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What is Data Acquisition (DAQ)?

Data acquisition is the process of measuring and logging intangible things such as voltage,
temperature, distances, sounds and speeds. A DAQ system consists of sensors, which read
the data and a main core which processes the data acquired into a form that is easier for
people to digest. [1]

Types of DAQ systems on the market

VBOX

VBOX is one of the most popular car DAQ companies. They produce multiple DAQ systems
for measuring car capabilities. Their most popular VBOX is The Race Logic. This DAQ
system specialises in measuring the speed of the car and the slip angle. This VBOX is a
multi-purpose non-contact speed sensor. It uses a dual antenna GPS engine, it can
calculate speed, direction of travel and accurate slip angle. The VBOX also has a built in
display which allows the user to set up the device without a laptop. It can be used with any
VBOX GPS data logger, as well as most third-party data loggers. This VBOX logs slip angle,
yaw rate, pitch or roll angle, true heading, lateral velocity, satellites in view, UTC time,
latitude, longitude, velocity, heading, altitude, vertical velocity, distance, longitudinal
acceleration, |ateral acceleration, distance from trigger, trigger time, trigger velocity. [2]
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ShockClock manufactured by Race Tech

The ShockClock is a suspension data acquisition system that uses transducers to detect
how long or short a carbon fibre tube is by recording the wavelengths of sound after passing
through it. The carbon fibre tube is in two parts consisting of a smaller tube and a larger
tube. The smaller tube sits inside the larger tube. If this was used on a bicycle one end
would be attached to the centre of the wheel and the other end attached to the main frame.
As the bicycle goes over bumps the ShockClock will measure the movement of the wheel
relative to the bicycle frame. There for this device measures the suspension. [3][4][5]

Transducer
Ultrasonic Acoustic Wave-Guide Transducer (UAWG)[6]
Sampling rate of 240 samples per second. [6]
The standard transducer measures 380 mm (15") of travel. [7]
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Figure 3

Testing Theory

RPM

RPM stands for revolutions per minute, it refers to how fast a machine is operating. In
vehicles, rpm measures how many rotations the engine's crankshaft makes every minute. [8]




In DAQ systems non-contact tachometers are used inorder to log a vehicle's RPM. Non-
contact tachometers use light sources (usually laser or infra-red) to count the crankshaft’'s
rotations. The rotations would be measured vier a piece of reflective tape and the laser that
is aimed at the crankshaft. Once ever rotation the light will be reflected back to the light
source and this will be compared to the time between each reflective interval. [9] The speed
of a vehicle can be measured in the same way using the tires rotations instead of the
crankshafts.

Engine Temperature

Vehicles are very prone to overheating. The DAQ system that is being designed in this
assignment will incorporate an engine temperature sensor. There are multiple ways of
measuring temperature such as IR laser, thermocouple, RTD’s (resistance temperature
detectors) and semiconductor integrated circuits. Using one or more of these components
the engine temperature can be determined. In general, anything about 115 degrees is
classes as overheating. [11]

Suspension Travel

Travel is simply the distance that the suspension of the vehicle can compress when
absorbing force. The further the travel the more comfortably the suspension can absorb
force. [12] This can be measured using either a device like the shock clock or a laser that
measures the distance from above the trier to the road.

Pitch, Roll and Yaw

Pitch, Roll and Yaw are terms used to describe the movement of a vehicle. In terms od a car
Pitch is when the headlights or rear lights move up or down. Yaw is when the headlights
move left or right and Roll is when the headlights move in a clockwise or anticlockwise
motion. [13] These three variables can be logged using suspension movement and a
gyroscope or just a gyroscope on its own.
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Speed Sensor

Below is a table comparing five different speed sensors that could possibly be used as the
RPM and MPH sensors for the DAQ system. After careful analysis or the different
instruments the first one was chosen. The slim body of the instrument and the flexibility will




make mounting the instrument to a vehicle simple. The technical aspects of the sensors
were similar, the sensor chocen meets all the criterias. The chosen sensor has been

highlighted.
[15] [16] [17] [18] [19]
Sensingrang | 0.08"to 0.11" | 0.08"to 0.12" | 0.08"to 0.11" |[0.08"to 0.11" | Aluminum:
0.004" to
0.028"
Titanium:
0.004" to
0.06"
Output NPN or PNP NPN. Internal | NPN. Internal | NPN. Internal
Pullup Pullup Pullup
Resistor Value | Resistor Value | Resistor Value
10KQ 10KQ 10KQ
Power supply | 10-24Vdc 5-24Vdc 5-24Vdc 5V-24Vdc 9-30Vdc (Less
(10mA) (10mA) (10mA) (10mA) Than 30mA)
Electronic 40" 24AWG 22/24/26AWG | 22/ 20" 22AWG Sensor:
connection 56spec Cable | 55spec Cable | 24/26AWG 55spec Cable | Deutsch
+ DR25 + DR25 55spec Cable | + DR25 ASL606-
Sleeve Sleeve + DR25 Sleeve 05SC-HE
Sleeve Supply/Signal:
20" 26AWG
Cable + DR25
Sleeve
Operating -40°F to 155°F | -40°F to -40°F to -40°F to 300°F | Sensor: -60°F
temperature (-40°C to +300°F (-40°C | +300°F (-40°C | (-40°C to to +575°F(-
range +70°C) to +150°C) to +150°C) +150°C) 50°C to
+300°C)
Sensor Cable:
-20°F to
400°F(-30°C
to +200°C)
Controller: -
20°F to
180°F(-30°C
to +70°C)

Temperature Sensors

Below are five different temperature sensors. There all similar but all designed for different
uses. The Temperature sensor in the DAQ system will be measuring the temperature of the
water. This an important fact act the sensor needs to be able to cope with being in contact




with liquids. The fourth one was chosen as it is designed to deal with all liquids. The chosen
sensor is highlighted below.

[20] [21] [22] [23] [24]
/ / g / - Pt
Type negative negative negative negative Thermocouple
temperature temperature temperature temperature
coefficient coefficient coefficient coefficient
Designed to Air and gas Air and gas Fluid Liquids Surface temp,
measure Gas, coolant,
oil, thermal
profiles
Range -20°F to -20°F to -20°F to -20°F to -150°F to
+300°F(-30°C | +300°F(-30°C | +300°F(-30°C | +300°F(-30°C | 2000°F (-
to +150°C) to +150°C to +150°C) to +150°C) 100°C to
+1100°C)
Output type Analoge Analoge Analoge Analoge Analoge

Displacement & Laser Ride Height Sensors




Below is a table that features five suspension sensors. Two of which are ride high
suspension sensors that work of a similar principle that the shockclock did. The

second sensor works by measuring the resistance of a wire. A wire is curled up like a
yoyo inside the device and the end is attached to the volitie part of the suspension.
As the suspension contracts the expands the resistance of the wire changes in a

corresponding way. The other suspension devices work using lasers to measure the
distance from the vehicle to the road. Below the chosen device is highlighted. A laser
sensors was chosen as it is the least intrusive method of testing and therefore with
have the least side effects on the results.

[25] [26] [27] [28] [29]
s \) -
4
Application Ride height, | Pedal Suspension | Suspension | Throttle
suspension movement, travel, ride travel, ride position,
set up, suspension height, height, steering,
chassis travel, spoiler spoiler pedal angle,
Distortion steering deflection, deflection, pedal
angle, aero | steering steering position,
deflection column column gear
displacement | displacement | position,
aero
surfaces,
actuators
Supply 11-30Vdc Maximum of |40 Vdc 40 Vdc 5Vdc or 6-
Voltage (50mA) 32Vdc at 30Vdc (Max
1kQ/1W 32mA)
Max Reverse
Polarity
Protected
Resolution 0.0008" 0.004" to N/A N/A 12Bit
0.016”
Connection | Half Flange | 55spec, 26 719 male 719 male 20 inches,
Connector AWG Cable 55spec, 26
(N Keyway) |+ DR25 AWG Cable
ASX Cable: | Sleeve C + FDR25
26AWG, Solder Tab Sleeve
55spec Wire
+ DR25
Sleeve




Gyroscope

The gyroscope is necessary for measuring the Pitch, Roll and Yaw of a vehicle. Below are
five different gyroscopes that were compared against each other inorder to find the best one
for the job. Most of these gyroscopes were overkill for the purpose of what they were going
to be used for. The chosen gyroscope has been highlighted below. The gyroscope choses
had the lowest rate range and accuracy however this device was still suitable for the DAQ
system that was going to be designed. The gyroscope is powered of under 5V. As the DAQ
system is going to be isolated from the car it needs its own power supply. There for having
unnecessarily power heave instruments will only drain the battery faster.

[31] [32] [33] [34] [35]
¥ C€ £ (€
£ CE

Rate Range | +500 to +100 to +500 to +500 to +80 and

°fsec +24,000 +18,000 +24,000 +50,000 +200

Output (Vdc) [5to 16 5t0 16 5t016 51016 0.5V to 4.5V
{common (common {common (common (Offset 2.5V)
mode 2.5V) | mode 2.5V) | mode 2.5V) | mode 2.5V)

Accuracy +0.5% +0.5% +0.5% +0.5% +1.0% FS
Non- Non- Non- Non- Linearity
Linearity Linearity Linearity Linearity
(FSO) (FSO) (FSQO) (FSO)

Operational | -40to+105 |-40to+105 |-40to +105 |-40to+105 |-40 to +85

temperature

range (°C)

Connector 12x 2x Cables; 2x Cables; 5x, #30 20 inches,
#30AWG 12x 12x AWG 55spec,
Cond PFA #30AWG #30AWG Conductors, | 26AWG
Insulated, Cond PFA Cond PFA PFA Cable+DR25
Braided Insulated, Insulated, Insulated, Sleeve
Shield, PU Braided Braided Braided
Jacket Shield, PU Shield, PU Shield, PU

Jacket Jacket Jacket
[30]

Microchip Specification




Below is a table that lists all the components and peripherals that will make up the DAQ
system. This table acknowledges what the pic needs to be able to support.

Pins Type AD Resolution Clock speed

Speed 1 Digital 8 bit counter 0.5 seconds

RPM 1 Digital 8 bit counter 0.5 seconds

/ 1 Analoge 10bit 10 seconds
Temp

Suspension 4 Analoge 10bit 0.0001 seconds
Gyro 1 Analoge 10bit 0.1 seconds

4 Digital N/A N/A
2 Digital N/A N/A
1 Digital N/A Interrupt

on/off

pg. 10




Overview of chip specifications

Total pins 15 digital 9, analog 6 at 10 bit resolution, USB 2, voltage 5V, program memory 16K,
RAM 0.5KB, clock speed 16MHz

Micro controllers

Below is a table of five microcontrollers that all met the specifications needed. The pic that

pic that is highlighted is the one that has been chosen to be the main pic in the circuit. This is
the only pick with EEPROM. This is a positive feature to have on the chip as if there is ever a
software update the clients can just update their current device instead of buying a new one.

PIC18F2550 PIC18F25J50 | PIC18F26J50 | PIC18F26J53 | PIC18F27J53
[36] [37] [38] [39] [40]
Price $ 3.44 2 2.28 2.42 2.66
CPU Type 8-bit PIC MCU | 8-bit PIC MCU | 8-bit PIC MCU | 8-bitPIC MCU | 8-bit PIC MCU
Program 32 32 64 64 128
Memory Size
(KB)
Program 16 16 32 32 64
Memory Size
(Kwords)
SRAM 2048 3800 3800 3800 3800
Emulated 256/HEF O/HEF 0/HEF O/HEF 0/HEF
EEPROM in
FLash
Pin count 28 28 28 28 28
Internal 8MHz, 32KHz | 8MHz, 32KHz | 8MHz, 32KHz | 8MHz, 32KHz | 8MHz, 32KHz
Oscillator
Max ADC 10 10 10 12 12
Resolution
(Bits)
Max ADC 100 100 100 100 100
Sampling
Rate (ksps)

pg. 11




UART 1 2 2 2 2
USB Modules | 1 1 1 1 1
Temp Range | -40 to +85 -40 to +85 -40 to +85 -40 to +85 -40 to +85

[41]

Circuit Design

Below is a screen shot of the DAQ proteus schematic. Each section will be explained as to

what it is and how it works.

pg. 12




Below is a screen shot of the DAQ’s power supply. It has i switch as the on/off button. There
is an LED that will light up when the current is flowing. There is a Zener diode that camps the
voltage to 10V. There is a potential divider that halves the voltage from 10V to 5V for the pic
and the instruments that require a 5V supply. The devices require more voltage can connect
to the supply before the potential divider. There are two capacitors in the circuit. These are
to absorb spikes when the switch is turned on/off. The small capacitor absorbs small spikes
and the larger capacitor absorbed larger spikes.

:J,_tl;,_"l Ro| —c3
\

k] oo [ 1o
T 1nF
D2 R12
':—E- R132)
D51 B

1M110Z285
R0 N 5

10k
1
) LED |_|

In the screenshot below is the circuit diagram of the temperature sensor. The temperature
sensor used is a thermocouple type Platinum Resistance Thermometer. The Max31865AAP
chip is designed for these types of thermocouples and converts the resistance of the wire

pg. 13




into a voltage that a pic can read. The Master pic (PIC18F2550) did not have enough ports

to connect the MAX chip so a simple PIC16F1454 was implemented into the circuit to

process the information from the MAX chip. This is then sent to the master chip through

ports RAO,1,2 and 3. [42] [43] [44]
v
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Below is the circuit diagram of the start button. Where as the switch in the power supply cut
off the current this button just lets the circuit know when to start reading the data. This save
the device from storing irrelevant data. The capacitor smooths out switch bounce and the
LED lets the user know that there is current flowing through the button. The resistor pulls the
voltage to OV when the button isn’t pressed.
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Figure 8

In the screenshot below it shows the RPM and the speed sensor. This is just a digital signal

so it can go straight to the pic. There are pull down resistors on both to make sure there are
no floating wires.
—— -

U4 4 &
) nf TR
— i | T 5
i} R1 R2 RV1 :
— o B 10k 10k Ao R
ie u
‘e =

Figure 9

The configuration below is for the EEPROM, if the chip needed a software update pin RB7

would go high when a software update is ignolaged and would there for clear the chip vier
the RE3 pin.
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RBSKBI/PGM vuss —B—t—'_
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PIC18F2550 R11
10k
Figure 10

The variable resistors represent the suspension travel sensors. They give out a voltage
relative to the distance measured. The pics analog port can read these and calculate the

distance.
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The data collected is stored onto the SD card. The data can also be acquired using the USB
port. When the USB is transferring information the LED with light up/ flash.

RCOT10SOT1CKI
IT10SICCP2/UCE
RC2/CCP1
RC4/D-VM
RCSD+VP
RCBTXICK

RC7T/RX/DT/SDO

OSC1/CLKI

pe. 15
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This Proteus schematic was developed on Easy-PC into a PCB bored. Below there are
multiple screen shot of the developed bored. The bored does no have a copper poured on to
it as the Ground and the Voltage ports were scattered. There ports where connected by
copper tracks instead of copper poured. The Easy-PC software did not have thg__rlecessary
chips so place markers are there where the chips can be soldered to the bored.

i m M
| g 47T M

Al

Figure 13 Easy-PC Schematic

Figure 14 PCB Board

Figure 15 PCB Board Back




Determine

Below is a table of the physical aspect of the DAQ system. It shows the prices of everything

and how the device would be sold.

(estermation)

Waterproof £22.40 200 x 120 x 75mm

Electronic ABS

Plastic [45]

Battery [46] £20.99 L: 16.1cm, W: 6.5cm,
H: 9.4cm

Components Less than £10

PCB bored

Difficult to estimate
as costs per board
very depending on
the quantity that is
being produced.

Peripheral
instruments

For the interments
that the board is
designed to be used
with they would cost
about £1000 to
perches. The price
would change
depending on the
guantity being
ordered.
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Protective case L 240mm, £69.72
W185mm,
D153mm

Total £1140
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