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1 Introduction

This assignment explores the design and specification of a car data logger that cannot interact with
the on-board electronics of the vehicle it is measuring. There are both advantages and
disadvantaged to this requirement. The primary advantage is the portability of this system to other
vehicles. While this has been designed specifically far a family saloon, the parts used make it
compatible with smaller vehicles up to SUV-class vehicles. One difficulty of this is that some
measurements may not be as accurate as the car itself would be able to record, such as the internal
RPM of the engine. This assignment explores some of the solutions and suggests further
improvements to make in future versions of a data recorder.

2 Literature review
2.1 0BD2 Data Logger [1]

However, this connects to the cars on board sensors, which is not appropriate for this assignment so
another solution is required. This data logger also uses WiFi functionality to add the ability to
automatically upload the data that has been recorded to a dedicated web service, or use an SD card
to record and transfer data with. To keep this design simple, an SD card has also been used as a lot
of additional overhead is required for a WiFi design, either a processor that has built in WiFi or an
external WiFi module would be required in order to communicate wirelessly. This could be a
consideration for a future improvement, but is outside the scope of this assignment.

This specific data logger uses the ODB2 [1], an interface which presents data on request, within a car
to log data. As the data recorder that is being designed for this assignment may not touch the cars
internal electronics, this is not an option that can be carried through to this design.




3 Component and sensor selection

3.1 Status LEDs

There are two status LEDs located next to each other on the exterior of the enclose. The first, a
power on LED, is to indicate power is applied to the board and the second, an activity LED, is to
indicate that data is being recorded. This activity LED will light up each time the PIC MCU writes data
to the SD card.

Resistor values of 330Q have been selected as the datasheet for the LED [2] specifies a
V =IR

Equation 1: Ohms law

V=5
I =15mA
2 v
T
R = 5
T 0015
R = 333.330

Figure 1: The power and status LEDs displayed in the Proteus schematic

3.2 Voltage Regulators — LM78

Two different voltage regulators have been selected in order to satisfy the input voltage ratings of
different sensors. The LM7805 and LM7809 have been selected to provide an on-board voltage of
+5VDC and +9VDC respectively.

3.3 Suspension — CD50 Draw Wire sensor [3]

35m
speed = 80mph = e

wheel circumference = 17in = 0.0254
= 1.35m

At 80mph, the wheel completes 26 revolutions per second, so in order to detect running over an
object 3.5cm in height, the suspension much be read out at a twice rate, or for an object with a
height of 1.75cm. Travelling over an object 1.75cm in height and width at 35m/s would produce a
reading for only 50us.

0.00175m

= 0.00005
35m/s s

The suspension is to be read back to the PIC MCU at a rate of 20KHz, or once every 50ps. This is to
allow for running over a solid object 1.75cm in height at 80mph to be detected. The distance the




suspension can travel is estimated to be 1 foot, so a part that can travel further, at 500mm has been
selected.

3.4 Temperature probe [4]
A K-type [5] thermocouple that can be secured to the outside of the engine with a heat resistant
temporary adhesive, such as polyimide film has been selected.

3.5 Optical RPM / vehicle speed sensor [6]

One possible approach to reading the RPM of the engine would be through the use of a microphone
and passing the output through a fast Fourier transform and extracting the peak frequency. An issue
with this approach is the increased signal processing requirement and operation inside a noisy
environment.

A piece of reflective tape can be placed on the engine in order to record the RPM using an optical
sensor instead of using internal busses to communicate with the cars on board electronics. This
same approach can be used to measure the speed of the car, by placing a different piece of
reflective tape on a wheel and monitoring the rate at which pulses are received by the PIC MCU
through the use of an interrupt on a particular port.

This optical RPM sensor uses a class |l laser, which will be operating inside of an enclosure away
from direct line of sight, but when it needs to be started / stopped there could be a short period of
exposure. A short period of exposure to a class Il laser shouldn’t put the user at risk, however it is
cautioned that “prolonged viewing may be dangerous” [7].

3.6 Gyroscope — L3GD20H [8]

The gyroscope chosen for this is an 12C device. Data can be read back in a single transmission by
specifying that 6 bytes should be returned, as each of the pitch, roll, and yaw axis hold 2-byte values
[8]. As this single device has 3 separate axes for pitch, roll and yaw, only a single device over 12C s
required.

3.7 Storage — 2GB SD Card [9]

The SD card is a class 10 SDHC which has a minimum write speed of 10MB/s or 10485760 bytes per
second [10]. To meet the timing requirements of this assignment, 50us due to the suspension being
read out at 20KHz. over a period of 50us, a total of 524 bytes could be written to the SD card. The
greatest number of sequential bytes that would be written to the SD card in this example is 8 from
all four suspension recordings.

3.8 Microcontroller - PIC18F24K50 [11]

For this assignment, a PIC18F24K50 was chosen as it was one of the three MCUs that met the
specification following a search through Microchip’s Advanced Processor Search [12]. This processor
operates at 5V, which allows for the operation of most of the other components, such as the
accelerometer detailed further below, without additional voltage regulators.

At most, approximately 400 instructions would need to be executed in total over a period of 50us in
order for the PIC MCU to read data from all of the sensors and send it to non-volatile storage on the
SD card. These instructions are a ballpark for: Reading each of the 10 (including duplicate)
peripherals outlined above, formatting data, performing checks and writing to the SD card. 400




instructions in 50us would require 8,000,000 (8MHz) instruction cycles, as an instruction cycle is 4
clock cycles for PIC MCUs, this requires a processor that runs with a frequency of at least 32MHz.

Each instruction is 16 bits, as detailed by section 26 in the PIC18F24K50 Data Sheet [11]. For the
main loop estimated at 400 instructions, 800 bytes of internal memory would be required.
Additionally, start-up code which configures peripherals and then USB functionality to allow for the
device to send data back to a host PC from the SD card.

A minimal amount of RAM is required as very little data will be buffered on this device.

Parametes search

PICIBFS4S0

a1 D |

mcRochE

MEMEHF

Figure 2: Microchip's Advanced Part Selector

4 12V Battery - PC1.2-12F1

A 12V battery has been selected to power this device as it holds enough power to supply the pic
MCU and peripherals for a duration of at least 4 hours, and has a voltage compatible with the on-
board voltage regulators.

4.1 Enclosure — Peli-case [13]
An enclosure large enough to fit both the 12V battery, and the PCB has been selected for the car
data logger. It measures 188 x 125 x 84 mm on its interior.

4.2  Printed Circuit Board (PCB)

The minimum order quantity for PCBs from jlcpch.com, a PCB prototype and production
manufacturer, is 5. For small quantities, there is a fixed cost of 2USD / 1.57GBP for 5 PCBs. The total
cost of the order comes to £16.51. To remain complaint with regulations surrounding the restriction
of hazardous substances (RoHS) [14], a hot air surface level with free solder was selected.




Charge Details

Special Offer £1.57

Via Covering £0.00

Surface Finish £1.02

Build Time

PCB: @ 2days fo.00
24 hours £563
24 hours £0.00

Calculated Price

Shipping Estimate £13.93
~ DHL Express Worldwide 2-4 business days
Weight 0.29kg

Figure 3: Cost with separate shipping, of 5 PCBs from jlcpcb.com




5 Final component cost

The total cost of the car data logger is shown below

Table 1: The cost of each component selected for this build

Optical speed sensor x 2 £355.00
Reflective tape £30.00
Temperature Probe £7.88
Wire strip potentiometers x 4 £432.25
TELL LED =20mA £0.00
Battery £6.81
Enclosure £39.25
Gyros £9.86
SD Card £6.94
PCB £16.51
Total £2572.59

6 Data structure

Due to SD cards having no movingintegral parts, the seek time to write to different locations is
significantly reduces when compared with a hard disk. This is advantageous because it allows for fast
writes to arbitrary memory locations. To signify the beginning and ends of each of the sections, they
are marked with the following ASCII encoded headers/footers:

* “ERPM” for Engine RPM;

e “EMPH" for Vehicle speed;

e “TEMP” for Engine temperature;

e “SUFL”, “SUFR”, “SUBL", “SUBR” for the four suspension distances;
e “GYRP”, GYRR", GYRY" for the gyroscopic pitch roll and yaw values.

A fictitious example is shown below where the engine starts at 0 degrees Celsius and rises in
temperature to 23°C after a total of 6 minutes, or 18 readings spaced at regular intervals of 15
seconds:

Address B0 01 02 03 04 05 06 07 08 09 0A 0B OC @D BE OF ASCII

0EEE0REA: 54 45 4D 50 0F 01 B2 B3 04 05 @6 87 08 02 OA OB TEMP....
00000010;: [BC]OD OE BF 10 11 12 13 14 15 16 17 54 45 4D 50 [ ...... TEMP

Figure 4: An example of the format data is stored in created in a hex editor ImHex




Table 2: Structure of data stored on the SD card

Memory Address Range Description Size (bytes)
0 to 3 Engine temperature header 4
4 to 963 Engine temperature readings 960
964 to 967 Engine temperature footer 4
968 to 971 Engine RPM header 4
972 to 8171 Engine RPM readings 7200
8172 to 8175 Engine RPM footer 4
8176 to 8179 Vehicle speed header 4
8180 to 15379 Vehicle speed readings 7200
15380 to 15383 Vehicle speed footer 4
15384 to 15387 Gyroscope pitch header 4
15388 to 303387 Gyroscope pitch readings 288000
303388 to 303391 Gyroscope pitch footer 4
303392 to 303395 Gyroscope roll header 4
303396 to 591395 Gyroscope roll readings 288000
591396 to 591399 Gyroscope roll footer 4
591400 to 591403 Gyroscope yaw header 4
591404 to 879403 Gyroscope yaw readings 288000
879404 to 879407 Gyroscope yaw footer 4
879408 to 879411 Suspension front-right header 4
879412 to 288879411 Suspension front-right readings 288000000
288879412 to 288879415 Suspension front-right footer 4
288879416 to 288879419 Suspension front-right header 4
288879420 to 576879419 Suspension front-right readings 288000000
576879420 to 576879423 Suspension front-right footer 4
576879424 to 576879427 Suspension front-right header 4
576879428 to 864879427 Suspension front-right readings 288000000
864879428 to 864879431 Suspension front-right footer 4
864879432 to 864879435 Suspension front-right header 4
864879436 to 1152879435 Suspension front-right readings 283000000
1152879436 to 1152879439 Suspension front-right footer 4




7 Software flowchart

Data logging

Set up gyroscope Read and format data from
peripheral the 5D card into a“csv” file
before sending it to the host

Configure optical
sensor interrupts

Configure timer
interrupts

Configure timer
interruptflags

Wait for interrupts

Figure 5: A software flowchart of the PIC MCU''s start-up behaviour




Timer interrupt
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Figure 6: A software flowchart of the PIC MCU's main program loop

8 Conclusion
This car data logger operates with a PIC MCU running at 32MHz

9 Future Improvements

A class Il laser is used inside the car, in line with [REFERENCE] safety goggles should be used when
working around this. An additional button to detect when the bonnet is open could disable this laser
when the bonnet is opened so that a class Il laser is not in operation while a person is present.

A microcontroller with (DMA) Direct Memory Access would enable the MCU to hand off the
movement of data from one point to another to a dedicated on-chip peripheral, a DMA controller, to
allow for the MCU to process data instead of waiting for lengthy conversions to take place.

Direct Memory Access [15] would also allow for the processor to enter a low power state [ref] so
when there is no data to be processed, the power consumption can decrease allowing for either
greater battery life or a smaller battery to be used.

DMA allows for processors to enter a low power state or spend extra cycles processing data instead
of retrieving and moving it internally. An example of where DMA may come in handy is arbitrary




signal generation [15]. The CPU can instead spend time processing data in order to generate a
lookup table, and once the table has been generated, the DMA engine can transfer the data to an
external peripheral, such as an analogue pin or digital-to-analogue converter.

For our example, the main loop would be free to handle the formatting of data and writing to the SD
card. With the additional time saved, it is also possible for digital filters to be implemented within
the microcontroller, these could be simple moving average filters to get rid of some noise in
measurements [16], or slightly more advanced filter such as a Kalman filter, which would be able to
make use of both a gyroscope and accelerometer in order to account for gyroscope drift [17] over
time [18].

A further improvement that could be made which would all for the design of the PCB to be simplified
is a reduction in component count and by using shielded cables running from the sensors to the
board, instead of implementing signal clamps once each of the signals have passed through their
respective signal conditioners. Each clamp for an off-board sensor currently uses 3 components, with
a total of seven off board, connectors, this comes to a total of 21 components that could be
eliminated through the use of different cabling throughout the rest of the system. In production, this
would save cost as the only use of the diodes in this circuit is to prevent a spurious signal from
damaging the PIC MCU, and each unique component added to a PCB increases the cost of
production.

External Signal [>——___} ® I‘ > internal Signal

Figure 7: A clamp designed in Proteus Professional 8, using 3 passive components

Finally, the connecters to external peripherals that have been used could be changed from header
pins to unique connectors that are only used for each type of sensor. Colour-coding could also be
used on the outside of the peli-case and on the cable to indicate which connector should be plugged
into which receptacle.
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RESEARCH-INFORMED LITERATURE
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