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Project focus

Which factors influence the power consumption of a transceiver?

To what extent does each of these factors influence the power consumption of a transceiver?
How can we compare different transceivers?
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Which factors influence the power consumption of a transceiver?

Connection time (Dementyev et al., 2013)

,/ Wakeup interval to transmit (Borgeson, Schauer & Diewald, 2012; Dementyev et al., 2013; Taneja,
| 2014)

/[ security ( ij & Kri thy, 2001; C| I et al., 2006)

i Packet size / Frame size (Garcia-Saavedra et al., 2012; Schwieger, 2006)

\_ Modulation methode (Schwieger, 2006; Wang & Sodini, 2006)

| i‘\\'Frequency access methode (ALOHA, slotted ALOHA, CSMA, etc.) (Schweiger, 2006)

| \_Transfer Rate (Wang & Sodini, 2006)

Frequency (Pillai & Isha, 2013; Wolf, 2012) CPU | Intelligent strucutre (Borgeson, Schauer & Diewald, 2012)

[ Compiler optimizations (Borgeson, Schauer & Diewald, 2012)

4 Algorithm (Kubisch et al., 2003; Narain & Kumar, 2013)

\ [

Memory (Pillai & Isha, 2013) \Microcontroller v \ . |
/ \ Code execution

Voltage use (Mikhaylov & Tervonen, 2010; Pillai & Isha, 2013) “«\System Software Vi
Switching activites on circuit (Pillai & Isha, 2013; Silicon Laboraties, 2012)

\ \
| \ \_2013)

| 3\ | Register file size, register that are used for executing the code (Borgeson et al. 2012; Pillai & Isha,

Pull-up resistors (Blaauw et al., 2014)

Cross Factors for

\
| ‘\\ RAM retention during standby (faster start up of microcontroler) (Borgeson, Schauer & Diewald, 2012)

LED (Landsiedl, Wherle & Gotz, 2005) . p
Hardware power consumption | Receive
Power Amplifier (Arnold et al., 2010) . \ e
of a transceiver \ ! : [ Transmit
Low Noise Amplifier (LNA) (Wang et al. 2006) \ State of ver (Wang, Hemp & Yang, 2006) ) e
Analog-to-Digital Converter (ADC) (Arnold et al., 2010; Shnayder et al., 2004) —Sleep

22.09.16

Energy converter

Dc-Dc buck converter (Blaauw et al., 2014, .
( ) Temperature (Arnold et al., 2010; Altenburger, 2004; Borgeson, Schauer & Diewald, 2012; Shnayder et

al., 2004)

Antenna

Hardware related Humidity (Shnayder et al., 2004)

Manufacturing of sensor devices (Zhou, Krishnamurthy & Stankovic, 2004) Disterms electromagnetic field (Das, 2000)

Environmental

Rain, fog, metal, dirt (Schiller, 2003; Schwieger, 2006; Polastre, Hill & Culler, 2004; Zhou,
Krishnamurthy & Stankovic, 2004; Hafner, 2005)

Fading

Shadowing

Reflection
Refraction

Distance (Arnold et al., 2010; Schwieger, 2006)
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To what extent does each of these factors influence the power
consumption of a transceiver?

22.09.16

Frequency (Pillai & Isha, 2013; Wolf, 2012) CPU

Memory (Pillai & Isha, 2013)

Voltage use (Mikhaylov & Tervonen, 2010; Pillai & Isha, 2013) |
SW|tch|ng activites on circuit (Pillai & Isha, 2013; Silicon Laboraties, 2012)

Microcontroller

Pull-up resistors (Blaauw et al., 2014)
| LED (Landsiedl, Wherle & Gotz, 2005)|
Power Amplifier (Arnold et al., 2010)

Low Noise Amplifier (LNA) (Wang et al. 2006)
Analog-to-Digital Converter (ADC) (Arnold et al., 2010; Shnayder et al., 2004)

Energy converter
Dc-Dc buck converter (Blaauw et al., 2014) DS

I
IAntenna

cHardware related
Manufacturing of sensor devices (Zhou, Krishnamurthy & Stankovic, 2004)

Hardware
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To what extent does each of these factors influence the power
consumption of a transceiver?

Connection time (Dementyev et al., 2013)

Wakeup interval to transmit (Borgeson, Schauer & Diewald, 2012; Dementyev et al., 2013; Taneja,
2014)

ISecurity (Ruangchaijatupon & Krishnamurthy, 2001; Chandramoul et al., 2006)
lPacket size | Frame size (Garcia-Saavedra et al., 2012; Schwieger, 2006) I

Modulation methode (Schwieger, 2006; Wang & Sodini, 2006)

Frequency access methode (ALOHA, slotted ALOHA, CSMA, etc.) (Schweiger, 2006)

\\ Transfer Rate (Wang & Sodini, 2006)

Intelligent strucutre (Borgeson, Schauer & Diewald, 2012)

Protocol

Software

Compiler optimizations (Borgeson, Schauer & Diewald, 2012)
Code execution Algorithm (Kubisch et al., 2003; Narain & Kumar, 2013)

System Software

Register file size, register that are used for executing the code (Borgeson et al. 2012; Pillai & Isha,
2013)

RAM retention during standby (faster start up of microcontroler) (Borgeson, Schauer & Diewald, 2012)

Receive

Transmit
State of transceiver (Wang, Hempstead, & Yang, 2006) -
e
; Sleep
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To what extent does each of these factors influence the power
consumption of a transceiver?

Temperature (Arnold et al., 2010; Altenburger, 2004; Borgeson, Schauer &
Diewald, 2012; Shnayder et al., 2004)

Humidity (Shnayder et al., 2004)
Disterms electromagnetic field (Das, 2000)

Fading
Environmental

Shadowing
Reflection
Refraction

Rain, fog, metal, dirt (Schiller, 2003; Schwieger, 2006; Polastre, Hill & Culler,
2004; Zhou, Krishnamurthy & Stankovic, 2004; Hafner, 2005)

Scattering

Diffraction
Distance (Arnold et al., 2010; Schwieger, 2006)

22.09.16 loT-ECoTest, Filip KoCovski, Jennifer Duchetta, Sandro Brandle, Yulian Maksimov

Page 7



> University of
/) Zurich™

Informatics and Sustainability Research

How can we compare different transceivers?
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4 Modules not acquired

& =

End-of-life (1) Not customs- Expensive (1)
approved (2)
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6 Modules left

Wi-Fi (2) Bluetooth (3)  ZigBee (1)
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Architecture

1. User uploads data

|
Website

Database
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Architecture

2. Frontend saves data into database
3. Database activates sender
4. Sender gets data

|
Database

Sender
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Architecture

5. Sender transmits data

Sender performs power measurement during
data transmission and generates results

Sender

Receiver
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Architecture

6. Sender stores results into database

7. Frontend pulls results from database and
evaluates key figures

A
Database

Receiver
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Architecture

8. Webpage displays key figures

A .
Website

Database
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Current state
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Raspberry
Pi

ZigBee
module
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Next steps

I
v ==
v —
v —
Hardware Software Tests Documentation
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