes. The position error in X axis after one lap has been 5cm. 
Because of the simplifications ride on more complicated tracks was not so reliable with this 
method.  
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∫= stacAccXdtSpeed  => [ ] [ ] TstacAccXnSpeednSpeed ∆+−= .1     (13) 

∫= SpeeddtPosition => [ ] [ ] TSpeednPositionnPosition ∆+−= .1     (14) 

 
Sensor error around the zero was eliminated by hysteresis as shown in the sample of the 
code.  
 
for i=1:length(accX) 
    if (and(accX(i)<100 ,accX(i)>-100)) 
        accX_0(i)=0; 
    else 
        accX_0(i)=accX(i);     end 
    if (and(accY(i)<100 ,accY(i)>-100)) 
        accY_0(i)=0;         
    else 
        accY_0(i)=accY(i);     end 
end 
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Fig.7. Acceleration, speed and position in X axis related to the origin 
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Fig.8. Acceleration, speed and position in Y axis related to the origin 

 
The computation inaccuracy/error has been caused with neglect of the sensor drift and 

tilt compensation in X, Y axes. The position error in X axis after one lap has been 5cm. 
Because of the simplifications ride on more complicated tracks was not so reliable with this 
method.  
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Fig.9. Computed shape of the track 
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Fig.10. Within the inertial system point movement 

 

 

Fig.11. Hardware block diagram of the self driven car 
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Fig.12. Block diagram of the algorithm 

 
Second idea was to measure centrifugal force at the curves and lengths of straight ways. 

From centrifugal force we can calculate maximal speed of the slot car. From the lengths of 
the straight ways we can calculate how soon we should brake. Fig.12. shows block diagram 
of the algorithm. Fig.11. shows the hardware of the self driven car. After first three saved 
segments we compare them with last three segments. We have added constant to all curves 
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to recognize them from straight ways. The positive constant 2000 was used for right curves 
and negative one for the left ones. When it was found three same segments as at the 
beginning of the track, then we are in second lap. We use saved data for safe and fast drive. 
The microcontroller reads from the memory saved data in advance to brake safely. 

 
5. CONCLUSION 

This paper presents two methods how to map the unknown track. First method is more 
complicated due to two successive integration of the filtered acceleration, but it’s more 
suitable for the 3D track. Second method demands less computation power, but it 
constrains another opportunities to improve the algorithm. During the race was used second 
method, due to more reliable results. For the next Freescale Race Challenges we will use 
first methods because of the 3D track. Potentially we can combine both methods. 
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