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TZS402 THE OPEN TECHNOLOGY PROJECT COURSE STUDENT HANDBOOK
Abstract

Spectacle lens get foggy due to water condensation when there is a change in temperature. This is a common experience shared by all spectacle user with no anti-fog coating on their lenses. The problem is most obvious in raining days when the user step out of a cold shopping mall, the bus or car with a temperature of around 20 degrees Celsius about 60 percent Relative Humidity, when the outside wind blow warmer air with Relative Humidity of between 87 to 99 percent to the cold lens surface, condensation occur. This is the time where user experience a temporary lost/reduction of vision due to foggy lens. User with normal lenses with High Power meaning when he or she removed the spectacle, they can’t see totally. A potential hazard may happen when it rains, the spectacle user alight from air-condition bus and they remove their spectacle to wipe the lenses, they may be knock down by people from behind alighting after them or by cyclist who did not stop or slow down at bus shelter. Currently, the expensive lenses that sold in the spectacles shops claim to have anti-fog feature are still not able to remove fogging totally. User still need to apply a type of solution call MistiX [1] on the lens, a temporary coating to prevent condensation built up or using a type of special coating cloth to wipe the lenses daily. The disadvantages of this temporary solution are: it only last for one day provided the user did not wash it away. For user with oily face, it will smudge the lenses without them realizing, it can be quite embarrassing. When traveling, the liquid inside the container for the MistiX solution will spill if it is not position in vertical condition. This makes it more inconvenience to bring along this solution. This project is to explore and propose a suitable demisting concept to incorporate into the spectacle frame to be used on any plastic lenses.  

Literature review was conducted on available lens manufacturer, sensors capable of detecting the condensation built-up, types of battery available and miniature components that utilize low voltage and low power consumption. Patent search to ensure the concept is not in used. In the course of this project, data-logging and Thermo-hygrometer tools was used to capture the temperature, humidity and dew point changes to determine the critical parameter that is required to be used to program the microcontroller to activate the demisting function. Data of an enclosed environment to the open air car park and simulation method using ICE Box to simulate the condition of spectacle lens get foggy.
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Chapter 1
Introduction and Aims

1.1 Introduction

This project is to explore into the concept of building in a demisting feature into the spectacle frame to solve the fogging problem when condensation built-up.

In normal condition when the spectacle lens gets foggy, it takes three to six minutes for it to vaporize by itself without cleaning. The transition between an air condition bus to the bus stop during rainy days can be hazardous for people with high power lenses. As user bring down the spectacle for wiping, someone from behind can bump into him causing him to trip and fall, or a cyclist did not slowdown at bus stop and run him/her over.

Currently, the expensive lenses that sold in the spectacles shops claim to have anti-fog feature were still not able to remove fogging totally. User still need to apply a type of solution call MistiX on the lens, a temporary coating to prevent condensation built up or using a type of special coating cloth to wipe the lenses daily. The disadvantages of this temporary solution were: it only last for one day provided the user did not wash it away. For user with oily face, it will smudge the lenses without them realizing, it can be quite embarrassing. Refer to picture of a spectacle with foggy lens and box of MistiX Lens cleanser.
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Fig.1
The Technical challenge here is to find miniature components with low voltage and low power consumption that are suitable for battery operation. The circuit with it key components were microcontroller, Humidity and Temperature Sensmitter and the button battery suitable for this application. In-order to save on power consumption to prolong battery life, [8] One of the techniques used in power management is to section the design into different stages. When there is no activity, the micro-controller and humidity sensor will go into sleep mode. Both components must have the battery low detection capability to trigger for battery replacement.

The project aims is to develop a concept of building in a demisting feature onto the spectacle frame to solve the fogging problem when condensation built-up. The Technical challenge here is to find available part that can meet the following technical requirements:

1.1.1 Sensor and other supporting components have to be as small as possible.

1.1.2 The circuit has to be battery operated.

1.1.3 The battery life minimum is one year or more.

1.1.4 It must have Energy saving feature.
1.1.5 Stock availability and mass production part

1.1.6 Microcontroller controlled

1.1.7 Flexible to implement on any frame.

1.2 Project Management

This section planned in a minimum of overall needs at least 80 days or 640 hours for the whole project. Throughout the whole year project phase, many things can happen. Therefore, proper time management is very important. 
Project management is a critical phase whereby students has to monitor the project progress by the Gantt chart which is being drafted during the initial project TMA01 submission and fine tune the chart as the project goes along.

Refer to appendix 1, for the final revised Gantt chart.

[image: image3]
[3] Fig.2 Project management flow

Chapter 2
Literature Review
2.1
Relative Humidity 
Humidity [4] in Air comes naturally from the environment. Amount of water molecules in the air varies from place to place, tropical country like Singapore is more humid as compared to African desert which is very dry. The amount of humidity in the air exceeding the upper limit, saturation will occur and condensation and water droplets built-up. Dalton’s law defines Total air pressure as the sum of partial vapor pressures of its components and water vapor pressure.

Ptotal = Total Air Pressure

Ptotal = Pwater vapor   + Poxygen  + Pnitrogen  + Pothers

Pwater vapor   = Partial water vapor pressure
Formulas is given in pg 1of 3 of the application note from Sensirion, Introduction to relative humidity.

Saturation water vapor pressure is the maximum amount of humidity the air can hold. Condensation occurs if partial water vapor pressure is equal to the saturation water vapor pressure. Relative Humidity is calculated as a percentage of the ratio of the partial water vapor pressure divided by the saturation water vapor pressure.  

RH (%) = ( Pwater vapor  / Psaturation )  * 100 

Saturation water vapor pressure is a function of partial water vapor pressure.

According to Dalton’s law, total air pressure inside a closed system increases, relative humidity inside will also increase due to the partial water vapor pressure increases proportionally, whilst saturation pressure remains unchanged.

2.2
Dew Point 
Dew point [5] is the temperature at which the present amount of humidity in the air starts to condensate. It is a measure for absolute humidity. Dew point of air in an enclosed room with no ventilation will remain constant. 
If air has a temperature of 40ºC (104ºF) and a relative humidity of 50%, condensation will occur when the air is cool down to 27.6ºC (81.7ºF), at Dew Point RH is 100%.
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Fig.3
Graphical determination of Dew Point

2.3
Temperature
Temperature [6] is a key factor affecting humidity measurement as it defines the saturation vapor pressures. Both Temperature and Humidity sensor must be place as close to each other as possible as any slight different in temperature will show different RH reading, Dew point is not as critical. For example, when Temperature reading at 50ºC (122ºF) and at 80% RH, a slight change of +1ºC (1.8ºF) will result in an increase of almost 4% RH.

2.4
Sensor selection 
There are many sensing components available for selection.

2.4.1
Thermistors
2.4.2
Posistor

2.4.3
Resistive High Polymer Moisture sensor

2.4.4
HOKURIKU Relative Humidity sensor

2.4.5
Sensirion Humidity and Temperature sensor
2.4.1 Thermistors
Thermistors is Thermally sensitive resistor that has resistance gradually reduces as temperature increases as shown in Fig.4. Good Temperature sensitive devices that can measure small temperature variations. It is normally used together with Operational Amplifier to sense temperature changes. It is also been used for floor heating in cold country. [9]Negative Temperature Coefficient [NTC] is a characteristic of Ceramics. Arrhenius equation  R = A.e B/T cover for over a wide range of temperatures, where R = resistance, A, B = constants, T = absolute temperature (K) and the B constant is critical for it electrical conduction, decrease in B constant result in material become more insulating. A combination of NTC resistance with a specific value of B constant [depends on manufacturer specifications] provides good sensitivity to temperature variation. Those 10 cents coin disk type two terminal NTC Thermistor black in color are commonly found in In-Rush current limiting devices for TV and Monitor Power supply circuit. The protection device initially present a higher resistance during the initial power up of the Monitor power supply preventing large current from flowing in, the Thermistor slowly get heated up and resistance becomes lower allowing larger current to flow through during the normal operation of the monitor. Technology advances with Thermistors manufactured as pressed die chip of semiconductor material sintered ceramic oxide. Refer to Fig.4, at low temperature, it is just like an insulator and becomes conducting when temperature increases. Measurement Specialties [15] has a wide range of Thermistors in Gold and Silver terminated leadless surface mount chips in the size of 0402 and 0603 package. Advantages of Thermistor includes: low excitation power, two wire connection, ruggedness, interchangeability, flexibility in characteristics and a wide variety of sizes in Disk and surface mount chip, glass beads and glass probes. Disadvantages were the limited temperature range of -80ºC to +150ºC and an inherent non-linear response.
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Fig.4





2.4.2 Posistor
Posistor has a step change in resistance value at certain temperature as shown in Fig.5. Positive Temperature Coefficient [PTC] Thermister is a sensitive ceramic resistor with barium Titanate. BaTiO3 has a high non-linear resistance/temperature response good to be used for switching purposes. It is commonly used in Overheat safety protection circuit, like the temperature monitoring device for battery packs while charging as digital thermostat. As Technology advances, chip Posistor from Murata[17] comes in the size of 0603 and 0402 with resistance of 470 ohm at room temperature to 4.7Kohm at detection temperature of 105ºC.  Conventional Thumb size Posistor is still in used  in the degaussing circuit for Picture tube Television or Monitor set. [16]Another type of PTC is Polymer PTC which is commonly called the polyfuse or the polyswitch made of a layer of plastic with thin carbon grains embedded. when the plastic is cool, the carbon grains are group tightly together forming a conductive path for the circuit. As the plastic heat up, the plastic expands forcing the carbon grain apart causing the device resistance to increase rapidly.
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Fig.5


2.4.3 Resistive High Polymer Moisture sensor 
The sensor consists of an electrode substrate coated with humidity sensing material which is conductive. As Humidity increases, the Ion concentration becomes thicker and electrical conductivity improved. Refer to Fig.6, Low Humidity, Resistance is higher, as Humidity increases, resistance drop. This is for the Environmental study for soil condition. Moisture in Air measurement is different from moisture in soil, the resistance from the electrode changes depending on the mineral and salt content of the soil. Salt has low resistance compared to distilled water. Fertilizer at large and other soil conditioners can make a major difference in soil moisture reading.[18]
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Fig.6
2.4.4
HOKURIKU Relative Humidity sensor

Specifications from HDK Relative Humidity sensor e1321aa.pdf access 29 May’07
	Item
	HSU-04A1-N
	HSU-07A1-N/A2-N
	HSU-07B1-N/B2-N
	HSU-07F1V1-N
	HSU-07D-N

	Absolute

Maximum

Ratings
	Rated Voltage
	DC 5.0V (4.74V ~ 5.25V)

	
	Storage Temperature Range
	-25ºC ~ 75ºC

	
	Storage Humidity Range
	0%RH ~ 90%RH

	Operating

Conditions
	Operating Temperature Range
	-20ºC ~ 60ºC

	
	Operating Humidity Range
	10%RH ~ 90%RH
	20%RH ~ 90%RH
	10%RH ~ 90%RH

	Electrical

Performances
	Output Accuracy
	±5%RH at 25ºC : 40%RH / 60%RH

	
	Current Consumption
	1.3mA Typical
	2.0mA Typical

	
	Hysteresis
	±1%RH( at: 30%RH ~ 90%RH)

	
	Thermistor Characteristics
	R25=50KΩ±5%, B25/50=4000K±200K
	R25=1.7KΩ±2%, B25/50=3900K±195K

	
	Response
	3.5minutes (typ.) ( at: 30%RH ↔ 90%RH, 90% Reach, 1.2cm/sec.)


Table 1
2.4.5 Sensirion Humidity and Temperature sensor
Sensiron Humidity and Temperature sensor has the following order code in Table 2.

	Part number
	Humidity accuracy [%RH]
	Temperature accuracy [K] @25ºC
	Package

	SHT10
	± 4.5
	± 0.5
	SMD (LCC)

	SHT11
	± 3.0
	± 0.4
	SMD (LCC)

	SHT15
	± 2.0
	± 0.3
	SMD (LCC)

	SHT71
	± 3.0
	± 0.4
	4-pin single-in-line

	SHT75
	± 1.8
	± 0.3
	4-pin single-in-line


The sensor has the following features as stated in pg 1 of 2 of Humidity sensor First digital humidity sensor SHT11 from Sensirion website:
· 2 sensors for relative Humidity and Temperature

· Precise dew point calculation possible

· Measurement range: 0 ~ 100%RH

· Absolute RH accuracy: ± 3% RH

· Temperature accuracy: ± 0.4 ºC @ 25ºC

· Calibrated and digital output ( 2-wire interface)

· Fast Response time less than 4 sec.

· Low Power consumption (typ.30μW)
· Low cost

· Designed for high-volume applications

· Leading CMOSense® Technology for superior long term stability

· Very easy-to-use due to calibration and digital 2-wire interface

The sensor is recommended for the following applications:
· High-volume consumer productions

· Data logging

· Transmitters

· Automation and process control

· Automotive

· Building control and HVAC

· Humidifiers / Dehumidifiers

· Test and Measurement

· Medical
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Fig7
	Pin
	Name
	Comments

	1
	GND
	Ground

	2
	DATA
	Serial data Bidirectional

	3
	SCK
	Serial clock, input

	4
	VDD
	supply

	
	NC
	Remaining pins must be left unconnected
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Table 3
Fig.8 Shows the interfacing block of Micro-controller with sensirion sensor.

Comparison table of both features from Sensiron and HDK as the rest of the sensor has not much features to compare. Table 4
	
	Sensirion Humidity sensor

General
	HDK Relative Humidity Sensor

HSU-04A1

	Type
	Capacitive
	Resisitive

Thermister characteristics

	Operating Voltage
	5V

2.4V to 5.5V
	5V

4.75V to 5.25V

	Response
	5sec [Temp]

6 sec. [Humidity]
	3.5mins

	Interfacing pins/
Package size
	4

7.42 x 4.88 x 2.5 mm
	4

18 x 30 x 12mm

	Current
	Measuring  typical at 550uA, Average min 2uA, typ. 28uA, sleep mode typ.0.3uA, max. 1uA.

Input current on pad is 1uA. Output peak current when ON is 4mA, tri-state {OFF} typ. 10uA.
	1.3mA

	Measurement resolution
	0.01ºC 14bit [Temperature], 0.04ºC for 12bit [Temperature], 0.03%RH for 12 bit [Humidity ],
0.5%RH for 8 bit [Humidity]
	NO

	Digital interfacing
	Serial interface

Bidirectional 2 wire
	Not Available

	Operating Humidity range

Temperature range
	0%RH to 100%RH accuracy of ±2%RH

-40ºC to  +123.8 ºC

accuracy of ± 0.3@ 25ºC
	10%RH to90%RH

accuracy of ±5%RH @

25ºC,40%RH/60%RH

-20ºC to +60 ºC


Sensirion Humidity and Temperature sensor was chosen for this project as it meet the design requirements. A capacitive type sensor has good long term stability compared to the resistive type. A resistive type sensor can only be used in Non-condensing Environment. [7] It will not work with relative humidity levels below 20%. The SHT15 sensor is factory calibrated in special controlled chamber and part comes in SMD package and can be fully immerse. The small size 7.42 x 4.88 x 2.5 mm low cost device has a digital interface which simplified integration for automation. It has a built-in battery low detector to trigger the system to go into sleep mode to conserve energy while waiting for battery replacement. Low power consumption of 30 microwatt, fast response time of less than 4 seconds, design for high volume production. The Thermistor was not selected because it can only do temperature sensing but not humidity, the cost to built additional circuit will be higher and PCBA size will be larger which is not meeting the requirement of low cost, small in size and low power consumption. Whilst the moisture sensor was not selected because of it size and also single feature that require more other components to built the circuit which is not cost effective.
The decision to choose a capacitive type sensor over the resistive type is further confirmed by another study by Pressure Profile System [PPS] [19] shows that capacitive sensor has better sensitivity and repeatability with comparison data of capacitive, resistive and piezoelectric pressure sensor.
	Property
	Capacitive
	Resistive
	Piezoelectric

	Maximum Range
	Good
	Good
	Good

	Sensitivity
	Excellent
	Poor
	Good

	Minimum Element size
	Good
	Excellent
	Poor

	Repeatability
	Excellent
	Poor
	Good

	Temperature stability
	Excellent
	Excellent
	Poor

	Design Flexibility
	Excellent
	Excellent
	Good


Access on 28 oct’07    Table 5
2.5
Batteries
Primary cells [9] are non-rechargeable batteries which are cheaper, as the chemical action is non-reversible. Rechargeable cells are secondary cells which is more expensive due to it ability to allow current flow in the reverse direction.
Ampere-hour (Ah) capacity is interpreted as the product of current, in ampere, drawing from a battery and the time, in hour. 50Ah is read as a fully charged battery that can produce a steady current of 1 ampere for 50 hours, or 10 ampere for 5 hours or 5 ampere for 10 hours. 
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Battery Bank [10] in series arrangement is referring to each battery connecting it negative side to another battery positive side. The resulting battery reading is the sum of all battery connected together, the resulting ampere-hour capacity is the same capacity of 1 battery. [add voltages of all batteries together with 1 common current] The advantage of this series arrangement is any fail cell will not result in internal circulating current, the amount of current passing through the cells remains the same, the different is the bank voltage reduced and some loading effect as failed cell do add some resistance. Each battery work equally hard as the current passes through the connection is common. 
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Fig.9
Battery Bank [10] in parallel arrangement is referring to each battery connect it positive  side all together and tie all battery negative side to another common point. The resulting battery reading is the voltage reading of 1 battery, the resulting ampere-hour capacity is the same capacity of 1 battery. [add all batteries current together with 1 common voltage] For safety reason, only battery of the same rating type and manufacturer are allowed to gang up. Advantage of this arrangement is battery life span may be increase provided all batteries in good working condition. The redundancy configuration also helps as removing a piece of battery has no effect on the circuit voltage but it will be hazardous if any fail battery not detected early will load the circuit as other cell try to charge it, over the time it becomes hot and drain off water in the fail cell and eventually run it flat. 
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Fig.10
For this project, only focus at button type non rechargeable battery due to the constraint in size. From the many choice of miniature batteries, Zinc Air AC675 was chosen with it high capacity 635mAh, reasonable light weight of 1.9g, mid size diameter 11.6mm with a nominal voltage of 1.4V. Partly due to it high capacity it is suitable to be connected in series to get the desired 8.4V. It is able to fit in on the side of the spectacle frame with 6pcs connected in series. As it is being used as battery for hearing aid, which is reliability proven. The position of installing the battery in a hearing aid is almost the same as the spectacle frame when user put it on near the ear. 
	Datasheet
	Capacity

(mAh)
	Voltage

(Nom.)
	Dia.

(mm)
	Weight

(g)
	Height

(mm)

	AC10_230
	91
	1.4
	5.8
	0.3
	3.6

	AC13
	280
	1.4
	7.9
	0.8
	5.4

	AC312
	160
	1.4
	7.9
	0.5
	3.6

	AC675
	635
	1.4
	11.6
	1.9
	5.4

	C675
	570
	1.4
	11.6
	1.9
	5.4


Information extracted from Energizer website.  Table 6
Alkaline Zinc-Air (Mercury) Product Safety Datasheet (PSDS) 
[10] Energizer AC675 1.4V button battery with 635mA is to be used 4 pieces connected in series to get 5.6V @ 635mAh. Any load or charge current goes through all cells equally, any failure in any cell will have it resistance increase and it will drain off the battery when there is load applied, in normal operation it will only shows a lower battery bank voltage. 
1.4V cell X 4 with it negative terminal connected to the positive terminal of another cell to form 5.6V battery bank.[ Fig.9 ]

[image: image6]
Specifications as given in Energizer datasheet
Chemical System: Zinc Air (ZnO 2 ) 

Tab Color: Blue Designation: ANSI-7003ZD,

 IEC-PR44 Nominal Voltage: 1.4 Volts 

Typical Capacity: 635 mAh (to 0.9 volts) 

(Rated at 625 ohms at 21°C/50% RH) 

Typical Weight: 1.9 grams (0.1 oz.) 

Typical Volume: 0.5 cubic centimeters (0.03 cubic inch)

Dimensions: a diameter of 11.6mm  and 5.40mm thick.

2.6
Micro-controller overview and selection
The Micro-controller of a system has the ability to control other external devices with it built-in processor, memory and input/output port.

Inside the processor, there is a Central processing unit whereby it process the arithmetic and logical operation and the Control unit manages all internal operation giving out instruction to other part of the systems. The program memory takes care of the programming code, it is non-volatile when the supply cut-off, the memory is still there. Data memory is volatile, it only temporary holds the information generated by the arithmetic and logical 

[image: image7]Fig11
operation. Once the supply is turn-off, the memory will be gone.
PIC microcontroller adopted the Harvard architecture, there are separate buses for code and data storage, this enable code and data to be fetched simultaneously, resulting in a more efficient implementation. 
Table 7
	feature
	PIC18F2220
	AT89S53
	PIC18F6520

	supply
	2.0V to 5.5V
	4V to 6V
	2.0V to 5.5V

	Power saving mode
	-Run: CPU on, peripherals on

- PRI_RUN: 150 μA, 1 MHz, 2V

- SEC_RUN: 14 μA, 32 kHz, 2V

- RC_RUN: 110 μA, 1 MHz, 2V,

- Idle: CPU off, peripherals on
- PRI_IDLE: 37 μA, 1 MHz, 2V

- SEC_IDLE: 5.8 μA, 32 kHz, 2V

- RC_IDLE: 52 μA, 1 MHz, 2V,

- Sleep: 0.1 μA, 1 MHz, 2V

- Timer1 Oscillator: 1.1 μA, 32 kHz, 2V

- Watchdog Timer: 2.1 μA


	Active mode 25mA
Idle mode 6.5mA

Power down mode VCC+6V: 100uA

Power down mode VCC+3V: 40uA


	VDD 2V, sleep mode 5uA @85ºC,  1uA @25ºC, 1uA @-40ºC,  ,

VDD 3V, sleep mode 8uA @85ºC,  1uA @25ºC, 1uA @-40ºC,  , 

VDD 5V, sleep mode 15uA @85ºC,  2uA @25ºC, 2uA @-40ºC,  

 

	SPI serial interface
	Yes
	Yes
	Yes

	Endurance
	100000 Erase/Write cycle enhance Flash program memory typical,
1000000 Erase/Write cycle data EEPROM memory
	1000Write/Erase
	100000 Erase/Write cycle enhance Flash program memory typical,

1000000 Erase/Write cycle data EEPROM memory

	Interrupt recovery from power down
	Yes
	Yes
	Yes

	Flash/data EEPROM retention
	> 40 years
	No
	> 40years

	Internal RAM
	SRAM 512, EEPROM 256Bytes
	256X8bit
	SRAM 2048, EEPROM 1024Bytes

	Programmable I/O
	25
	32
	52

	Flash
	4096Bytes
	12KBytes
	32

	Built in comparator I/O
	2
	NO
	2

	Timer
	2- 8bit, 3- 16bits
	3-16bits
	2- 8bit, 3- 16bits

	USART
	Yes
	Yes
	Yes

	ICSP
	Yes
	Yes
	Yes

	ICD
	Yes
	No
	Yes

	Extended watchdog timer WDT
	Programmable period from 41ms to 131s
	Programmable period from 16ms to 2048ms
	Yes

	Low voltage detection
	Yes
	
	Yes

	Fail safe monitor
	Allow for safe shutdown if peripheral clock stop
	No
	NO

	Package
	44 lead TQFP thin 10X10X1mm,
44lead QFN 8X8mm,

28pin SOIC 7.5mm, 40lead plastic Dual in line PDIP
	44 lead TQFP thin (1.0mm) plastic Gull Wing Quad flatpack, 44 lead plastic J-leaded chip carrier PLCC, 40lead plastic Dual in line PDIP
	64lead TQFP,
8044 lead TQFP


The selection of the Pic18F2220 [Nano Watt Technology]  is base on the following feature to keep power consumption at it minimum:-
• Alternate Run Modes: By clocking the controller from the Timer1 source or the internal oscillator block, power consumption during code execution can be reduced by as much as 90%.

-Run: CPU on, peripherals on

- PRI_RUN: 150 μA, 1 MHz, 2V

- SEC_RUN: 14 μA, 32 kHz, 2V

- RC_RUN: 110 μA, 1 MHz, 2V

• Multiple Idle Modes: The controller can also run with its CPU core disabled, but the peripherals are still active. In these states, power consumption can be reduced even further, to as little as 4% of normal operation requirements.
- Idle: CPU off, peripherals on
- PRI_IDLE: 37 μA, 1 MHz, 2V

- SEC_IDLE: 5.8 μA, 32 kHz, 2V

- RC_IDLE: 52 μA, 1 MHz, 2V
• On-the-fly Mode Switching: The power-managed modes are invoked by user code during operation, allowing the user to incorporate power saving ideas into their application’s software design.
• Lower Consumption in Key Modules: The power requirements for both Timer1 and the Watchdog Timer have been reduced by up to 80%, with typical values of 1.8 and 2.2 μA, respectively.
- Sleep: 0.1 μA, 1 MHz, 2V

• Timer1 Oscillator: 1.1 μA, 32 kHz, 2V

• Watchdog Timer: 2.1 μA

2.6.1
In-Circuit Serial Programming
To allows customers to have flexibility to plan their programming process. The PIC 18F2220 can be program with full loaded boards serially programmed while in the end application circuit just before shipment. By having five wires from programmer to UUT, 1 wire for clock, 1 for data and 1 for  power, 1 for ground and the other  programming voltage. This also allows the most recent firmware engineering change or a custom firmware to be programmed. Flexibility is most important where some production has a series of family, by just changing the firmware, a new model can be launch in the market. There are many ways to program the Micro chips as stated in the book 

[image: image8]Fig12
programming and customizing picmicro microcontroller. [11] Pg 598 table 13-12
When LVP is enabled, the microcontroller can be programmed without requiring high voltage being applied to the MCLR/VPP pin, but the RB5/PGM pin is then dedicated to controlling Program mode entry and is not available as a general purpose I/O pin. LVP is enabled in erased devices. While programming using LVP, VDD is applied to the MCLR/VPP pin as in normal execution mode. To enter Programming mode, VDD is applied to the PGM pin. If Low-Voltage ICSP Programming mode will not be used, the LVP bit can be cleared and RB5/PGM becomes available as the digital I/O pin, RB5. The LVP bit may be set or cleared only when using standard high-voltage programming (VIHH applied to the MCLR/ VPP pin). Once LVP has been disabled, only the standard high-voltage programming is available and must be used to program the device. For flash programming Pic16F8X pg 586 fig. 13-8


[image: image9]
Fig13
Reference to  PIC17CXX ICSP Programming pg 598 fig. 13-9


[image: image10]Fig 14


[image: image11]Fig15

Reference to Pg 591 fig. 13-10

2.6.2
 Memory Erase
Memory that is not code-protected can be erased using either a block erase, or erased row by row, then written at any specified VDD. If code-protected memory is to be erased, a block erase is required. If a block erase is to be performed when using Low-Voltage Programming, the device must be supplied with VDD of 4.5V to 5.5V. Power dissipation is calculated as follows: Pdis = VDD x {IDD - Σ IOH} + Σ {(VDD-VOH) x IOH} + Σ(VOl x IOL) = 1 Watt
2.6.3 PIC Micro programmer built
Fig16

[image: image12]
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2.7
Observation of market respond to new frame

Observation survey on crowded shopping malls and MRT station

Objective: To check on people willingness to spent on new spectacle frame which are broader Then conventional design.

Locations covered:

Sim Lim Square

ANG MO KIO AMK HUB

ANG MO KIO MRT Station

Some where near Bugis MRT station

19 May 2007  [saurday] at Sim Lim Square

Time : 2pm to 3pm

Observation: among the crowd of approx. 1000 from different level, a mix of age group with higher percentage from 20 to 40 years old.

There are 30% of people using the latest spectacle frame.

19 May 2007  [saurday] at Some where near Bugis MRT station

along the temple area where there is always a big crowd with road side food and fruit stalls, shops.

Time : 3pm to 4pm

Observation: among the crowd of approx. 2000-3000 a mix of all age group,

There are 40% of people using the latest spectacle frame.

20 May 2007  [sunday] at ANG MO KIO AMK HUB and food centre

Time : 2pm to 3pm

Observation: among the crowd of approx. 1000 from different level,

There are 25% of people using the latest spectacle frame.

20 May 2007  [sunday] at ANG MO KIO AMK MRT station

Time : 3pm to 4pm

Observation: among the crowd of approx. 1000

There are 30% of people using the latest spectacle frame.

Chapter 3
Block diagram Design and System Development
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Fig 17
3.1 Data collection of enclosed conditions to open air car park
Before the simulation, data is taken inside air-condition car in an enclosed condition and exit to an open air car park. Temperature and Humidity measurement is manually 
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recorded using the Thermohygrometer. 
[image: image14]
Fig 18
	Day(s)
	Temp ºC
	%RH
	Remarks

	1
	23.0
	32.90
	Inside car enclosed

	2
	26.70
	30.0
	Inside car enclosed

	3
	21.30
	29.80
	Inside car enclosed

	4
	24.10
	23.70
	Inside car enclosed

	5
	22.10
	24.20
	Inside car enclosed

	6
	21.90
	29.90
	Inside car enclosed

	7
	22.50
	30.40
	Inside car enclosed

	8
	22.40
	25.80
	Inside car enclosed

	9
	24.0
	26.50
	Inside car enclosed

	10
	24.30
	99.90
	Outside car open air

	11
	28.0
	95.0
	Outside car open air

	12
	22.20
	99.90
	Outside car open air

	13
	26.90
	89.0
	Outside car open air

	14
	24.90
	99.90
	Outside car open air

	15
	24.40
	99.90
	Outside car open air

	16
	24.50
	99.90
	Outside car open air

	17
	24.30
	97.0
	Outside car open air

	18
	26.0
	92.80
	Outside car open air


Data collection using the manual Thermo-hygrometer Table 8
As the reading changes very fast as the user step out of the car, so the reading is just an estimated reading for the concept testing.

Fig 19

[image: image15]
3.2
Concept testing without the Microcontroller
[image: image58.jpg]



[image: image16]Fig 20
Using Kapton tape and copper tape, wrap copper tape on lens and solder two ends with wire series to a switch and the other end to 9V battery clip. Insulate the copper tape by a layer of kapton tape before securing the lens into the frame.
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[image: image19]Fig 23
Simulate the foggy lens by putting the spectacle inside the enclose Ice box. Once the temperature reaches 20ºC 60%RH, remove the spectacle out of the box with 23ºC 90%RH and plug in the 9V battery, activate the switch after a while the battery get heated up and lens is cleared. The idea seems to work but posed another problem, battery is hot when touch probably due to the direct shorting of the battery through a copper tape.
Chapter 4
Experimental and Results

4.1
Background and purpose

In-order for more data to be taken with data-logging,  Sensirion Evaluation Kit EK-H2  Humidity & Temperature Version 3.1 is being used to record the simulation Of having the spectacle lens immerse in the Ice box and put in the sensor with cover ON. Data is being read and transfer to a computer for analysis. [refer to table 9]
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4.2 Results and Analysis of data collected with Sensirion sensor
Table 9
	Time
	%RH
	Temp
	Dew Point
	Remarks

	19:08
	62.02
	21.18
	13.68
	sensor in ICE Box  together with spectacle

	19:09
	63.95
	20.17
	13.19
	sensor in ICE Box  together with spectacle

	19:10
	60.35
	19.40
	11.58
	sensor in ICE Box  together with spectacle

	19:10
	83.60
	20.03
	17.18
	sensor out of ICE Box  together with spectacle

	19:11
	91.63
	23.75
	22.41
	sensor out of ICE Box  together with spectacle

	19:12
	87.21
	26.09
	23.91
	sensor out of ICE Box  together with spectacle

	19:13
	82.12
	27.45
	24.24
	sensor out of ICE Box  together with spectacle

	19:14
	79.76
	28.14
	24.42
	sensor out of ICE Box  together with spectacle


Simulation data collection, the data above is the average of 42 samples per minute.

With time 19.10, there are two sets of data, 1 set with 34 samples and the last set is 8 samples.

[image: image25.emf] 
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Fig 29

The graph showing data in 14.5 Bold font size are data of sensor out of ICE Box  together with spectacle. During the transition change between the time19:09 to 19:11 and 19:10 to 19:11, there is an average of 7.45%RH change per +1ºC. This proof the theory from [6] “Sensirion Application note Introduction to Relative Humidity, item 3 What to take into account when measuring relative humidity. A slight change in temperature especially at high humidity has a significant effect on RH since saturation pressure changes too”.
Chapter 5
Design using selected components

[image: image27]Fig 30
SHT15 is chosen as the Humidity and Temperature sensor with humidity accuracy of ± 2%, temperature accuracy ± 0.3 @25ºC for the spectacle lens demister circuit. The Vdd shall be set to 3.3V [sensor factory calibrated at 3.3V] using a voltage regulator. It has a typical measuring current of 550μA and sleep mode of 0.3 μA. It has a built-in battery low detection to ensure supply Vdd do not drop below 2.4V. It comes with filter cap to be heat-stick onto the sensor assembly to prevent dust and moisture from going directly into the sensor.
The Microcontroller shall be the PIC18F2220 – 28pin SOIC 17.9mm size using the same regulated 3.3V Vdd supply. It has a built-in Vdd low detection circuit to prevent supply drop below 2V and it is software control. The built-in comparator can combine with the Murata Chip Posistor for battery pack and lens over-heat protection circuit. It is program to trigger the interrupt reset. Upon detecting the sudden step increase of Humidity by 20%RH example from 60%RH to 80%RH, the program shall trigger the heater in pulse mode for 3 seconds, to demist the fogging effect on the spectacle lens.
When not in use, the program will trigger the circuit to go into sleep mode to conserve energy. There shall be a miniature button for user reset.The battery bank made up of four pieces of 1.4V = 5.6V shall be the Energizer part number AC675 635mAh 1.4v Zinc Air miniature battery. 
For ease of assembly the heater shall be a insulated [105ºC] buss wire with a gauge size of AWG 30, this allow simple assembly into the spectacle frame well. As the heat shall not exceed 80ºC will be sufficient to transfer to the spectacle lens. The heater wire termination will be connected to a two fine pitch pin to be plug into the sensor-microcontroller board. The whole assembly shall be assembled to the holding bar of the spectacle frame near the right hand side lens. The total power consumption for this circuit will be 30μW for sensor and 20 μW for the microcontroller. So the battery capacity of 635mAh is more than enough to last more than a year.
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Fig 33
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Fig 35
Chapter 6
Conclusions and Recommendations
This project is to investigate and propose a suitable demisting concept to incorporate into the spectacle frame to be used on any plastic lenses.  This is to minimize cost of paying expensive lens that has the anti-fog feature.

 As the the initial evaluation of the test using a simple copper trace, kapton tape, switch and tape shows that the battery get very hot . There is not enough information from automotive manufacturer as the information are confidential not allow to be given to user. Informal discussion with Kia Technical staff from korea during one of the meet the user car clinic, their reply are the same. As there are still further technology improvement on the rear windscreen  demister to incorporate Antenna circuitry. Therefore, the staff are not allow to talk too much detail to user.

From the finding it seems that the circuit must be controlled by microcontroller to ensure the battery won’t be over heated.

As there is not enough time to complete the PIC chip programming, the evaluation is not complete.

A lot of time spent reading up programming books to find out how to program a microchip and looking for the miniature size part like sensor and battery which the overall Technical challenge is to ensure a low voltage and low power consumption circuitry. Even though now the program is not ready as there is still some bug yet to be solve. The initial idea seems very simple, but in actual trial test shows that it not that simple as there are many aspect to look at in-order for the the project to be successful. The toughest part of the project is the power consumptions and the heat from the battery. The time consuming part is writing the program to control the microcontroller. The only solution to ensure the heat on the battery is control is by using a microcontroller to control the whole circuitry. The final decision is to drop the programming part to concentrate on the Technical challenge to final the low voltage low power consumption part that can be battery operated.
Chapter 7
PART 2 Critical Review and Reflections
This project started in 13 Feb with first meeting with Tutor on the PPA submission. Initially there were some concern brought up, but later was resolve as BSHT student are allow to write base on innovative idea.

2nd meeting with Tutor on 21 March and 3rd meeting on 5 Apr is to tidy up the PPA  and finalize the Gantt chart and briefing on TMA01 requirements and finally got the PPA approval on 18 Apr.
TMA01 submission cut off on 30 Apr. 4th meeting with Tutor on 7 May on the project briefing and 5th meeting 14 May to start on the Project literature review content page first draft. 6th meeting on 4 june and  7th meeting on 26 june to update tutor on the project progress as the journal are not available from E-resource as mostly Full Text require password to access. 8th meeting on 17 July to show Tutor draft 
Of contents page and some picture of tools built after soldering completed for the programming of  PIC microcontroller and picture of the first evaluation test using the copper tape, kapton tape, switch and battery with spectacle submerge in the Ice Box to simulate the condensation..  The subsequence 2 meeting was cancelled as my father pass away on the 18 July as he has been sick for almost a year with frequent hospitalization and in august I was  seriously down with chicken Pox. The last review with Tutor was on 24 Sept. as I was behind schedule.

The initial evaluation of the test using a simple copper trace, kapton tape, switch and tape show that the battery get very hot . There is not enough information from automotive manufacturer as the information are confidential not allow to be given to user.

From the finding it seems that the circuit must be controlled by microcontroller to ensure the battery won’t be over heated.

As there is not enough time to complete the PIC chip programming, the evaluation is not complete. I feel very sad to miss most of the date line. Fortunately, the management of SIM University  decided to give me a second chance to extend the project until April 2008.
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Appendixs

Bill of material for Programmer kit
	Part
	Description/Comments

	U1
	78L12 +12 Volt, 100 mA Linear Voltage Regulator

	U2
	18 Pin 0.300" DIP Socket. Or 18 Pin "ZIF" Socket 

	U3
	14 Pin 0.300" DIP Socket. Or  18 Pin "ZIF" Socket 

	P28
	14 Pin 0.100" Socket Strip. This is one half of a 28 Pin DIP Socket cut down as described in the Text

	P40
	40 Pin 0.600" DIP Socket. This is a 40 Pin DIP Socket cut down as described in the Text

	Q1
	2N7000 N-Channel MOSFET Transistor TO-92[ SGD ]

	Q2
	2N3906 PNP Bipolar Transistor TO-92 [EBC]

	CR1
	5.1 Volt, 1/2 Watt Zener Diode TO-41

	CR2 - CR4
	1N914 Small Signal Silicon Diode. Any Small Signal Silicon Diode can be used for this application

	CR5
	Deleted - See Comments Below

	R1
	220 , 1/2 Watt Resistor. Note that this resistor is rated at 1/2 Watt

	R2, R6
	1 K, 1/4 Watt Resistors. 10K Marked on the PCB - the Programmer works best with this value for the two Resistors

	R3 - R4
	Deleted - See Comments

	R5
	10K, 1/4 Watt Resistor

	C1
	10 uF, 35 Volt Electrolytic Capacitor

	C2, C4
	0.1 uF, 16 Volt Tantalum Capacitors

	C3
	Deleted - See Comments

	J1
	2.5 mm PCB Mount Power Socket. CUI Stack Part Number PH-202B (Digi-Key Part Number CP-202B-ND)

	J2
	25 Pin Female 90 Degree PCB Mount D-Shell Connector. Note - Male Connector CANNOT be used

	Parallel Cable
	6'/10' 25 Pin D-Shell Male to Male "Parallel Transfer Cable". May be labled "Interlink"

	Power Supply
	14+ Volt, 300+ mA AC/DC ("Wall Wart") Power Supply with 2.5 mm Power Plug output

	Tools
	Digital Multi-Meter, Soldering Iron, Solder, Clippers, Needle Nose Pliers, Flat Bladed Screwdriver, Magnifying Glass
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100%RH at 27.6ºC





50%RH at 40ºC





100%RH at 40ºC





Foggy lens


























The less than 40mm size assembly will be


Installed here.
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+
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Implementing activities in Gantt Chart.


Literature Review


Patent search


Data collection


Design of circuit





PPA





And





TMA01





Phase








Plan





How





Why





What





Planning countermeasures





Definition of problem





Identification of causes





Anaysis of problem





P





D





C





A





DO





Confirmation of result


Experiment and result


Testing and revised design





Check





Final report writing


Recommendations and Conclusions


Critical review and reflections





Action
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Bsc (Hons) in Technology
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 Built-in demisting feature 


on spectacle frame 


to 


solve fogging lens problem
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Tools used to measure temperature and Humidity 





Copper tape pasted on lenses used as heating conductor, with 1 end solder to a switch and the other end to the battery clip.





Kapton tape used to wrap around the area where there is copper tape to act as insulation to prevent short circuit and electrical shock.





Copper tape wrap around the rims of the lens.





Kapton tap wrap around the copper tape act as insulation





Fig 22 





After insulation, install the lens back to the frame








Amplification





Temperature





Sensirion SHT 11


Humidity and Temp sensor





+




















Digital 2- wire interface & CRC Generator





Calibration          memory





Resistance 





D  14-bit





Resistance 





Temperature





A





A temperature and humidity detection program is written in PICmicro assembly language to monitor the spectacle lens condensation condition





Sensirion Sensor sense a change of temperature


It will send a signal to inform the uC





It will send a signal to trigger the heater to activate to heat-up the lens. At the same time, there is a temperature monitoring system using Posistor


Feedback to ensure the lens is not over- heated and trigger a stop heating instruction to the heater control





If there is no activity it will trigger to go into sleep mode





If there is no activity it will trigger to go into sleep mode





When battery low is detected, it will trigger a signal to replace battery and system goes into sleep mode





SHT15





Foggy lens when remove from ICE Box Fig 27





Sensor and spectacle inside ICE box


Fig26





Evaluation Kit EK-H2  Humidity & Temperature setup link up to laptop.





On-screen graph plotted and temp, RH, dew point reading sampling 42 times every minute see data in table 9








SHT11





Pin 4





Pin 3





Pin 2





Pin 1





Temp


Sensor





% RH Sensor








uC





Data





SCK





VDD 2.4V to 5.5V





GND





Humidity %





Resistance 
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