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Introduction
The aim of this project is to design a smart rear bike light with multiple functions which will make it a
useful product for the user. The rear bike light will:
e Use high power LEDs
e Have multiple light intensity modes controlled by PWM
¢ Have multiple flashing modes designed to optimise visibility
¢ Be powered by USB rechargeable Li-ion batteries
e Switch on/off automatically by detecting movement
e Automatically use lower light intensity at night to increase battery life
s Enter power saving mode when the battery is low
e Have LEDs to show charging and fully charged statuses.
e Automatically disconnect the battery when fully charged
¢ Increased brightness to replicate a break light when slowing down

The smart rear bike light circuit will be controlled by a microcontroller along with additional circuitry
to complete the functions listed above.
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Research into the existing market

There are many existing smart rear bike lights already on the market, to ensure this project is
effective and professional it is important to analyse the features of the existing products. In this
section, some available rear bike lights and their features are listed.

Nkomax smart bike light [1]

COB LEDs

Auto start and stop

Higher brightness when breaking

20 hours run time

400mAh Li-ion USB rechargeable battery
Dimensions — 127mm x 25mm x 76mm
Costs £21.99

Higomore ultra-smart bike taillight [2]
Higher brightness when breaking
600mAh USB rechargeable battery
8-12 hours run time

3 hours charging time

COB LEDs

100Im

6 light modes

Dimensions — 53mm x 53mm x 38mm
Costs £19.99

Moon nebular rear light [3]

COB LEDs

Uses aluminium heat sink casing for cooling
Rechargeable Lithium Polymer battery 800mAh
Mode memory function

8 light modes

Low battery, charging and fully charged indicator
Fully charged cut-off system to protect battery
2.5 hour charging time

200Im

Dimensions — 93mm x 22.5mm x 17.7mm

Costs £27.49

Garmin Varia RTL515 rear light [4]

51-150lm

16-hour battery life

Connects wirelessly to smartphone or compatible devices

Provides visual and audible alerts when vehicles approach from behind
Can indicate the position and speed of approaching cars

4 light modes

98.6mm x 19.7mm x 39.6mm

Costs £169.99

These lights were chosen at random from the shopping section of Google to give an idea of what
specifications are available.
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An article on the best available bike lights written by J. Stevenson [5] listed the Exposure TraceR MK2
as the best overall rear bike light. At the start of the article Stevenson mentions some of the
desirable features when looking for a rear bike light. These are a longer battery life, rechargeable
batteries, and flashing modes.

One light listed in this article is the Hope District Plus. The interesting feature with this light is that is
uses an external battery to allow for up to 200 hours of use without the hinderance of fitting a
battery into the rear light itself. This is something to consider later in the project when designing the
battery pack.

Flashing the rear bike light

This rear bike light will have flashing modes. There are advantages to using different flashing modes
whilst cycling however there are also disadvantages. Having a flashing rear light means the bike can
be detected from further distances and can preserve battery life of the rear bike light. Using a
pattern to flash the light, rather than having a steady light, can also increase the chances of being
detected. However, flashing lights can make it difficult for the speed and distance of the bike light to
be detected as there is no constant light to focus on. Fast flashing lights can potentially be dazzling
to drivers too, which will reduce the safety of the cyclist, the motorist, and pedestrians. Flashing
lights are illegal in some countries such as Germany and the Netherlands for this reason [6].

In the UK, the law is that the rear bike light flashing frequency must be from 1-4Hz.
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Choosing the high-powered LEDs

Red high powered COB LEDs will be used for this project. After analysing the research conducted
previously it is clear that high powered COB LEDs are the most used on the market. COB LEDs are a
relatively new technology which were designed to limit the issues encountered with standard LEDs.
They consist of multiple LEDs directly mounted to one module. This helps to greatly reduce the
space they take up, provided more lumens per cm? than is achievable with standard LEDs [7]. The
COB LEDs are also faster to incorporate into a design as there are only 2 connections to energize
multiple LEDs which are mounted on one module. The different chip structure also means the COB
LEDs generally produce less heat [8].

The LED which will be used for this project is the cree XPEBRD. It is a red COB type LED with a
starboard configuration. The starboard configuration has a large surface area allowing for good heat
dissipation which can help to improve the reliability and efficiency of the LED. This LED has a viewing
angle of 130° which will allow the bike light to have a relatively wide coverage, however when
installing the LEDs, it may be possible to arrange them in a way that increases this angle by angling
them outwards slightly.

The datasheet [9] states that the forward current is 350mA, providing a luminous flux rating of
80.6lm. Two of these high-powered LEDs will provide 161.2Im, based on the research this is
sufficient.

It is worth noting that these are red LEDs which will be used with a red lens. Should a white LED have
been used, there would be wasted energy being filtered out by the lens.
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PWM (Pulse width modulation)
PWM is a very widely used concept which has a multitude of purposes. It works by reducing the

amount of current being used to power a device by changing the width of a pulse rather than
changing the peak voltage The width of the pulse is known as duty cycle, as shown in figure 1.

0% Duty Cycle

5V |
|
ov -~
25% Duty Cycle
5V |— . - - -
_ Average
o ? Output
50% Duty Cycle Voltage
5V
ov
75% Duty Cycle
5V
oV [ || |18 | il
- 100% Duty Cycle
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Figure 1 — PWM duty cycle [10]

A 50% duty cycle means the power is only on for 50% of the time, meaning the average voltage at
the load is 50% of the peak voltage (2.5V in this case). Often, some form of smoothing circuit is used
to smooth the square wave output. PWM is usually switched with a very high frequency, so the time
the output spends at 0V does not create a flickering effect.

PWM is used for controlling motor speeds, ramping up the voltage to provide a soft start device and
for the application of the rear bike light, to limit the current being drawn by the LED.
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LED Driving circuit

The LEDs will require a driving circuit. As mentioned, PWM is being used to control the brightness.
The PWM output from the microcontroller is not capable of driving a 700mA load so a switching
circuit is required.

The circuit is shown in figure 2. An N-channel MOSFET is used to switch the LEDs on/off with the
PWM signal from the microcontroller. When the PWM signal is high, the MOSFET connects ground,
completing the circuit. When the PWM signal is low, the MOSFET disconnects the ground,
disconnecting power from the LED circuit.

The Inductor, L2 is used to smooth the PWM signal during the off period to prevent the LED from
flickering. The diode, D5, is used to provide a negative to the LED circuit when the MOSFET is open.
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Figure 2 — LED driving circuit

Using this circuit along with the PWM theory from the previous section allows the LED brightness to
be adjusted. It also enables the LEDs to be powered directly from the battery, improving efficiency
as there is no high current loading on the voltage regulator.

The PWM is used to maintain a constant current value. The microcontroller monitors the current
using the current sensing resistor R13. It measures the voltage drop and uses Ohms law to calculate
the current. As current is directly proportional to the brightness, regardless of any temperature
variations, any percentage of full power can be maintained by adjusting the PWM duty cycle based
upon the value of the current sensing resistor. This is a particularly accurate method of maintaining a
set brightness, especially on a bike light which will likely be exposed to lower temperatures.

The MOSFET which will be used is the IPW60R280E6FKSAL [11]. This has a Vs (Voltage between gate
and source to switch on) of 2.5-3.5V and an Rps value (Resistance when on) of 0.25-0.66Q. This
means the device can be switched on with 3.3V and will not have much effect on the efficiency of
the circuit due to the low Rps.
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Flashing the LEDs

This device will have two flashing modes. One will flash on for 0.5 seconds and off for 0.5 seconds in
a consistent flash pattern. The other will flash on for 0.75 seconds and off for 0.25 seconds. This
would provide an inconsistent flash to help grab the attention of motorists.

The flashing modes will be incorporated using the same constant voltage principle described
previously. For the mode which uses 0.75 seconds on 0.25 second off flashing sequence, the pre-set
constant voltage is maintained for the 0.75 seconds on and then dropped to OV during the 0.25
seconds off period. For example, should the device be used with a 50% light output in this operating
mode, the constant voltage would be 1.05V for 0.75 seconds, followed by 0V for 0.25 seconds. This
cycle will repeat until the device mode is change
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Switching the bike light on/off based on movement detection

One feature of this bike light is to switch the light off when the bike is stopped and switch the light
on once the bike starts moving again. This will help to prolong battery life. This can be done using
MEMS (Microelectromechanical systems) accelerometers. There are two main types of
accelerometers, VC (variable capacitive) and PR (Piezoresistive). VC accelerometers are the best
suited to this project as they offer higher sensitivity than the PR accelerometers [12].

Figure 3 shows the basic principle of a VC MEMS accelerometer. Multiple capacitors are created
using an air gap as the dielectric. One side of each capacitor is a fixed electrode, and the other side is
a moveable electrode. When there is acceleration, the moveable electrode will increase the size of
some capacitors and decrease the size of others. The change in voltage can then be measured to
monitor movement. This example is for a simple single axis accelerometer. Many MEMS
accelerometers will cover 3 axis of movement, X, Y and Z to provide higher accuracy in movement
detection.

AN

Figure 3 — VC MEMS accelerometer working principal [13, P. 9]

The MEMS accelerometer chip which will be used for this project is the ADXL335 [14]. This is a triple
axis accelerometer which will provide very high accuracy in detecting movement. Adafruit have a
module incorporating this chip which can be used [15]. It requires a 3.3V input and provides
analogue outputs on axis X, Y and Z. The output of each Axis will be 1.65V with zero acceleration,
3.3V with 3g of acceleration and OV with -3g of acceleration. The response between these values is
linear.

When there is no acceleration in any direction for a 60 second period the bike light can switch off.
When acceleration is then detected in any axis, the light will switch back on. If no movement is
detected for one hour, the device will switch into power down mode and movement will not restart
the device. The MEMS accelerometer can implement this because when on a bike, even when
stopped in traffic, there is always likely to be movement in some direction through wobbling, so
when there is no movement in any axis, it is highly likely the bike is parked.

The break light feature is also implemented using this. When deceleration in the forward X axis is
detected, the higher intensity (100% power) bike light mode can be switched on until the

deceleration stops.

To reduce cost, the MEMS accelerometer module can be implemented directly into the circuit. The
built-in regulator will not be used either, further decreasing cost. This is shown in figure 4.

10
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Figure 4 — MEMS accelerometer circuit using ADXL335.
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Changing the light intensity based on visual light

The operating mode of the device will change depending on whether it is night or day. At night, the
bike light will not need to be as bright during the day to draw attention, so battery life can be
persevered. To implement this, some form of light sensing component is required. There are 3
components which can be used to achieve this, LDRs (Light-dependant resistors), photodiodes and
phototransistors.

The resistance of LDRs decreases with an increase in visible light (400-700nm). They are cheap
devices with low accuracy and a slow response time to the change in light.

Photodiodes are diodes which leak more reverse current as lux levels increase with very fast
response times. Phototransistors work the same as photodiodes, however they amplify the output
current so there is no need for additional amplification circuitry. The downfall of photodiodes and
phototransistors is that they respond to light spectrums which are not visible to the human eye, so a
light filter is required. This then leaves the risk of unwanted light leakage causing inaccuracies and
overcomplicates the system. High accuracy and fast response times are not important for this
project, so the LDR is the best option.

The LDR which will be used is the PDV-P7002 [16]. Many LDRs act the same way so the choice here
isn’t of massive importance. A voltage divider will be used to read the value of the LDR and it will be
powered by the voltage regulator to ensure a stable, reliable input is provided. An inaccurate input
would create an inaccurate output. A 100nF capacitor is used to smooth out any spikes created by
sudden changes in light caused by shadows or lights. The circuit is shown in figure 5.

4-L
[~ I
<
|
=
I —
AD
4 AD
=
S 't
a ® - U ap
x| | =L -
a b = Al
a O AD
o [ Wi I
zZ— Z —
2 - Q-
{

Figure 5 — Voltage divider circuit with LDR and delay capacitor

The device will always have two brightness options, presuming the battery is charged. During the
daytime, the two brightness settings will be 80% and 50% brightness. At night-time, the brightness
settings will be 70% and 40% brightness.

The input value to switch from day mode to night mode will be different to the value to switch from
night mode to day mode. This is to prevent the light from repeatedly switching between the two
modes due to the light level being on the limit. This is commonly known as hysteresis. The values to
switch between night and day mode will need to be selected once the LDR has been tested and
suitable light levels can be chosen.

There will also be a software delay included to prevent sudden changes in light levels due to
infrastructure from triggering the change, as well as the capacitor mentioned previously.

12
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Rechargeable battery system

The first step to designing a rechargeable battery system is to identify the size of battery required.
The main power consuming side of this circuit will be the COB LED. As mentioned previously, there
will be two 2.1V, 350mA high power LEDs being used.

This provides insight into how much power the LEDs will require. In terms of space available, the
average dimensions of rear bike lights on the market is around 100mm x 20mm x30mm, however
the cyclists seem to prefer the smaller more compact designs. This must be considered when
choosing the battery, as the PCB and battery must fit inside, with factors such as heat dissipation
also needing consideration.

These LEDS can be configured either in series or parallel. In series, the battery will need to provide at
least 4.2V to drive the LEDs and most small batteries will not provide this when low on battery, so
they will need to be connected in parallel, meaning 700mA will be drawn on full power.

A commonly used battery is the Li-ion 18650. These have a nominal voltage of 3.7V and need to be
disconnected before the voltage drops down to 2.5V. The dimensions of these batteries are 18mm x
65mm.

The Li-ion 18650 batteries come in a range of capacity ratings and can be purchased with protection
circuits built into them. This is important as the protection circuitry will have over discharge
protection, preventing the battery from being damaged.

Adafruit supply both Li-ion batteries and Li-ion USB charging modules to go with them. The ICR18650
[17] is a 2200mAh 3.7V Li-ion battery, which provides plenty of charge to power the LEDs. With the
LEDs on full power, the consumption will be 700mA. This means the light will run on constant
maximum power for around 3 hours. The microcontroller will also consume power, however this will
be minimal when compared to the LEDs.

The Adafruit USB Li-on/Lipoly charger V1.2 [18] uses a MCP73833 chip. By changing the built in
PROG resistor to 10k Q, 1000mA fast chargingis provided. The THERM resistor can also be replaced
with a 10K thermistor to provide temperature monitoring, which will be necessary considering the
fast charging is being used. The circuit will use a CC-CV (Constant current - Constant Voltage) system
which is the most popular method of charging Li-ion batteries. This works by initially charging the
battery using a constant current value until the maximum voltage is reached. Once the maximum
voltage is reached (4.2V) a constant voltage matching this value is used and the current value will
begin decreasing as the battery charges. Once the average charging current drops to the termination
current (7.5% of 4.2V), charging is stopped, and the circuit will enter charging complete mode. The
CC part of this is much faster than the CV charging. Increasing the charging current will only decrease
the charge time of the CC part of the process [19].

The datasheet for the battery states that with a constant current charge rate of 0.5C (charging
current 50% of battery capacity), the battery will charge in approximately 4 hours using CC-CV
charging. The constant current charge rate of this system will be 0.45, so it can be estimated that the
charging time will be approximately 4.5 hours.

13




Oliver Kucyj — Electronics 1

This module can be implemented directly into the circuit as shown in figure 6. The ST1 pin is
connected to an orange LED (D1) to confirm the device is charging, ST2 is connected to a green LED

(D2) to confirm charging is complete. The battery is disconnected from the USB input when charging

is complete for overcharge protection. The battery also has overcharge protection built in.
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Figure 6 — Charging circuit using MCP73833
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Voltage regulation

The issue with battery powered circuits is the voltage. With a Li-ion battery, the voltage will range
from 4.2V when fully charged down to 2.5V at the absolute lowest charge. This range in voltage is
not good for most components. Not only must the voltage be kept consistent across components
such as the LDR for voltage measurement, but chips such as the microcontraller and the MEMS
accelerometer require a voltage within a specific range, which is usually above 3V. The MEMS
accelerometer requires a 3.3V input, so when the battery is low, the voltage needs to be boosted as
well as regulated.

To do this, a LTC3440 buck-boost DC/DC converter chip can be used. This chip sold by analogue
electronics is designed for use with 3.3V circuits powered by batteries. An article written by M.
Jordan [20] published on their website includes a full working circuit for using this chip with single
cell Li-ion batteries which is perfect for this project. The input voltage can range from 2.5V-4.2V and
still provide a 3.3V output.
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Figure 7 — Voltage regulation using LTC3440
Please note: The software would not allow the pF symbol to be used. This has been replaced with

the empty box shown on C1 and C3. Also, R4 consists of a 68KQ and 540KQ resistor in parallel to
generate 60.4kQ, which is not a readily available resistor size.
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Battery monitoring and protection

The battery level can be monitored by measuring the output voltage. Microcontrollers cannot use
inputs higher than the supply voltage (3.3V) and the fully charged battery voltage is 4.2V, so a
voltage divider is required to ensure the measured voltage does not exceed 3.3V allowing the value
to be read by an analogue input on the microcontroller. This circuit is shown in figure 8.

GND B F1
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GMND RS-120k RB-120k

1| —2AAAA—ZANAA A

GND C5-12@nF
'l Kl Fil |
| Il

Figure 8 — battery monitoring circuit

The battery will need to be protected using a combination of this circuit, software, and the built-in
protection it already has. The built-in circuitry will disable the battery at 2.5V, however the battery
reaching this level is the worst-case scenario. The output voltages from the divider will be half of the
input voltage.

If the actual voltage is 3-3.3V, low battery mode is activated. In low battery mode the light will be
fixed at a 40% brightness, with a 0.5 seconds on 0.5 seconds off flashing sequence.

Below 3V battery level, the microchip remains powered in low power mode with all functions

disabled, except for the battery monitoring feature. If the battery is not charged for a long period of
time, the battery would eventually drain to 2.5V and be cut off by its built-in protection.

16
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Mode selection using the switch

There will be six selectable operating modes, 2 flashing modes (each with high and low brightness
options) and a solid light mode with high and low brightness options. The switch will be used to
select these modes.

Each time the switch is pressed, a digital pulse is sent to the microcontrollers digital input. Each
pulse will trigger a section of software which increases a variable by 1. The variable will only work in
the range 1-6. When a pulse is received when the variable is already at 6, the number will be reset to
1. Each number in this variable will dictate which operating mode is being used. For example, if the
variable reads ‘1’ then high power constant light mode is active.

Holding down the switch for 5 seconds will power the light off, the chip will then enter power down
mode.

The circuit for the switch is shown in figure 9. C7 is known as a debounce capacitor and is used to
smooth out any voltage spikes which occur when the switch is activated.
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Figure 9 — Switch circuit
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Selecting the microcontroller
The microcontroller can be selected based upon the circuit voltage, number of inputs and the
number of outputs. The minimum requirements are listed below.

3.3V

PWM module with 1 output channel

6 analogue inputs

1 digital input

Have low power modes and low power consumption

Based on these requirements, the ATtiny104 [21] can be used as it can provide all the functions.
It is an 8-bit microcontroller which is specifically designed for low power use. It has 1k of
programmable flash memory and 32bytes of SRAM (Static Random Access Memory). It contains a
built-in watchdog timer, which will reset the device in the event of a software glitch, 8 10-bit ADC
channels and 2 PWM channels.

Some of the ADC inputs are 4-bit and some are 8-bit. High precision accuracy is not essential here, so
this is not a problem. The pin configuration is shown below in figure 10.

The device operating mode is stored in RAM which is volatile memory, however the RAM is saved
during power saving modes. This will mean the user will not need to select their operating mode
every time they switch the device on, it will come on in the mode they left it in.

The only time this will not work is if the battery is disconnected. The device will disable everything
once the battery reached 3V however the RAM is still saved as the battery is still connected. If the
device is not charged for long a period of time, the battery level will drop to 2.5V and the RAM will
be lost.

Figure 5-3. Pin-Out of 14-Pin SOIC150

vee O 1 GND
(PCINTOTO/CLKI/ANOADCO/TPICLE) PAO || PB3 (ADCT/ACO/RxDO/TO*PCINTIL)
(PCINT1/OCOB/AINI/ADC/TPIDATA ) PA | PB2 (ADCS/ICPOTXDOPCINTI0)
11 ] PB1 (ADCS/CLKO/INTVOCOA/PCINTS)
10 ] PBO (ADC4/PCINTS)
PAT (PCINTT)
8 [T PAG (ADC3/PCINTG)

(PCINT2/RESET) PA2
(PCINT3/OC0A*) PA3
(PCINT4/ICPO*) PA4
(PCINTS/OCOBYADC2) PAS ] 7

[ Power B Programming [l Digital
. Ground . Ext clock |:| Analog

Figure 10 — ATtiny104 pin configurations
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Circuit Schematic
The full circuit schematic is shown in figure 11. This consists of all previously discussed
sections.
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Figure 11 — Full circuit schematic
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Pseudocode

Define integer variables

ModeSelect = 1 // Defines operating mode

Switchinput = PA3 //digital Input from switch

HighBrightness // High brightness Constant current value

LowBrightness // Low brightness Constant current value

LDRInput = ADC4 // Input from LDR

MEMSX = ADC5// Input from X axis

MEMSY = ADC6 // Input from Y axis

MEMSZ = ADC7 // Input from Z axis

BatteryLevel = ADC3// Battery level input

DayNight = 1 // Defines day or night mode. Day = 1, Night = 2. Day by default
LEDCurrent = ADC2/0.25 // Input from current sensing resistor, converted to current value using
Ohms Law

Set PA4 as PWM output channel //PWM output pin
Define Boolean variable

LightOff = True// Used to switch light off, enabling ModeSelect position to be remembered when the
light is switched off
AutoMode = False // Triggered with no movement for 60 seconds. Waits for movement to reactivate

IF SwitchInput = on for less than 5 seconds then
ModeSelect +1 //Short press switch to change modes
IF ModeSelect = 7 then // Switches back to the first mode after cycling past the 6" mode
ModeSelect =1
IF SwitchInput = on for more than 5 seconds then
Set LightOff = True // Switches light off with long press of switch
ENDIF

IF LDRInput = X for 10 seconds or more AND DayNight = 1 then //10 second delay to avoid constant
switching
DayNight = 2 //Switch from day to night
ELSEIF LDRInput < Y for 10 seconds or more AND DayNight = 2 then
DayNight = 1 // Switch from night to day. X and Y to be set once LDR is received
ENDIF

IF DayNight = 1 then  // Set brightness modes in daytime
HighBrightness = 560mA //maintain 560mA constant current
LowBrightness = 350mA //maintain 350mA constant current

ELSEIF DayNight = 2 then //Set brightness modes in night time
HighBrightness = 490mA //maintain 490mA constant current
LowBrightness = 280mA // maintain 280mA constant current

ENDIF

IF LightOff = True then

Put microcontroller in Power down mode

Wait for signal at PB1 //Circuit in low power mode until interrupt is triggered by switch
ENDIF
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IF MEMSX = 1.65 AND MEMSY =1.65 AND MEMSZ = 1.65 for 60 seconds then
AutoMode = True //If ne movement for 60 seconds, switch to AutoMode. Light is switched

off in AutoMode until movement is detected
ENDIF

IF AutoMode = True for one hour then

AutoMode = False

LightOff = True //If unit has not moved for one hour, it enters off mode and no longer
monitors movement
ENDIF

IF AutoMode = True AND (MEMSX !=1.65 OR MEMSY !=1.65 OR MEMSZ != 1.65) then
AutoMode = False //If movement is detected on any axis, unit is switched back on
ENDIF

WHILE BatteryLevel 2 1.65 AND LightOff = False AND AutoMode = False //Loop whilst battery is
charged above 3.3V, light is on and AutoMode is off

WHILE MEMSX > 1.65 then //If deceleration is detected
Adjust PWM to maintain 700mA LEDCurrent //Switch to full power for brake light
Once While condition is no longer met, revert to previous constant current value

IF ModeSelection = 1 then //High power constant light
Adjust PWM to maintain LEDCurrent = HighBrightness

ELSEIF ModeSelection = 2 then // Low power constant light
Adjust PWM to maintain LEDCurrent = LowBrightness

ELSEIF ModeSelection = 3 then //Constant flash high power
Adjust PWM to maintain LEDCurrent = HighBrightness for 0.5 seconds
Adjust PWM to maintain LEDCurrent = OmA for 0.5 seconds
Repeat

ELSEIF ModeSelection =4 then //Low power constant flash
Adjust PWM to maintain LEDCurrent = LowBrightness for 0.5 seconds
Adjust PWM to maintain LEDCurrent = OmA for 0.5 seconds
Repeat

ELSEIF ModeSelection = 5 then // High power inconsistent flash
Adjust PWM to maintain LEDCurrent = HighBrightness for 0.75 seconds
Adjust PWM to maintain LEDCurrent = OmA for 0.25 seconds
Repeat

ELSEIF ModeSelection = 6 then // Low power inconsistent flash
Adjust PWM to maintain LEDCurrent = LowBrightness for 0.75 seconds
Adjust PWM to maintain LEDCurrent = OmA for 0.25 seconds
Repeat

ENDIF

ENDWHILE

WHILE 1.5 < BatterylLevel < 1.65 AND LightOff = False // Loop in Low battery mode from 3-3.3V
Disable all inputs except for PA3 and ADC3 //Disables features to preserve battery. Battery
monitoring and switch are kept active
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Adjust PWM to maintain LEDCurrent = 280mA for 0.5 seconds
Adjust PWM to maintain LEDCurrent = OmA for 0.5 seconds //40% power flash
Repeat

ENDWHILE

WHILE BatteryLevel < 1.5 //battery below 3V

Power down mode with no functionality except adc3 //Battery too low, switch everything off

to protect the battery. Battery monitoring is kept.
ENDWHILE

End of code.

23




Oliver Kucyj — Electronics 1

Parts list

A full list of required parts is below along with their cost. The total is £29.79. Considering metalwork
and labour costs are not included in this it is relatively expensive compared to other options on the

market, however this is a sample using the prices of one-off purchases. When purchased in bulk,

components tend to be available for cheaper.

Part Number

Cost Estimation

XPEBRD x2

£5.75 each

ADXL335 MEMS accelerometer

£6.98

ICR18650 Li-ion battery

$9.95 (£7.32)

MCP73833 Charging Chip

£0.63

PDV-P7002 £1.15
LTC3440 Voltage regulator £2.94
10kQ NTC thermistor by Adafruit S4 (£2.96)
Microcontroller ATtiny104 £0.56
IPW60R280E6FKSA1 N-Channel MOSFET £1.123

10 pH Inductor x2 £0.569

1A Fuse £0.168
220 Q resistor x2 £0.10 each
1kQ resistor x 2 £0.10 each
0.25Q) resistor £0.10
100kQ) resistor x3 £0.10 each
68k () resistor £0.10
540k Q resistor £0.10

15k Q resistor £0.10
340k Q resistor £0.10
200k Q resistor £0.10

10k Q resistor x2 £0.10 each
100nF capacitor x7 £0.20 each
10pF capacitor £0.10
1.5nF capacitor £0.15
Orange LED £0.20
Green LED £0.20
Micro USB connector £0.86
Pulse switch £0.41
TOTAL £29.79
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Conclusion

Overall, the final circuit for this project can be considered a success. It meets all features which were
set out at the beginning of the paper, however the overall cost is a little bit higher than expected.
The pseudocode could have been made simpler with the same outcome, however this could be
achieved at the next stage of the design which is not part of this assignment.

There are 4 changes which could have been made to the final design.

A tachometer connected to the bike wheel could have been used to monitor movement as a more
accurate version of the MEMS accelerometer. This would also provide the exact speed of the bike.
The device could have used the more modern USB C charging rather than the standard micro-USB.
This would have allowed for faster charging times, however incorporating this would have been
complex.

A different LED arrangement could have been used which would allow the LEDs to be switched
separately. This would have allowed one LED to be left on, whilst the 2" LED carried out a flashing
sequence, maximising visibility.

A low power LED would have been simple to incorporate and would provide feedback to users so
they know why the functionality is limited. Some users may think the device is broken when the
battery is low without this.
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