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Knowing puff topography, occurring with electronic cigarette (ECIG) users is 

essential for running simulations on smoking machines and assessing aerosol 

generation. Topography recording devices that log the smoking pattern of ECIG users 

exist; however, these devices have some limitations and do not log the ECIG voltage 

which has become user-controlled in recent ECIGs. As a result, the puff topography 

would be missing the dosage which is likely a changing factor of users’ suction. The 

proposed device (eTopII-A) is a hand-held ambulatory data-logging tool that also serves 

to power the coil of the ECIG, replacing its normal battery. Unlike existing topography 

loggers that sense differential air pressure, thus air flow, across an orifice between the 

cigarette and a designed mouthpiece, eTopII-A measures the flow entering the 

electronic cigarette, eliminating the mouthpiece and any restriction on the shape of the 

cigarette tip. In this research, a method is developed for simultaneously measuring puff 

topography and coil voltage. In addition, a method to sense the flow entering the ECIG 

is presented. Also, a testing and evaluation protocol for the developed eTopII-A is 

shown. First, an embedded circuit is designed to meet the device objectives. Second, the 

connection of the ECIG and the overall package are designed to meet the flow sensing 

requirements. Finally, the accuracy of the device is validated through experimental 

comparisons with a laboratory smoking robot. 
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CHAPTER I 

INTRODUCTION  

A. Motivation 

Studying the health effects of electronic cigarettes (ECIGs) is a key factor for 

regulating their usage and elucidating the controversy of whether they can substitute 

tobacco cigarettes. Characterizing the vaping behavior in an objective manner is integral 

to analyzing health complications of ECIG use. Previously, in studies related to 

tobacco-smoking devices, it was shown that the delivered toxicants and nicotine to the 

smokers depend on their smoking pattern, i.e. their puffing parameters, even when the 

volume drawn is constant. Particularly, in 2003, Shihadeh [1] showed that narghile 

smokers receive quantities of “tar” and nicotine in function of their puffing parameters. 

Therefore, assessing water pipe toxicology was found to require accurate models of 

puffing based on studies of smokers. Consequently, a puff recording device, namely a 

smoking topography instrument (STI), was developed by Shihadeh et al. [2] in 2005 to 

log the puffing flow rate of waterpipe users and retrieve data on puff volume, puff 

duration and interpuff interval. The STI is portable and is used in fields of studies of 

users in their natural environment. For the same reason, smoking topography 

instruments for tobacco-cigarettes have been released to characterize cigarette smoking 

such as the CReSS pocket by Plowshare Technologies®, Borgwalt, KC, Inc. 
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Recently, studies on electronic cigarettes (ECIGs) indicated that puff 

topography is needed for simulations on smoking machines to assess nicotine intake and 

aerosol content [3]. 

 Few devices were developed for electronic cigarettes and were based on 

digitizing a pressure differential signal for subsequent puff characterization. This thesis 

documents the development of an ambulatory puff topography instrument specific to 

electronic cigarette that is mouthpiece-free and logs common puff parameters in 

addition to other user’s preferences. 

 

B. Definition of Puff Topography 

Puff topography defines the physical characteristics of smoking behavior. It 

includes puff duration, puff flow rate and volume and number of puffs per day or per 

smoking session. The parameters are summarized in Figure 1. 

 

 

Figure 1: Puff Topography (Figure taken from CReSS pocket User Manual)  
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C. Types of Electronic Cigarettes 

Before discussing previous works, it is important to understand the 

functionality of electronic cigarettes. An electronic cigarette is formed of an electrically 

powered heating element that aerosolizes a liquid containing nicotine, humectants 

(typically propylene glycol and/or vegetable glycerin) and flavorings [4]. 

 

 

 

Figure 2: Parts of an Electronic Cigarette 

 

There is a wide variety of electronic cigarettes. Essentially, the heating device 

screws into the battery and is activated by a push button or in some cases by an internal 

pressure switch that is on when there is flow.  

 

The heating element is a resistance coil. It could be in a form of cartomizer or it 

can assemble to a clearomizer tank (Figure 2 and Figure 4). The cartomizer or tank can 

be manually filled with e-liquid.  

Rechargeable 

Battery 

Button 

activates heating 

device 

Heating device warms liquid 

and vaporizes it 

E-liquid, flavorings and often 

nicotine 

Drip Tip 
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Figure 3: Cartomizer that internally contains the resistance coil 

 

 

Figure 4: Clearomizer: exploded view. From left to write: eGo battery, 

clearomizer base, coil head, clear tank with an air tube inside it and finally mouthpiece.  

 

Cartomizers and clearomizers have the same basic operations, differing slightly 

in the way they send the e-liquid to the coil. Nevertheless, the convenience of the 

cartomizers is that they already contain the coil head and they connect directly to the 

battery. But refilling them is troublesome especially if the users want to change the 

flavor, because the cartridge (poly-fill) of the cartomizer, where the e-liquid is present, 

cannot be cleaned properly. Clearomizers on the other hand, have the benefit of being 

transparent and allowing the user to have control on the amount of e-liquid. In addition 

they allow the users to vary the coil type and they are easy to clean. 
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The eGo battery shown in the Figure 4 can connect to both the clearomizer and 

cartomizer because its adaptor has an internal and external threading. It is a standard 

510 threading that is compatible with most types of electronic cigarettes. 

The battery adapter as a separate part may exist in the form shown in the Figure 

5. It contains an air tube that allows air to flow from one side to the other (Figure 7). 

That inner tube is a positive voltage supply to the coil: it connects to the inner metallic 

tube i.e. coil (shown in red in Figure 8) of the cartomizer (not to its outer threaded 

cylinder where the battery screws) or to the coil head in the case of tanks. The adapter 

itself is negative (it touches the outer threaded cylinder of the cartomizer or the 

clearomizer base in case of tanks). The inner tube is fitted into the adaptor with o-rings 

on the circumference of the interface to prevent electrical conduction between the inner 

tube and the outer adaptor. This adapter will be used in the design of the device 

presented in this thesis.

 

 

Figure 5: Threading of Adapter 

 

 

Figure 6: Battery side

 

Inner 

Outer 
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Figure 7: Inner Tube Removed from Adapter for better visualization 

 

The users of cartomizers can smoke directly on the cartridge without the need 

for a mouthpiece. They inhale the ‘vape’ flow through the inner hollow cylinder. The 

inlet of air to this hollow cylinder is through the grooves of the battery adaptor that 

allow air into the cartomizer holes and bottom (Figure 8). 

When they use tanks, air is admitted to the mouthpiece through the air tube of 

the tank. It enters this air tubes through the tank holes or grooves (Figure 9). 

 

 

Figure 8: Air Passage in Cartomizer 
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Figure 9: Air Passages in E-tanks  (Battery not shown)  

 

Other than being cig-a-like or button powered, cartomizer or clearomizer 

based, electronic cigarettes can be classified as regular or sub-ohm devices. The 

resistance coil can vary from 0.15 ohm up to 2.2 ohms. Any resistance below 1 ohm 

will characterize the device as a sub-ohm cigarette. Due to the low resistance in such 

devices, and given a normally used voltage in the range of 3 to 5 volts, the current 

drawn by the coil is significantly large and thus more e-liquid vaporizes and more vapor 

is observed. Sub-ohm devices are called high power devices. They require batteries with 

big capacities and these batteries are usually contained in a box like in Figure 10. Their 

boxes are called Vape Mod or Box Mod because they have the option to change the 

power (the voltage delivered to the heating element), thus to control the amount of 



8 

 

vapor observed. The end threading of high power E-cigs is similar to that of that of 

cartomizer (compatible with 510 adapter). 

 

 

Figure 10: Sub-ohm Cigarette [5] 

 

D. Previous Work 

As mentioned at the beginning of the chapter, puff parameters are needed to 

measure product use and assess nicotine intake [3]. It has been shown that e-cig users 

smoke differently than traditional cigarette smokers. In fact, users of e-cigs take longer 

puffs [6][7][8][9][10].  Therefore, data in literature for traditional cigarette puff 

topography cannot be used with e-cigs. Measurement devices have been developed to 

provide information on these parameters. Some studies have tried to record e-cigarette 

topography with the portable CReSS pocket (Plowshare, Inc.) originally designed for 
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traditional cigarettes (Figure 11); however, some limitations were faced, including a 

limitation on the maximum puff count that can be recorded (43 puffs only) and a 

restriction on users to draw long puffs to avoid drawing fluid into the mouthpiece [3]. In 

addition, the CReSS pocket is designed for use in a lab environment and cannot provide 

topography data in the natural environment.   

 

 

Figure 11: CReSS pocket [3] 

 

Later studies developed topography devices for e-cigarette that are interfaced 

with a laptop PC to acquire and log topography data. For instance, the smoking analyzer 

(SA7) measurement device adapted for electronic cigarettes [11], although allowing real 

time record of puff parameters, cannot provide data of topography in natural settings. In 

fact, the SA7 requires a data acquisition and transfer unit in addition to a laptop PC 

(Figure 12). Similarly, a topography unit named eTopI (Figure 13) developed at the 

American University of Beirut (AUB) is a validated ECIG topography measurement 
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unit. eTopI is a mouthpiece-based computerized system to record e-cigarette puff 

topography [12]. 

 

 

Figure 12: Smoking Analyzer (SA7) [11] 
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Figure 13: eTopI (AUB Aerosol Lab) 

 

An ambulatory recording device was still needed to let users smoke freely in 

their natural settings. The wireless Personal Use Monitor wPUM (Figure 14) developed 

by Rochester Institute of Technology is a portable data logging unit. It digitizes the 

voltage of a differential pressure sensor (measuring dynamic pressure change in the 

flow through an orifice plate) and stores on board the digitized signal with a time stamp 

for each data point [13]. That signal is then pre-processed to deduce puff parameters. 

  

 

Figure 14: Wireless Personal Use Monitor [13] 

Mouthpiece 
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All the above shown devices measure differential pressure across an orifice 

plate, between the mouthpiece and the drip tip, and calculate the flow rate (Figure 15). 

This measuring approach forces the aerosol containing air to pass through the orifice 

plate -and possibly through the differential ports of the sensor- before reaching the 

mouthpiece where the user inhales. The aerosol depositing in flow tubes and sensor 

yields erroneous readings. In addition, the presented devices have to have a special 

connector where the drip tip plugs (like the wPUM and CReSS) or a special end of 

mouthpiece in the cases where the drip tip plugs into the mouthpiece (like eTopI). This 

puts a constraint on the shape of the drip tip, but the latter exists in many different 

shapes, and thus the presented devices cannot accommodate for different types of drip 

tips. In addition, users prefer to smoke on the ECIG directly and not on the mouthpiece, 

although topography measurement was not affected by the presence of a mouthpiece 

[14]. Due to these challenges, a need for measuring the air flow entering the ECIG 

rather than that leaving the ECIG has emerged. An underway patented eTopII was 

conceived at AUB. eTopII measures the flow of air that is entering the ECIG (based on 

hot wire sensing) and therefore that is aerosol-free (Figure 16). eTopII does not measure 

the differential pressure but the flow using hot wire anemometry. Measuring the flow 

entering the ECIG requires that the bottom of the ECIG be connected to the sensing 

device. As discussed in paragraph I.C, the threading of tanks, cartomizers and sub-ohm 

ECIGs is a standard threading which means they can connect to one adapter, making the 

sensing device universal.  Nevertheless, eTopII requires a data acquisition unit and a 

computer. It requires that the users vape in a laboratory setting. eTopII misses also 

another feature along with the other devices in literature: no information is logged on 
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the user’s preferred power. This is a key factor while logging topography data since all 

newly released ECIG have an option to vary the power delivered by the batteries.  

 

 

Figure 15: Differential Pressure Sensing 

 

E. Objectives 

Based on the literature review and the motives of recording puff topography, 

the goal of this work is defined. It is to develop and validate a topography measuring 

device “eTopII-A” that measures flow of air entering the ECIG, connects to different 

ECIG types, measures the varied voltage and allows the users to ‘vape’ in a natural 

setting and thus is highly portable. eTopII-A should be easy to use by users as well as 

by researchers who download the logged data and analyze it. The suffix –A denotes 

ambulatory. 

eTopII-A has the following design attributes 

 Has accuracy of 5% in flow value, puff volume, interpuff interval and 

puff duration. 
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 Can sense a minimum flow of 0.01 Liter per minute (LPM) and a 

maximum flow of 5 LPM. 

 Can last for a month without intervention by research staff. 

 Can indicate low battery level. 

 Does not increase flow resistance by more than 10%. 

 Weighs less than 300 grams. 

 Is small enough to fit in one hand. 

 Is activated slightly before the ECIG is active. 

 Has indicators for errors. 
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CHAPTER II 

DESIGN REQUIREMENTS AND DECISIONS 

 

The flow sensing approach of eTopII-A will target the air entering the ECIG 

(Figure 16). 

 

 

Figure 16: eTopII-A sensing principle 

 

Separating the ECIG from its battery would require that the ‘Standard 

Connector’, shown in Figure 16 , be able to supply the ECIG with the positive and 

negative voltages without closing the inner metallic tube also shown above. As 

mentioned in chapter I, that standard connector is the 510 adapter but modification will 

be made to it to receive electricity terminals while still allowing air to flow from one 

side to the other. Since the integrality of the flow has to pass by the sensor, the small 
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holes of the adapter or the tanks should be closed. Therefore, an added design challenge 

is air-tight connections between ECIG and eTopII-A.  

Additionally, given that eTopII-A is ambulatory, its microcontroller should 

have a standalone circuitry and a serial in-circuit programming interface to be able to 

modify its code when needed and aslo observe real time measurements on the computer 

when needed. As further specifications are detailed in the next paragraphs new design 

challenges will be added. 

 

A. Electrical Specifications 

1. Sensor Signal Requirements 

The sensor to measure the flow of air entering the ECIG has to be hot wire 

based. The chosen sensor is awm43600v by Honeywell. This sensor has its 

requirements. Before discussing them, its characteristics will be listed.  

 Its silicon chip design is made of a thermally isolated micro-bridge, 

containing a heating element as well as a temperature sensing element. The 

designed chip allows for a fast response to the air flow, amount and 

direction.  

 The amplified version of the sensor (chosen version) provides an enhanced 

resulting signal and does not require additional circuitry.  

 The awm43600v compensates for temperature, thus outputting standard 

mass flow.  
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 The output of the sensor is analog. Specifically the output voltage is from 1 

to 5 volts.  

 The flow range is 0 to 6 standard liters per minute (slpm).  

 The sensor datasheet specifies a response time at 0.1 ms and good 

sensitivity to low flows. The accuracy of the sensor was tested and 

presented in chapter IV. Its repeatability is presented in chapter III. 

 As per regards to the power consumption, the sensor, when supplied with 

9volts, consumes 5 mA at idle and 30 mA at 6 lpm. Its low power 

consumption is suitable to portable devices and battery-powered 

applications. 

  

Regarding the sensor requirements, the heater circuit should stabilize, i.e., the 

sensor has a warm up time. Therefore, the sensor should be powered instants before 

puffing can begin.  

Moreover, the supply voltage ranges from 8 to 12volts. However, the output 

voltage is ratio-metric to the excitation voltage. After experimental observations, the 

range of flow that could be sensed decreased when the excitation voltage was high. For 

instance, when the sensor was given 12 volts, its 5 volt output saturated after 2.5 slpm. 

At 9 volts, the full flow range was captured and the output signal was the wider 

(between 1 and 5 volts). That is why, in the design settings, it was required that the 

sensor had to receive 9 volts. 

For a good sensing resolution, an analog to digital converter (ADC) of at least 

10-bit resolution is required. For a 10 –bit ADC, the voltage resolution A would be: 
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𝐴 (
𝑣𝑜𝑙𝑡𝑠

𝑏𝑖𝑡
) =

𝑂𝑢𝑡𝑝𝑢𝑡 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑅𝑎𝑛𝑔𝑒

210 − 1
=

5 − 1

210 − 1
≈ 0.00391𝑣𝑜𝑙𝑡𝑠/𝑏𝑖𝑡 

In terms of flow, the minimal voltage sensed (3.91mV) could be converted to 

flow using the sensor calibration. Over the flow range of 0 to 6 slpm, the flow resolution 

decreases with higher flow. In fact it is between 0.002409 slpm/bit and 0.21 slpm/bit. 

 

 

Figure 17: Sensor Resolution Decreases with Higher Flows 

 

The sensor works with dry gas only. If not air, each gas has a correction factor 

that can be used. Finally, The sensor has 3 pins namely: 𝑉𝑜𝑢𝑡,𝑉𝑠 and ground where 𝑉𝑜𝑢𝑡 

is the output signal and ,𝑉𝑠 is the input voltage. 

 

Figure 18: Sensor AWM43600v 
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2. Power Requirements 

Careful consideration of power requirement is necessary in battery-powered 

devices. Since the electronic circuit would require a rechargeable battery other than the 

ECIG battery, it was decided to use one battery for both the ECIG and the logging 

circuit, especially that the high power ECIG batteries box is significantly big and the 

overall system would be even bigger when the logging device gets attached to it. That 

said, eTopII-A will replace the ECIG battery regardless if the ECIG is low power or 

high power and will re-create the option of varying the voltage and displaying it to the 

user. Because eTopII-A is intended to work with low power and high power ECIGs, the 

batteries usually used by high power coils will be adopted. The common batteries in 

Vape Mods are two ASPIRE 18650 lithium ion batteries placed in series (3.7 V and 

1800mAh each).  

Now, the batteries’ life has to be sufficient to satisfy the circuit need and the 

cigarette coil as well. From literature  [3][8][15][16], electronic cigarette users were 

reported to take approximately 120 puffs per day with the puff duration being 4 

seconds, which gives a total puffing time of 8 minutes. Depending on the resistance of 

the coil and the voltage chosen by the user, the current draw of the coil varies greatly. 

For instance, a 1 ohm coil smoked at 4 volts consumes 4 Amperes. This particular coil 

would need per day 
 8 (min)

60 (𝑚𝑖𝑛/ℎ)
 ∗ 4 (𝐴) ∗ 1000 (

𝑚𝐴

𝐴
) = 533.33 𝑚𝐴ℎ. To this energy 

need, the energy consumption for the logging circuit will be added, and given the 

1800mAh capacity of the batteries, the lasting time will be calculated. 

With coil resistance as low as 0.15 ohm, a peak current up to 40 Amperes 

might be needed. The Aspire batteries (Aspire ICR 18650 Li-Ion 1800 mAh, 40 AMP or 
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alternatively Aspire ICR 18650 Li-Ion 2600mAh, 20/40AMP) can provide this peak 

current. 

 

 

Figure 19: Batteries of High Power Devices 

 

Given that eTopII-A has to allow voltage variation and log it, the switch to 

power the ECIG has to become an electronically controlled switch, more precisely a 

controlled transistor, triggered by the push button that the user normally presses, and 

controlled to transfer from the batteries variable effective voltage. 

 

3. Device Modes Consideration 

As mentioned in the previous section the device is not in active mode all the 

time. However the sensor is powered at all times to satisfy the warm up mentioned in 

the sensor requirements in II.A.1. The sleep mode will be programmed as follows. In 

sleep mode, the circuit does not log the flow, thus the coil has to be de-activated. In 

addition, an external event has to wake up the device. That external event will require 

user action. In fact, when the user notices that the device is now in sleep mode, he will 
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wake it up by pressing a button. The circuit should sleep again after a certain inactivity 

time has elapsed. 

 

4. Memory Requirements 

eTop II is handed to users to take it home and vape in a natural environment. 

Therefore, device memory should be carefully considered. In order to give the 

researchers an unbound time to record from volunteers without having to download the 

data and clear every short interval, an external memory is adopted.  

The microcontroller intended to be used is the atmega328p-MU (32 pins, 

surface mount). Its flash memory (the program memory) is 32 KB.  It has only a 1 kB 

EEPROM size, not sufficient for a one-day logging of flow, time, coil voltage selection 

and battery level. ETopII-A will be logging the flow value following by a time stamp 

(date and time) in addition to the coil voltage and battery level. A 5-puff session would 

create a 15kB text file. Therefore an external 16 gb microSD card is interfaced with the 

atmega328p using an Arduino module for microSD cards. 

Speaking of electrical specifications, the microcontroller must have enough 

communication ports for all the peripheral devices (the sensor, real time clock and 

memory) and enough I/O ports for debugging, voltage control, in-circuit-programming 

and others. The chosen microcontroller atmega328p-MU has sufficient pins (23 

input/output pins), 3 timers and I2C, SPI and USART interfaces. 
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B. Software Specifications 

The software must be able to sample the sensor voltage continuously at 5kHz 

(minimum sampling rate). Data must be sampled and saved continuously when the 

device is in active mode. Additionally, the software should be able to display indication 

of the selected voltage and to alert the user of a low battery voltage. Also it should 

notify the user that the circuit has turned on when the batteries are inserted. The 

software should be able to go into deep sleep mode when inactivity is detected and to 

wake up by user intervention. Additionally the software should display to users the 

errors that might occur in the system. The arduino IDE software has important 

advantages: it is open source, relates to a great variety of public libraries, is 

programmed in C language (not in assembly) and finally interfaces with cost-effective 

hardware components.  

 

C. Mechanical Design Specifications 

The circuitry, sensor and batteries are packaged in a 3D printed box. The 

device has to be robust; able to last at least a month under ambulatory conditions. It 

should be electrically isolated, portable and with rounded edges. It is preferred that it be 

modular, in other words built from separated parts that are mechanically connected to 

each other. For that reason, a top part and a bottom part of the box containing the rigid 

printed circuit board (PCB) will be conceived. They allow an easy access to the 

components. In addition, the sensor should be interfaced to the circuit board using a 

connector and not ‘permanent’ soldering in order to account for the possibility of 

needing to replace the sensor or to re-calibrate it. In addition the push button for coil 
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activation is preferably not soldered on the board, rather connected to the board using 

jumper wires so it can be free for positioning anywhere on the box. Furthermore, the SD 

card should be accessible without having to open the box in other connected to the 

board using jumper wires so it can be freely placed in any desired direction and 

orientation. The button for varying the coil voltage has to be conveniently placed as 

well. The indicator of selected voltage should be visible. Last but not least, the batteries 

should be accessible and removable because they need recharging almost every 24 

hours. 

In order to ensure a rigid connection between the batteries and the printed 

circuit board, the holder for 18650 batteries was chosen, specifically the type of holder 

that is mountable on printed circuit board. 

 

Figure 20: Keystone 1049 holder for batteries 

 

The size of the holder has thus set the size of the printed circuit board to be 

designed. Consequently, the size of the box is the PCB size plus the sensor and SD card. 
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The method of 3D printing was chosen to produce the box because it allows fast 

prototyping and easily repeatable production. The box is shown in chapter III.C. 
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CHAPTER III 

IMPLEMENTATION 

A. Final System Overview 

 

 

Figure 21: Final System 

 

In this chapter, the implementation of the printed circuit board that was based 

on the requirements of chapter II is presented along with the software that runs it. Then 

the mechanical design that encompasses this board and the sensing setup is described. 
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1. Electrical Hardware 

After studying the design requirements, the electrical hardware designed was 

focused on three areas: Data Storage, Flow Sensing with time keeping, and Power 

Management. A specific circuitry was ensured to wire the SD card module to the 

arduino microcontroller. An external real time clock was added to concatenate with 

every flow value a time and date stamp. Thirdly, to meet the voltage requirements of the 

many components, voltage regulators were used. The main supply voltage from the 

batteries is around 8 volts. Therefore, an up regulator was used to power the sensor, the 

latter requiring 9 volts. Another 5 volt regulator was used to power the microcontroller, 

the real time clock, the SD module, the indicator LED, the voltage varying switch and 

others. Not to mention that an in-circuit programming interface for the atmega328p-mu 

was accounted for and that voltage variation circuitry was designed around a Mosfet 

transistor. 

 

a. First Design Iteration 

The first prototyping board developed relied on the same principle of flow 

sensing and was built for the same sensor. It also replaced the ECIG battery and 

powered the coil via a transistor. However, only one feature was missing. The battery 

voltage was fixed (3.7 volt) and the user could not vary the ECIG voltage. In addition, 

the battery did not have enough peak current for small resistance coils. A picture of the 

first PCB and its box are showed below. 
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Figure 22: Design Iteration 1 

 

 

Figure 23: Box Iteration 1 

 

The second iteration was meant to change the choice of batteries and allow 

voltage variability. In the second iteration, it was decided that the parts would have a 
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surface mount package and that the board would be produced abroad. The second 

iteration was the final one. 

 

b. Characteristics of the Final Printed Circuit Board (PCB) 

 

 

Figure 24: PCB 

 

The overall schematic and layout are shown in Figure 25 and Figure 26 

respectively. Its sub-circuits are presented in the following sections. 
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Figure 25: Schematic 
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Figure 26: Layout
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The composition of a PCB generally consists of four layers, which are heat 

laminated together into a single layer. The layers from top to bottom are silkcreen, 

soldermask, copper and substrate. 

 

 

Figure 27: PCB Material Composition (Source: www.pcbcart.com)  

 

The material of the PCB substrate is FR-4 TG130. FR-4 is a composite made of 

woven fiberglass cloth with an epoxy resin binder which is flame-resistant. In fact FR 

stands for flame retardant. FR-4 is an electrical insulator and has good strength to 

weight ratio. Given its near zero water absorption, it can retain its high mechanical 

values and electrical insulating qualities in both dry and humid conditions. TG130 

means that the glass transition temperature for this material is 130ºC.  

In order to satisfy the constraint of the board size, that should equal the size of 

the battery holder, two layers were considered. VIAs (vertical interconnect access) were 

added for layers connection. The PCB dimensions were exactly 39.8mm*77.1mm. The 

PCB is 1.6 mm thick and is green. The surface finish for the PCB is HASL which stands 

for hot air solder level. The top/bottom circuit copper weight is 1oz.  The minimum 

soldermask dam is 0.3mm (Figure 28). This dam between pads helps to prevent 

accidental solder bridging during assembly. On the other hand the minimum drilling 

hole diameter is chosen to be 0.3mm.  
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Figure 28: Soldemask dam (Source: http://www.allpcb.com)  

 

 

Figure 29: Spacing between pads and between tracks  (Source: pcb.electrosoft-

engineering.com)  

 

The PCB layout has to satisfy the minimum spacing showed in Figure 29: 

between pads, between tracks and track widths. The minimum values are specified by 

the design rules specific to the manufacturing company which in this project is 

SeeedStudio. For instance, the minimum width of the track/spacing is 6/6 mil. The 

distance between drilling holes and track should be more than 8mil. 

The designed PCB has mainly a top and bottom layer, but also a milling layer 

represented by the holes where the battery holder snaps into the board and other layers 

which are: the silkscreen layer where the name of the components are written for the 
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assembly personnel to identify the place of the components, the pads layer, the VIAs 

layer, the holes and drills, the t-place layer (components’ footprint) and others. 

Many libraries of electronic manufacturers were added to Eagle software in 

order to place on the layout the exact footprint of the part and route its copper wires 

accordingly. Sometimes, libraries were drawn from scratch if the part did not exist in 

the database (like in the case of the battery holder). 

Ground polygon nets for top and bottom layer were created in order to have a 

stable ground and VIAs connecting top and bottom ground were distributed on the 

board to reduce noise. The wires that conduct high current (to supply the ECIG coil) 

were made thicker than the rest of the routing. 

 

c. Circuitry for Standalone Microcontroller 

A mentioned in chapter I, the microcontroller used is ATMEGA328P-MU. It 

has 32 pins and it is a surface mount device. A 16 MHz smd oscillator with built in 

capacitor is added to it. 

 

 

Figure 30: MCU oscillator 

SMD 

Oscillator 
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To be able to perform in-circuit programming, routings from special pins of the 

MCU (like RX and TX)  were taken to a 6 pin connector. 

 

 

Figure 31: Connector for serial interface 

 

Since the ATMEGA328P-MU chip does not contain a bootloader, careful 

considerations in the PCB layout should be made to allow connecting the chip as ISP 

and burn the Arduino bootloader onto it.  

 

d. Voltage Regulators 

The board is powered by two Aspire batteries placed in series and of 3.7 volts 

each. Their resulting voltage (≈ 8𝑣) is converted to needed fixed voltages using voltage 

regulators. 

As explained in II.A.1 the sensor requires a 9v input. An 8-pin smd linear 

adjustable voltage regulator is used, namely the LT1111CS8#PBF regulator. 

Connector for FTDI 

Arduino 
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The below circuit is implemented. 

 

 

Figure 32: Voltage Regulator for sensor 

 

R2-U is a current limiting resistor. A value of 220 ohm will limit the input 

current to 400 mA. 𝑉𝑜𝑢𝑡 is dependent on the values of R1 and R2. In fact,  

𝑉𝑜𝑢𝑡 = (1 +
𝑅2

𝑅1
)(1.25𝑉) 

To obtain 𝑉𝑜𝑢𝑡 = 9𝑉, 𝑅1 was taken to be 1 kohms and 𝑅2 6.2 kohms. 

 

i.Inductor selection  

The power required from the inductor is determined by  

𝑃𝐿 = (𝑉𝑜𝑢𝑡 + 𝑉𝐷 − 𝑉𝐼𝑁 𝑀𝐼𝑁)(𝐼𝑂𝑈𝑇) 

Where 𝑉𝐷is the diode drop (0.5V for a 1N5818 Schottky). 

The energy required by the inductor per cycle must be equal or greater than 

𝑃𝐿/𝐹𝑜𝑠𝑐 in order for the converter to regulate the output. When the switch is closed 

current in the inductor builds according to 
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𝐼𝐿(𝑡) =
𝑉𝐼𝑁

𝑅′
(1 − 𝑒

−𝑅′𝑡
𝐿 ) 

where R’  is the sum of the switch equivalent resistance (0.8 ohm) and the 

inductor DC resistance.  

Setting “t” to the switch-on time from the LT1111 specification table (typically 

7µs) will yield 𝐼𝑃𝐸𝐴𝐾 for a specific “L” and 𝑉𝐼𝑁. Once 𝐼𝑃𝐸𝐴𝐾  is known, energy in the 

inductor at the end of the switch-on time can be calculated as:  

𝐸𝐿 =
1

2
𝐿𝐼𝑃𝐸𝐴𝐾

2  

𝐸𝐿 must be greater than 𝑃𝐿/𝐹𝑜𝑠𝑐 for the converter to deliver the required power. 

For best efficiency 𝐼𝑃𝐸𝐴𝐾   should be kept to 1A or less. Higher switch currents will 

cause excessive drop across the switch resulting in reduced efficiency. In general, 

switch current should be held to as low a value as possible in order to keep switch, 

diode and inductor losses at a minimum. 

Numerically, for a chosen inductor of 33uH with a maximum DC resistance of 

130 mOhms, the energy validation will be as follows: 

𝑃𝐿 = (9𝑉 + 0.5𝑉 − 5𝑉)(60𝑚𝐴) = 270 𝑚𝑊 

Energy required from the inductor is 
𝑃𝐿

𝐹𝑜𝑠𝑐
=

270 𝑚𝑊

72 𝑘𝐻𝑧
= 3.75 𝑢𝐽. 

The peak switch current is 

𝐼𝑃𝐸𝐴𝐾 =
5

0.93
(1 − 𝑒

−0.93∗7
33 ) = 0.962 𝐴 

Substituting 𝐼𝑃𝐸𝐴𝐾 in 𝐸𝐿 =
1

2
𝐿𝐼𝑃𝐸𝐴𝐾

2 gives: 

𝐸𝐿 =
1

2
∗ 33 ∗ 0.9622 = 15.27 𝑢𝐽 > 3.75 𝑢𝐽 

Thus the selected inductor will work. 
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ii.Capacitor selection 

OS-CON type of capacitor is chosen because it is physically quite small and 

has extremely low equivalent series resistance (ESR). Specifically the chosen capacitor 

is an aluminum organic polymer capacitor of 22uF capacitance and surface mounting 

type.   

Speed, forward drop, and leakage current are the three main considerations in 

selecting a catch diode for LT1111 converters. Most LT1111 circuits are well served by 

a 1N5818 Schottky diode, or its surface mount equivalent, the MBRS130T3. 

 

iii.5-Volt Regulator 

On the other hand a 5 volt regulator is used to convert the battery voltage to 5 

volt and supply the microcontroller, SD card, RGB led, button and real time clock 

(RTC). The chosen 5V smd regulator with SOT23-5 package can supply an output 

current 500 mA and accepts 12 volt as maximum input current.  

 

e. Power Management 

The user is informed when the battery voltage is low through an RGB led on 

board that lights red to indicate low battery level. In order to know the battery voltage, a 

voltage divider circuit is used (Figure 33).  VIN represents the batteries input voltage and 

the battery level pin A is read as an analog input. VIN can be deduced from  the reading 

of the pin from the voltage divider equation . The minimum threshold for battery 

voltage measured is set to an actual 𝑉𝐼𝑁 of 6.81 volts. Below this threshold, the SD card 

will save an error, the coil is deactivated and the RGB led on board turns red. 
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Figure 33: Battery Level Voltage Divider 

 

f. Coil Voltage Selection 

The user selects the desired voltage by pressing a button. Each press 

increments the voltage. Five different voltages can be selected. A press after the fifth 

voltage restarts the voltage setting at the lowest level. The voltage options that the user 

has are: 2.3 volts, 3.82 volts, 5.35 volts, 6.85 volts and 8.4 volts. At each selected 

voltage, an RGB led will light a different color. The order of the colors from low to high 

voltage is as follows: blue, purple, green, yellow and red.   

 

 

 

Figure 34: Voltage Selection 

Voltage Selection Button RGB Led 
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A software interrupt is attached to voltage selection pin of the push button. It is 

explained in further details in section III.A.2.f. 

 

 

Figure 35: Voltage Switch 

 

In fact this voltage selection pin is connected as a digital input. 

The interrupt is activated at the rising edge of the pin, i.e., each time the push 

button is pressed. In the interrupt routine a counter is incremented. The counter from 1 

to 5 is mapped to coil voltage to be written on SD card (details in III.A.2.d). The 

counter values (1 through 5) are used in the LED code in a switch function where each 

number is associated to an LED color.  

Now that the voltage is selected, the coil has to be powered accordingly. A 

mosfet transistor (IRLR8259TRPBF) is used to power the coil.  

The mosfet is configured as shown below 
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Figure 36: Mosfet Schematic 

 

The mosfet is activated when the gate G is triggered, i.e. when the coil button 

is pushed. The gate G is given a pwm signal from the microcontroller. In fact an analog 

output is sent to the pwm pin depending on the chosen coil voltage (the analog output is 

mapped from the 1 to 5 counter with 70 and 255 being the lower and upper limit of the 

voltage output). The way the selected voltage is logged is explained in III.A.2.d.  

The diode prevents the coil from doing a back current into the mosfet. The pull 

down resistor prevents a conduct into the mosfet due to noise when the push button is 

not pressed. 

The selected mosfet is N-type, surface mount with TO-252-3 package. The 

mosfet is selected so that it could supply a drain current of 57 A (since the coil may 

draw up to 40 A). Minimum gate-source voltage is 1.9volt (the actual minimum is 2.3, 
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the lowest voltage option). The maximum drain source voltage is 20 volt safely higher 

than the maximum battery voltage (8.4 volts). 

 

g. Buzzer Function 

The buzzer is connected to a digital output pin of the microcontroller. It is 

activated when the device is powered (when the batteries are inserted). It was conceived 

in order to buzz and alert the user to switch off the device after two minutes of inactivity 

has passed. But then, the sleep function was added instead to minimize power 

consumption when the device is not in action. 

 

Figure 37: Buzzer 

 

h. Micro Secure Digital (SD) card 

The sd card module has 6 pins that are the chip select, the clock, MOSI and 

MISO, 5 volts and ground. They connect to the Arduino SPI bus. 

Buzzer 
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i. Real Time Clock (RTC) 

The DS1302Z+T&R external real time clock was wired to the arduino (clock, 

data and reset, 5 volts and ground), to its 3.3volt battery and to its surface mount (smd) 

oscillator. 

 

 

Figure 38: RTC 

 

2. Software 

The code involved the use of the following libraries: time, RTC, SPI, SD, 

PinChangeInterrupt and FastLed. The program flow chart is shown below. 

RTC 

Oscillator 
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** This main loop is interrupted if the user changes the voltage. It then 

resumes. 

 

a. Initialization and default parameters 

The needed libraries are included. The analog and digital pins for the modules 

(RTC, SD card) and for the coil, sensor, buzzer, voltage button and battery level are 

defined. The variables are listed and given initial values. For instance, the low battery 

threshold is set to 2.66volt (corresponding to an actual level of 6.8 volts). Additionally, 

the delays for the blinking of led when errors in RTC or SD card occur are given default 

values. Similarly a variable indicating the number of snapshots to be taken before given 

a reading of the flow is given a default value of 10. And the delay between these 

snapshots is set to 5 ms. Booleans for the different type of errors are created (namely: 

time calibration error, RTC error, SD card error and battery voltage error). The 

minimum and maximum voltage settings are specified. Then the RGB led settings are 

Sleep mode if inactivity for 5 minutes

Sampling and Saving to SD **

Time and date are logged
Voltage Selection & Battery level are 

logged

Initializing SD card and RTC

Two green blinks if no errors Special led displays if errors exist

Initialization

Variables initialized and pins defined Battery level checked

*

* 
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listed. Finally, the default starting voltage is set to level 1 (2.3 volt) and a variable 

(‘lastinhale’) indicating the time of last activity detected is initialized to zero. In the 

setup loop, the pin modes (output or input) are specified. The digital pins are set to low 

or high accordingly. The Boolean variables are reset to false. The RGB strip is 

initialized.  The real time clock is initialized. The year variable is set, so that is read 

only once at the start of the device without having to access the RTC every puff to 

register its value. The SD card is initialized. The battery voltage is checked. The 

interrupt for the voltage selection button is defined. If no errors exist, the buzzer beeps 

one time indicating that the setup loop is complete. At the end of the setup loop the 

timer is reset, meaning that the variable ‘lastinhale’ is equalized to millis() which 

returns the number of milliseconds since the Arduino board began running the current 

program. 

 

b. Initialization of the micro sd and rtc 

After each of the SD and RTC is initialized successfully, the RGB led will 

blink in green once. If errors exist it will blink in red with different delays for each. 

With the RTC, an error might appear if at some pint the RTC was disconnected from the 

battery and time stopped. In this case, time can be re-set by uploading to the board the 

“set time” code where the date and time are entered by the user (year, month, day, hour, 

minute and second). If the software detects that the RTC is write-protected, it will not 

consider it as an error. With the SD card, an error might appear if the ChipSelcect pin is 

false, meaning the microSD is not present. This can be fixed by inserting the microSD 

in the module. Another error appears if the SD did not open a new text file when 
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needed. In this case, the microSD content should be viewed to understand the reason of 

the new file absence. 

 

c. Sampling and saving to sd 

In the main loop, if the device is awake, the sensor reading is written to the SD 

card. If a specified inactivity time has passed, the device is put to sleep and the coil is 

de-activated. The time is reset when the voltage button is pressed or when the sensor 

value is above a puffing threshold and also when the device enters the sleep mode. 

The logged sensor value on each line of the text file is concatenated with time 

and day of the week (the date is not written instead it found from the name of the text 

file), in addition to some other information added to the line as mentioned in following 

sections. 

Time and date are taken from the RTC using the tmElements_t structure from 

the time library. Using that same structure, the text file is named as a date format. 

The information is concatenated with a specific pattern, so it can be parsed 

correctly by the post-processing software. 

 

d. Logging voltage selection and battery level 

i.Battery Level 

If the measured battery level is below the threshold, an error labeled E2 is 

written in the text file saved on the SD and the time and date at which the error occurred 

are also mentioned. If the battery level is acceptable, the value of it is concatenated with 
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every line of the text file; that line contains the sensor reading, the time and day of week 

and the coil voltage selection. 

 

ii.Voltage Selection 

The pwm supplied to the mosfet gate is an analog output value mapped from 

the counter (1 to 5) with 70 and 255 being the limits.  The obtained analog value is 

converted to voltage in order to be logged on the SD card. It is converted as follows:  

Logged Voltage = BatteryVin * (Analog output value / 255)  

 

e. Sleep function 

Initially, in the setup, once the batteries are inserted and the device is powered, 

the default mode is ‘active’, not in sleep. Then time is evaluated as the difference 

between the current time and the lastinhale variable mentioned previously that stores the 

time since the microcontroller is on and that is reset every time activity is detected (flow 

above threshold, voltage button pressed, sleep entered). When that time becomes greater 

than for example 5 minutes, the microcontroller goes to deep sleep and the coil is de-

activated. 

During sleep nothing is saved on the SD card. The criteria to wake up is a 

software interrupt attached to the pin of the push button used for voltage selection. This 

means that when the user notices that the device is in sleep, they have to press the 

voltage button to wake up the Arduino.  

The 5 different modes are: 

SLEEP_MODE_IDLE         -the least power savings 
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SLEEP_MODE_ADC 

SLEEP_MODE_PWR_SAVE 

SLEEP_MODE_STANDBY 

SLEEP_MODE_PWR_DOWN     -the most power savings 

The last is the one used with eTop II-A. 

 

f.  Software Interrupts 

In the interrupt routine, the sleeping variable is checked: if the device is in 

sleep, it wakes up and the voltage selected conserves the last chosen setting. If the 

device is awake than the user pushed the button to increase the voltage. Therefore, 

voltage level is incremented and reflected by the RGB led. At the end of the interrupt 

routine, the timer is reset. 

The sleep registers are set as follows: 

sleep_enable(); 

set_sleep_mode(SLEEP_MODE_PWR_DOWN); 

cli(); 

PRR = PRR | 0b00100000; 

sleep_bod_disable(); 

sei(); 

sleep_cpu(); 

PRR = PRR & 0b00000000; 

sleep_disable(); 
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g. Error Codes 

When an error Boolean becomes true (such as error in time calibration, sd card 

not present, data file not present…) the error function will turn the coil off and reflect 

the error on the RGB led. If the error is in the SD card, the led will blink in red with a 

blinking delay of 300ms. This delay is 1 second if the error is concerned with time. If 

the error is in the battery voltage the led will appear red (blinking every 50 ms). 

The pseudo code is in appendix C. 

 

B. E-Cigarette Connection 

As mentioned in chapter I, the separate adapter will be used. Its inner tube will 

be used to conduct the flow coming from the sensor into the air tube if the ECIG. 

However, electricity is connected to this adapter. For this reason its inner tube is fitted 

into a hollow metallic tube that goes to the sensor port and on the circumference of 

metallic tube the positive battery terminal can be attached. In order for the adapter tube 

to fit into the copper tube of the sensor, special turning operations were performed. 

After the two parts were connected, the joint interface was soldered to avoid their 

possible disconnection or any air leakage
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Figure 39: Old Adapter End 

 

 

Figure 40: Copper Tube 

 

 

Figure 41: New Adapter End 

 

A turning operation on the adapter end grooved inside its inner metallic tube 

and made it thinner on the edges so that the copper tube fits correctly. 
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Figure 42: Electrical Connections 

 

1. Pressure Drop Measurements 

Electronic cigarettes, whether in the form of cartridges or tanks, contain holes 

that allow air inside them. Air can also enter from the bottom of the inner hollow 

cylinder, but the attachment of the cigarette battery normally prevents this air passage 

(see Figure 8 and Figure 9). In this project, the battery connections are made through 

jumper wires, which gives access to the bottom of the inner hollow cylinder. To be sure 

that it is safe to close these holes as mentioned in Figure 16 without inducing an added 

draw resistance to the user, pressure drop variation was tested. 

 

 

 

Figure 43: Where air normally enters  

 
Only inlet for air is through adaptor openings 
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Figure 44: Air inlets with eTopII-A configuration  

 

 

The effect of the sensor and the closed holes on the pressure drop is tested 

when comparing the sensor setup to the normal vaping setup (Figure 43 versus Figure 

44). 

 

 

Figure 45: Normal Setup pressure drop to be compared with eTopII-A  

 

One of the air inlets 

The biggest portion 
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Figure 46: Setup for measuring pressure drop in eTopII-A 

 

 

Figure 47: Normal Setup Vs eTopII-A (cartomizer) 

 

The above graph shows that the sensor does not add pressure drop compared to 

the normal setup. At the contrary, it allows a bigger channel for the air. 
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 Figure 48: KangerTech pressure drop observations 

 

 

Figure 49: KangerTech Miniprotech 3 

 

The above graph shows that the sensor decreases the pressure drop also in case 

of the tanks not just cartomizers. 

 

C. Box Design 

The box accommodates for the PCB and sensor. The optimal position of the 

sensor is the vertical direction to save space. The box is formed of a top and bottom part 

that connect by fasting crews at the corners. The bottom is openable (hinge door design) 
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to access the batteries and remove them when there is need to charge them. An opening 

is made for the coil push button. Another opening is made to view the RGB color and an 

external push button in mounted in the top part over the voltage push button of the 

board, for the user to be able to press it. The holder is screwed from its side to the box 

so that the PCB doesn’t move and so that it could be removed when needed. The SD 

card is adhesively bonded to one side of the holder and the microSD can be accessed 

from its specific opening. 

 

 

Figure 50: CAD model on (SolidWorks) 

 

The batteries are charged using an automatic smart charger Intellicharger i2. 

An in-charging circuit could have been designed using a fuel gauge IC for lion-ion 

chemistry. This option would have made the printed circuit board slightly more 

complex and bigger.  It could be implemented in future work. 
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Figure 51: Printed Box (Selective Laser Sintering Technique) 

 

Ergonomics are considered while choosing the location of the push button 

relatively to the cigarette plug. The edges were ensured to be filleted not sharp. The 

weight of the package is relatively small. The rectangular shape was adopted because it 

is convenient for parts’ fixation and is more economical in size compared to an 

elliptically shaped box, given that all parts are rectangular. 

 

 

Figure 52: Box View 
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D. Sensor Calibration 

 

 

Figure 53: Calibration Setup 

 

The sensor was calibrated using a mass flow controller (omega Engineering) 

FMA5400a/5500A series that has a range of 0 to 5 LPM. The mass flow controller is 

linear meaning that the output voltage that is from 0 to 5 volts is proportional to the 

measured flow that is from 0 to 5 Lpm. That is why output voltage is equal to flow rate. 

The setup is as shown in the figure. The mass flow controller is labview-

controlled through its analog output pin and the flow is incremented from 0 to 5 LPM 

with an increment of 0.1 LPM. 15 seconds separate each data point in order for the mass 

flow controller to stabilize and to get an accurate reading from the sensor. The sensor is 

calibrated while in eTopII-A  box by connecting the adaptor to the flexible Tygon® 

tubing. 

The sensor is powered by an external power supply. It is given 9.1 volts as this 

is the exact voltage that eTopII-A board is supplying to the sensor. As mentioned in 

chapter II the sensor output voltage is ratio metric to input voltage that is why the 

supply voltage should be exact. 
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Figure 54: Calibration Formula  

 

The sensor was calibrated nine times successively at the same day and under 

the same setup conditions in order to evaluate its repeatability. Nine trend lines 

equations were generated, describing the voltage output of the sensor in function of the 

flow. Then, for a list flow values (10 data points) ranging from 0.5 to 5 liters per minute 

(with increment of 0.5 LPM between values), the nine resulting voltages per data point 

were calculated. All obtained voltages were subject to repeatability analysis based on 

variance and averages where the final estimated repeatability is the average of the ten 

individual estimates of repeatability made for each data point. The repeatability was 

found to be 93%. 
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E. Final Product Specifications 

1. Expected Battery Life 

The power requirements of the final system were checked. The designed circuit 

consumes 38 mA in active mode and 25 mA in sleep mode. Let us suppose that the 

device is in active mode for 20 minutes (a duration slightly bigger than the total puffing 

time), then the active mode energy consumption is 38 (𝑚𝐴) ∗
 20 (min)

60 (𝑚𝑖𝑛/ℎ)
= 12.67 𝑚𝐴ℎ. 

If a 1 ohm coil is used and smoked at 4 volts consuming 4 Amperes, and if the 

total puffing time is 8 minutes as shown in I.A.2, this particular coil would need per day 

 8 (min)

60 (𝑚𝑖𝑛/ℎ)
 ∗ 4 (𝐴) ∗ 1000 (

𝑚𝐴

𝐴
) = 533.33 𝑚𝐴ℎ. In total during puffing/active mode the 

energy consumed is 546 𝑚𝐴ℎ. If the chosen battery capacity is 1800 𝑚𝐴ℎ for instance, 

what remains of its capacity is 1800 − 546 = 1254 𝑚𝐴ℎ. With this remaining capacity 

and a sleep current of 25 mA, the battery lasts for 
1254

25
= 50.16 ℎ𝑜𝑢𝑟𝑠. 

The obtained value is specific to the assumed coil selection. If the selected coil 

had a sub-ohm resistance of 0.47 ohms and was operated at 6 volts, the battery would 

last for 3.4 hours (given the same puffing time and circuit requirements assumed in the 

first example). If the coil selected draws even more current than the previous two, then 

the total daily puffing time could not reach 8 minutes or for some of the coils batteries 

(with current draw smaller than 17A ) 2600 mAh batteries instead of 1800 mAh would 

be sufficient for 12.8 hours or more if current is less than 17A. 

Conveniently, 2600 mAh and 1800 mAh have the same physical size and thus 

can both fit in the circuit and they both can deliver peak current up to 40 A. 
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2. Dimensions 

The box dimensions turned out to be 116x53x37 mm3, thus it fits in one hand.  

 

3. Weight 

eTopII-A weighs less than 170 grams. 

 

4. Flow range and accuracy 

eTopII-A can sense flow from zero to five liters per minute within an accuracy 

on puff parameters of 5% (validation results are shown in chapter IV). 

 

5. Increased pressure drop 

The flow sensing setup did not add a draw resistance. Instead the pressure drop 

was lower than a normally smoked ECIG. 

 

6. Error alerts 

eTopII-A displays error signals when the battery level is low, when there is a 

problem with time calibration and when there is a problem with SD card. 
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7. Device Activation 

The sensor is always powered. eTopII-A goes to sleep when there is inactivity 

and the coil is de-activated in this mode. The user will notice that it is sleeping when the 

coil does not vape. They will wake the device with the voltage selection button and 

eTopII-A will wake up before puffing and no puffs will be missed. 

 

8. Staff Intervention 

The 16 GB microSD will safely not be full in a two-week experiment. 
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CHAPTER IV 

DEVICE VALIDATION 

 

Controlled digitized puffs are inputted in labVIEW to the lab smoking robot 

denoted as ALVIN. The puff parameters are specified by the user. This robot was set up 

to smoke from eTopII. The values recorded from the flow meters of ALVIN were 

compared to the values recorded by eTopII. Different sessions were run during which 

the flow rate and puff duration were varied. The puffing profiles that are given to the 

robot are the square puff profile and the sine puff profile.  

 

 

Figure 55: Validation setup 

 

The results showed good accuracy ad repeatability of the sensor. In order to 

achieve optimal similarity between ALVIN and eTop II, the sensor calibration should 

ensure zero leaks and the validation setup should ensure zero leak from the ECIG tank 

or adapter interface. Accuracy of eTopII depends on correct sensor calibration and full 

air-tightness during smoking. If these conditions are met, eTopII is valid in terms of 

puff number accuracy, flow volume, peak and average accuracy, puff duration and 
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inter-puff interval. Each square profile test consisted of 5 puffs. 10 puffs were inputted 

for the sine profile test. Flow is in liters per minute. Time is in seconds. 

 

Session Puff Duration (seconds) Inter-puff Interval (seconds) Peak Flow (liters per minute) 

1 9 9 1 

2 9 9 1.5 

3 9 9 2 

4 9 9 2.5 

5 9 9 3 

Table 1: Sine profiles Sessions' description 

 

The controller of the smoking robot is not tuned for gradual puffs. Spikes 

happen at the beginning of such puffs. That is why the sine wave was made wider and 

slower by setting the puff duration to 9 seconds. 

 

Session Puff Duration (seconds) Inter-puff Interval (seconds) Peak Flow (liters per minute) 

1 4 4 1 

2 4 4 1.5 

3 4 4 2 

4 4 4 2.5 

5 4 4 3 

Table 2: Square profiles Sessions' description 
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A. Sine Profiles 

 

 

Figure 56: Session 1 Sine profile 

 

 

Figure 57: Session 2 Sine profile 
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Figure 58: Session 3 Sine profile 

 

 

Figure 59: Session 4 Sine profile 
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Figure 60: Session 5 Sine profile 

 

The data analysis for Session 1 is shown below: 

Smoking Robot 

Puff Number Puff Duration (s) 

Inter-Puff Interval 

(s) 

Puff Volume (ml) 

1 9.002 8.999 98.126 

2 9.005 9.003 98.260 

3 9.000 9.001 98.091 

4 9.001 9.006 98.094 

5 8.996 9.011 98.167 

6 9.001 8.992 97.975 

7 9.003 9.001 98.017 

8 9.003 8.996 98.086 

9 9.009 8.999 97.971 

10 8.810 0.000 96.403 

Average 8.983 9.001 97.919 

Standard Deviation 0.061 0.006 0.540 

Margin Of Error 0.038 0.004 0.335 

Upper Bound 9.021 9.004 98.254 
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Lower Bound 8.945 8.997 97.584 

Table 3: Statistics for smoking robot results (Session 1) 

 

etopII-A 

Puff Number Puff Duration (s) 
Inter-Puff Interval 

(s) 

Puff Volume (ml) 

1 8.790 8.990 91.460 

2 9.044 8.990 92.760 

3 9.044 8.863 92.077 

4 9.171 8.863 93.422 

7 9.044 8.990 93.310 

6 9.044 8.990 93.101 

7 9.044 8.863 92.828 

8 9.171 8.863 93.406 

9 9.044 8.990 93.372 

10 9.044 0.000 94.329 

Average 9.044 8.934 93.007 

Standard Deviation 0.104 0.067 0.793 

Margin Of Error 0.064 0.044 0.492 

Upper Bound 9.108 8.977 93.498 

Lower Bound 8.980 8.890 92.515 

Table 4: Statistics for etopII-A results (Session 1) 

 

 

Figure 61: Intervals Comparison for puff duration Session 1 (sine) 
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Figure 62: Intervals Comparison for inter-puff interval Session 1 (sine)  

 

 

Figure 63: Intervals Comparison for puff volume Session 1 (sine) 

 

The results of all sessions are shown in Appendix B. The error between the 

puff parameters for each puff of each session was computed. Then all percentage errors 

obtained were subject to a 95% confidence interval study where the following results 

were obtained: 

 

 Puff Duration Inter-puff Interval Puff Volume 

 

Average 

 

-0.98% 

 

1.21% 

 

-1.51% 

95% confidence 
interval bounds 

0.28% 0.53% 0.79% 

Table 5: Error Analysis for Sine sessions 
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B. Square Profiles 

 

Figure 64: Session 1 Square profile 

 

 

Figure 65: Session 2 Square profile 
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Figure 66: Session 3 Square profile 

   

 

Figure 67: Session 4 Square profile 
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Figure 68: Session 5 Square profile 

 

The data analysis for Session 1 is shown below, as well as the error analyses 

for the square sessions and for all sessions combined. All sessions are in appendix B. 

 

Smoking Robot 

Puff Number Puff Duration (s) 
Inter-Puff Interval 

(s) 

Puff Volume (ml) 

1 4.898 5.002 81.762 

2 4.999 5.006 81.544 

3 5.007 4.996 81.788 

4 5.001 5.005 81.642 

5 4.887 0.000 80.694 

Average 4.958 5.002 81.486 

Standard Deviation 0.060 0.004 0.453 

Margin Of Error 0.053 0.004 0.397 

Upper Bound 5.011 5.007 81.883 

Lower Bound 4.905 4.998 81.089 

Table 6: Statistics for smoking robot results (session1) 
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etopII-A 

Puff Number Puff Duration (s) 
Inter-Puff Interval 

(s) 

Puff Volume (ml) 

1 5.107 4.799 79.552 

2 5.107 4.926 80.130 

3 5.107 4.926 79.941 

4 5.107 4.799 79.751 

5 5.234 0.000 81.406 

Average 5.132 4.863 80.156 

Standard Deviation 0.057 0.073 0.731 

Margin Of Error 0.050 0.072 0.641 

Upper Bound 5.182 4.934 80.797 

Lower Bound 5.083 4.791 79.515 

    

Table 7: Statistics for etopII-A results (sessino1) 

 

 

Figure 69: Intervals Comparison for puff duration Session 1 (square) 
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Figure 70: Intervals Comparison for inter-puff interval Session 1 (square) 

 

 

Figure 71: Intervals Comparison for puff volume Session1 (square) 

 

 Puff Duration Inter-puff Interval Puff Volume 

 

Average 

 

-3.52% 

 

3.07% 

 

-1.86% 

95% confidence 
interval bounds 

0.65% 0.53% 0.86% 

Table 8: Error Analysis Square Sessions 

 

 Puff Duration Inter-puff Interval Puff Volume 

 
Average 

 
-1.83% 

 
1.78% 

 
-1.62% 

95% confidence 

interval bounds 
0.38% 0.44% 0.59% 

Table 9: Error Analysis for all sessions 
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CHAPTER V 

CONCLUSION 

 

An instrument for wirelessly logging puff topography has been motivated, 

designed and implemented. Preliminary testing showed high accuracy and reliability. 

While other devices for studying the puffs of ECIGs exist in literature, eTopII is unique 

because it is a standalone device, adapts to the majority of ECIG brands, adapts to low 

and high power coils, allows the user to control the voltage (imitating the Vape Mod) 

and gives the researchers information on voltage selection, the latter being a changing 

factor of puff parameters. 

The author built a number of prototyping boards before implementing the final 

system presented in this thesis. The multiple design iterations have helped in increasing 

the number of device features and in selecting the optimal electronics for power saving, 

code efficiency and ease of use for post-processors. 

The future work will be to perform human testing in order to report on the 

possible changes on the inhale resistance given that eTopII-A setup has a lower pressure 

drop compared to cartomizers and clearomizers. 

Further testing is needed to observe how robust is eTopII-A when used by 

people for a long time, in other words if device movement and vibration might change 

the sensor readings or if the voltage selection system (actuator and indicator) are easily 

operated by the users and not mis-used. 
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APPENDIX A 

 

Instructions for or the user eTopII-A 

The ECIG should connect to the box connector. It must be sure that it screwed 

well. Using electrical tape, the holes of the clearomizer of the interface between 

adapter/cartomizer should be blocked. 

To insert the batteries, the bottom of the box can be opened. It must be made 

sure that the batteries are inserted with the right polarity. The plus and minus signs are 

shown inside the batteries’ holder. 

When the batteries are well inserted, eTopII-A will beep. The RGB led will 

blink in green twice signaling that it is good to go 

In order to power the ECIG and start vaping, the push button is pressed like in 

any other ECIG. The default voltage is at 2.3 volts. To increase it, the button next to the 

led should be pressed. The voltage will take these values respectively at each press 3.82 

volts, 5.35 volts, 6.85 volts and 8.4 volts, and then it will go back to the lowest value. 

The colors of the led in order of increasing voltage are: Blue, Purple, Green, Yellow and 

Red. 

The choice of voltage should not be made randomly. High voltages for non-

sub-Ohm ECIG might burn their coil resistance. 

After the user has been inactive for 5 minutes, the device will go to sleep. If 

they try to vape nothing will happen. The voltage button should be pressed once to wake 

the device. The voltage selection will not increase. It will keep its last saved value. 
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If the RGB led is blinking in red at a rate of 1 second, there is a time calibration 

error and only the research staff can fix it. If the RGB led is blinking in red at a rate of 

300ms, then the error is in the SD card. The user should make sure that the microSD 

card is inserted well into its module. 

If the led is lighting in red without blinking, then the batteries need to be 

recharged. 
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APPENDIX B 

A. Sine Profiles 

1. Session 2 

Smoking Robot 

Puff Number Puff Duration (s) 

Inter-Puff Interval 

(s) 
Puff Volume (ml) 

1 8.905 8.998 145.223 

2 8.993 9.005 145.356 

3 9.007 8.997 145.605 

4 8.996 9.009 145.479 

5 8.993 9.001 145.398 

6 8.965 9.009 144.565 

7 8.998 9.007 145.294 

8 8.998 9.011 145.325 

9 8.987 8.999 145.129 

10 8.911 0.000 144.628 

    

Average 8.975 9.004 145.200 

Standard Deviation 0.037 0.005 0.344 

Margin Of Error 0.023 0.003 0.213 

Upper Bound 8.998 9.007 145.413 

Lower Bound 8.952 9.001 144.987 

Table 10: Statistics for Alvin session 2 

 

etopII-A 

Puff Number Puff Duration (s) 

Inter-Puff Interval 

(s) 

Puff Volume (ml) 

1 8.917 8.990 147.965 

2 9.044 8.863 147.801 

3 9.171 8.863 149.097 
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4 9.171 8.863 149.168 

5 9.044 8.990 148.575 

6 9.044 8.863 147.620 

7 9.171 8.863 150.120 

8 9.171 8.863 149.340 

9 9.044 8.990 149.491 

10 9.044 0.000 149.586 

    

Average 9.082 8.905 148.876 

Standard Deviation 0.086 0.064 0.845 

Margin Of Error 0.053 0.041 0.524 

Upper Bound 9.135 8.947 149.400 

Lower Bound 9.029 8.864 148.352 

Table 11: Statistics for eTopII-A session 2 

 

 

Figure 72: Intervals Comparison for puff duration Session 2 (sine) 
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Figure 73: Intervals Comparison for inter-puff interval Session 2 (sine) 

 

 

Figure 74: Intervals Comparison for puff volume Session 2 (sine) 
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6 8.998 9.001 193.127 
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7 9.000 9.006 193.072 

8 9.001 8.995 193.133 

9 9.004 9.001 193.269 

10 8.890 0.000 191.744 

    

Average 8.993 9.000 192.999 

Standard Deviation 0.036 0.006 0.461 

Margin Of Error 0.023 0.004 0.285 

Upper Bound 9.015 9.004 193.285 

Lower Bound 8.970 8.996 192.714 

Table 12: Statistics for robot session 3  

 

etopII-A 

Puff Number Puff Duration (s) 
Inter-Puff Interval 

(s) 

Puff Volume (ml) 

1 8.917 8.990 199.260 

2 9.044 8.990 198.426 

3 9.044 8.863 199.657 

4 9.171 8.863 200.295 

5 9.044 8.990 200.369 

6 9.044 8.990 199.747 

7 9.044 8.863 198.904 

8 9.171 8.863 199.718 

9 9.044 8.990 200.118 

10 9.044 0.000 201.022 

    

Average 9.057 8.934 199.752 

Standard Deviation 0.072 0.067 0.757 

Margin Of Error 0.045 0.044 0.469 

Upper Bound 9.101 8.977 200.221 

Lower Bound 9.012 8.890 199.283 

Table 13: Statistics for etopII-A session 3 
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Figure 75: Intervals Comparison for puff duration Session 3 (sine) 

 

 

Figure 76: Intervals Comparison for inter-puff interval Session 3 (sine) 

 

 

Figure 77: Intervals Comparison for puff volume Session 3 (sine) 
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3. Session 4 

Smoking Robot 

Puff Number Puff Duration (s) 
Inter-Puff Interval 

(s) 

Puff Volume (ml) 

1 9.006 9.010 241.342 

2 8.998 9.001 241.257 

3 9.010 9.001 241.154 

4 8.990 9.018 240.640 

5 8.993 9.002 240.379 

6 8.998 9.010 240.834 

7 8.990 8.999 240.555 

8 9.007 9.001 241.023 

9 9.009 9.000 240.776 

10 8.831 0.000 237.565 

    

Average 8.983 9.005 240.553 

Standard Deviation 0.054 0.006 1.095 

Margin Of Error 0.033 0.004 0.679 

Upper Bound 9.017 9.009 241.231 

Lower Bound 8.950 9.000 239.874 

Table 14: Statistics for robot session 4 

 

etopII-A 

Puff Number Puff Duration (s) 
Inter-Puff Interval 

(s) 

Puff Volume (ml) 

1 8.790 8.990 246.282 

2 9.044 8.863 246.637 

3 9.044 8.990 246.629 

4 9.044 8.990 246.204 

5 9.044 8.863 246.101 

6 9.171 8.863 246.502 

7 9.044 8.990 247.118 
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8 9.044 8.990 245.461 

9 9.044 8.863 246.907 

10 9.171 0.000 246.704 

    

Average 9.044 8.934 246.455 

Standard Deviation 0.104 0.067 0.469 

Margin Of Error 0.064 0.044 0.291 

Upper Bound 9.108 8.977 246.745 

Lower Bound 8.980 8.890 246.164 

Table 15: Statistics for etopII-A session 4 

 

 

Figure 78: Intervals comparison for puff duration Session 4 (sine) 

 

 

Figure 79: Intervals Comparison for inter-puff interval Session 4 (sine) 
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Figure 80: Intervals Comparison for puff volume Session 4 (sine) 

 

4. Session 5 

Smoking Robot 

Puff Number Puff Duration (s) 

Inter-Puff Interval 

(s) 

Puff Volume (ml) 

1 8.903 9.082 287.799 

2 8.909 9.128 288.466 

3 8.897 9.005 287.760 

4 8.998 9.098 288.212 

5 8.901 8.960 287.042 

6 8.993 9.108 288.146 

7 8.911 9.105 288.391 

8 8.901 8.995 287.903 

9 9.010 9.000 288.400 

10 8.947 0.000 288.162 

    

Average 8.937 9.053 288.028 

Standard Deviation 0.046 0.063 0.427 

Margin Of Error 0.029 0.041 0.265 

Upper Bound 8.966 9.094 288.293 

Lower Bound 8.908 9.013 287.764 

Table 16: Statistics for robot session 5 
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etopII-A 

Puff Number Puff Duration (s) 
Inter-Puff Interval 

(s) 

Puff Volume (ml) 

1 8.790 8.990 293.455 

2 9.044 8.990 296.743 

3 9.044 8.990 294.104 

4 9.044 8.863 296.035 

5 9.044 8.990 297.451 

6 9.044 8.990 293.032 

7 9.044 8.863 293.797 

8 9.171 8.863 295.430 

9 9.044 8.990 293.740 

10 9.044 0.000 293.296 

    

Average 9.031 8.948 294.708 

Standard Deviation 0.094 0.064 1.579 

Margin Of Error 0.058 0.041 0.979 

Upper Bound 9.089 8.989 295.687 

Lower Bound 8.973 8.906 293.729 

Table 17: Statistics for etopII-A session 5 

 

 

Figure 81: Intervals Comparison for puff duration Session 5 (sine) 
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Figure 82: Intervals Comparison for inter-puff interval Session 5 (sine) 

 

 

Figure 83: Intervals Comparison for puff volume Session 5 (sine) 

 

B. Square Profiles 

1. Session 2 

Smoking Robot 

Puff Number Puff Duration (s) 

Inter-Puff  Interval 

(s) 
Puff Volume (ml) 

1 5.006 4.999 122.676 

2 5.000 5.007 122.922 

3 5.007 5.004 122.769 

4 4.995 4.996 122.761 
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5 4.904 0.000 121.620 

Average 4.982 5.002 122.550 

Standard Deviation 0.044 0.005 0.527 

Margin Of Error 0.039 0.005 0.462 

Upper Bound 5.021 5.006 123.012 

Lower Bound 4.944 4.997 122.088 

Table 18: Statistics for robot session 2 

 

etopII-A 

Puff Number Puff Duration (s) 

Inter-Puff Interval 

(s) 
Puff Volume (ml) 

1 5.107 4.799 128.782 

2 5.234 4.799 127.027 

3 5.107 4.926 127.226 

4 5.107 4.799 128.134 

5 5.234 0.000 127.637 

Average 5.158 4.831 127.761 

Standard Deviation 0.070 0.063 0.711 

Margin Of Error 0.061 0.062 0.623 

Upper Bound 5.219 4.893 128.384 

Lower Bound 5.097 4.769 127.138 

Table 19: Statistics for etopII-A session 2 

 

 

Figure 84: Intervals Comparison for puff duration Session 2 (square) 
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Figure 85: Intervals Comparison for inter-puff interval Session 2 (square) 

 

 

Figure 86: Intervals Comparison for puff volume Session 2 (square) 

 

2. Session 3 

Smoking Robot 

Puff Number Puff Duration (s) 

Inter-Puff Interval 

(s) 
Puff Volume (ml) 

1 5.005 4.997 162.918 

2 5.012 4.993 163.287 

3 5.017 4.985 162.935 

4 5.006 4.999 162.922 

5 4.891 0.000 161.143 
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Average 4.986 4.994 162.641 

Standard Deviation 0.053 0.006 0.852 

Margin Of Error 0.047 0.006 0.747 

Upper Bound 5.033 5.000 163.388 

Lower Bound 4.939 4.987 161.894 

Table 20: Statistics for robot session 3 

 

etopII-A 

Puff Number Puff Duration (s) 

Inter-Puff 

Interval(s) 

Puff Volume (ml) 

1 5.107 4.926 167.373 

2 5.107 4.799 168.096 

3 5.234 4.799 167.518 

4 5.234 4.799 169.102 

5 5.107 0.000 167.175 

Average 5.158 4.831 167.853 

Standard Deviation 0.070 0.063 0.778 

Margin Of Error 0.061 0.062 0.682 

Upper Bound 5.219 4.893 168.535 

Lower Bound 5.097 4.769 167.171 

Table 21: Statistics for etopII-A session 3 

 

 

Figure 87: Intervals Comparison for puff duration Session 3 (square) 
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Figure 88: Intervals Comparison for inter-puff interval Session 3 (square) 

 

 

Figure 89: Intervals Comparison for puff volume Session 3 (square) 

 

3. Session 4 

Smoking Robot 

Puff Number Puff Duration (s) 

Inter-Puff Duration 

(s) 
Puff Volume (ml) 

1 4.994 5.007 203.793 

2 4.997 5.004 204.583 

3 5.001 5.002 204.277 

4 4.998 5.010 204.182 

5 4.879 0.000 201.250 
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Average 4.974 5.006 203.617 

Standard Deviation 0.053 0.004 1.353 

Margin Of Error 0.047 0.003 1.186 

Upper Bound 5.020 5.009 204.803 

Lower Bound 4.927 5.002 202.431 

Table 22: Statistics for robot session 4 

 

etopII-A 

Puff Number Puff Duration (s) 

Inter-Puff Intervall 

(s) 

Puff Volume (ml) 

1 5.107 4.926 204.792 

2 5.107 4.926 205.975 

3 5.107 4.799 205.581 

4 5.234 4.799 204.917 

5 5.107 0.000 205.461 

    

Average 5.132 4.863 205.345 

Standard Deviation 0.057 0.073 0.489 

Margin Of Error 0.050 0.072 0.428 

Upper Bound 5.182 4.934 205.774 

Lower Bound 5.083 4.791 204.917 

Table 23: Statistics for etopII-A session 4 

 

 

Figure 90: Intervals Comparison for puff duration Session 4 (square) 

0

1

2

3

4

5

6

P
u

ff
 D

u
ra

ti
o

n
 (

se
co

n
d

s)

Alvin

eTopII-A



91 

 

 

Figure 91: Intervals Comparison for inter-puff interval Session 4 (square) 

 

 

Figure 92: Intervals Comparison for puff volume Session 4 (square) 

 

4. Session 5 

Smoking Robot 

Puff Number Puff Duration (s) 

InterPuff Duration 

(s) 
Puff Volume (ml) 

1 5.001 4.984 246.004 

2 5.002 4.999 246.811 

3 5.007 5.001 246.394 

4 4.999 5.003 246.546 

5 4.853 0.000 241.658 
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Average 4.972 4.997 245.483 

Standard Deviation 0.067 0.009 2.158 

Margin Of Error 0.059 0.008 1.891 

Upper Bound 5.031 5.005 247.374 

Lower Bound 4.914 4.988 243.591 

Table 24: Statistics for robot session 5 

 

etopII-A 

Puff Number Puff Duration (s) 

InterPuff Duration 

(s) 

Puff Volume (ml) 

1 5.107 4.926 246.365 

2 5.107 4.926 247.071 

3 5.107 4.799 246.805 

4 5.234 4.799 246.019 

5 5.234 0.000 247.113 

    

Average 5.158 4.863 246.675 

Standard Deviation 0.070 0.073 0.472 

Margin Of Error 0.061 0.072 0.414 

Upper Bound 5.219 4.934 247.089 

Lower Bound 5.097 4.791 246.261 

Table 25: Statistics for etopII-A session 5  

 

 

Figure 93: Intervals Comparison for puff duration Session 5 (square) 
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Figure 94: Intervals Comparison for inter-puff interval Session 5 (square) 

 

 

Figure 95: Intervals Comparison for puff volume Session 5 (square) 
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APPENDIX C 

 

Pseudo Code: 

-Libraries are included 

-The pin for battery level is defined 

-The minimum battery level value is defined 

-The SD card pins are defined 

-The delays for errors are defined 

-The pin for powering the coil is defined 

-The sensor analog pin is defined 

- The number of snapshots that are taken before giving one sensor reading is 

defined 

-The delay between snapshots is defined 

-The pin for voltage selection is defined 

-The pin of the buzzer is defined 

-The settings for the RGB led are defined 

-The current elapsed time variable is set to zero 

-The default voltage is the lowest voltage 

-The pins for the real time clock are defined 

-The Booleans for errors are defined 

-The year variable is defined 

-The minimum and maximum voltages are defined 

void setup() 
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{ 

  Setup Serial connection for debugging purposes; 

  Setup of pin mode for the buzzer (Digital Output); 

  Setup of pin mode for pin powering the coil (Analog Output (PWM)); 

  Setup for battery level pin (Digital Input); 

  Setup of error Booleans to false; 

  Initialization of RGB strip; 

  Initialization of Real Time Clock (red blinks if errors, green blink if no error); 

  Initialization of SD card (red blinks if errors, green blink if no error); 

  Setup for voltage selection pin (digital input); 

  Setup of the interrupt for voltage selection pin (the pin change interrupt 

routine is attached to the rising edge of the pin); 

  Setup of the year variable in order not to access it every time form the real 

time clock; 

  The battery level is checked; 

  The coil is powered with the default voltage (lowest voltage); 

  The RGB led is set to black; 

void beep the buzzer () 

{ 

  Give the buzzer pin high digital output; 

  delay(100); 

  Give the buzzer pin low digital output; 

} 
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Timer is reset (elapsed time equal zero); 

Sleeping Boolean is set to false; 

Interrupt Routine () 

{ 

  if the device is sleeping 

    { 

    sleeping = false; 

    Power the coil according to selected voltage; 

    } 

  else { 

    if (selected voltage is the maximum level) 

      selected voltage = minimum level; 

    else increment selected voltage level; 

    Reflect the voltage in the led; 

    Power the coil according to selected voltage; 

  } 

  Reset elapsed time to zero; 

} 

 

void method-to-reflect-voltage-in led(int voltage level) 

{ 

  switch (voltage level) 

  { 
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  If the voltage level is 1 (case 1): 

      Led is blue than black; 

      break; 

  If the voltage level is 2 (case 2): 

      Led is purple than black; 

      break; 

  If the voltage level is 3 (case 3): 

      Led is green than black; 

      break; 

  If the voltage level is 4 (case 4): 

      Led is yellow than black 

      break; 

   If the voltage level is 5 (case 5): 

      Led is red than black 

      break; 

  } 

} 

void loop() 

{ 

  if (sensor value is above the minimum puffing threshold) 

  Reset the elapsed time; 

  if (elapsed time is greater than five minutes) 

  { 
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    Turn off the coil; 

    Enable the sleeping mode; 

    Reset the elapsed time; 

  } 

  else{} 

  call the function to write to the SD the sensor reading; 

} 

void error method to generate red blinks() 

{ 

  turn coil off; 

  if the error is in the SDcard { 

turn off the coil;    

while (true) 

    { 

      Led blink in red with the sd card error delay; 

    } 

  } 

  if the error is in RTC { 

   turn off the coil; 

    Notify the SD of the error; 

 

    while (true) 

    { 
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      Led blink in red with RTC error delay; 

    }} 

  if battery voltage is low 

  { turn off coil; 

    Led turns red 

    while (true) {} 

  } 

} 

void Method to initialize RTC() 

{ 

  if (the clock is stopped and time not set) { 

    rtc error = true; 

  The error function is called; 

  } 

  if the real time clock is write protected 

  { 

    Do nothing; 

  } 

   Blink led in green; 

} 

void method to initialize SD() 

{ 

  if the card is not present { 
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    sdcardError = true; 

    Call the error function; 

  } 

  Blink led in green; 

  } 

String method to getTime from RTC() 

{ if RTC is working fine{ 

 Extract from  tmElements_t structure the hour, minute, time and day of week. 

Concatenate them with labels and return a string. 2 digits are printed even if any of the 

numbers is less than 10.} 

else    {rtcError = true; 

   call the error function; 

  } 

} 

void setYearVariable() 

{ 

    if RTC is working fine{ 

    Extract from tmElements_t structure the year variable; 

  } else { 

     rtcError = true; 

    Call error function (); 

  }} 

String method to get the text file name to be written on sd() 
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{ 

  if (RTC is working fine) { 

Extract day, month and year and concatenate them with a .txt extension (2 

digits are printed even if any of the numbers is less than 10); 

    return result; 

  } 

  else { 

    rtcError = true; 

    Call error function (); 

  }} 

int method to read from sensor () 

{ 

  Initialize sensor value to zero; 

  for (int i = 1; i <= number of snapshots per reading; increment i) 

  { 

    Sum of reading += analog value read from pin; 

    make a delay between the snapshots; 

  } 

  Sensor value = sum of readings / number of snpashots; 

  Make a small delay after the averaging; 

  return sensor value; 

} 

void writeToSD(int temp) 
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{ 

  If the sd was notified about an rtc error 

  { 

Create a text file and name it (from the get file name method); 

    if data file is present { 

      Write that the error is rtc happened; 

      Close the file; 

      return; 

    } 

        else (i.e. the file isn't open){ 

      sdcardError = true; 

      call error function(); 

    }  } 

  else if sd card is notified about an error is battery level 

  { 

Create a text file and name it (from the get file name method); 

    if data file is present { 

      Write that the error is rtc happened; 

      Close the file; 

      return; 

    } 

        else (i.e. the file isn't open){ 

      sdcardError = true; 
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      call error function(); 

    } 

  } 

  else if (temp > lower value from sensor that we wish to log) 

  { 

Create a text file and name it (from the get file name method); 

    if data file is present { 

concatenate sensor value with time, selected voltage and battery level (2 digits 

are printed even if any of the numbers is less than 10); 

      close the file; 

    } 

    // if the file isn't open, pop up an error: 

        else (i.e. the file isn't open){ 

      sdcardError = true; 

      call error function(); 

    } } 

  else {  

  }} 

double get the selected voltage() 

{ 

  double toReturn = 0; 

  map the voltage level (1 to 5) to coil voltage (using minimum and maximum 

voltage values); 
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  toReturn = batteryVoltage() * (result from mapping /255); 

  return toReturn; 

} 

boolean checkBattery() 

{ 

  int counter = 0; 

  for (int i = 0; i <= 4; i++)  { 

    counter += value read from battery level pin; 

  } 

  counter = counter / 5; 

  if (counter < minimum battery level) 

  { 

    Notify the sd of battery error; 

    vbatteryERROR = true; 

    call the error function; 

  } 

  else { 

    notify the sd of the voltage value; 

  }} 

double batteryVoltage() 

{ 

  double value = 0; 

  for (int i = 0; i <= 4; i++) 
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  { 

    value += value read from battery level pin; 

  } 

  value = value / 5; 

  value = (value * 5) / 1024; 

  value = ((value) * (15600 + 10000)) / 10000; 

  return value;}  
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