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DESIGN OF A SMART REAR
BICYCLE LIGHT

ASSIGNMENT 1

BY MICHAEL HOWELLS

UNIVERSITY OF WALES TRINITY SAINT DAVID
ELECTRONICS 1 - ACDA5002




DESIGN BRIEF

“Design a ‘smart rear bicycle light’ that is controlled by a PIC microcontroller.”

REQUIREMENTS

Cycling is a mode of transport with has inherent dangers as the cyclist will often take public roads where
incidents can commonly occur for a multitude of reasons such as collisions with other traffic. Figure 1
shows the total pedal cyclist casualties from 2010 — 2020. The average casualties per year in this time is
18,417 [1]. This shows that each year there is a large amount of people are affected and there are ways
in which individuals can help to mitigate this issue.
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Figure 1

Most cycling accidents occur in urban areas, however the likelihood of a fatal injury is higher in rural
areas. This is due to the higher average speeds on urban roads and the increased amount of narrow
roads, dips and blind bends [2]. It is therefore key for cyclist to make themselves as conspicuous as
possible when out on the road.

It is a legal requirement in the UK to use a white front lamp, red rear lamp, red rear reflector and amber
pedal reflectors on the front and rear on a bike if it is to be ridden in hours of darkness. [3] Flashing
lights are permitted but it is recommended that cyclists use a static front light in areas without street
lighting [4]. Hours of darkness is defined as from half and hour after sunset to half an hour before the
sun rise.




In summary, the rear bike light design that is specified in this document must be red to meet the
requirements set in The Road Vehicle Lighting Regulations Act 1989 [3]. The design should also meet the
BS6102/3 if it was to be sold in the UK [5]. This standard specifies the photometric and physical
requirements of lighting equipment for bicycles. However, as this document is not freely available the
product designed may not meet these requirements. The design could be reviewed retrospectively if it
were to be taken to market.

MARKET RESEARCH

To understand the existing specifications of rear bike lights in the market, data has been gathered from
bike supplier websites. A compiled dataset showing 25 different rear bike lights and noting their
characteristics such as price / maximum brightness / maximum battery life and how much they weigh.
Not all products had each characteristic shown on their supplier webpage and so some are not
represented in all the graphs below. The dataset can be seen under the ‘RESEARCH DATA’ heading at the
end of this assignment.

The purpose of this research is to understand the ranges of certain characteristics of existing products.
This information can be used to help influence design choices to ensure it has characteristics that are
comparable to existing products. For example, how bright will it need to be? How long does the battery
need to last? It is even possible to identify gaps in the market and target a new design to exploit it.

The research is presented on subsequent pages.




PRICE OF EXISTING REAR BREAK LIGHTS
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Figure 2 shows a graph of the prices for the existing products. There is a broad range of prices from

£2.49 up to £100.




MAXIMUM BRIGHTNESS OF EXISTING REAR BREAK LIGHTS
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Figure 3 shows a graph of the maximum brightness for the existing products. The maximum brightness

ranges from 15 — 450 lumens.




MAXIMUM BATTERY LIFE OF EXISTING REAR BREAK LIGHTS
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Figure 4 shows a graph of the maximum battery life for the existing products. The maximum battery life
ranges from 12 — 200 hours.




WEIGHT OF EXISTING REAR BREAK LIGHTS
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Figure 5

Figure 5 shows a graph of the weights of existing products. The weights ranges from 21 — 155 grams.




MARKET RESEARCH SUMMARY

The market research shows that there is a large variation in the characteristics of rear bike lights. There
were not any clear trends within the data. It does seem that the higher priced bike lights have more
custom features designed into them. For example, the Exposure Blaze Mk3 Rear Light has a feature
called peloton mode which causes it to detect if the cyclist is ina group; it will then increase the
brightness of the light on the bike at the back of the group and all others will remain dimmer as it could
be a distraction for the cyclists. [6]

With this data it will be easy to compare any new designs with existing products and see where it fits
within the current market. The new design could also take inspiration from the higher end products and
include some more advanced features.




DESIGN ELEMENTS

This section will explain some of the concepts that will need to be understood in order to design a rear
bike light. The circuit should include the following elements:

- PIC microcontroller

- RedLED

- Power switch

- Button to control different brightness modes.
- Power indicator light

- Rechargeable lithium ion batteries

- Rechargeable battery circuit

- Bluetooth connectivity and functionality

PWM

Pulse width modulation is a method of controlling the power to a device my modulating the high and
low components of a square wave (mark space ratio [7]). This is described as the duty cycle and it allows
power to be easily controlled as it is proportional to the average voltage. The higher the duty cycle, the
higher to power being supplied to a device. [8]
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Figure 6 — Duty Cycle [9]

PWM can be used to control the brightness of LEDs and will be a key component in the rear bike light as
it can be used to control the brightness. The brightness will be proportional to the power being supplied
through PWM. High duty cycle will produce a bright light and a low duty cycle will produce a dim light.

BATTERIES AND CHARGING

To find a suitable battery for this circuit, battery reference tables were analyzed from the Art of
electronics. [10] The 18650 type was identified as a suitable choice for multiple reasons: firstly, it is




rechargeable, it is very light at 45g, has a nominal voltage of 3.6V which is suitable for applications within
the circuit. The discharge capacity of an 18650 battery is 2900mAh which is more than any of the other
rechargeable batteries shown in the table.

The TP4056 is the battery charge controller IC that has been selected for the circuit. This device is capable
of providing a constant current to the battery if it its voltage is below 4.2V which is the fixed charge
voltage. After the battery has reached this voltage the current will begin to decrease. [11]
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Figure 7 - TP4056 CHARGE CYCLE [11]

LEDs

In order to select a suitable LED for the rear bike light the characteristics of high power LEDs have been
compared; see figure 6. It shows how the typical power consumption of each LED (blue) related to its
luminous flux output (orange)(metric of perceived light by the human eye [12]). The dataset can be seen
under the ‘RESEARCH DATA’ heading at the end of this assignment.

From the data it is clear that 7 of the LEDS have a much higher luminous flux value than others; all 7
however emit a higher wavelength of red light. This means that it is nearer the upper end of the visual
light spectrum. As the LEDs will be used on a device intended to keep a bicycle rider safe, the red should
be as visible as possible and so | don’t think the higher wavelength LEDs are suitable.

As the device will be battery powered, the power consumption of the circuit is a key factor that must be
considered when choosing components. For this reason, the XQARED-00-0000-000000Y01 has been
selected for the circuit. The typical power consumption of this part is 0.385W which is joint lowest, and
it has the highest luminous flux value of all LEDs with the same power consumption.




LED TYPICAL POWER CONSUMPTION AND LUMINOUS FLUX
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Figure 6 — LED Comparison

PIC MICROCONTROLLER

The design brief specifies a PIC microcontroller is to be used as the ‘brains’ of the light. A microcontroller
is a silicon device that can be programmed to do complex operations and control circuity by utilizing its
input and output pins. A program must be designed and written for it, explicitly describing its function
which will then be programmed to its memory to allow it to operate as desired.

A PIC (Programmable log controller) is a type of microcontroller developed by Microchip. These devices
are available with a vast variety of features and are selected based of the requirement of the design.




B-hit PIC* Microcontrollers
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Figure 7 — 8bit PIC Microcontrollers [13]

Figure 7 shows an example of the range of devices that are available in the 8-bit pic microcontroller
family and the numerous features and specifications they can have. The higher bit microcontrollers can
have more complex features such as ethernet [14].

The PIC18-Q40 is the microcontroller that has been selected to control the rear bike light circuit in this
assignment. It has all the features that would be required in order to control the design elements
specified previously. It has a PWM output to control the LED brightness, UART communication
capabilities for the BT module and 10s that can be configured for other functions.




REAR BIKE LIGHT DESIGN

The documents on the following pages show the design for the rear bike light that was created for this
assignment.
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SCHEMATIC

(Larger schematic on later pages)
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The rear bike light design has the following features: Battery connector, battery switch, 2 step down
converters (3.3V and 2.1V), PIC18F04Q40 microcontroller, voltage monitor, constant current LED driver
IC, bluetooth module, watchdog for BT module and a battery charge circuit.

J1is a connector that is designed to connector to the 3.6V input of a 18650 battery. The battery symbol
is not shown on the schematic however the positive of the battery is shown as the Vbatt net and
negative of the battery is connected to the circuit ground.

The Vbatt net is connected to the rest of the circuit through Q1, a P-channel MOSFET. This FET is pulled
low using R6 so that Q1 will conduct if there is no positive voltage on USB_VBUS net. If USB_VBUS is high
(+5V), which is the case if the USB connector is connected to a power supply then Q1 will not conduct
from the drain to source. The purpose of Q1 is to disconnect the battery from the main part of the
circuit during charging.

When USB_VBUS is at 5V, the charging circuit will be enabled. U6 will power up and start charging using
power supplied through J2 and the supply it is connected to. U6 is a TP4056 [11] whichis a 1A
standalone linear li-lon battery charger with thermal regulation. In my circuit it has been configured to
allow a 1A charge current up to 4.2V. R7 is used to configure the charge current of the circuit; | have
used a 1.2k resistor to set a 1A charge current. This is specified in the datasheet. There are also 2
indicator LEDs, D3 (red) and D4(green). They behave in the following manner; during charging, D3 will
light up and D4 will go off. When charging has completed, D3 will go off and D4 will light up. If Vcc is too




low then neither will be on; such as if the charging circuit is not in use. If the charging circuit is on but
the battery is not connected then D4 will be on and D3 will be flashing. These functions are designed
into this IC. D3 is connected to pin 7 which is pulled low when the battery is being charged. Pin 6 is
pulled low when the battery charging has completed. This IC does have a temperature sense input
however it is not used in this design. C8 and C9 are filter capacitors that are used to filter out unwanted
noise from the power VBAT and USB_VBUS nets.

The circuit contains two step down converts. U2 is the first and is a TPS62237DRYT. This is a step down
converter that will lower a voltage to 3.3V. This is sufficient to supply the majority of components in my
circuit. The reason it was added to the circuit was to reduce effect of a batteries varying voltage on the
circuit. The nominal voltage of my selected 18650 batter is 3.7V, however after an extended period of
time this voltage will decrease. After a charge the batteries voltage may also be higher than the nominal
value. U2 will protect the circuit from any potential damage from such cases.

U2 is another step down converter IC, however it lowers the voltage to 2.1V. The LED that was selected
can operate with a forward voltage of 2.1V. The current will however be considerably lower than the
maximum. This lower current consumption will allow the battery life of the device to last longer.

ELECTRICAL CHARACTERISTICS (T,=25°C)
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Figure 8 - ELECTRICAL CHARACTERISTIC OF XQARED-00-0000-000000Y01 [15]

U3 is a constant current LED driver IC which has been configured to maintain a current of 100mA. This
device was selected to help prevents thermal runaway. Thermal runaway is when the characteristics of
an LED change as its temperature increases. When the temperature increases in the LED, the resistance
is lowered and so more current can flow. If the current is not regulated, then this process of decreasing
resistance and increasing current can destroy the LED. [16]

100mA of current will turn the LED on at about 62.5% of the specified value. This means that my light
will be 19.125 lumens of brightness at maximum. This is comparable to some of the lower brightness
rear light models shown previously. U3 also has a enable line which can be connected to a PWM signal
to decrease the brightness of the LED. My circuit has this connected to a PWM line on my PIC.




RELATIVE FLUX VS. CURRENT (T, =25 °C)
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Figure 9 - RELATIVE FLIX V5. CURRENT XQARED-00-0000-000000Y01 [15]

A voltage monitor is also included in my design (US). The purpose of this device is to ensure that 3V3is
available. If 3V3 has been detected by U5 [17], then it will light up D2, which is a green LED. This
indicates that there is a sufficient voltage being supplied to the circuit. If D2 is not on then the battery
may be low and need to be charged.

The micro controller selected for the device is a PIC18F04Q40. It was selected because it has all the
features required for the design: UART, PWM and 0. The UART is to be used to communicate to the
Bluetooth module (MD1) [18]. The PWM is designed to control the brightness of D1 through the enable
line of U3. The 10 pins that are used, toggle the watchdog timer at regular intervals. If the toggles do not
happen then it indicated a problem with the microcontroller and the watchdog will reset the Bluetooth
module.

A Bluetooth module is included to allow for remote control of the device through an app. This will
control features such as, brightness and flashing frequency. Communication to the BT module can be
done over UART which is how | intend to program it.

The battery switch, SW1 is used to power off the device when it is not being used. This will help save the
battery life of the device. SW2 is used to select the flash mode manually.




OPERATIONAL FLOW CHART

The flow chart below shows the rear bike light features 5 modes that can be selected manuallyand 1
mode that allows the brightness and delay to be configured by values defined through Bluetooth on the
UART communication port. There are 3 sub processes that are run along side the main process. These
are to check the state of the button 10, to read the UART port and to continually toggle the watchdog.
The delay and brightness values on the UART port would be set from anapp on the users mobile phone.
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BOM

DESIGNATOR PART NUMBER DESCRIPTION SUPPLIER COST (£) = REFERENCE
BATTERY 18650 MOLICEL INR18650 P26A MOLICEL INR18650 P26A - 5.99 [19]
18650 BATTERY
1 DF3EA-2P-2H_21_ MOUSER 0.41 [20]
Swi PCM12SMTR DIGIKEY 0.68 [21]
c3 CCO603KRX656BB225 2.2UF DIGIKEY 0.15 [22]
ca CCO603KRX656BB225 2.2UF DIGIKEY 0.15 [22]
u2 TPS62237DRYT MOUSER 1.23 [23]
ua TPS62234DRYR MOUSER 1.14 [24]
L1 LOQW15CE2R2M10D 2.2UH MOUSER 0.2 [25]
L2 LQW15CE2R2M10D 2.2UH MOUSER 0.2 [25]
SW2 3-1825910-1 FARNELL 0.2136  [26]
U1l PIC18F04Q40 MOUSER 0.784 [27]
R1 REO603BREO710KL 10K DIGIKEY 0.27 [28]
R2 CHPO603AFX-4700ELF 470R DIGIKEY 0.43 [29]
C1 UMF107B7104KAHT 0.1UF DIGIKEY 0.16 [30]
c2 UMF107B7 104KAHT 0.1UF DIGIKEY 0.16 [30]
us TPS3809L30DBVRG4 MOUSER 0.315 [31]
D2 SML-D12P8W GREEN LED MOUSER 0.292 [32]
R4 MCT0603MC1001FP500 1K DIGIKEY 0.25 [33]
u3 BCR320U MOUSER 0.569 [34]
D1 XQARED-00-0000-000000Y01 REDLED DIGIKEY 0.3267  [35]
R3 FRC16C1J100JTP 10R DIGIKEY 0.07 [36]
MD1 RN4871-V/RM118 DIGIKEY 5.72 [37]
57, UMF107B7 104KAHT 0.1UF DIGIKEY 0.16 [30]
u7 STWD100NYWY3F MOUSER 0.922 [38]
R6 REO603BREO710KL 10K DIGIKEY 0.27 [28]
Q1 BSS138W-7-F P CHANNEL MOUSER 0.246 [39]
MOSFET
D3 SML-D12U8W RED LED MOUSER 0.361 [40]
D4 SML-D12P8W GREEN LED MOUSER 0.292 [32]
R5 MCT0603MC1001FP500 1K DIGIKEY 0.25 [33]
R8 MCT0603MC1001FP500 1K DIGIKEY 0.25 [33]
k) AMK107ABJ106KAHT 10UF DIGIKEY 0.14 [41]
ue TP4056 ALl 0.46 [42]
EXPRESS
R7 RMCFO603FT1K20 1.2K DIGIKEY 0.07 [43]
c8 AMK107ABJ106KAHT 10UF DIGIKEY 0.14 [41]

12 47589-0001 MOUSER 0.922 [44]




CONCLUSION

The rear bike light that was design and presented in this assignment is a success as it has features that
are comparable to those in existing products. Firstly, the maximum brightness of the LED in the current
design would be around 19.125Lumens. This is the second lowest maximum brightness however.

The total cost of all parts on the current BOM is £22.58 which is far from the most expensive costing
product from the existing product sample. The cost of parts in shown in the BOM was mostly from
buying single parts and so if this product was mass produced and parts were bought in bulk, the price
would decrease considerably. A cost that is not included in the BOM is that of the PCB which would need
to be manufactured in order to build the product. The cost of populating the parts, programming and
testing is also not included and this would also need to be added to the total costs of manufacturing. If a
PCB were made of this design, the programming could be done via test point connected to the two ICSP
pins on the PIC. A bed of nails jig that has a programming tool connected could do the programming.
This is not reflected in the design at the moment however.

If a second revision of this bike light was designed, there are some additional features that could be
included to improve upon the existing design. The Bluetooth connectivity function in the software could
be expanded further to allow for different flashing options. Currently the software only allows for
intervals with the same on and off time however this could be changed in future iterations.

The driver circuit for the main LED could also improved to include additional LEDs. This would add some
redundancy to the design as currently there is only 1 LED and if it breaks the device is effectively useless.
It the system had 3 LEDs and 1 broke then it would still operate correctly and as the rear light is a safety
feature, the redundancy could save someone’s life.

Even if there are ways in which the current bike light can be improved, the current design will meet the
requirements of a rear bike light and allow a user to cycle at night.
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RESEARCH DATA

Seriously Seriously KSI {unadjusted)* KSI (adjusted)* Slightly injured Slightly injured All

injured injured (unadjusted) (adjusted) casualties

(unadjusted) (adjusted)
2010 111 2,660 3,854 2,771 3,965 14,414 13,220 17,185
2011 107 3,085 4,410 3,192 4,517 16,023 14,698 19,215
2012 118 3,220 4,560 3,338 4,678 15,753 14,413 19,091
2013 109 3,136 4,530 3,245 4,639 16,193 14,799 19,438
2014 113 3,399 4,947 3,512 5,060 17,775 16,227 21,287
2015 100 3,237 4,551 3,337 4,651 15,507 14,193 18,844
2016 102 3,371 4,326 3,473 4,428 15,004 14,049 18,477
2017 101 3,673 4,311 3,774 4,412 14,547 13,909 18,321
2018 99 3,693 4,301 3,792 4,400 13,758 13,150 17,550
2019 100 3,657 4,121 3,757 4,221 13,127 12,663 16,884
2020 141 3,828 4,215 3,969 4,356 12,325 11,938 16,294

(1]




MAXIMUM MINIMUM MAXIMUM MINIMUM
PRODUCT NAME PRICE (£) WEIGHT (g} BRIGHTN BRIGHTNE: BATTERY LIFE BATTERY LIFE OURCE NOTES
flumens) {lumens] {HOURS) (HOURS)

> = "
- .
Letyne Strip Drive 150 USE Rechargeable Rear Light b1 53 150 57 153
NiteRider Solas 2550 Rear Light 5 az 250 40 43 155

Knog Blinder Square USB Rechar geable Rear Light 2599 ET) 100 60 25 156)

CatEye CAA7STLE107 TLAD6 10 LED Rear Light, Black 2641 30 157]

. .
Specialized Stix Elite 2 Taillight 36 100 12 77 25 160]

Lezyne Laser Drive 250 USB Rechargeable Rear Light 485 a4 125 13 175 4 163]

w e m e m

Exposure Blaze Mk2 Daybright Rear Light 7999 7 150 48 6 168]
Exposure Blaze Mk3 Rear Light 100 7 150 48 [ 18] Pelatonmade




Part Number T\rplcaIFll.u
LXM2-PD01-0040 48
LXM2-PD01-0050 53
LXM2-PD01-0060 62

LXMS5-PDO1 82
LXML-PD0O1-0030 38
LXML-PDO1-0040 46
LXML-PD0O1-0050 52

LXZ1-PDO1 56
XPEEPR-L1-0000-

00901 S
XPEE -0000-

00A01 e
XPEEPR-L1-0000-

00B01 i
XPEEPR-L1-0000-

00Co1 (i
XPEFAR-L1-0000-

00501 -
XPEFAR-L1-0000-

00601 il
XPEFAR-L1-0000-
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XPERED-L1-0000-

00301 45.7
XPERED-L1-0000-
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XPERED-L1-0000-
XPERED-L1-0000-
XPERED-L1-0000-

00501 .
XPERED-L1-0000-

00502 i
XPERED-L1-0000- 62

00601
XPERED-L1-0000- 62

00602
XPERED-L1-0000-

00701 (id
XPERED-L1-0000-

00702 e
XPERED-L1-0000-
XPERED-L1-0000-
XQARED-00-0000- 235

000000W01 .
XQARED-00-0000- 2315

000000W02 .
XQARED-00-0000- %.8

000000X01 :
XQARED-00-0000- 26.8

000000X02 .
XQARED-00-0000- 0.6

000000Y01 .
Xi 5
QARED-00-0000 306

000000Y0D2

Typical
Forward
Voltage (V)

21
21
21
23
29
29
29
22
21
23
21
21
19
19
19
21
21
21
21
21
21
21
21
21
21
21
21
22
22
22
22
i

22

Typical Forward
Current (A)

035
035
035
035
035
035
035
035
035
035
035
035
035
035
035
035
035
035
035
035
035
035
035
035
035
035
035
0.175
0.175
0.175
0.175
0.175

0.175

Typical Power
Consumption
(W)

0.735
0.735
0.735
0.735
1015
1.015
1015
077
0.735
0.735
0.735
0.735
0.665
0.665
0.665
0.735
0.735
0.735
0.735
0.735
0.735
0.735
0.735
0.735
0.735
0.735
0.735
0.385
0.385
0.385
0.385
0.385

0.385

Max Forward
Current (mA)

700

2 EH B E

8

1000

1000

1000

1000

1000

1000

1000

1000

1000

1000

1000

1000

1000

1000

1000

250

250

250

Note

red
red
red
red
red
red
red

red

HE Photo Red, higher
wavelength
HE Photo Red, higher
wavelength
HE Photo Red, higher
wavelength
HE Photo Red, higher
wavelength
far red higher
wavelength
far red higher
wavelength
far red higher
wavelength

red
red
red
red
red
red
red
red
red
red
red
red
red
red
red
red
red

red

Source
[69]
[69]
[69]
[69]
[69]
[69]
[69]
[70]
[71]
[71]
[71]
[71]
[71]

[71]
[71]
[71]
[71]
[71]
[71]
[71]
[71]
[71]
[71]
[71]
[71]
[71]
[15]
[15]
[15]
[15]
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ENGAGEMENT WITH LITERATURE

[

f Superb level of focused research material.

KNOWLEDGE AND UNDERSTANDING

90

[




y‘ Excellent demonstration of knowledge and
understanding at a system and component level

COGNITIVE AND INTELLECTUAL

85

[

y"’ Mostly very well reasoned. Perhaps more creativity
could have been demonstrated in suggesting
various 'add-ons' or enhancements.

PRACTICAL APPLICATION
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[

y" Flowchart shows good thought. Circuit has
generally sensible modules, although perhaps the
voltage regulation side would not actually be
needed for the LED drive?

TRANSFERABLE SKILLS
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[

y" Very well laid out and presented. Excellent use of
diagrams and graphs etc. Perhaps consider trying
to avoid writing in the 1st person - you will need to
do this for your major project.
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