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1. Introduction
The following report describes the design phase of a data acquisition (DAQ) system which are used by scientists and engineers for research. Such DAQ system can be fitted inside vehicles to measure their performance and property or made part of weather station to predict natural events. They are capable of converting a real-world physical condition or property into digital values that can be handled by human or a computer [1]. DAQ is made out of:
Sensors and transducers
Field wiring
Signal conditioning
DAQ hardware
DAQ software
PC
Since transducers can detect a lot of different physical phenomena, like thermal, magnetic, and mechanical energy from one kind to another, they were used to collect data in real time and then stored this data for analysis.
A typical DAQ hardware is essentially a box loaded with peripherals: Analog-To-Digital Converters; communication protocols (USB, Ethernet, RS-485 etc.), and more. On their own they are not particularly useful until sensors are added to the system which depend on their application. 
2. Design
2.1. Requirements
This custom design for a vehicular data acquisition system is meant to be fitted inside a prototype car targeted for the family saloon market. The system needs to be portable, re-usable and adaptable for different kind of vehicles. The data gathered will be used to test if the vehicle is operating within a safe limit and is a comfortable means of transport.
The data gathered is:
· Engine temperature
· RPM
· Front and rear suspension travel
· Pitch, roll and yaw
· Vehicle speed (MPH)
The system is expected to collect and store data in a non-volatile memory which can also be connected to PC via USB to read and clear it.
Additionally, system is meant to be battery powered and sensors mustn’t be connected to vehicles electronics or signals.
The system will be used in rough environment, full of humidity and dust and thus, it must be robust.





2.2. Sensors
2.2.1. Temperature
	Type
	Solid State Sensor
	Optical Sensor
	Thermistor

	Short Description
	Output is linearly proportional to temperature applied across a diode [1].
	Sensor work by focusing infrared energy emitted by an object onto one or more photodetectors [2].
	Thermistor is essentially a resistor with resistivity based on temperature [3].

	Examples
	LM35
	SA-IR200V6-000
	EPCOS B57863S0103F40

	Robustness
	Good
	Very Good
	Good

	Complexity
	Simple
	Simple
	Simple

	Price
	Cheap
	Medium
	Cheap

	Temp. range
	Yes
	Yes
	No

	Mounting
	Glue
	Non-Contact
	Glue

	Connection Type
	Linear + 10-mV/°C
	Analog 0,+5V
	Analog



2.2.2. RPM
	Type
	Magnetic
	Reflective Optical
	Retro-Reflective

	Short Description
	Hall effect sensor is integrated with amplifier to vary output based on strength of magnetic flux [5].
	The operation is based on photodiodes which senses presence and absence of light [4].
	Sensor uses infrared LED and measures the reflectivity of the object [6].

	Examples
	SS495A
	AEDR-8000-1K2
	GP2Y0A41SK0F

	Robustness
	Very Good
	Very Good
	Very Good

	Complexity
	Simple
	Medium
	Simple

	Price
	Cheap
	Medium
	Cheap

	Connection Type
	Digital
	Digital
	Analog

	Mounting
	Non-Contact
	Non-Contact
	Non-Contact

	Distance
	Magnet depended
	75-180mm
	30cm



2.2.3. MPH
RPM uses a retro-reflective sensor to measure number of revolutions and the same principle can be used to measure number of wheel revolutions.












2.2.4. Suspension
	Type
	Strain Gauge
	Wire Pot
	Ultrasonic

	Short Description
	Strain gauge is a strip that when stretched, change its resistance [7].
	Wire pot is capable of converting linear motion to proportional voltage output [9].
	This sensor works by sending sound at frequency above human hearing and as the sound bounces of an obstacle and returns to sensor, it gives time delay from which distance can be determined [8].

	Examples
	RS PRO 865-6235
	SA-WP0760HQ-000
	MCUSD14A58S9RS-30C

	Robustness
	Good
	Very Good
	Low

	Complexity
	Simple
	Simple
	Medium

	Price
	Cheap
	Medium
	Cheap

	Connection Type
	Analog
	Analog
	Analog

	Extended Length
	8mm
	760mm
	300mm



2.2.5. PRY
	Type
	Accelerometer
	Gyroscope

	Short Description
	This sensor can measure static or dynamic acceleration. This acceleration causes mass to squeeze piezoelectric material within which then creates an electrical charge [11].
	Gyroscope works by maintaining angular momentum using a rotor mounted on a pivot which keeps it rotating on particular axis [10].

	Examples
	MPU-6050
	MAX21001
	SA-GY200V4-000

	Robustness
	Low
	Low
	Very Good

	Complexity
	Medium
	Medium
	Simple

	Price
	Low
	Low
	Low

	Connection Type
	Digital (SPI)
	Digital (SPI)
	Analog













2.3. ADC resolution
ADC resolution is the definition of number of steps per bit. More bits will increase accuracy of Analog-to-Digital Converter (more details in section 2.5.2.1).
	Resolution
	Formula
	Total number of steps

	2
	2^2
	4

	4
	2^4
	16

	6
	2^6
	64

	8
	2^8
	256

	10
	2^10
	1024



The number of steps must be higher than sensors’ sensitivity:

	Sensor
	Temp (Celsius)
	Gyro (Angular Momentum)
	Suspension (Mechanical Stroke)

	Min
	-30°C
	-200°/s
	0mm

	Middle
	85°C
	0
	380mm

	Max
	200°C
	200°/s
	760mm

	Total
	230°C
	400°/s
	760mm

	Minimum Resolution
	8 bits (256 steps)
	9 bits (512 steps)
	10 bits (1024 steps)


This table shows that system needs a minimum resolution of 10 bits for ADC. The reason to not include sensor for MPH and RPM is because that sensor gives output based on reflectivity of an object but in this design, it will be used only to return high or low reflectivity and therefore, it is safe to use with low ADC resolution.
2.4. Storage Memory
To help decide on amount of storage memory required, a table was made to describe how data would be stored on a memory card based on how often data would be taken:
	Time
	Temperature
	RPM
	MPH
	Suspension Front-Right
	Suspension Front-Left
	Suspension Rear-Right
	Suspension Rear-Left
	Pitch
	Roll
	Yaw

	0
	Temp-MSB
	Temp-LSB
	RPM
	Mph
	Sus-fr-MSB
	Sus-fr-LSB
	Sus-fl-MSB
	Sus-fl-LSB
	Sus-rr-MSB
	Sus-rr-LSB
	Sus-rl-MSB
	Sus-rl-LSB
	Pit-MSB
	Pit-LSB
	Roll-MSB
	Roll-LSB
	Yaw-MSB
	Yaw-LSB

	50μS
	
	
	
	
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	
	
	
	

	100μS
	
	
	
	
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	150μS
	
	
	
	
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	
	
	
	

	200μS
	
	
	
	
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	…
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	999.95mS
	
	
	
	
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	
	
	
	

	1S
	
	
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	…
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2S
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	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	…
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5S
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X


Temperature will be taken every 5 seconds,
RPM and MPH, every second,
Suspension data every 50μS,
And Pitch, Roll, and Yaw data, every 100μS.

Storage required for temperature can be calculated as:

Formula for RPM

Formula for MPH

Formula for Suspension

Formula for Pitch, Roll, and Yaw

Therefore, a total storage required for 2 hours run is:

In kilobytes:

In Megabytes:

In Gigabytes:

Hence, for 2 hours run, system requires at least 1.48GB of memory.
2.5. Microcontroller
2.5.1. Pin requirements
The pic would require a minimum of 10 analog pins because of a number of sensors: 1 for temperature; 1 for RPM; 1 for MPH; 3 for Pitch, Roll, and Yaw; and 4 for suspension – 1 for each wheel.
Additionally, to communicate with SD Card, it would need 4 SPI compatible pins and 3 pins for USB to read and write from it when connected to a PC.
Lastly, for debugging, PIC neds 2 pins for RS232.
Optionally, it could also have 2 digital pins for LED lights that could indicate for example: device is on or; memory is full.
2.5.2. PIC Modules Required
2.5.2.1. Analog-to-Digital Converter
Analog-to-Digital converter is required to take signal coming from sensors and convert it into a binary representation. In PIC microcontroller, analog inputs are multiplexed into a single sample and hold circuit which is connected to input of converter. This converter gives binary result using successive approximation which test outputs by feeding Digital-to-Analog converter and comparing results with analog existing at input comparator [12]. It does its job by first setting all bits to 0 and then going from Most Significant bit, it temporarily sets bit to 1. If D/A is less than input, it would leave that bit as 1 and else, it would set that bit back to zero. This process is called Binary Search [13].
2.5.2.2. MSSP (SPI interface)
Master Synchronous Serial Port (MSSP) module is required to communicate with SPI and I2C devices – in this case, an SD card. SPI was introduced by Motorola to communicate between ICs and I2C was made by Philips for communication between chips [14] [15]. SPI bus is a synchronous serial data communication bus that operates in Full-Duplex mode – meaning that data can go in both directions at the same time. Device’s communication is in a master/slave environment and master is the one to initiate communication. A slave device is controlled by a Chip Select which is also known as Slave Select (). SPI is made out of 4 wires:
· Serial Clock (SCK)
· Serial Data Out (SDO)
· Serial Data IN (SDI)
· Slave Select ()
In event where multiple SPI devices are present, each SCK, SDO, and SDI are connected together while each device has their own unique SS pins [16].
I2C, unlike SPI, only uses 2 wires as a bus where slave addressing is sent first in the same line as data. The communication is Half-Duplex – data going in one direction at the time. Also, any slave can take control of the bus if the master relinquishes the control [15].  The 2 wires in I2C are:
· Serial Clock Line (SCL)
· Serial Data Line (SDA)
2.5.2.3. USB
Universal Serial Bus (USB) was introduced in 1995 with main goal to simplify the connection between computer and peripherals. USB 1 had options for low speed (1.5Mb/s) and full speed (12Mb/s) and it was sufficient enough for keyboards, mouses and some external memory drives (thumb drives). In version 2, USB give hi-speed transfer up to 480Mb/s and is more suitable for serious data transfer for devices such as optical drives or external hard drives. Version 3 add another two shielded twisted pair cables that give Full-Duplex communication and speed up to 4.8Gb/s while version 3.1 can go in speed up to 10Gb/s and also increased power output from 5V@2A to 5A at either 12V or 20V. USB 1 and 2 are configured as Half-Duplex Master/Slave with 4-wires [17]:
· Vbus (+5V)
· D+
· D-
· Ground (GND)
While Vbus gives a constant voltage between 4.40V to 5.25V, the D+ and D- data lines operate at 3.3V [18].
2.5.2.4. EUSART (RS-232)
Enhanced Universal Synchronous Asynchronous Receiver Transmitter (EUSART) Module is a peripheral for serial I/O communication and it contains clock generators, shift registers, and data buffers required to do input or output of serial data transfer independent of device program execution. EUSART is also known as Serial Communication Interface and can be configured as either Full-Duplex or Half-Duplex [19].
In this design, it will be used for debugging microcontroller using RS-232. The RS-232 refers to electrical signalling scheme that uses voltages of both polarities (+ and -) to signal 1 and 0. When signalling starts, the transmitter rests at logic 1 and it change to 0 which is then followed by 8 data bits and ends with extra 1 or 2 trailing stop bits. The 8 bits data can sometimes by 7-bits long with 1 parity bit. The transmitter and receiver must have the same baud rate (e.g., 9600 bits/s).
2.5.3. PIC Choice
For the above reasons, the microcontroller of choice for this design is PIC18F45K50 which has the required amount of digital and analog pins and has embedded modules for ADC, MSSP, USB and RS232.
2.6. Power Source
The minimal power source requirements are defined by voltages and currents. Since Temperature sensor requires 12V [A1] and remaining sensors 5V [A2-A4], the battery must have at least 12V. The required Ah for 2 hours run is calculated by adding current draw of each component together and then multiplied by 2 to give 2 hours and multiplied by 2 again to make sure battery won’t die in the middle of testing:
	Component
	Current Draw

	IR Temperature Sensor
	0.001A

	IR Distance Sensor (2x)
	0.044A

	Wire Potentiometer (4x)
	0.002A

	Gyroscope (3x)
	0.15A

	Microcontroller
	0.085A

	Total
	0.282A

	Total for 2 hours run
	0.564A

	Doubled
	1.128A


Therefore, battery must have at least 1.128Ah capacity.
The choice for battery is TS B2 which is a 12V battery with 2.0Ah capacity [A7].
2.7. Connectors
Connectors’ robustness is defined by ingress protection (IP) and it is a defined standard rating used to protection levels of electrical enclosures. IP ratings have 2 digits with them: first digit represents intrusion protection (such as dust); and second digit represents moisture protection [21].
For the connector, choice is Lemo Cable Mount Connector, 4 Contacts part NO. FGG.0T.304.CLAC50Z [A8] and EGG.0T.304.CLL [A9] for mounting to casing. [image: ] [image: ]
FGG.0T.304.CLAC50Z and EGG.0T.304.CLL are made out brass and both have IP68 ratings.











2.8. Casing
The choice for casing is: Peli 1150 with the size of 111 x 232 x 192mm. It has IP67 rating and is fully waterproof.
 [image: ]
2.9. System Block Diagram


This diagram contains a microcontroller in the middle with USB and SD Card data going in and out and sensors output feeding signal conditioning which are then passing through clamps to prevent any voltages higher than +5V going into the PIC.










2.10. Circuit Schematic Diagram
[image: ]In the top left, there is a power supply line coming from a battery with single +12V output going to IR temperature sensor along with 2 voltage regulators in parallel for +5V and 3.3V which have a pair of capacitors each to smooth out the current draw (values for capacitors sourced from their respective datasheets [A10-A11]). The +5V voltage regulator is providing power for 2 IR distance sensors, 3 Gyros, and 4 wire potentiometers while +3.3V voltage regulator is powering the microcontroller. The microcontroller must work at 3.3V because that is the operating voltage of an SD Card [A5] and also, because of lower operating voltage of microcontroller, the sensors require a signal conditioning in form of a potential divider to bring their voltage outputs from +5V [A1-A4] to +3.3V to match internal Vref of a PIC. Each sensor benefits from a clamp that keeps the voltage at maximum +5V before entering PICs analog inputs to keep it from burning. SD card [5], being SPI device, is connected to dedicated SCK, SDO, SDI, and  pins and USB is connected to D+ and D- pins (which also operate at +3.3V) of a microcontroller with its +5V sourced from voltage regulator. There are also 2 LEDs powered by the PIC and terminal for RS-232 communication.











2.11. PCB Design
Each component name corresponds with components in Proteus schematic design.
[image: ]











3D View:
[image: ]
Connectivity Check: [image: ]
Design Rule Check:
[image: ]
3. Future Improvements
The design could benefit from increased ADC resolution that could improve accuracy of analog inputs. Further improvement could be by adding a USB 3.1 support to achieve high speed of data transfer and possibly Ethernet or Wi-Fi modules as alternative option to communicate with this DAQ. It would also be worth to add a circuitry that would allow to recharge the battery without having to unplug it. Lastly, the design could have more sensors to measure things such as: noise levels, vibrations, fuel consumption, or exhaust temperature.
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