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Abstract  

This thesis is written on the subject of smart cities, where real-time temperature measuring 

sensors were tested at Vasakronan’s head office. The purpose of doing so was to evaluate the 

available sensor solutions for real-time measurements as well as analyze the sustainability 

benefits of doing so. Three sensors were tested: Yanzi Climate, Texas Instruments SensorTag, 

and Smart Citizen Board. The measurements from the sensors were compared within the sensor 

solution as well as between each other and the traditional measuring equipment Testo 480 and 

Tinytags. A multi-criteria analysis was conducted to compare the qualities of the sensors, which 

showed that Yanzi was the best of these. Mainly this was due to the quality of measurements 

and conformity within the sensor solution. The performance of the other sensor solutions were 

similar, although they had different strengths and weaknesses. Finally, the temperature 

measurements from Yanzi was used to make a temperature map over the office. If implemented 

in real-time, this would serve as an indicator for the superintendents of the building when 

managing the HVAC system, which could improve energy efficiency and decrease costs. 

Additionally, employees could use the temperature map for individual choice of the indoor 

temperature that suits them. This will result in improving social sustainability at the office, as 

well as economic sustainability due to increased productivity of the employees.  

Keywords: Smart offices, real-time measurements, sensors, indoor climate, sustainability. 
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Sammanfattning 

Smarta städer är ett koncept som växer i popularitet bland forskare inom hållbarhet. Hittills har 

fokus främst varit på att minska energi- och materialflöden för hushåll, medan tillämpningar för 

kontor varit få. Därmed sågs ett behov av att utforska vilka hållbarhetsfördelar som kunde 

uppnås genom att tillämpa smarta städer-strategier på kontor.   

Syftet med examensarbetet är att utforska hur realtidsmätningar av temperatur på kontor kan 

bidra till hållbar utveckling. Detta inkluderar dels att utreda hur data från dessa mätningar kan 

användas för att bidra till ökad hållbarhet, men också att implementera realtidsmätningar av 

temperatur på kontor för att bedöma vilka möjligheter som finns i nuläget. Det var också 

nödvändigt att bedöma om sensorlösningarna har möjlighet att ersätta den traditionella 

utrustningen för temperaturmätningar.  

Arbetet krävde forskning inom områden som smarta kontor, sensorer med möjlighet att mäta 

temperatur i realtid, energiförbrukning i byggnader, traditionell mätutrustning för temperatur, 

och termisk komfort. Då sensorer med passande egenskaper för att kunna utföra testerna 

funnits gjordes ett val av tre sensorlösningar som skulle installeras på Vasakronans huvudkontor. 

Den huvudsakliga sensorlösningen som skulle placeras på hela kontoret valdes till Yanzi. De två 

övriga som skulle testas i mindre skala var Smart Citizen Board och Texas Instruments SensorTag.  

För att kunna avgöra kvaliteten på mätningarna var det nödvändigt att data sparades på ett bra 

sätt. För Smart Citizen Board och Yanzi innebar detta att data var tvungen att hämtas från deras 

respektive servrar, vilket gjordes genom att skriva program som kopplade upp mot deras servrar 

och hämtade data en gång i minuten. För Texas Instruments SensorTag gjordes lagring direkt på 

datorns hårddisk.  

Yanzisensorerna som var installerade i en större skala användes också under testperioden för att 

samla data till en temperaturkarta över kontoret. Den initiala tanken med temperaturkartan var 

att användarna av kontoret skulle ha möjligheten att basera vart de sätter sig utifrån deras 

termiska preferenser. Därför behövdes även ett flertal test göras på Vasakronans kontor för att 

utröna om en temperaturkarta för denna användning skulle vara applicerbar där.  

Testerna på Vasakronans kontor var uppdelat i fem delar: 1) Jämförelse mellan 

sensorlösningarna och de traditionellt använda Tinytag 2) Jämförelse mellan lufttemperaturen 

och den operativa temperaturen och det termiska klimatet 3) Jämförelse mellan 

sensorlösningarna och den traditionellt använda Testo 480 4) Test av sensorlösningarnas 

täckning på olika delar av kontoret 5) Insamling av data för temperaturkartan. 

I det första testet var sensorlösningarna placerade bredvid Tinytagsen och de var inställda för att 

mäta från fredag till tisdag. Resultaten från detta test var att det var stor skillnad i batteritid 

mellan sensorlösningarna samt att enhetlighet mellan de två enheterna från vardera lösningen 

varierade kraftigt mellan de olika lösningarna. Yanzi bedömdes ha den bästa batteritiden och 

enhetligheten mellan sensorernas mätningar. 

I det andra testet användes den traditionella utrustningen Testo 480 för att undersöka om det 

var en signifikant skillnad i den termiska upplevelsen mellan olika områden på kontoret och ifall 

dessa kan användas för att skapa en temperaturkarta. Testet undersökte också om 

lufttemperatur var en bra indikator för den termiska upplevelsen i varje område. Resultatet från 



III 
 

detta test var att det är tillräckligt stora temperaturskillnader på Vasakronans kontor för att en 

temperaturkarta ska vara applicerbar. Slutsatsen var också att lufttemperatur är en tillräckligt 

bra indikator för det termiska klimatet. 

I det tredje testet jämfördes sensorlösningarnas tester med mätningarna av Testo 480. Detta 

gjordes för att utröna sensorlösningarnas noggrannhet. Testerna visade att Yanzi var 

sensorlösningen med de mest korrekta mätningarna.  

I testet av sensorernas räckvidd var det tydligt att SCB hade en fördel som endast berodde på 

hur bra Wi-Fi täckningen var i byggnaden. Varken Yanzi och TI hade täckning i hela byggnaden, 

då avstånden mellan gateway och sensorer blev för långt. Av de två hade Yanzi dock en fördel då 

de kan använda sig av andra enheter som repeterar signalerna.  

I det sista testet samlades data in för att skapa temperaturkartan som användarna av kontoret 

skulle kunna basera sitt val av plats på. En lämplig skala och en prototyp av temperaturkartan 

utformades. 

Efter testperioden gjordes en multikriterieanalys för att avgöra vilken av sensorlösningarna som 

passade denna typ av applikation bäst. Slutsatsen var att Yanzi var den som passade bäst. Detta 

berodde främst på mätnoggrannheten, enhetligheten mellan sensorernas mätningar och att den 

var mest pålitlig under testerna. TI och SCB hade liknande poäng men hade olika styrkor och 

svagheter och bör därför väljas för att passa varje enskilt fall.  

Slutsatserna av detta examensarbete är många. Studien har funnit att temperaturmätningar i 

realtid på kontoret kan bidra till en förbättrad hållbarhet. Förbättringarna uppnås främst inom 

energibesparingar genom en annorlunda reglering av VVS-systemet och genom att förbättra den 

termiska komforten hos användarna av kontoret via nyttjandet av temperaturkartan.  

I slutskedet av detta examensarbete är förhoppningarna att smarta städer och smarta byggnader 

ska fortsätta att utvecklas och då möjliggöras av sensorlösningar som fortfarande är ekonomiskt 

försvarbara men som är mer tillförlitliga än idag.  

Nyckelord: Smarta kontor, realtidsmätningar, sensorer, inomhusklimat, hållbarhet. 
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Terminology/Word list 

Activity based office An office where the work place is not assigned to any particular 
employee, but rather to a particular kind of activity (Malkoski, 
2012). 
 

Air temperature A general measurement of temperature that neglects the 
contribution of radiation and temperature difference (National 
Board of Health and Welfare, 2005). 
  

API Application Programming Interface, which in short is tools, 
protocols and routines for building software (Patterson, 2015). 
 

CSV Comma-Separated Values, a way of presenting data that is useful 
in for instance Excel (Computer Hope, n.d.).  
 

Development board A circuit board that is (often) simple to use, which enables 
experiments with microcontrollers.  
 

Gateway A unit that gathers data from sensors and manage the network 
(National Instruments, 2011).  
 

Google protocol buffers Google’s mechanism that serialize structured data so that data 
can be read and written to and from different languages (Google 
Developers, n.d.). 
  

GPIO Pins General Purpose Input/Output pins, a common accessory on 
development boards and can be connected to sensors, LEDs or 
similar and programmed to work in a desired way (Raspberry Pi, 
n.d. d). 
 

Greenwashing 
 

Marketing a product as an environmental friendly alternative 
while hiding the facts showing the opposite (Greenwashing Index, 
n.d.).  
 

HVAC 
 

Heating, ventilating, and air conditioning (McDowall, 2007). 

ICT Information and Communications Technology, which is a 
communication device or application, such as cellphones, 
computer and network, satellite systems or similar, and are used 
for tasks like videoconferencing, remote controlling (TechTarget, 
2005a).  
 

Internet of things “A global infrastructure for the information society, enabling 
advanced services by interconnecting (physical and virtual) things 
based on existing and evolving interoperable information and 
communication technologies” (International Telecommunication 
Union (ITU), 2012).  
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JSON JavaScript Object Notation, a type of data format where data is 
stored as objects containing key-value pairs, such as day:Monday 
where day is the key and Monday is the value (Microsoft, 2007).  
 

OAD Over the Air Download, possibility to transfer firmware to 
another unit wirelessly (Texas Instruments, n.d. a). 
 

Operative temperature The mean value of the air temperature and mean radiation 
temperature from surrounding surfaces (National Board of Health 
and Welfare, 2005). 
 

PMV Predicted Mean Vote is an index that indicates the thermal 
comfort of the users in a building (Swedish Standards Institute, 
2006). 
 

PPD Predicted Percentage Dissatisfied is also an index that indicates 
the thermal comfort of the users in a building (Swedish Standards 
Institute, 2006). 
 

Radiation temperature 
 

A measurement of the radiation exchange with surrounding 
surfaces (National Board of Health and Welfare, 2005). 
 

SCB Smart Citizen Board, a multi-sensor platform used to measure 
sound levels, temperature, humidity, carbon monoxide, nitrogen 
dioxide and light intensity (Smart Citizen, n.d. a). 
 

Scene A pre-programmed action that is triggered when a particular 
event occurs (Fibaro, n.d. a). 
 

Sick building syndrome Nonspecific symptoms such as irritation to eyes, nose, throat, 
and skin, mental fatigue, headaches,  nausea, and dizziness that 
are connected to a person’s residence in a building (Abdul-
Wahab, 2011). 
 

Siri A voice control system from Apple (Apple, 2016a).   
 

Socket The connection link between two programs running on the 
network. The socket is bound to a specific port which ensures 
that the information ends up on the destined place (Oracle, n.d.). 
  

SSID Service Set Identifier, the name of the WLAN (TechTarget, 
2005b). 
 

Sustainability Consists of environmental, economic, and social sustainability 
and is the ability to create a well-functioning product/service/ 
society/etcetera that in the long term does not deprive future 
generations of their ability to satisfy their own needs (Gröndahl & 
Svanström, 2010).   
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TCP Transmission Control Protocol, a standard for exchanging data by 
establishing and keeping a network connection (TechTarget, 
2014). 
 

TI Texas Instruments, a global company who are specialists in 
analog chips and embedded processors (Texas Instruments, n.d. 
b). 
 

Time constant/Response 
time 

The time it takes for the sensor of the measuring equipment to 
reach equilibrium with the surroundings and starts to take 
correct measurements (Swedish Standards Institute, 2002). 
 

VOC Volatile organic compounds are organic chemicals that 
evaporates at room temperature of which some are harmful to 
the human health and the environment (Persson, 2011). 
 

ZigBee A wireless network protocol that uses the IEEE 802.15.4 in 
unlicensed bands, such as 2.4GHz, 900MHz and 868MHz (Digi, 
n.d.).  
 

Z-stack TI’s software for using the ZigBee network protocol (Texas 
Instruments, n.d. c).  
 

6LoWPAN A wireless network protocol that is IP-based, which means that it 
can connect with both devices on the IEEE 802.15.4 but also on 
Ethernet or Wi-Fi with the use of a bridging device (LSR, n.d.).  
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Summarization of the Chapters of the Report 

Chapter 1 contains an introduction to the master thesis and the reasons for why this work is 

important as well as the problems to be solved. It also includes the scope of the study and the 

limitations that have been made.  

Chapter 2 includes background information that is necessary to understand the problems 

discussed in the report. It starts with a brief summary on what has already been done on smart 

cities for offices and goes on with energy consumption of buildings, indoor climate and thermal 

sensation. It continues with background information on HVAC systems followed by more specific 

information on how the HVAC system works at Vasakronan’s headquarters and a short chapter 

regarding problems with individual control in open-plan offices. Finally, there is a description of 

Flowscape’s office map, in which the temperature measurements will be included. 

Chapter 3 contains information about different kinds of temperature measuring technologies. It 

starts with a description of the temperature measuring technology that has been used 

traditionally and ends with several sensor solutions that can be used for measuring temperature 

in real-time.   

Chapter 4 describes the methodology of the work. The first part that is described is the literature 

study used to collect the background information followed by the methodology of finding sensor 

solutions. It then describes how choosing of the sensor solutions was carried out and how those 

were installed. Then, the methodology of the different experiments at Vasakronan’s offices is 

described. Finally, the methodology of the multi-criteria analysis is explained.  

Chapter 5 presents the results of the study. The first results that are presented are the 

comparison of the Tinytags and the sensor solutions measurements. The second part presents 

the difference between the air temperature and the operative temperature. The third includes a 

comparison between the air temperature measured by the Testo 480 and the sensor solutions. 

Furthermore, the coverage of the difference sensor solutions is compared. The temperature map 

is presented in the fifth subchapter. Finally, an overall comparison is made between the sensor 

solutions by conducting a multi-criteria analysis.  

Chapter 6 includes a discussion of the results. The first three chapters include discussion on the 

tests that was performed, and what sources of error could be connected to those. The next 

section discuss choices concerning the temperature map. The chapter also includes a discussion 

about how real-time measurements of temperature may contribute to improved sustainability. 

Finally, a discussion about the sensor solutions in general is made, in connection to the multi-

criteria analysis that was performed in chapter 5. 

Chapter 7 includes the conclusions that can be drawn from this master thesis project, including 

answers to the objectives that were set in chapter 1.  

Chapter 8 gives recommendations to others who may perform a similar study and to further 

studies that can be made.  
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1 Introduction 
Smart cities is a concept which encompasses applications that uses information and 

communication technologies (ICT) in order to improve the quality and functioning of urban 

services in a sustainable way (Deakin, 2014). One of the goals of a smart city is therefore to make 

better use of energy and material resources to decrease the impact on the environment 

(European Commission, 2015). The significance of this topic has increased in the last decade in 

parallel with the rising concern for climate change and other environmental issues. 

There are various definitions of what is required for the city in order to rightfully claim that it is 

smart. Some state that many of the cities that claim to be smart uses the term incorrectly for 

marketing purposes which can lead to greenwashing (Hollands, 2008). Therefore, it is important 

to clarify what actually makes a city smart. In this study, what makes a city smart is when ICT is 

used to optimize and improve the well-being of the city and its citizens. Improving the 

sustainability of the city and its habitants may be accomplished by enabling real-time analysis of 

city-life (Kitchin, 2014).  

Smart cities applications have previously been focusing on residential buildings and on human 

behavior, while applications on offices have been few. Therefore, this thesis will focus on testing 

smart cities applications for offices. 

There are many possible aspects to improve in an office. In terms of material and energy 

aspects, focus have been on recycling and making the buildings more energy efficient. However, 

another important goal of smart cities is to improve the wellbeing of the habitants, and thus 

social sustainability is also significant. Consequently, a smart cities application will be tested that 

can benefit energy efficiency as well as economic and social sustainability. This smart cities 

application is real-time temperature measurements, presented in a way that can benefit the 

users of the office space, namely a real-time temperature map.  

Maintaining a comfortable indoor climate is not only linked to energy costs but also personnel 

costs. This is due to the indoor climate being connected to the personnel’s productivity and 

health (Tanabe, et al., 2007; Seppänen, et al., 2004; Fang, et al., 2002; Jaakkola, et al., 1989). 

Furthermore, it has been found that individual control over the indoor climate results in higher 

satisfaction among the residents and also a decrease in sick building syndromes (Shahzad, 2013; 

Frontczak & Wargocki, 2011; National Board of Health and Welfare, 2005; Jaakkola, et al., 1989).  

However, there is a trade-off between individual control measures and energy efficiency in 

buildings according to some (Shahzad, 2013; Fergus, 2007).  

This master thesis investigates how the use of real-time temperature measuring sensors in 

offices can be used to make office buildings more sustainable. This is done by investigating how 

the measurements can be used to decrease the energy consumption of the building to improve 

the environmental sustainability. The gathered temperature data will also be used to create a 

temperature map over the office upon which the office users will be able to decide where they 

want to be seated. The temperature map thus is a new method of individual choice, instead of 

control, over the indoor environment and will hopefully increase the social sustainability of the 

office. Furthermore, different sensor solutions will be tested and evaluated during the project to 

determine their advantages and disadvantages as well as which solution best suits the 

temperature map application.   
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The topic of the master thesis is based on a suggestion made by Sweco and a case study has 

been conducted at their customer Vasakronan’s head office in Stockholm. Vasakronan is a 

Swedish real-estate concern that owns, superintend, and develop office buildings (Vasakronan, 

n.d. a). Their head office is an activity based office which means that the office users have open 

seating and that different parts of the office are furnished for different kinds of office activities 

and preferences. For example there are areas where it is required that everyone is silent and 

areas which are adapted for meetings (Vasakronan, n.d. b). Vasakronan has a cooperation with 

the company Flowscape who have created an interactive office map where the office users’ 

locations can be seen. Our hope is that the after this study the temperature map will be 

integrated in Flowscape’s already existing office map. 

1.1 Research Question 
The research questions to be answered with the thesis are the following: 

 How can real-time temperature data be used to improve sustainability of office 
buildings? 

 How can sensors be used to gather real-time temperature data and how do they perform 
in comparison to the traditional temperature sensors? 

1.2 Aims and Objectives 
The aim of this thesis is to investigate how real-time measurements of temperature can be used 

to improve sustainability in offices. One part of this will focus on how energy efficiency can be 

improved within existing office building, as well as how displaying the variations of the indoor 

temperature can be used by the occupants to achieve a satisfactory thermal sensation. Another 

part will focus on evaluating different sensor solutions that enable real-time temperature 

measurements by testing and comparing them to the traditional equipment that measure 

temperature. The objectives to fulfill the aim were divided into the following: 

 Investigate how the temperature measurements in real time can contribute to a more 
sustainable office with focus on energy efficiency and thermal comfort. 

 Explore the need for monitoring thermal comfort by the means of a literature review.  
 Investigate how thermal comfort is measured according to ISO standards and 

requirements by Swedish work environment jurisdiction.  
 Determine which temperature measuring sensor solutions will be applied for the case 

study at Vasakronan. 
 Evaluate the performance of the sensor-solutions by installing and testing them at 

Vasakronan’s office.  
 Validate the sensors’ data by comparing it with the data gathered by traditional 

measuring technology for air temperature.  
 Evaluate and discuss to what extent the sensors’ air-temperature measurements are a 

good indicator of the thermal comfort. 
 

1.3 Scope and Limitations 
The thesis work is limited to 20 weeks, starting in January and finishing in June, which means 

that the testing time is limited to this time period. It is also limited to research for office 

buildings, and will thus not involve households or any other type of building. The testing will only 

take place at Vasakronan’s head office at Mäster Samuelsgatan 56 in Stockholm, and only on the 

floor and part of the building that belong to Vasakronan. It will not be possible to test all 

available sensors and are thus limited to a few. This is due to limits in both time and budget. The 
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security of the sensor solutions will not be evaluated, due to insufficient knowledge in this area 

by the authors of this thesis.  

Moreover, the temperature will not be implemented in the Flowscape office map with real-time 

updates during this study. This is due to Flowscape’s limited resources in time and budget. 

However, if the temperature map is proven to be applicable during this study it might be 

implemented in the near future. A prototype of the temperature map was instead made in 

Adobe Photoshop.   
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2 Theory and Technical Background 
This chapter serves as a background for the thesis work and consists of seven subchapters. The 

first subchapter gives a brief history of the existing research on smart cities applications for 

offices. Energy consumption in office buildings is then described in the second subchapter. The 

third chapter gives a deeper explanation of indoor climate and thermal sensation. The fourth 

subchapter gives a general explanation of how HVAC systems work, followed by a subchapter on 

Vasakronan’s particular HVAC system. The fifth chapter also includes Vasakronan’s work with 

improving thermal comfort. This is then followed by a chapter on how individual control over the 

indoor climate can be achieved. Finally, Flowscape’s office map is describe in larger detail and 

presented in a picture in the last subchapter. 

2.1 Previous Work in Smart Cities for Offices 
Smart cities applications in office buildings are a relatively unexplored area in contrast to 

residential buildings (Gulbinas & Taylor, 2014).  

Earlier studies have placed little focus on the users of the building but rather on energy 

efficiency measures by optimizing production processes (Schwartz, et al., 2010). More recently 

there have been studies on how to achieve environmentally beneficial behavioral change in 

office users; however, the focus has mainly been on decreasing their electricity consumption 

(Gulbinas & Taylor, 2014) (Lockton, et al., 2014).  

Additionally, the social aspect of sustainability has so far been mostly neglected in research 

regarding sustainable offices (Feige, et al., 2013).  Indoor climate is a social aspect which also is a 

well-researched area. However, during this study no research that investigates indoor climate in 

connection to the smart cities concept have been found. Furthermore, no research that 

investigates the use of a temperature map to achieve a counterpart to individual control, in this 

thesis called individual choice over the indoor climate, has been found.  

2.2 Energy Consumption of Buildings  
50% of the total energy consumption in Europe is used for buildings. Of these 50% nearly 50% is 

used to achieve and maintain a comfortable indoor climate (Fergus, 2007). In order to increase 

the energy efficiency of buildings efforts are mainly made to improve the thermal performance 

of the envelope, increasing the efficiency of the cooling and heating equipment, and by effective 

control over the HVAC system to reduce the energy consumption (Persily & Emmerich, 2011).   

2.3 Indoor Climate and Thermal Sensation 
The indoor climate has a large impact on the overall comfort and wellbeing of the building users. 

A literature study concluded that among the comfort factors thermal comfort, visual comfort, 

acoustic comfort, and good indoor air quality, thermal comfort is considered the most significant 

factor and should be addressed first when improving the overall comfort (Frontczak & Wargocki, 

2011).  

Furthermore, the thermal climate affects the productivity of the workers according to the 

Japanese study (Tanabe, et al., 2007). The studies used in the literature review have different 

conclusions regarding the percental effect of an uncomfortable thermal environment but all 

agree upon it having an effect (Tanabe, et al., 2007) (Seppänen, et al., 2004) (Lan, et al., 2010).  

Likewise, the indoor thermal environment affects the occurrence of sick building syndromes 

amongst the building users (Fang, et al., 2002) (Jaakkola, et al., 1989).  
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The Swedish Work Environment Authority requires that premises that house workplaces or staff 

rooms shall maintain an appropriate thermal climate. No specific temperatures are stated but 

the thermal climate should be adjusted according to the type of work, if it is heavy or light, and 

whether it is conducted in an active or sedentary way (Swedish Work Environment Authority, 

2009). Even so, they recommend a temperature interval of 20-24 °C during the winter season 

and 20-26 °C during the summer season for regular offices (Swedish Work Environment 

Authority, 2015). These temperature intervals are rather large as humans’ tactile senses can 

detect temperature differences ranging between 0.15°C to 0.2°C. The sensitivity for change 

depends on the ambient temperature, which body part is exposed, the length of the period of 

time that the shift occurs during, and whether it is a cooling or warming sensation (Darian-Smith, 

2011). 

Indoor climate is affected by several environmental factors; air temperature, radiant 

temperature, surface temperature, air humidity, and air draught (Olesen, 2000). Of these three 

factors the air temperature is the one that most often is the root of complaints regarding the 

indoor climate, according to the Swedish National Board of Health and Welfare (National Board 

of Health and Welfare, 2005).  

In addition to the environmental factors there are also three factors that depends on the user of 

the building; activity level, clothing, and expectation. Depending on the activity level the heat 

produced by the human body increases or decreases according to the change in activity 

(McDowall, 2007). Between sitting and standing activity in an office environment the perceived 

temperature change can differ with 2-3°C (Wigermo, 2016). Clothes functions as insulation and 

decreases the amount of heat lost to the surroundings. An individual’s expectation of the 

thermal comfort in a building also affects how the thermal climate is perceived. For example 

there is a difference in expectations between naturally and mechanically ventilated buildings 

(McDowall, 2007). How the thermal environment is experienced also depends on each person’s 

metabolism, sensitivity, and comfort requirements (National Board of Health and Welfare, 

2005). Finding an optimal temperature for an office is also aggravated by the fact that the 

thermal preference changes during the day (Shahzad, 2013). 

The expectation factor also plays a part when the users of the buildings has access to a 

thermostat to control their area. As a rule individuals that has access to a thermostat are more 

satisfied. This is true even if these thermostats have a very limited influence over the thermal 

environment, and most noteworthy, even if they are non-existent/dummy thermostats 

(McDowall, 2007). The correlation between higher satisfaction with indoor climate and 

individual control over indoor climate has been established by several sources (National Board of 

Health and Welfare, 2005) (Shahzad, 2013) (Frontczak & Wargocki, 2011).  According to 

(Jaakkola, et al., 1989) there also is a correlation between individual control and sick building 

syndromes.  

However, individual control also has its disadvantages. A study have found that there are 

disadvantages with individual control due to the users not understanding how to use it 

(Karjalainen & Koistinen, 2006). Karjalainen and Koistinen also state that user problems with 

individual thermal control leads to thermal dissatisfaction and energy waste as a consequence of 

the heating and cooling system not being operated efficiently. This is also confirmed by the 

superintendent Ronny Rauden at Vasakronan’s head office during an interview the 10th of 

February 2016. Just before this study started the superintendent had identified energy losses 
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due to individuals turning up the radiators which caused the ventilation system to engage and 

simultaneously cool the office. He also concludes that energy losses often occurs when individual 

temperature control is implemented in an unconsidered way (Rauden, 2016).  

According to a study there is a conflict between energy efficient buildings and thermal comfort 

(Fergus, 2007).  The study concludes that a building that is not comfortable either effects the 

wellbeing of the users or drive them to take actions that may affect the energy efficiency 

negatively (Fergus, 2007). Likewise, another study found that there was a trade-off between 

energy efficiency and individual thermal control in the case-study buildings (Shahzad, 2013). 

Even so, the same study also affirmed the need for individual thermal control. Hence, the final 

conclusion of the study was that buildings should provide individual thermal control but within 

sustainable limits. 

In line with these findings this study will investigate if a temperature map over the office can be 

a more sustainable way of achieving a more comfortable indoor environment. Instead of 

individual control the temperature map will provide a possibility of individual choice of the 

indoor climate as the office users at Vasakronan has open seating.  

2.4 HVAC Systems  
The abbreviation HVAC stands for heating, ventilation and air conditioning. The parameters that 

the system controls is temperature, air humidity, supply of outside air for ventilation, filtration of 

airborne particles, and air movement within the facility. (McDowall, 2007) 

A HVAC system is in general divided into different zones. Each zone has different requirements 

of the HVAC system. The different requirements of the zone depends on how and what for the 

space is used and on how it is affected by characteristics of the building that result in variations 

of the thermal loads. For example in an office there is a difference between the areas adjacent 

to windows and areas in the inner parts of the building. The thermal climate by the windows is 

affected by solar radiation and during the winter by the heat exchange with the cold windows. 

The inner parts of the office are not affected by these phenomena. Occupancy and equipment 

also has an effect on the required cooling as humans and technology generate heat. (McDowall, 

2007)  

Each zone is controlled by a sensor which most often is a thermostat and is regulated either by a 

separate or central HVAC system. The sensor is placed where it gives the most correct indication 

of how an individual perceives the thermal climate, commonly on a wall. According to McDowall 

(2007) few examples of inappropriate placements of thermostats are:  

 where the sun shines on the thermostat as this will cause it to over-cool the area 

 close to doors as cold or warm drafts from the other area will affect the thermostat 

 close to lightning dimmer switches due to them generating heat  

 close to equipment that generates heat  

 where it is directly affected by the heating and cooling as this will offset its capability to 

maintain a comfortable climate 

 close to windows as the draft can result in random air temperatures as it blows or not 

blows over the sensor. (McDowall, 2007) 

 

The thermostat is set to maintain a “set-point” temperature. This set-point temperature is often 

supposed to be the same in all the zones but due to the temperature influencing factors 
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mentioned earlier the HVAC system might need to operate differently in each zone. Even during 

the day the temperature in a zone will change in response to the suns movement around the 

building as it then receives solar heat, which is called solar gain. (McDowall, 2007) 

Internal zones on intermediate floors does not require heating and are not affected by solar 

gain, but instead require cooling. Top floor zones are operating under other conditions than the 

intermediate ones as they experience solar gain and heat loss through the roof as well. 

(McDowall, 2007) 

The operation of the zones can also vary according to when the space is occupied. In an office for 

example the HVAC system is often not operating in the same way during office hours as during 

the night, and during weekdays and weekends. (McDowall, 2007) 

2.5 Vasakronan’s HVAC System and Work towards Improved Thermal 

Satisfaction 
During 2016, Vasakronan’s head office at Mäster Samuelsgatan 56 in Stockholm is undergoing 

complete remodeling of the operating strategy of the HVAC system. The remodeling 

encompasses changes to temperatures, uptimes, etcetera (Rauden, 2016). 

At Vasakronan’s head office the heat is regulated by radiators and the cooling is regulated by the 

ventilation system. The source of heat and cooling is district heating and cooling. Cooling is 

supplied in two steps. Step one is supply air below room temperature being conveyed through 

the ventilation units.  The temperature of the supply air is regulated according to the outside 

temperature. During the winter this air is only heated to 16°C and used for cooling. In the areas 

that need extra heating the radiators are used. During the warmer seasons, when the supply air 

from the outside reaches 20°C, cooling is primarily supplied by step two which consists of chilled 

beams. Both step one and two are regulated by local room controllers. (Rauden, 2016) 

The HVAC system is controlled and maintained by the superintendent Ronny Rauden. Users of 

the office can change the temperature by adjusting the radiators. The system works towards a 

set-point temperature during office hours but during hours when the office is vacant energy is 

saved by turning down the heating and cooling system. Likewise, the system is turned down 

during the weekends and holidays (Rauden, 2016).  

The set-point temperature is determined in the lease contract. Vasakronan provides “green 

lease contracts” aiming for lowering the energy consumption in the office facilities whereby the 

HVAC system is also allowed to have a larger temperature range between morning and evening 

and between the beginning and end of the week (Rauden, 2016).  

The technicians of Vasakronan’s buildings uses a program called “Vitec Energiuppföljning” for 

follow-up on the energy consumption of the building. However, a disadvantage with this 

program according to Dan Sellergren, specialist in energy systems, has been that the energy 

consumption can only be seen monthly and after the month has passed. Thus, it is difficult to see 

the effects of measures taken to improve the efficiency of the HVAC system. However, during 

this thesis a new version of the Vitec Energiuppföljning program was released that makes it 

possible to see the energy consumption per hour. Nevertheless, it is difficult to ensure that the 

goal parameters of the system are achieved and that the system is functioning as it should. 

(Sellergren, 2016) 
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As there is no optimal temperature that suits all, Vasakronan has developed guidelines for how 

their tenants can affect how they perceive the thermal climate. The guidelines include how 

different clothing, activity level, such as standing instead of sitting while working, will affect the 

perceived temperature. (Wigermo, 2016)  

The need for these guidelines was identified as Vasakronan noticed that even though different 

goal temperatures and variations in regulation of the thermal environment was implemented, 

there were always some dissatisfied users in the building (Wigermo, 2016). This is also supported 

in a survey study where there is a large variation in answers even though the office buildings 

have been classified as having a good thermal sensation performance (Andersson & Rennes, 

2015). Even the SS-EN ISO 7730 standard that establishes how to measure and evaluate the 

thermal climate only requires 80% of the building users to be satisfied with the indoor climate 

(National Board of Health and Welfare, 2005).  

From an interview with Ronny Rauden, the superintendent at Vasakronan’s office, it emerged 

that there had been complaints about the office being too cold. However, when the complaints 

were investigated by Rauden he found that there was no significant deviation from the set-point 

temperature at the office. Instead Rauden believed this could be due to the complainants having 

different preferences for the indoor climate than the majority of the office users. As earlier 

mentioned there had also been problems with energy losses due to people turning up the 

radiators and causing the activation of the ventilation system which then simultaneously cooled 

the office. Thus, no beneficial change in temperature occurred while energy was wasted on 

heating and cooling measures conducted simultaneously. (Rauden, 2016) 

2.6 Problems with Individual Control over the Indoor Climate in Open-plan 

Offices 
Individual control over the indoor climate can be achieved by blinders, fans, windows, radiator 

valves and thermostats that control heating and cooling (Shahzad, 2013) (Lindström, 2016). 

However, in an open plan office, such as Vasakronan’s, the accessibility to the indoor climate 

controls varies according to the users seating in the building. Blinders, windows, and radiators 

are located on the façade and hence only the users seated adjacent to the façade tend to adjust 

them (Bordass, et al., 1993).  

Thermostats that can control both heating and cooling can be installed both alongside the 

façade of the building and in the inner parts of the office landscape. However, the installation of 

thermostats is expensive as it must be connected to the HVAC system. Furthermore, in an open 

office there is a risk of the thermostats counteracting each other as the zone they control is not 

physically separated from the adjoining zones. A thermostat set to a warmer setting will 

counteract an adjacent thermostat that is set to a colder setting for example. Consequently, 

energy is wasted. (Lindström, 2016) 

2.7 Flowscape’s Office Map 
Since the measurement data is intended to be implemented in Flowscape’s already existing 

office map of Vasakronan, an introduction of the company and office map-solution is necessary. 

Flowscape was founded in 2011 by Peter Reigo and Johan Hägerlöf, who themselves had 

experienced the downside of an open office. Thus, their mission is to make it easier and more 

pleasant to work in open offices. (Flowscape, n.d. a) 
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Birds Eye is the core of their system and can be displayed on many platforms: smartphones, 

billboard screens, room panels or PCs. It gives an overview of the office where one can find 

colleagues and equipment as well as see occupancy of meeting rooms. Finding a colleague is 

simple, provided that the person has signed in to the application and want to show his/hers 

position. In that case, one only has to search for a colleague, and the Birds Eye can show how to 

find the person on the office map. If one wish not to be disturbed at the office, one can change 

status in the app to let others know. Additionally, one can call or send a message to people at 

the office. Finding equipment works similar to the colleague finder, and it is also possible to 

report problems with equipment. Moreover, it is possible to see which meeting rooms are 

available and book rooms in the application. Figure 1 below shows an example of the office map 

at Vasakronan. (Flowscape, n.d. b) 

 

Figure 1. The office map of Vasakronan by Flowscape (Bragby, 2016). 
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3 Temperature Measuring 
This section contains information regarding the Swedish standard for measuring and evaluating 

the thermal comfort and the two indexes PMV and PPD that indicates the thermal comfort of 

the users of the building.  

3.1 Swedish Standard for Measuring and Evaluating Thermal Comfort 
The Swedish National board of health states has guidelines for how a control of the indoor 

climate should be conducted. To facilitate the investigation when initiated by complaints, the 

control is performed in two steps. Firstly, an indicating measurement is made which simply 

includes measuring and evaluation of air temperature, floor temperature, and air movement. 

The measurements that then are made are based on the Swedish standard SS-EN ISO 7726:2001 

(National Board of Health and Welfare, 2005).  

If the measurements does indicate disproportions the second step is a more thorough 

investigation. During this investigation the operative temperature, radiation temperature, 

vertical air temperature difference, and surface floor temperature is measured (National Board 

of Health and Welfare, 2005).  

SS-EN ISO 7726:2001 among other things mention the importance of the air temperature 

measuring device’s response time and the placement of the measuring device. The sensor on the 

measuring device must reach equilibrium before it indicates the correct air temperature. Thus, 

1.5 times the response time of the sensor should pass before measurements are gathered at the 

specific location and under the specific circumstances. The measuring device should be placed so 

that its measurements are not influenced by adjacent radiant heat sources. In common for all 

the measurements of physical quantities that indicates thermal climate is that the sensors 

should be placed where the person normally carries out its activities. The placement is made so 

that the thermal exchange between the sensor and the surroundings mimics the exchanges 

between a person and its surroundings. (Swedish Standards Institute, 2002)   

3.2 PMV and PPD 
PMV (Predicted mean vote) and PPD (Predicted percentage dissatisfied) are indexes that indicate 

the thermal comfort of the users of the building. PMV is an index of how a large group of people 

will rate their thermal sensation on the thermal sensation scale seen in Table 1. (Swedish 

Standards Institute, 2006)  

Table 1. The thermal sensation scale. 

+3 Hot 

+2 Warm 

+1 Slightly warm 

0 Neutral 

-1 Slightly cool 

-2 Cool 

-3 Cold 

 

PMV can be calculated by measuring air temperature (°C), radiant temperature (°C), air velocity 

(m/s), and relative humidity (%) (Testo, n.d. a). Estimations of the users clothing insulation (clo) 

and activity (met) must also be made, which can be seen in Table 2. These parameters are then 



11 
  

used in spreadsheets that uses the method developed by the creator of the PMV and PPD 

indexes, Povl Ole Fanger, to calculate the PMV (Gameiro da Silva, 2013). These calculations can 

be seen in Appendix I. 

Table 2. Parameters for clo and met depending on clothing and activity, adapted from Testo (n.d.a).  

Parameter in 
clo 

Explanation Parameter in 
met 

Explanation 

0-0.02 No clothing 0.1-0.7 Lying down, relaxed 

0.03-0.29 Underwear 0.8-0.9 Sitting down, relaxed 

0.30-0.49 Shorts and T-shirt 1.0-1.1 Seated activity 

0.50-0.79 Trousers and T-shirt 1.2-1.5 Standing up 

0.80-1.29 Light business wear 1.6-1.7 Standing up, light activity 

1.30-1.79 Warm business wear 1.8-1.9 Standing up, moderate 
activity 

1.80-2.29 Jacket or coat 2.0-2.3 Slow walking 

2.30-2.79 Warm winter clothing 2.4-2.9 Quick walking 

2.80-3.00 Extremely warm winter 
clothing 

3.0-3.4 Strenuous activity 

  3.5-4.0 Extremely strenuous 
activity 

 

PPD determines the percentage of users that are dissatisfied with the indoor climate during the 

specified conditions. The users are then either feeling uncomfortably warm or cold; on the 

thermal sensation scale this corresponds to hot, warm, cool, and cold. According to the SS-EN 

ISO 7730 at least 80% of the users must be satisfied with the indoor climate. (Swedish Standards 

Institute, 2006) 

PMV and PPD describes the perceived thermal comfort for the whole body and does not take 

local thermal discomfort into account. Factors that cause local thermal discomfort is draught 

over a specific body part, difference in vertical air temperature, warm and cool floors, and 

radiant asymmetry. Warm ceilings and cool walls are the two types of radiant asymmetry that 

causes the largest discomfort (Swedish Standards Institute, 2006).    

3.3 Traditional Measuring Equipment 
The common denominator of the traditional measuring equipment is that they cannot gather 

data in real-time as the data needs to be transferred by cable from the equipment to a computer 

and then manually extracted from the equipment’s software. Another common drawback is that 

the traditional measuring equipment is expensive when compared to sensor solutions entering 

the market.  

3.3.1 Tinytag Temperature Loggers 

Tinytags are commonly used when investigating the indoor air temperature (Rauden, 2016). In 

this study the data collected by the sensor solutions will be compared to the data collected by 

the Tinytags.  

The Tinytag can store up to 16,000 data points and the measurement interval can range 

between once a second to once every tenth day. The battery life varies between 1-2 years 

depending on the usage. It is operable between -20°C to +105°C with a measurement 
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uncertainty of ±0.5°C at 20°C. In not standstill air the time constant is 25 minutes to 90%. The 

Tinytag model with an elongated sensor, seen in Figure 2, was used as it has the shortest time 

constant. As a result, it is more sensitive to temperature changes. (INTAB Interface-Teknik AB, 

2007)  

 

Figure 2. Tinytag temperature logger with an elongated sensor. 

The cost of a Tinytag and the required data cable for transferring the data and the required 

software “EasyView” are listed in Table 3 (INTAB, n.d.). 

Table 3. Cost of a Tinytag and required software and hardware. 

Part Cost in SEK 

Tinytag 1290 

Data cable 490 

EasyView Software 3950 

Total 5730 

 

3.3.2 Testo 480 Climate Measuring Instrument 

Testo 480 is an equipment for measuring of the ventilation and indoor climate. It can store up to 

60 million data points and the battery life is approximately 17 hours. For Testo 480 to make a 

PMV and PPD measurement the air temperature (°C), radiation temperature (°C), and air speed 

(m/s) is needed. Apart from the measurements needed for calculating the PMV and PPD, Testo 

480 can also measure the operative temperature, air humidity, light intensity, degree of 

turbulence, and CO2. What is measured depends on which probes are connected to the device 

(Testo, n.d. a).  

In this study the indoor air quality probe is used for measuring the air temperature and relative 

humidity, the globe probe for measuring the radiant temperature, and the comfort probe for 

measuring air velocity (see Figure 3). With the probes used in this study the device is operable 

between 0°C to +50°C in air temperature, 0°C to +120°C in radiant temperature, and up to 5m/s. 

The measuring uncertainty for the air temperature is ±0.5°C, for the air velocity it is ±0.3 m/s 

plus 4% of the measured value, and the radiant temperature has measuring uncertainty 

corresponding to EN standard class 1 (Testo, n.d. b).  According to the standard by which the 

globe probe is produced its response time is 25 minutes and the maximal measuring uncertainty 
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is ±1.5°C which in reality always is considerably narrower. The indoor air quality probes response 

time for measuring the air temperature is about 1 minute (Pedersen, 2016).  

 

Figure 3. From the left: Testo 480, equipped with probes for measuring operative temperature, PMV, and PPD; the comfort 
probe measuring air velocity; the indoor air quality probe measuring the air temperature and relative humidity; the globe 

probe measuring the radiation temperature. 

The costs for the Testo 480 are compiled in Table 4 (True Tech Tools, n.d.). 

Table 4. Costs of Testo 480. 

Instrument Cost ($) Cost (SEK) 

Hand-held instrument 1283 10666 

Indoor air quality probe 1017 8454 

Globe probe 507 4215 

Comfort probe 964 8014 

Casing 274 2278 

Total 4045 33627 

A comparison of the Tinytag and Testo 480 can be seen in Table 5.Table 5. Comparison between 

the Tinytag and Testo 480. 

Table 5. Comparison between the Tinytag and Testo 480. 

Equipment Total Cost 
(SEK) 

Storage in 
Number of 

Data 
Points 

Air 
Temperature 

measuring 
Uncertainty 

Energy 
Solution 

Battery 
life 

Possibility 
to Obtain 

data in 
Real-time 

Tinytag 5730 16000 ±0.5°C Battery 1-2 years No 

Testo 480 33627 60 million ±0.5°C Battery 17 hours No 

 

3.4 Sensor Solutions 
Measuring temperature, as well as transferring, storing and visualizing the temperature data can 

be accomplished in many ways. Nowadays, the technology has developed to simplify these tasks 

compared to traditional measuring techniques, and can even deliver results in real-time. The 

solutions are numerous, and vary from development kits, where assembly of components is 

required, to solutions that are ready to plug-in and use. Knowing the prerequisite of the user is 
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thus vital, even if some claims that using microcomputers such as Arduino and Raspberry Pi can 

be done by anyone. Therefore, this chapter is divided into several subchapters: development 

boards, components for sensor-solutions and ready-made sensor-solutions. 

3.4.1 Arduino Development Board 

Arduino is an open-source project with the purpose of providing products with simple software 

and hardware, thus enabling more people to use this technology. The development boards they 

provide is used by a wide range of groups, from students and hobbyists to professionals and 

companies. The boards can be used on several operating systems (Linux, Macintosh OSX and 

Windows) and are easy to program, and the price is also low in comparison. Additionally, since 

the Arduino has open software there are several code examples that can be used (Kjell & 

Company, 2015 a).  

Besides from the development board, other components are needed in order to gather sensor-

data. To begin with, the boards do not have the ability to connect over Wi-Fi. Thus, a Wi-Fi-

module is needed, which connects to the development board through wires. Additionally, a 

temperature sensor is needed. There exists numerous temperature sensors, and most of them 

are possible to use, but there are also specific ones that are recommended to use with an 

Arduino (Kjell & Company, n.d. a). However, the Arduino does not have a specific data storage 

solution. (Kjell & Company, 2015 a) 

3.4.2 Raspberry Pi Development Board 

Similar to the Arduino, the microcomputer Raspberry Pi is an easy-to-use microcomputer. It 

works as a regular computer and can be plugged into a monitor or TV and use a mouse and 

keyboard (Raspberry Pi, n.d. a). It is powered by a USB Micro power supply and data is stored on 

a Micro-SD card. Data can also be stored on USB-connected hard drives or sticks, but the 

operation system needs to be on the SD-card. In order to get wireless network and Bluetooth, 

the Raspberry Pi has to be connected to a USB network card and a Bluetooth-USB-dongle. 

Additionally, the device drivers need to be installed and these needs to work with the operation 

system that is installed on the Raspberry Pi. The operation system used in Raspberry Pi is 

decided by the user but since the processor is ARM-based, the operation system must be ARM-

compatible. Mostly, Linux is used. (Kjell & Company, 2015 b) 

Similar to the Arduino, the microcomputer cannot measure the temperature on its own. Thus, 

the Raspberry Pi Foundation have developed a sensor card called “Sense Hat” which includes 

gyroscope, accelerometer, magnetometer, thermometer, hygrometer and pressure sensor 

(Raspberry Pi, n.d. c). The sensor card is placed directly on top of the microcomputer, which 

should have 40 GPIO pins. (Kjell & Company, n.d. b)  

The Raspberry Pi can gain network connections in several ways. The most straightforward way is 

to connect an Ethernet cable to the Ethernet-port, where internet is provided from the other 

end of the cable. However, one can also connect a USB-network card and a USB-dongle to the 

Raspberry Pi and gain network connection through that. The storage solution is either through a 

Micro-SD card or by connecting USB-sticks or USB-hard drives to the USB-ports. (Kjell & 

Company, 2015 b) 

3.4.3 BeagleBone Black Development Card 

The BeagleBone Black (BBB) has been created by the BeagleBoard.org foundation, which is a US 

based non-profit corporation (BeagleBoard.org Foundation, 2016). The BBB is a development 
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platform that runs on an ARM processor and can be configured using Linux. It has multiple 

connection opportunities and data can be stored on a micro-SD card (Elinux, 2016; BeagleBoard, 

2016).The BBB can be seen in Figure 4 below. 

 

Figure 4. The BeagleBone Black. 

Similar to the Raspberry Pi and Arduino, BBB does not have any sensors connected to it to begin 

with. However, there is a possibility to connect a USB temperature sensor, such as the TEMPer 

USB thermometer. It comes with software for Windows, but Linux drivers can be installed to 

make it work with the BBB (Rankin, 2013). The cost for the TEMPer USB thermometer is about 

60 SEK (DX, n.d.).  

3.4.4 Fibaro, a Gateway System Specialized for Home Automation 

Fibar Group have several central systems for storing and transferring data, but they produce 

sensors too. For instance, Fibaro produce a wall plug that measure the electricity consumed by a 

device, flood warning sensors etcetera. The Fibaro products use Z-wave for communication 

between gateway and sensor, which enable the components to emit, repeat and receive signals. 

(Fibaro, n.d. a) 

Z-wave is a communication protocol for controlling, monitoring, and status-reading applications 

installed in households or offices. Z-wave is wireless and uses radio frequencies which do not 

impede with Wi-Fi, Bluetooth, ZigBee or similar wireless technologies. (Z-wave Allience, 2016) 

The gateway solution by Fibar Group is called Home Center 2 (HC2). Recently, there is also a 

Home Center Lite (HCL) which is smaller in size, has plastic casing instead of alloy case and some 

functions have been removed. Still, it is fully capable of controlling the sensors and can manage 

up to 230 devices. (Fibaro, n.d. a) 

Fibaro is working on a special sensor for monitoring the climate, but the solution has yet to be 

released (Fibaro, n.d. b). In the meantime, the Fibaro Motion Sensor serves as a multi-sensor 

that measure temperature and light intensity, but it can also detect earthquakes and if it is being 

tampered with due to its built-in accelerometer. If this occurs, the unit will send a warning 

message to the owner through the Fibaro App. As the name reveals, it also detects motion 

through its passive IR sensor. The sensor runs on a CR123A battery and has a wireless range of 
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about 30m indoors. Fibaro Motion Sensor can be used with any Z-wave network, where Fibaro 

Home is one of them. (Fibaro, n.d. a) 

One of the main features of the Fibaro Home Center is the ability to create scenes, i.e. pre-

programmed actions when a particular event occurs. These scenes can be coming home, waking 

up, going to bed or leaving the house which are all programmed to have different meanings to 

the system. The process of creating these scenes is initiated by creating rooms with appropriate 

names, such as “living room” or “bed room”. This is done in order to add devices to a particular 

room in the system to easier know where the sensor data originates from. After adding devices 

to rooms, the scenes can be created. (Fibaro, n.d. a) 

A scene is created either by using the programming language LUA or block interface, which 

usually means that you connect a block containing a unit or a function to another via an arrow. 

The scene can be triggered by a particular event, such as if temperature exceeds 30 degrees or a 

motion is noticed by the motion sensor. A scene can also be time dependent, for instance 

activate the electric plug at 7:00 and turn the lights on in the bed room. Additionally, scenes can 

also be manually activated by going into the app and choosing to run a scene. Scenes are thus 

flexible and can be adjusted to the user’s needs. (Fibaro, n.d. a)    

3.4.5 Apple HomeKit & Elgato 

Similar to Z-Wave, the Apple HomeKit is used to communicate and control devices to create 

smart homes. The HomeKit also uses scenes like the Fibaro but can also be controlled by using 

Siri, Apple’s voice control system (Apple, 2016a). Yet, to use the Apple HomeKit one has to have 

an iOS device, such as an iPhone, iPad or iPod Touch with iOS 8.1 or later, and to control devices 

away from home an Apple TV is required. (Apple, 2016b) 

Apple do not produce any sensor-hardware themselves, but instead let authorized developers 

do so. These developers are referred to as MFi licensees and receive particular specifications of 

the HomeKit, identity guidelines and technical support on hardware. MFi licensees can also 

access the HomeKit API in order to develop applications. (Apple, 2016c)  

Elgato has produced several sensors that work with Apple Homekit, but can be used with other 

systems too. Their sensors gather data on air quality, air pressure, energy consumption, 

temperature, humidity and more. The Eve sensors uses the Bluetooth Smart technology to 

connect to an Apple device. Data is visualized in the free Eve app where it is also possible to 

control the accessories that are connected to the Eve Energy smart plug. Additionally, if the 

Elgato Eve products are used with Apple HomeKit, they can be controlled by Siri. (Elgato, n.d. a) 

There are two products that can be used to measure the temperature indoors: 1) Eve Room and 

2) Eve Weather. However, it is the Eve Room sensor is meant to be used inside whereas Eve 

Weather mostly operates outdoors as a weather station.  

The Eve Room sensor measures air quality, temperature and humidity (Elgato, n.d. b). The air 

quality is measured as gas concentration of Volatile Organic Compounds (VOCs) but is displayed 

in the equivalent carbon dioxide (CO2) concentration. The concentration of CO2 is easier to 

relate to and is proportional to the amount of VOC on average (AMS, 2015). The argument for 

measuring VOCs instead of CO2 is that VOCs can contribute to the symptoms of the “sick 

building syndrome”, where they cause headaches, tiredness, dizziness and eye irritation. (Elgato, 

n.d. c) 
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The Eve Weather measures temperature, humidity and air pressure. Thus, it is more adapted to 

be used outdoors, but can still be used for indoor measurements. Eve Weather is also more 

resistant to cold weather and have an operating range from -18 degrees to 55 degrees, where 

Eve Room only operate from 0 degrees to 55 degrees. Their temperature sensors are as 

accurate, ±0.3 degrees as well as their humidity sensors ±3 %. Their power sources are also the 

same, AA-batteries, although Eve Room require 3 AA-batteries while Eve Weather only require 2 

AA-batteries. (Elgato, n.d. c) (Elgato, n.d. d) The cost for an Eve Weather is 499 SEK and for an 

Eve Room it is 799 SEK (Apple, 2016d). 

3.4.6 Yanzi 

Yanzi Networks AB is a Swedish company that offers system for smart home or office 

applications. They produce sensors, gateways and a cloud server with the main purpose to 

connect users to Internet-of-Things solutions (Yanzi, n.d. a). Their products consists of “Things”, 

which are smart plugs, remote-controlled LED lamps, motion detectors, cameras, temperature 

and humidity sensors as well as a gateway which connects the Things. The Things can be 

controlled through Yanzi’s App where the data is also visualized. However, the data is also 

accessible from the cloud server. (Yanzi, n.d. b) 

The Yanzi Gateway is the heart of the Yanzi solution. It uses the IEEE 802.15.4-network to 

connect with up to hundreds of sensors but needs connection to the internet itself through 

either an Ethernet cable or a SIM-card. The Gateway also serves as a back-up if the internet 

connectivity is lost, with an internal SD-memory card with 32GB memory. The power is supplied 

through an external AC/DC power supply, but also holds a 2000mAh battery in case the power 

supply is disconnected. (Yanzi, 2015a) The cost for a Yanzi Gateway is 1995 SEK (Yanzi, n.d. c). 

The Yanzi Climate sensor measure the temperature and humidity of the air. It can be used both 

in and outdoors and is wirelessly connected. The sensor runs on 4 AA-batteries which life time is 

estimated to be up to 10 years when updating every minute. The wireless range is 5-25m and 

travels through the IEEE 802.15.3-network. (Yanzi, 2015b) The wireless range for Yanzi Climate 

can be extended by using Yanzi LEDs or Yanzi Plugs, which work as repeaters of the signals 

(Yanzi, n.d. d)The cost of a Yanzi Climate unit is 349 SEK and 449 for a Yanzi Plug (Yanzi, n.d. c). 

Yanzi Plugs and Yanzi Climates can be seen in below. 

 

Figure 5. The picture shows two Yanzi Plugs and fifteen Yanzi Climate. 
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3.4.7 Smart Citizen Board 

Smart Citizen Board (SCB) is a sensor platform with Arduino as a base. It has sensors measuring 

temperature, humidity, light intensity, sound levels, carbon monoxide, and nitrogen dioxide. It 

can be powered through three different sources: mini-USB connected to computer or similar, 

3,7V LiOn battery or through solar panels. The SCB can be used both in- and outdoors. The data 

collected by the sensors is presented at their website and in their app but can also be extracted 

and used in other applications. The SCB is founded as an open-source project and the hardware 

design and software are accessible from their public GitHub directory. (Smart Citizen, n.d. a) The 

SCB can be seen in Figure 6 below. 

 

Figure 6. The Smart Citizen Board. 

In order to publish the sensor data on the smart citizen website a Wi-Fi network is needed. The 

data is also accessible on https://api.smartcitizen.me/v0/devices/#id where #id is exchanged for 

the id-number of the SCB. The access goes through an https-protocol where the data is 

visualized as JSON-objects. The structure of the data can be seen in Appendix II. (Smart Citizen, 

n.d. b)   

3.4.8 Texas Instrument Bluetooth Smart/Multi-standard SensorTag 

The Texas Instrument Bluetooth Smart/Multi-standard SensorTag (from hereon called 

SensorTag) is a multi-sensor, similar to the SCB. The sensors measure light intensity, sound 

levels, humidity, pressure, IR temperature, ambient temperature and also include an 

accelerometer, gyroscope and magnetometer. The SensorTag is powered by a CR2032 coin cell 

battery, which can be exchanged (Texas Instruments, n.d. d). The SensorTag can be seen in 

Figure 7 below. 
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Figure 7. The Texas Instruments SensorTag. 

The setup only requires removal of a plastic tab, and then the SensorTag starts measuring. 

However, the main difference from the SCB is that the SensorTag uses Bluetooth Smart, 

although a Wi-Fi version is soon to be released. This means that the data cannot be transferred 

to the internet automatically, but requires a gateway. Nonetheless, by installing the SensorTag 

application, either through Google Play or App Store, and connecting to the SensorTag through 

Bluetooth the results from the measurements can be displayed. (Texas Instruments, 2016) 

The solution to construct a gateway that works with the SensorTag is provided by Texas 

Instruments. Their solutions include: 

 a BeagleBone Black, which is the development board seen in Figure 4 

 a USB evaluation module kit, seen in Figure 8 

 Z-stack software, which is software for the ZigBee network protocol.  

 

Following the description of Texas Instruments on how to perform the assembly and 

configuration of the gateway should be sufficient to enable data collection from SensorTags 

(Texas Instruments, n.d. e).  

 

Figure 8. The Texas Instruments USB evaluation module kit. 

3.4.9 Vattenfall Smart Temp 

The Swedish Energy Company Vattenfall has developed several Smart sensors to help their 

customers to gain control over the energy use in their homes. Their sensors include Smart 

Remote, which is used to remote-control the air heat pump, Smart Plug, which is used to 

remote-control and measure electricity use of appliances, and Smart Temp, which is used to 

measure temperature (Vattenfall, n.d. a). They also provide a unit called Energy Watch, which 

shows energy usage in real time, summarize energy use in easy-to-read diagrams, help identify 

what is causing high energy consumption and also warns when batteries of the smart sensors 

are about to expire (Vattenfall, n.d. b).  
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One of Vattenfall’s sensors is the Smart Temp. The Smart Temp takes real-time measurements of 

the temperature indoors, but also outdoors through a sensor connected through a wire. 

However, the external sensor can be put elsewhere, such as in a wine cooler. The sensor needs 

to be connected to a Wi-Fi or WLAN, requires 3 AA-batteries as a power source and an Android, 

iPhone or iPad is needed to visualize the data through their EnergyWatch App. However, the 

data cannot be extracted to be used in other applications or for other uses. The range between 

sensor and network is 20-30m and Smart Temp-unit has measurement range from -30 ºC to 50 

ºC, while the external sensor has a range from -30 ºC to 70 ºC. The cost for a Smart Temp is 649 

SEK. (Vattenfall, n.d. c)  

3.4.10 SiMAP Smart Temp 

The SiMAP system is a product by Finnish company called Si-Tecno Oy (SiMAP, 2009a). The 

system is wireless and contains several sensors meant to identify issues with a building’s 

condition (SiMAP, 2009b). Their products include a case, which acts as a gateway, external and 

internal humidity and temperature sensors as well as a carbon dioxide sensor module. The case 

needs to be powered by a power supply adapter and uses a SIM-card to transfer the data to the 

PC-server, where the data is stored, analyzed and displayed. 64 sensor modules can be used for 

one case. (SiMAP, 2009c) 

The temperature sensor has a measurement accuracy of ±0.3ºC and a measurement range from 

0 to 60 ºC. It is wireless and powered by an AA-battery that lasts for 10 years if the measurement 

intervals are once every 10 minutes (SiMAP, n.d.). The price for a case is 580€ excluding sim-card 

and sensors and the temperature sensor costs 105€ each (SiMAP, 2016). The range between 

case and sensor is 500m in a free space (Autio, 2016).     

3.4.11 Samsung Smart Things 

Similar to Apple, Samsung has also gotten involved within the home automation business. They 

have created the SmartThings Hub which acts as a gateway and can be connected to sensors, 

also known as things. It communicates with the things regardless of their wireless protocol, but 

requires an Ethernet cable attached to an Internet router. Additionally, the Hub needs to be 

connected to a power source through the accompanying cord. The cost of a hub is 99$, but there 

is no additional monthly fee (Samsung, 2016a). Samsung has created a free application in order 

to remote-control the things from a smartphone. Thus, a smart device such as an Android, 

iPhone or iPad is required. (Samsung, 2016b) 

The things provided by Samsung in their SmartThings series are: multipurpose sensor, motion 

sensor, temperature and humidity sensor, flood sensor, smart cam, smart outlet, and an arrival 

sensor (Samsung, 2016c). The most relevant sensor for this thesis is thus the temperature and 

humidity sensor.  

The SmartSense Temp/Humidity Sensor is constructed for indoor use, runs on one CR-2 battery 

and costs 45$ per unit. It uses the ZigBee protocol for communication with the hub and 

depending on the structure of the house and whether or not ZigBee repeaters are installed, the 

range can be around 15 meters. Similar to other systems, the data is only available in the 

application and can therefore not be transferred or used in other applications or for other 

purposes. (Samsung, 2016d)  
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3.4.12 Summarization of Available Sensor Solutions 

The available sensor solutions were summarized in Table 6 below in order to get a good 

overview of the alternatives. 

Table 6. Summarization of the sensor solutions' features. 
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4 Methodology 
All the testing of the sensor solutions has been conducted at Vasakronan’s head office in 

Stockholm.  

4.1 Literature Study and Interviews 
The literature study was mainly conducted by using Google Scholar and KTH Primo. Keywords 

used during this research include phrases such as: smart cities, big data, smart office, activity 

based office, temperature measuring, sensors, real-time data, sensor network programming, 

sustainability, ICT, microcomputers, energy use office buildings, sustainable offices, office 

certificates, thermal comfort etcetera. The literature study included written work in Swedish and 

English.  

Several interviews was conducted with relevant persons at Vasakronan. The people interviewed 

at Vasakronan was the superintendent Ronny Rauden, Dan Sellergren specialist in energy 

systems, Sören Sandell IT-manager, Göran Wigermo Manager Technology and Service at 

Vasakronan, Peter Lindström Project Manager Technology Development. During all the 

interviews questions had been prepared and the interviewed person was allowed to answer 

freely. An objective approach was applied to the information gathered during the interviews.  

The findings of the literature study and interviews are summarize in chapter 2 and 3.  

4.2 Finding Sensor Solutions 
There was much research needed to find possible sensor solutions that could be used in the 

experiments. The research mainly consisted of browsing on Google, where key words such as 

temperature sensor, smart house sensor, temperature measuring, sensor system or similar were 

used. Many results had to be sorted away and thus, a list of demands for the sensor solution that 

were relevant was created. These demands were the following: 

 Temperature sensors had to be available in the given sensor solution-family 
 The data had to be presented in real-time and be updated about every minute 
 Obtainable from Sweden 

4.3 Choosing Sensor Solutions 
The sensor solutions that were still interesting after sorting out the irrelevant were researched 

more deeply. Mainly, this was done to understand what factors were significant to take into 

account when deciding sensor solution, which would simplify the choosing of sensor solutions 

considerably. This was mainly: 

 Cost of the system 
 Feasibility to extract data in real-time 
 Power supply, i.e. battery or power cord 
 Network solution and network protocol 
 Range from gateway to sensor 
 Expected complexity in setting up the sensor solution 
 Other sensors included in the sensor 

 

It was also important that the sensor solutions were of different types, for instance that one was 

more ready to use, while another required more configuration, in order to review complexity in 

relation to each other. Additionally, it was significant that the chosen sensor solutions used 
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different network protocols so that range and reliability could be compared. Taking all of the 

above-mentioned factors into account resulted in the choice of three sensor solutions:  

 Yanzi, a fully developed sensor solution that uses 6LoWPAN to connect between sensors 

and gateway (Yanzi, n.d. b) 

 Smart Citizen Board, a fully developed sensor solution that uses Wi-Fi to post data on the 

smartcitizen webpage (Smart Citizen, n.d. b) 

 Texas Instruments SensorTag, a multi-sensor that comes with Bluetooth Low Energy and 

require configuration of a gateway to store data on a computer. It uses ZigBee to 

communicate between sensor and gateway as well as Ethernet between gateway and 

computer. (Texas Instruments, n.d. d; Texas Instruments, n.d. e) 

4.4 Setting up the Sensor Solutions at Vasakronan’s HQ 
The preparations for installment of sensor solutions at Vasakronan were very different for the 

sensor solutions. Thus, a description of how this was done for each sensor solution is included in 

the coming three subchapters. All programs were written in Python 2.7.11 and ran on a 

Windows 7 computer.  

4.4.1 Smart Citizen Board 
The configuration of the smart citizen board (SCB) can be done in two ways: 1) by using the 

smart citizen webpage or 2) by using the Arduino application. Either way, the Arduino 

application is required since some of the Arduino drivers are used in the smart citizen webpage 

configuration. In this project the smart citizen webpage configuration was used, where a user 

had already been created. (Smart Citizen, n.d. b) 

After connecting the micro-HDMI port of the SCB to the USB-port of the computer, using a cable, 

the unit appeared on the user’s smart citizen webpage. Basic information, such as location, 

name of the SCB and whether it was placed indoors or outdoors, was added.  

The configuration process is fairly straightforward. It starts with checking what firmware is 

installed on the SCB to see if an update is necessary or not. Next, Wi-Fi network credentials are 

transferred to the SCB, namely the service set identifier (SSID) and password. The SCB cannot be 

configured with WPA2 Enterprise networks where the SSID is first typed in, and then user and 

password-credentials are used (Smart Citizen, n.d. b). Thus, the network used at Vasakronan had 

to be of the 2-credentials kind. After configuring the network, update and posting intervals were 

set to once a minute. This step of the configuring had to be redone a couple of times before the 

SCB started publishing data. The data was then visible on the smart citizen webpage, as can be 

seen in Figure 9 below.  
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Figure 9. A screenshot of how the sensor readings are presented on the smartcitizen webpage. 

After being able to see the data from the SCBs, the sensitivity to sudden temperature changes 

was tested. This was done by moving the sensor between different rooms, and seeing how long 

it took before the temperature readings were stable, so the time constant for the sensor could 

be estimated.  

The data from the SCB was continuously published on 

https://api.smartcitizen.me/v0/devices/id# where id# was exchanged with the id-number of the 

SCB, which is this case was 3088 for SCB1 and 3127 for SCB2. The format of the data was in 

JavaScript object notation (JSON), which meant that the retrieving and sorting of data was 

simple. The structure of the data that is published on the webpage can be seen in Appendix II. 

(Smart Citizen, n.d. b) 

Furthermore, the data needs to be structured so that the key-value pairs that are sought can be 

found. This can easily be done on an online webpage, for instance on jsonlint.com, which is a 

JSON validator that also structure the text input into a more easy-to-read format. From this, the 

time of the sensor reading and the measurement ids for each sensor was identified, which 

meant that the value connected to each sensor could be found. This meant that all necessary 

information was collectible.  

After figuring out how the data was presented, a program that automatically collected and saved 

the data every minute had to be created. The Python program required importation of the http-

client library to connect to the https-webpage that contained data. In order to encode and 

decode JSON-objects, the JSON library was also imported. To get a reading interval of 60 

seconds, Python’s time library was also imported which enable the use of the sleep-function. 

Additionally, an infinite while-loop made the reading continue until the program was 

terminated. Finally, the program also included a function to write the data to a CSV-file, which 

required importation of Python’s CSV library. The entire program code can be found in Appendix 

III.   

4.4.2 Yanzi 
The Yanzi solution was easy to get started with. First, an account had to be created on the Yanzi 

webpage or mobile application where data can be stored and readings can be shown. Then, the 
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Yanzi gateway has to connect to a power source and to the network through an Ethernet cable. 

In this case where the gateway is installed at an enterprise there can occur some issues with the 

firewall. Since companies want to avoid cyber-attacks, not all devices are allowed to 

communicate over Internet. Thus, the firewall may have to be opened to allow access, which 

was the case for this installation of the Yanzi gateway. After successfully connecting the gateway, 

the sensors were added to the network.  

The sensor data was then possible to reach from the Yanzi mobile application. From that, a 

sensitivity analysis was conducted, in a similar matter as for SCB. This was done by moving 

sensors between different places in a room, while having other sensors placed in these spots at 

beforehand. In that way, it was easy to estimate how long time this took for each sensor, since 

the time to adjust to the surrounding temperature was found when both sensors measured 

equally.  

Still, the sensor data needs to be stored externally and thus, has to be retrieved from Yanzi’s 

servers through an API provided by them. Information about Yanzi’s API is available on 

https://cirrus5.yanzi.se by using the account that was created earlier. The documentation 

describes how to connect and receive information from their server using a websocket 

connection. The system is of request-response type, in other words send a request message 

using the websocket to the server and wait to receive response message. The information in the 

messages are in JSON-format. Initially, a service request is sent, followed by a login request, 

which gives the user access to the server. After successful, it is possible to send requests to get 

sensor data from specific devices. (Yanzi, 2016) 

Since Python does not have a client that connects to a websocket in their library, it is required to 

download a websocket client and add it to the python library. In this program, websocket-client 

0.35.0 is used (Python Software Foundation, n.d.). After connecting to the websocket and 

sending a service and a login request, the program loops through the list of sensors to get 

temperature and humidity data from each of them. However, the Yanzi server does not always 

give the right response right away. Therefore, one has to sort out the responses that are not the 

expected, i.e. that are not “GetSamplesResponse”, and otherwise continue to listen for the 

correct response (Yanzi, 2016). When the program has found the correct response, the data is 

saved in a Python dictionary, which is similar to a json object. After this has been done for all 

sensors, the data from the humidity sensor and temperature sensor is merged for that device 

and saved in a CSV-file for each sensor. The entire program code can be found in Appendix IV 

and V. 

4.4.3 Texas Instruments Sensortag 
If the aim was only to see the sensor data in the SensorTag mobile application, the setup would 

only require the removal of a plastic tab to start sending data to the application. Unfortunately, 

the Texas Instruments SensorTag (TI SensorTag) has a more complicated setup process if the 

goal is to obtain and store the sensor data. The reason for that is mainly that the default 

communication protocol between sensor and storage/monitor unit is Bluetooth Low Energy 

(BLE). The BLE is used in order to connect the sensors to a mobile application that shows the 

sensor data. However, the data is not extractable from there, and thus, another solution had to 

be found. Luckily, it is possible to change the firmware on the TI SensorTag so that it works with, 

for instance, ZigBee or 6LoWPAN (Texas Instruments, n.d. d). Since Yanzi communicates through 

6LoWPAN it seemed most interesting to use the ZigBee protocol for the TI SensorTag. 

https://cirrus5.yanzi.se/
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Nevertheless, the sensors need to communicate with another central device that has the 

capability of receiving the data. Thus, a gateway that can handle the ZigBee air interface protocol 

is required. Fortunately, TI provides a reference design consisting of a BeagleBone Black (BBB) 

development board and USB-dongle with network capabilities (Texas Instruments, n.d. e). There 

is much configuration needed to get a full-functioning gateway, as well as extra hardware in 

form of a debugger and programmer for the USB-dongle, which cost 49$ or approximately 

410SEK (Texas Instruments, n.d. f). The steps of doing so will be briefly described below. 

The first step of creating a ZigBee gateway is to add the Z-stack Linux Gateway software on the 

BBB, which is downloadable from TI’s website (Texas Instruments, n.d. c). When the software 

has been successfully transferred, the USB dongle needs to get the correct firmware as well, 

which is also downloaded from TI’s website. This is done by using the CC debugger and 

programmer hardware connected to the USB-dongle and using the RF Flash program to flash 

appropriate firmware, both which are downloadable from TI’s website (Texas Instruments, n.d. 

g).  

Changing the network protocol from BLE to ZigBee on the SensorTag itself was not as easy as 

stated in the instructions from TI. Supposedly, it would only require an over the air download 

(OAD) from the TI SensorTag mobile application, but after several tries, this option was 

eliminated and another solution had to be found (Texas Instruments, n.d. d).  

The solution was to build the firmware using IAR’s Integrated Development Environment (IDE). 

In order to do so, one has to download the Z-stack Home Automation files that includes the 

source code, available at the TI website. The firmware is then built and flashed to the SensorTag 

using IAR’s IDE (Texas Instruments, 2015). This also required the SensorTag Debugger DevPack, 

which is additional hardware required for the setup and cost 15$ or about 125SEK (Texas 

Instruments, n.d. h).  

When both the gateway and the TI SensorTag are set to communicate through ZigBee, all that is 

missing is the program that communicates with the gateway and stores the temperature data. TI 

has already provided an application that present the temperature data; however, in this case the 

data needs to be stored as well. In order to do so, it was required to read the guide on what 

signals should be sent between the computer and gateway, which was available from the Z-stack 

Home Automation documentation. (Texas Instruments, 2014 a; Texas Instruments, 2014 b) 

Before an application was constructed, the sensititivy of the sensors were tested. However, since 

the sensor readings could be set to update every second, it was quickly discovered that the 

sensors responded instantly to temperature changes and adjusted to the room temperature 

quickly.  

To begin with, the gateway handles the communication with the SensorTags, so the computer 

needs only communicate with the gateway. This is done by using TCP sockets, which is a 

communication protocol where the units send and receive only the correct signals. In order to 

do so, the units must be on the same local network or the firewalls between them has to be 

configured to allow communication (Texas Instruments, 2014 a; Texas Instruments, 2014 b). For 

this case, it means that either the gateway is directly connected to the computer through a USB 

port or the computer and gateway are connected to the same local network. For testing at 

Vasakronan, it was more suitable to connect the devices to the same local network. This was due 
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to the fact that this allowed the computer to be placed in another room, which did not take up a 

great deal of space in the office.  

From the documentation, it was understood how the gateway worked. To make the 

programming of a new application easier, the only requirements to communicate with the 

gateway was to send the given signals to the socket interface. The rest was taken care of by the 

ZigBee gateway subsystem, whose structure can be found in Appendix VI (Texas Instruments, 

2014 a; Texas Instruments, 2014 b) 

By reading the documentation it was also discovered that the messages were described using 

Google’s protocol buffers (Texas Instruments, 2014 a; Texas Instruments, 2014 b). This requires 

compilation of the messages to Python classes. The compiler for this can be downloaded from 

Google’s development site (Google Developers, n.d.). The program was then built according to 

how the signals should be transferred between the gateway manager and the network manager 

in the gateway. Finally, the data was stored in a CSV-file, as with the other sensor solutions. The 

specifics of the code can be found in Appendix VII and VIII.  

4.5 Testing at Vasakronan’s Office 
The testing of the sensors at Vasakronan’s office had five subparts to investigate: 

 The difference in performance between the different sensor solutions and the traditionally 

used Tinytag 

 The difference between the air temperature and the operative temperature and measured 

thermal climate at different locations of the office 

 Comparison between measurements made by Testo 480 and the sensor solutions 

 The sensor solutions’ coverage in different parts of the office 

 The overall goal of how to create a temperature map that can serve as a form of individual 

control over the indoor climate.  

 

The testing was executed in April and May whereby no extreme outside temperatures occurred.  

Firstly the office space was divided into 15 zones in which the sensors later would be placed, as 

can be seen in Figure 10.  
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Figure 10. The placement of the zones, Yanzi and TI gateway (G), Yanzi repeater plugs (P1-P4), and zones of the HVAC 
system (blue diamond shaped figures). 

When dividing the office space into zones it was assumed that there would be a difference in 

temperature between the areas adjacent to the windows and façade, the areas adjacent to the 

light well, and the center of the office space. This was assumed as the areas close to the 

windows and façade are affected by the sun as it hits the building and to a larger extent by the 

temperature of the outside air. The assumption was based on how the zones of HVAC systems 

are adjusted according to these phenomena as mentioned earlier in chapter 2.4. 

Zone 1, 2, 3, 7, 10, 12, 14, and 15 are adjacent to windows and thus also to radiators whereas 

zone 4, 5, 6, 8, 9, 11, and 13 are located in the inner parts of the office. Zone 5 and 8 are also 

placed next to the light well. Furthermore, the superintendent Ronny Rauden had earlier 

identified a significant temperature difference between the “quiet zone” (zone 14 and 15 in 

Figure 10) and the rest of the activity zones in the office (Rauden, 2016).  

In all three aspects investigated the sensors and Tinytags was placed as to not make 

mismeasurement due to placement close to heat sources such as radiators, lights, computers, 

and other heat generating equipment. The choice of placement was also based on (McDowall, 

2007) examples of inappropriate placements presented in chapter 2.4. 

4.5.1 Comparison between the Different Sensor Solutions and Tinytag  

The three different sensor solutions were placed alongside each other together with the 

Tinytags. Two devices of each solution was used. The thermal time constant of the sensors was 

unknown but the first hour of measurements was disregarded to ensure that the sensors had 

passed the required response time. One hour was thought to be enough as the Tinytag has a 

thermal constant of 25 minutes and the sensors were assumed to have a similar thermal 

constant. This was in line with the Swedish standard SS-EN ISO 7726:2001 which states that to be 

sure that the equipment has reached equilibrium the measurements should not be taken until 

1.5 times the response time has passed (Swedish Standards Institute, 2002).  
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The sensors and Tinytags set to take measurements once a minute for 4 days. These 4 days 

included 2 week days and 2 days during the weekend, as the test was conducted Friday to 

Tuesday. The decision of measuring both during the week days and weekend was based on the 

known larger temperature differences occurring during the weekend as the HVAC system then is 

turned down as the office become vacant and up when the office users return on Monday. These 

decrease and increase of temperature is of interest for the comparison to study how the 

sensors’ response to the changing temperatures and how their measurements coincide during 

different temperature levels.  

The length of the test period also gave an opportunity to test how the sensor solutions 

performed over time. The length of the period that the sensors were transmitting was noted and 

compared between the solutions. Yanzi and TI was running on their batteries during the testing 

whereas the two SCB devices was connected to a computer for power. See the placement of the 

sensors during the test in Figure 11. 

 

Figure 11. Placement of the sensor solutions and Tinytags during the comparison test. 

The measurements made by the two devices during the testing period was plotted in a graph for 

each sensor solution and the Tinytags separately. Furthermore, the mean squared error (MSE) 

and the mean absolute error (MAE) was calculated in between the two devices. The MSE 

penalizes data points that are deviating significantly more than points that deviate less. The MAE 

instead penalizes the deviating data points more equal even though they deviate more or less.  

(Cohpra & Meindl, 2016) 

The MSE was calculated as  

𝑀𝑆𝐸 =
1

𝑛
∑ (𝑌1𝑖 − 𝑌2𝑖)

2𝑛
𝑖=1      (1) 

and the MAE as 

𝑀𝐴𝐸 =
1

𝑛
∑ |𝑌1𝑖 − 𝑌2𝑖|

𝑛
𝑖=1 .     (2) 
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where 𝑌1𝑖 and 𝑌2𝑖 was the measurements made by the two devices and 𝑛 was the number of 

measurements (Cohpra & Meindl, 2016). The square of the MAE was also calculated in order to 

compare the two calculations of error. 

However, not all values gathered by the sensors could be used as the sensor solution failed to 

gather data from time to time. Thus, only the minutes when both devices had registered the 

temperature could be used for the error calculations. Furthermore, as the sensor solutions 

register the time of measurement in year, month, day, minute, and second, the seconds had to 

be rounded off in order to be able to compare the measurements made at a specific minute. 

Hence, when the seconds were >30 the minute was rounded upwards to the closest whole 

minute and when ≤30 it was rounded downwards.  

The comparison of the mentioned values was made in order to determine how unison the 

measurements of each sensor solution is. For the primary goal of creating a temperature map it 

is important that there is a consistency between the sensors’ measurements as it is the 

difference in temperature that will be important to visualize.   

4.5.2 Air Temperature Compared to the Operative Temperature and the Measured 

Thermal Climate 

In order to validate the air temperature map as a tool for individual control over the perceived 

indoor climate, the sensors’ air temperature measurement was compared to the operative 

temperature and the measured thermal climate.  

The operative temperature is a stronger indicator of how the temperature is perceived as it is a 

mean value of the air temperature and the mean radiant temperature from ambient surfaces 

(National Board of Health and Welfare, 2005). Hence, it was important to see how well air 

temperature would serve as an indicator of the perceived temperature.  

The thermal climate measurement is based on the indexes PMV and PPD explained in chapter 

3.2. The two indexes estimates the percentage of people that will be pleased with the thermal 

environment.  

The comparisons was made in different zones that had different location properties and was 

conducted by using Testo 480 introduced in chapter 3.3.2. Zone 2, 5, 6, 11, and 14 was chosen 

for the tests as these were assumed to have different location properties. Zone 2 is located close 

to a façades and thereby also adjacent to windows. Zone 5 is located in the inner parts of the 

office and close to the light well. Zone 6 is also located in the inner parts of the office but not 

adjacent to neither windows nor the light well. Zone 11 is located in the reception and is even 

further distant from windows and the façade than zone 6. Lastly, zone 14 was chosen as the 

superintendent Ronny Rauden had mentioned that this zone was the coldest in the office. It is 

located close to the façade and thereby also close to windows. In each zone Testo 480 was 

measuring for 30 minutes and taking a measurement each minute. Due to an earlier observation 

of a change in temperature systematically occurring in the office during the day the test was 

conducted during two days but during approximately the same time of the day.  

It was assumed that the location properties would affect the operative temperature and the 

PMV and PPD indexes. Hence, it would be important to conclude how well the air temperature 

served as an indicator at each location. The initial measurements were neglected in order 

surpass the response time for the measuring equipment.   



31 
  

In order to make the PPD and PMV calculations two values had to be chosen. This was a) what 

kind of and how much clothing is worn and b) what activity level is most common. When it 

comes to the clothing, it was assumed that light business wear was worn, which corresponds to 

0.9 clo. The activity level was assumed to be seated activity, which equals 1.0 met. This was 

assumed to be a good estimation of how most of the users in the office was clothed and their 

level of activity. However, as the PMV and PPD values only are used for comparison of the zones 

the clo and met value will be of less importance than in a regular investigation of the thermal 

climate.  

Between the zones the air, operative, and the difference between air and operative temperature 

in each zone was compared. The calculated PMV and PPD was also compared between the zones 

and the largest difference that occurred between the zones was calculated.  

To visualize the difference between the zones a graph was made with the mean value of air and 

operative temperature in each zone together with the difference between the two.   

4.5.3 Comparison of Testo 480 and the Sensor Solutions 

When Testo 480 was measuring in zone 6 two Yanzi, TI, and SCB devices was placed next to it. 

This was done in order to determine how accurate the sensor solutions measurements was. Two 

devices of each sensor solutions was chosen as a discrepancy in the measurements between the 

two TI devices and the two SCB devices respectively had been identified. Furthermore, one of 

the TI and SCB device was not working during the testing.  

A graph of the measurements made by Testo 480 and the sensor solutions was made. The MSR, 

MSE, and the square of the MSE was calculated for the Testo 480 and each device according to 

equation (1) and (2). The MSR and MSE was then compared in between the sensor solutions. 

4.5.4 Comparison of the Sensor Solutions’ Coverage 

The testing of the three different sensor solutions range of communication was both made 

jointly but also separately due to the different ways that the sensors communicate. Initially the 

behavior of the sensor solutions when installed at the office was studied in order to determine 

the best way to evaluate and compare them.  

Yanzi’s and TI’s gateway was placed in zone 6 as can be seen in Figure 10. The first test of the 

coverage was made by placing the two TI and SCB devices alongside the Yanzi sensors placed in 

each zone. The tests started in zone 6 where the Yanzi and TI gateway was placed. Subsequently, 

the sensors were tested in each zone surrounding zone 6 and then the range of the test was 

increased until Yanzi or TI no longer had coverage. This was done in order to determine when 

the Yanzi and TI solution would lose contact with the gateway and to compare the coverage of 

all three solutions in the investigated zones. TI was the solution with the shortest coverage range 

and thus got to determine the scale of the test.  Furthermore, the test was conducted in zone 14 

that is the furthest away from the gateway, were TI on beforehand was known to not have 

coverage and were Yanzi was struggling with the coverage. The sensor solutions was placed in 

each zone for one hour and the placement can be seen in Figure 12. 
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Figure 12. Placement of the sensor solutions during the testing of coverage (in the picture they are placed in zone 9). 

Both TI and SCB devices was used together in each zone as their functioning for unknown 

reasons were varying significantly. The Yanzi devices had a more reliable functioning and thus 

only one was used in each zone so that they could gather data for the temperature map 

simultaneously. Furthermore, the SCB devices was connected to an USB-contact for power 

during the testing.  

 When comparing the coverage in each zone the number of measurements transmitted by each 

device was divided with the number of measurements that should have been transmitted during 

one hour (61 measurements) in order to calculate the percentage transmitted data. In addition 

for TI and SCB the mean percentage transmitted data points was calculated for each zone. 

Furthermore, the mean coverage percentage for all the zones was calculated for each sensor 

solution.  

From these calculations four diagrams was generated.  The first shows the three solutions 

percentage of transmitted data in each zone and were the zones in the diagram are placed 

according to the distance from the gateway. In this diagram the mean percentage for TI and SCB 

was used together with the percentage for the Yanzi device in the specific zone. In the second 

diagram Yanzi’s coverage according to distance to the gateway is shown as well as a trend line. In 

the third diagram the coverage for both TI devices and their mean coverage in each zone is 

shown, also according to distance from the gateway and with a trend line. The last diagram is the 

same as for TI but shows the result for SCB.  

Yanzi sensors was, as earlier mentioned, installed at 15 different locations in the office which 

had varying distances to the gateway and different blocking barriers between the sensors and 

gateway. These blocking barriers are the existing walls, furniture etcetera. The coverage of the 

Yanzi solution is based on the use of plugs that works as repeaters for the signal.  Thus, apart 

from only investigating the feasible range between the sensors and gateway the coverage was 

also investigated in relation to the number of connected plugs in the office.  

Firstly, the Yanzi solution was tested with no plugs connected during one hour. Secondly, the 

Yanzi solution was tested with two plugs connected and lastly with four plugs connected also 

during one hour each. Between the tests the plugs and gateway was given at least an hour to 

establish a connection as this had been identified as a problem when installing the solution at 

the office.  A like the first coverage test the percentage transmitted data was calculated for each 

device in each zone during each of the three plug tests.  
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These were then visualized in a diagram were the coverage percentage for each device was 

presented per zone according to the distance to the gateway and for each number of plugs 

tested. In addition an area chart was made to show the difference between the sensors coverage 

between when zero, two, and four plugs were used. 

4.5.5 Gathering Data for the Office-temperature Map   

15 sensors from the manufacturer Yanzi was placed in the 15 zones presented in Figure 10. As 

earlier mentioned these zones had been chosen because they were expected to have different 

temperatures but also they were placed to give a good coverage over the office space.  

In all the zones the sensors were placed on desks in order to roughly correspond to where the 

office user’s torso is placed. This corresponds to requirements made in the SS-EN ISO 7726 

standard mentioned in chapter 3.1. The height of the desks would vary as they were either high 

desks, sit-to-stand desks, regular sitting desks, or coffee tables. The Yanzi sensors gathered data 

for a weeks’ time. 

When creating the design of the temperature map the data collected was analyzed to identify 

the maximum and minimum temperature occurring during the week. An interval roughly 

outlined by the maximum and minimum temperature was decided upon and divided into a 

seven step scale with appropriate length of step. Each step had a different color and in addition 

a grey color was used to indicate when the sensors had lost communication during the week that 

data was gathered. A prototype of what the temperature map would look like was made in 

Adobe Photoshop. The prototype was based on the data collected by the 15 Yanzi sensors. 

4.6 Multi-Criteria Analysis of the Sensor Solutions’ Performance 
In order to determine which sensor solution was best fit for this type of application, a multi-

criteria analysis (MCA) was conducted. This method was chosen due to its ability to regard both 

how well the sensor solutions perform on a certain criterion, but also the significance of the 

chosen criteria. This is easily done by multiplying the importance score by the performance score 

of the sensor solution for the same criterion. The process of choosing criteria, importance score, 

and performance score for evaluating the sensors is included in the following subchapters.  

4.6.1 Choosing Criteria  

When conducting the multi-criteria analysis, the criterion on which the sensor solutions would 

be compared with had to be decided firstly. This was mainly done by reflecting on what kinds of 

issues each sensor solution had, but also by identifying other desirable qualities. Additionally, 

the importance score had to be decided for each criterion. It was decided that there should be a 

scale on 1-10, where 1 is the least important and 10 is the most important aspect. However, 

several criteria can be regarded as equally significant. The chosen criteria are presented in 

subchapter 4.6.2 and Table 7.  

4.6.2 Deciding the Importance Score of the Criteria 

The most important criterion was decided as the quality of the measurements due to the 

importance of correct measurements, since otherwise there is no use of the sensor. It was also 

highly significant to take the cost into account since there are already many expensive sensors 

with high quality of measurements, so there is rather a need for cheaper sensors with high 

standard. Additionally, it is important that the sensors make similar measurements within the 

sensor solution. It is useless to produce a real-time temperature map if the readings from the 

sensors are wrong in relation to each other. This could result in a temperature map without any 
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thermal differences, while in reality there are clear distinctions, or with larger thermal 

differences than in reality.  

Slightly less significant is the network range, ease in installment and in retrieving data, as well as 

opportunity of error diagnosis. The network range is important since the aim is to cover a large 

office space with sensors, and preferably would not want expensive repeaters in between 

sensors and gateway. Ease and installment and in retrieving data is significant since it can reduce 

the possibility and willingness of others to use the sensors. Likewise, it is important that it is 

possible to make error diagnosis since otherwise the possibility to solve a problem is limited.  

Moreover, the fact that the data is owned by the ones gathering it is important because the use 

of the data may otherwise be limited. Battery life was considered as less important in regards to 

the already mentioned criteria. Yet, there are environmental implications in regards to battery 

life, as well as the question of who will exchange them and how often, which is also related to 

costs. Sensitivity to sudden temperature changes was considered even less significant, since the 

temperature in a room does not change as quickly as in i.e. an engine, where it is also vital to 

know if the temperature is rapidly changed. One of the least important criterion was whether 

the sensor solution or sensor solution family included other sensors that can be used for other 

purposes. Finally, the possibility for implementing an indoor positioning system was decided as 

the least important aspect. Although this would be a valuable feature, it would not be necessary 

unless the number of sensors were too many to keep track of otherwise.  

The importance score of each criterion can be seen in Table 7 below.  

Table 7. The criteria that the sensor solutions would be compared according to, as well as their importance score. 

Criteria Importance 

Cost 9 

Battery life 6 

Network range 8 

Ease in installment 8 

Ease in retrieving data 8 

Ownership of data 7 

Conformity of measurements within solution 9 

Sensitivity to sudden temperature changes 4 

Quality of measurements 10 

Opportunity of error diagnosis 8 

Possibility for indoor positioning system 1 

Sensor expansion possibility 2 

 

4.6.3 Deciding the Performance Score of the Sensor Solutions 

The performance was then decided by firstly presenting how the different solutions performed 

on the criteria, and then a performance score was set for each sensor solution for all criteria. For 

the performance score, each criteria had a scale on 1-5, where 1 presents a poor result on this 

aspect and 5 represent a perfect result. The score is then calculated by multiplying importance 

and performance score, as mentioned earlier. The outcome of the MCA can be found in chapter 

5.6.   
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5 Results 
This section includes the results from the study. It starts with the results from the four tests, and 

ends with the results from the multi-criteria analysis of the sensor solutions.  

5.1 Comparison between the Different Sensor Solutions and Tinytag 
During the testing for the comparison between the different sensor solutions and the Tinytags 

the devices stopped measuring at the different times listed in Table 8. The reasons for this were 

several. For the Yanzi sensors, an error response that had previously not been received caused 

the program to crash. Unfortunately, this was not possible to prevent due to limited time for 

debugging before tests. For TI SensorTags, the sensors ran out of battery almost simultaneously, 

which was obvious since they started working as soon as the batteries were replaced. Moreover, 

the measuring made by the Tinytags was manually stopped after the testing period was over. 

Yet, the reason for why SCB stopped transmitting data could not be identified due to lack of 

possibility of error diagnosis. 

As can be seen in Table 8 the order in which the devices stopped transmitting were as follows: 

SCB1, SCB2, Y2, Y3, TI2, TI1, and lastly the Tinytags. The measuring started at 2016-04-22 11:30 

and the Tinytags were manually stopped at the 26th of April.    

Table 8. Showing the time that the different devices stopped measuring and reasons for why the transmissions stopped. 

 Stops measuring Lasted for Reason for Stopped 
Transmission 

SCB1 2016-04-22 13:38 2h 8 min Unknown 

SCB2 2016-04-22 22:14 10 h 44 min Unknown 

Y2 2016-04-23 21:55 1 day 10 h 25 min Previously not 
Received Error 

Responses 

Y3 2016-04-23 21:56 1 day 10 h 26 min Previous not 
Received Error 

Responses 

TI2 2016-04-24 22:12 2 days 10 h 42 min Drained Battery 

TI1 2016-04-24 22:19 2 days 10 h 49 min Drained Battery 

Tinytag 2016-04-26 12:49 4 days 1 h 19 min Manually Stopped 

 

In Figure 13 the measurements made by the two Tinytag devices can be seen. During the test 

period, the devices that registered the lowest and highest readings varied.  
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Figure 13. The two Tinytag devices' measurements during the test period. 

Below in Figure 14 the measurements made by the two Yanzi devices can be seen. Alike the 

Tinytag graph, the two devices seem to have made quite similar temperature measurements. 

Furthermore, it also varies which of the device is registering the highest and lowest temperature. 

At the middle of the test period, Y3 makes a dip of approximately 0.2°C and thereby goes from 

registering higher values than Y2, to registering lower values.  

 

Figure 14. The two Yanzi devices' measurements during the test period. 

In Figure 15 the two TI devices’ measurements can be seen. These deviate more from each 

other’s readings of the temperature than the Tinytags and Yanzi devices. In contrast to the 

Tinytags and the Yanzi devices, there is one of the TI devices that nearly constantly measures 

lower values than the other device. There is a larger deviation between the devices’ 
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measurements in the beginning than at the end of the readings. In contrast to the Tinytags and 

the Yanzi devices, there is one of the TI devices that nearly constantly measures lower values 

than the other. Furthermore, some of TI1’s data points occur at the same range as TI2’s graph.   

 

Figure 15. The two TI devices' measurements during the test period. 

In Figure 16 the measurements made by the two SCB devices can be seen. Alike the TI 

SensorTags, these also deviate more from each other’s readings than the Tinytags and Yanzi 

devices. Furthermore, there is also one of the SCB devices that constantly registers a higher 

value than the other device. In contrast to the TI devices, the SCB devices deviate more at the 

end of the readings than in the beginning.  

 

Figure 16. The two SCB devices' measurements during the test period. 
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As can be seen in Table 9 Tinytag has the smallest MSR and MSE, whereas TI has the largest. The 

MSE is smaller than the MAE for the Tinytags, whereas the opposite is true for Yanzi, SCB, and TI.  

Table 9. The calculated MSE and MAE for the Tinytags and sensor solutions, ranked from smallest to largest. 

 Rank MSE (°C) MAE (°C)  Square of MAE (°C) 

Tinytag 1 0.004 0.046 0.0021 

Yanzi 2 0.297 0.077 0.0059 

SCB 3 4.753 1.316 1.7319 

TI 4 6.046 1.487 2.2112 

 

5.2 Air Temperature Compared to the Operative Temperature and the 

Measured Thermal Climate 
The maximum, minimum, and mean values of air and operative temperature gathered with the 

Testo 480 is listed in Table 10 together with the corresponding differences between the two 

temperatures. These values have been gathered during the 30 minutes of measuring that are 

listed to the right in Table 10. 

Table 10. Compiling the air temperature, operative temperature, and the difference between the two temperatures in each 
zone. 

Zone Measurement Max °C Min °C Mean °C Date & Time 

2 Air temp. 24.0 23.8 23.9 April 14th 14:30-15:00 

 Operative temp. 23.5 23.5 23.5  

 Difference 0.5 0.3 0.4  

5 Air temp. 24.3 24.2 24.3 April 13th 15:30-16:00 

 Operative temp. 24.0 23.9 23.9  

 Difference 0.4 0.3 0.4  

6 Air temp. 24.8 24.7 24.8 April 13th 14:30-15:00 

 Operative temp. 24.4 24.3 24.3  

 Difference 0.5 0.4 0.5  

11 Air temp. 24.2 24.0 24.1 April 14th 15:30-16:00 

 Operative temp. 23.9 23.8 23.9  

 Difference 0.3 0.2 0.2  

14 Air temp. 24.4 24.3 24.4 April 13th 16:30-17:00 

 Operative temp. 24.3 23.8 23.9  

 Difference 0.2 0.0 0.1  

 

Zone 6 has the highest air temperature, the highest operative temperature, and the largest 

difference between air and operative temperature. Zone 2 has the lowest air and operative 

temperature. Consequently, the highest difference between the zones in air and operative 

temperature occurs between zone 2 and 6. The difference in air temperature is 1°C and the 

difference in operative temperature is 0.9°C.  

Zone 14 is the zone with the smallest difference between the air and operative temperature.  

Zone 2 and 6 has the highest occurring differences but zone 6 is the one with the highest mean 

difference. The mean values of the air and operative temperature together with the difference 
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between the two are visualized in Figure 17. In Figure 17 it is also clearly visible that the 

operative temperature consistently is lower than the air temperature in all the zones.  

 

Figure 17. Visualizing the mean value of air- and operative temperature, and the difference between the two. 

In Table 11 the calculated PMV and PPD indexes for each zone is listed. The largest difference in 

PMV value is 0.24 between zone 2 and 6. The largest difference in PPD value occurs between the 

same two zones and is 2 percentage points. According to the PMV and PPD value zone 2 is the 

least comfortable and zone 6 the most comfortable when having a light business wear (0.90 clo) 

and when seated actively (1.0 met). 

Table 11. The measured PMV and PPD indexes in each zone. 

PMV and PPD in the zones    

Zone 2 5 6 11 14 

PMV -0.32 -0.23 -0.08 -0.23 -0.11 

PPD 7.1 6.1 5.1 6.1 5.3 

To summarize the lowest and highest values was consistently measured in zone 2 and 6 

respectively.  

5.3 Comparison between the Air Temperature Measurements of Testo 480 

and the Sensor Solutions 
In Figure 18 the measurements made by the Testo 480 and the three sensor solutions can be 

seen. Both TI and SCB has registered significantly lower temperature values than the Testo 480. 

The two Yanzi devices has also registered lower temperature values than the Testo 480. 

However, the Yanzi devices’ deviation from the Testo 480 is considerably smaller than for the TI 
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and SCB. Note that the measurements from Y2 is overlapping with Y3 in the graph, and thus Y2 is 

barely visible. 

 

Figure 18. Presenting the measurements made by Testo 480 and the sensor solutions. 

In Table 1 the MSE and MAE for each sensor solution can be seen. The two Yanzi devices have 

similar errors. The Yanzi devices have the smallest deviation from Testo 480 and TI has the 

largest, as could be seen in the graphs. The MAE error between the devices shown in Table 9 are 

smaller than the MAE between the sensor solutions and the Testo 480. However, the MSE is 

larger in between the devices than between the devices and the Testo 480.  

Table 12. The calculated MSE and MAE for the sensor solutions in relation to the Testo 480. The sensor solutions are ranked 
according to smallest to largest error. 

Device Rank MSE (°C) MAE (°C) Square of MAE (°C) 

Y2 1 0.1194 0.3441 0.1184 

Y3 2 0.1283 0.3563 0.1269 

SCB1 3 17.6929 4.2052 17.6837 

TI2 4 25.7237 5.0700 25.7049 

 

5.4 Comparison of the Sensor Solutions Coverage 
In Figure 19 it can be seen that SCB has the best overall coverage in the zones and TI the least 

good coverage. This is reflected in the sensor solutions mean value of the coverage in each zone 

which for SCB is 89.0%, for Yanzi 78.1%, and for TI 42.5%. TI is the only solution that has 0% 

coverage in some of the zones. 
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Figure 19. Percentage of data received in each of the zones sorted according to distance from the gateway, with the sensors 
closest to the gateway on the left and farthest away on the right. 

Figure 20 shows the percentage of received data for the Yanzi solution in each zone together 

with a trend line. The trend line indicates that the coverage declines with increasing distance 

from the gateway. However, the bar for zone 2 and 12 diverge from the trend line. The 

discrepancy in coverage between the two Yanzi devices Y2 and Y3 was 3.3 percentage points 

when placed in zone 6.  

 

 

Figure 20. The percentage of the data received by Yanzi in each zone according to distance from the gateway, with the 
sensors closest to the gateway on the left and farthest away on the right.. 
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Alike Yanzi, the coverage for the TI solution also decreases with increasing distance to the 

gateway as can be seen in Figure 21. There also is a significant discrepancy in the coverage for 

the two TI devices. This discrepancy varies as it is sometimes TI1 and sometimes TI2 with the 

least coverage.  

 

 

Figure 21. The percentage of the data received by TI in each zone according to distance from gateway, with the sensors 
closest to the gateway on the left and farthest away on the right. 

SBC’s trend line in Figure 22 is flatter than both Yanzi’s and TI’s. As for TI there is a discrepancy in 

coverage between the two SCB devices, this is most notable in zone 9. SCB also has the least 

mean coverage in zone 9 and 12.  

 

Figure 22. The percentage of the data received by SCB in each zone according to the distance from the gateway, with the 
sensors closest to the gateway on the left and farthest away on the right. 

As can be seen in Figure 23 the trend for the two first measurements with zero and two plugs is 

that the coverage increases or remains constant. However, this does not hold true for Y10 which 

coverage declines with 1.6 percentage points when the two plugs are connected. The test with 



43 
  

zero and two plugs was performed during the same day but the last test with all four plugs was 

not performed until the day after. When connecting four plugs the trend looks different as the 

coverage of device Y6, Y7, Y9, Y8, Y5, Y12, Y11, and Y13 decreases. The coverage increases for 

Y2, Y3, Y1, Y15, and Y14 and remains constant for Y10 and Y4.   

 

 Figure 23. Showing the trend of Yanzi's coverage depending on number of plugs connected.  

5.5 The Temperature Map 
During the week that data was gathered for the temperature map the maximum temperature 

registered was 25.59°C and the minimum temperature was 22.17°C. The interval for the 
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temperature map was thus set between 22.10°C to 25.60°C. An appropriate length of step was 

determined to be 0.5°C. In detail the scale for the temperature map can be seen in Table 13. 

Table 13. The scale for the temperature map. 

Step no. Color Temperature °C   

7   >25.09 

6   24.60-25.09 

5   24.10-24.59 

4   23.60-24.09 

3   23.10-23.59 

2   22.60-23.09 

1   22.10-22.59 

 

A prototype for the temperature map can be seen in Figure 24 below. The prototype figure is 

based on actual data gathered by Yanzi. 

 

 

Figure 24. A prototype of the temperature map. 

5.6 Comparison of the Sensor-solutions’ Performances 
The performance for each sensor solution on the criteria is presented in the paragraphs below. 
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5.6.1 Cost 

The cost for setting up the solutions at Vasakronan have been compiled in Table 14 below. In 

order to compare the costs for the sensor solutions, an example of what it would cost to only 

install two sensors was used. Naturally, this cost also include the other equipment that is needed 

such as gateway and other hardware. For TI this meant that the BeagleBone Black, USB dongle, 

CC debugger and DevPack was included in the cost. However, for Yanzi it was assumed that the 

distance from the sensor to the gateway was short enough that Plugs were not needed. 

Conclusively, the TI solution is the cheapest, followed by Yanzi, and most expensive is SCB. 

Table 14. Cost of sensor solutions for testing at Vasakronan, as well as a comparable cost for each sensor solutions if only 2 
sensors would be required. 

Sensor Solution Equipment Cost (SEK) 
Cost 2 Sensors + 
Other Required 

Equipment (SEK) 

Yanzi 1*Gateway, 4*Plugs, 15*Climate 9210 2693 

SCB 2*SCB 3702 3702 

TI 
2*SensorTags, 1*BeagleBone Black, 1* 

USB dongle, 1*CC debugger, 1* DevPack  
1876 1876 

 

5.6.2 Battery Life 

Secondly, the Yanzi Climate is the most durable solution of the three when it comes to battery 

life. Their sensors have been connected and online for more than a month, while battery tests 

for SCB resulted in a maximum of 24h and TI SensorTags lasted 58h the longest, which can be 

seen in chapter 5.1.   

5.6.3 Network Range 

When it comes to network range, SCB only depends on the Wi-Fi coverage of the building. Yet, it 

was not possible to determine why the SCBs stopped publishing data during the tests presented 

in chapter 5.1, which could be a result of network issues. Thus, SCB did not receive the highest 

performance score on this criterion. Both TI SensorTags and Yanzi Climate are more limited 

when it comes to network range, although Yanzi Climate have a slight advantage over TI 

SensorTags since Yanzi have other products that can be used as signal repeaters.  

5.6.4 Ease in Installment 

The installment of the Yanzi Gateway, Climate and Plugs was very simple. On the contrary, it was 

a rather complicated process to setup the TI SensorTag, as described in chapter 4.4.2. 

Additionally, SCB required some troublesome configuration that failed repeatedly, explained in 

chapter 4.4.1. Nevertheless, when it came to retrieving data the SCB had the simplest solution. It 

did not require any additional installations and the data structure was easy to view and 

understand.  

5.6.5 Ease in Retrieving Data 

It was difficult to obtain the data from the TI SensorTags, since the setup was quite complicated 

and contained several unforeseen issues, such as the need for both a CC debugger and 

programmer and a development pack and debugger. It was also quite hard to find the required 

software, which TI supposedly provided. Instead it had to be requested from others who have 

found it on the engineer-to-engineer forum that TI have set up. The engineer-to-engineer forum 
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was also used when other unknown issues occurred, which were many due to the complicated 

setup.  

Obtaining the data from Yanzi seemed straightforward from their API documentation. However, 

some information was left out in the documentation, for instance that the time sent to the 

websocket should be in milliseconds, and not seconds that is default when using the time 

function in Python. Additionally, the many default sent responses such as “SubcribeResponse” 

and “GetLocationsResponse” congested the traffic between the websocket and computer, and 

thus, the correct responses were difficult and time-consuming to retrieve, as mentioned in 

chapter 4.4.2. This made the program work slower than necessary and additionally, this problem 

was not identified initially, which further delayed the finishing of the program.  

5.6.6 Possibility of Error Diagnosis 

It was simple to see the possibilities of error diagnosis while writing the programs that collect 

the data from the sensors. TI had the least complications when it came to troubleshooting, 

mainly because there was full transparency of how the system worked due to the construction 

of the gateway and program. On the contrary, Yanzi had one of the most difficult sensor 

solution, since it was impossible to see what happened in the websocket. Still, it was equally 

difficult to find out what issue occurred with the SCB devices, and the support from the 

manufacturers were inexistent, compared to Yanzi where it was possible to discuss issues with 

the software developers.  

5.6.7 Ownership of Data 

Moreover, the TI sensor solution was better when it came to ownership of data. Since the sensor 

readings were sent directly to the computer from the gateway and stored there, there is no 

question who owns the data. For both SCB and Yanzi the data is stored on a separate server 

before being retrieved, which means that the data is owned by them, or atleast, out of the 

control of the user.  

5.6.8 Conformity within Sensor Solution 

When it comes to conformity within the sensor solution, meaning how similar two sensors of 

each kind measure, the TI had the largest difference. This was followed by SCB, which also had a 

large deviance between the two sensors. Yanzi had the best conformity between the devices.  

5.6.9 Sensitivity to Sudden Temperature Changes 

The sensitivity to sudden temperature changes was highest for the TI SensorTags. This was easily 

noted when moving the TI towards a heat source, which raised the temperature reading 

instantly. Both the Yanzi and the SCB took more time to adjust to the surrounding temperature. 

For SCB it was somewhat difficult to see how quickly it responded, since the sensors only 

measured once a minute, but an estimation was that it took 10 minutes. The Yanzi sensors had 

similar adjustment time as the SCB.  

5.6.10 Quality of Measurements 

In regards to quality of measurements, Yanzi Climate is the most reliable one according to the 

results in chapter 5.3. From that, it is also obvious that TI has the lowest quality of 

measurements, which puts SCB in between the two with mediocre results. 
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5.6.11 Possibility of Implementing Indoor Positioning System 

The SCBs have better potential when it comes to opportunity of implementing an indoor 

positioning system. This is due to the fact that it uses Wi-Fi network, which means that it can use 

the Wi-Fi triangulation technique for indoor positioning. Indoor positioning for Yanzi Climate is a 

feature that Yanzi is thinking of implementing in their current sensors, and will hopefully be 

released in form of software updates soon (Sandhagen, 2016). However, since the software is 

currently not available, the performance score for Yanzi is still 1. So far, TI SensorTags do not 

seem to have been used with some kind of indoor positioning system and there is no mentioning 

of this anywhere, which implies that this is not something that TI is currently working on. 

5.6.12 Possibility to Expand Sensor Use 

Both SCB and TI SensorTag have large advantages over Yanzi when it comes to the possibility to 

expand the sensor use, since they are already equipped with several other sensors. Still, there 

are other sensors in the Yanzi family that could be used, for instance Yanzi Air, Distance or Light.  

5.6.13 Summarization of Multi-Criteria Analysis 
The outcome of the comparison can be found in Table 15 below. 

Table 15. The result of the multi-criteria analysis of the sensor solutions. 

Criteria Importance 
TI SCB Yanzi 

Score Sum Score Sum Score Sum 

Cost 9 5 45 2 18 3 27 

Battery life 6 1 6 2 12 5 30 

Network range 8 1 8 4 32 3 24 

Ease in installment 8 1 8 4 32 5 40 

Ease in retrieving data 8 1 8 5 40 2 16 

Ownership of data 7 5 35 1 7 1 7 

Conformity of measurements within solution 9 2 18 3 27 5 45 

Sensitivity to sudden temperature changes 4 5 20 3 12 3 12 

Quality of measurements 10 1 10 2 20 5 50 

Opportunity of error diagnosis 8 5 40 1 8 2 16 

Possibility for indoor positioning system 1 1 1 5 5 1 1 

Sensor expansion possibility 2 5 10 5 10 2 4 

Total   209 223 272 
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6 Discussion 
In this chapter the findings of the tests at Vasakronan as well as the findings from interviews and 

the literature study are discussed. The results and sources of error are discussed for each of the 

tests.  

6.1 Comparison between the Different Sensor Solutions and Tinytag 
The methodology of the test is presented in chapter 4.5.1 and the results in chapter 5.1. 

6.1.1 Length of Successful Transmission of Data 

As mentioned in the description of the Tinytag it can measure once per minute for 5 days before 

the memory is full, its battery however lasts much longer. Of the sensor solution TI were able to 

transmit data the longest, roughly 2 days and 10 hours, and Yanzi transmitted for roughly 1 day 

and 10 hours, whereas the SCB device that transmitted the longest only lasted for approximately 

10 hours. However, after rewriting Yanzi’s program for the gathering of data to the temperature 

map it transmitted for several days before implications that stopped the transmission arouse. 

The problem was due to unexpected error messages that previously had not been received, 

which caused the program to make an exception, leading to termination of the program. Due to 

limited time for testing and debugging the code, this issue was not known until the real testing 

had already begun, which was unfortunate but inevitable. However, as mentioned, this problem 

was easily solved but could not been done under the testing time since this took place during the 

weekend when there was no access to the building. 

Since the SCB solution was connected to a computer for power it should have been able to 

transmit data for the whole test period and it is not known why it stopped.  The unknown reason 

for the malfunctioning of the two SCB devices has unfortunately been a reoccurring problem 

during the tests. Although, it should also be mentioned that even though the SCBs were of the 

most recent model, the samples that Sweco had were about 6 months old. This could mean that 

the newer SCBs do not have this problem, since some minor updates may have occurred. 

However, the difficulty in conducting error diagnosis has been identified as one of the greatest 

deficiencies of the SCB solution.  

TI that lasted the longest was also the only solution that stopped transmitting due to the 

batteries being drained. 2 days and 10 hours is a short time interval for a battery change if the 

sensor should be used for a long-term installment. However, by using batteries with better 

quality than the one used in the test it is possible that the battery lifetime can be prolonged.  

In conclusion, Yanzi has been found to be the most reliable when it comes to length of time that 

it can transmit without need of battery change or other implications.  

6.1.2 Consistency in Measurements by the Two Devices from Each Solution 

As can be seen in the graphs of the measurements made by the sensor solutions and Tinytags 

during the test period, the Tinytags and Yanzi devices seem to have less deviation between the 

devices. Furthermore, the two devices has similar contours of the graph which also indicates 

they make more uniform measurements. In contrast, the graph for the TI and SCB devices shows 

that these two sensor solutions makes less uniform measurements than the Tinytag and the 

Yanzi. In addition, for both the TI and SCB solution the two devices’ graphs do not follow each 

other’s contour as well as the Tinytag and Yanzi devices did. This also indicates a discrepancy 

between the measurements made by different devices.  
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In addition, the graphs shows that none of the sensor solutions had a constant size of the 

deviation between the two devices. How much the two TI devices deviate changes significantly 

during the testing period as the two graphs converge towards the last measurements. Likewise, 

the SCB deviates less at the beginning of the test period and more at the end.  A constant 

deviation between the two devices is preferable since it is then possible to compensate for this.  

As can be seen in Table 9 the Tinytags makes the most uniform measurements. Yanzi makes the 

most uniform measurements of the three sensor solutions and TI makes the least uniform 

measurements. Since the MSE is larger than the square of MAE for Yanzi, SCB, and TI it can be 

concluded that they have data points that deviate significantly more than most of the data 

points. Thus, the two graphs’ contours will not follow each other evenly but instead at some 

points deviate more and at some points less. Consequently, the measurements will be less 

reliable as the deviation between the devices will fluctuate. On the contrary, the fact that the 

Tinytag has a smaller MSE than the square of MAE indicates that it has few points that deviate 

more significantly than the rest of the data points. Hence, these two graphs follow each other 

more evenly.  

The shift in which of the Yanzi devices that measures the highest and lowest temperature is not 

good as it either indicates some sort of malfunctioning in one of the devices or it is due to the 

measuring uncertainty of ±0.3°C.   

The TI solution was the only solution which confused the ID’s of the devices, although several 

actions were taken to prevent this. This is of course a drawback of the TI solution as it is 

important to know which device collects the data.  

In conclusion, Yanzi has the least discrepancy in measurement between the devices and thus, it 

is more useful for the temperature map application. 

6.2 Air temperature Compared to the Operative Temperature and the 

Measured Thermal Climate 
The methodology of the test is presented in chapter 4.5.2 and the results in chapter 5.2. 

6.2.1 Air and Operative Temperature 

As a result of the difference between the operative and air temperature being largest in zone 6 

this is the zone where measurement of the air temperature will serve the least as an indicator of 

the thermal climate. Still, the difference is quite small, 0.5°C.  

That the operative temperature systematically is lower than the air temperature in all zones is 

favorable for the temperature map as there will be a consistent difference from the measured 

air temperature. On the other hand, the fact that the mean value of the difference in air and 

operative temperature varies from 0.1°C to 0.5°C in the different zones is worse. Even so, the 

variation of 0.4°C is relatively small when compared to the difference of 0.15°C to 0.2°C that a 

human can detect when in contact with an object that changes temperature.  

In conclusion the difference between air and operative temperature will have an effect on the 

usefulness of the air measurement as an indicator of thermal comfort, mainly due to the 

operative temperatures contribution in size will not be consistent between the zones. Still, the 

disparity between the zones is not large enough to reject the air measurement as an indicator of 

thermal comfort nor the use of a temperature map.  
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6.2.2 Difference in Air and Operative Temperature between the Zones 

The largest occurring air temperature difference between the zones in the office during the time 

of testing was 1°C. This is relatively small but still perceivable for a human when regarding the 

fact that when in contact with an object humans can detect temperature differences on the 

object as small as 0.15°C to 0.2°C. 

In conclusion there is a perceivable temperature difference occurring between the zones during 

the same time of the day. Even when regarding the variations in the operative temperature’s 

contribution there will be a perceivable difference.  

6.2.3 PMV and PPD 

With the largest difference in PMV being 0.24 between the zones and the largest difference in 

PPD being 2% this also indicates that there is a noteworthy difference in thermal sensation in the 

office that validates the use of a temperature map. The 2 % difference can be put in relation to 

the maximal 10% of dissatisfied people that are allowed by the ISO standard.  It is difficult to say 

whether the difference 0.24 in the PMV index will have notable effect. It should also be noted 

that the number of people being dissatisfied according to the PMV and PPD are assumed to be 

seated actively with light business wear. Vasakronan’s office provides several types of work 

desks that are adapted for sitting or standing. Thus, the activity level of the office user and 

consequently the PMV and PPD will change according to these. However, the measurements in 

this report was made to visualize an existing difference in thermal sensation in the office. 

Furthermore, it is the office users’ different preferences regarding activity and clothing as well as 

biological differences that in the end also validates the use of a temperature map in the office. 

In conclusion, the difference in PMV and PPD between the zones also indicates that a 

temperature map is applicable at Vasakronan’s office.  

The fact that the lowest and highest values was consistently measured in zone 2 and 6 does not 

exclude the possibility that this might look different if the measurements had been done at 

another time of the day. This is due to for example the influence of solar gain and number of 

people located in the zone during the measurements. To what degree these factors influence the 

shifts in temperature during the day is however unknown.  

In conclusion the shift of temperature in the office during the day indicates that a real time 

temperature map will be useful as it will visualize the changes in temperature during the day. 

That the Swedish National Board of Health and Welfare states that temperature is the most 

common root of complaints, as mentioned in the theoretical background, further validates the 

use of air temperature map as an indicator of indoor climate and for the choice of seating in the 

office (National Board of Health and Welfare, 2005).  

6.2.4 Source of Error  

When conducting these measurements a source of error in the measurements is that people 

were moving around the Testo 480. However, since these values has been used to establish that 

the thermal sensation is diverse in the different zones this source of error can be disregarded.  

As mentioned in the theoretical background the factors that cause local discomfort also affects 

the thermal comfort but has not been investigated in relation to the use of air temperature as an 

indicator of thermal sensation. However, these factors are always perceived as uncomfortable 
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and since they are a local phenomenon they are assumed to not play a significant part in this 

investigation.  

6.3 Comparison between the Air Temperature Measurements of Testo 480 

and the Sensor Solutions 
The methodology of the test is presented in chapter 4.5.3 and the results in chapter 5.3. 

6.3.1 The Sensor Solutions Deviation from Testo 480’s Measurements 

As can be seen in both Figure 18 and Table 12, Yanzi is the sensor solution that makes the most 

correct measurements. Both TI and SCB has a significant deviation from the measurements 

made by Testo 480. Consequently, TI and SCB are unreliable when it comes to temperature 

measurements. In an application like the temperature map the unreliability of TI and SCB makes 

them useless. The temperature intervals at the office is small and in relation to this interval TI 

and SCB deviate too much from the correct value.  

In conclusion, Yanzi is the best solution and the only solution that can be considered to take 

reliable measurements. Still, the accuracy of the measurements made by Yanzi is questionable as 

they deviate approximately 0.34-0.36°C from the measurements made by Testo 480. Even so, 

the error by the Yanzi solution is less than Testo 480’s measuring uncertainty of ±0.5°C. 

However, further testing to validate the accuracy of Yanzi’s measurements should be made 

before implementing the solution in projects where accuracy is of greater importance.  

6.3.2 Source of Error 

During the tests only one SCB and one TI device was used due to the other ones malfunctioning. 

As discussed in section 6.1.2 there is a discrepancy in the measurements taken by the two SCB 

and the two TI respectively. Thus, in this test it is possible that the less reliable device was used 

and thus showed a larger deviation from Testo 480’s measurements.  

6.4 Comparison of the Sensor Solutions Coverage 
The methodology of the test is presented in chapter 4.5.4 and the results in chapter 5.4. 

6.4.1 Comparison between the Solutions 

In the coverage test SCB has an advantage as it is not bound to a gateway and thereby it also has 

the best mean coverage when looking at the whole office. This can easily be seen in Figure 22 

where SCB’s trend line is significantly flatter than Yanzi’s and TI’s trend line. Furthermore, SCB 

has better coverage or similar coverage to the Yanzi and TI solution even in the zones close to 

the gateway.  

In comparison with the discrepancy in coverage between the devices for SCB and Yanzi, TI has a 

notably larger discrepancy. Due to this and due to the few zones TI was able to cover indicates 

that this solution’s coverage is unreliable.  

Furthermore, the deviations from the trend lines can possibly be due to walls or furniture that 

hinders the signals or due to other signals that causes interference.  

In conclusion, SCB has the best coverage and is the most mobile solution. Yanzi come on a 

second place and TI last.  
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6.4.2 Yanzi Plug Test 

As can be seen in the results from the test the first two plugs increases all Yanzi devices 

connection. However, when the last two are connected the coverage decreases in the zones 

close to the gateway but continues to increase in the zones that are the farthest from the 

gateway. This can be due to sensors sending data through the plugs closest to the gateway, 

instead of directly to it when they are connected. Thus, the plugs have to repeat many signals, 

which may cause them to drop some of the samples. Another theory is that the sensors connect 

to plugs that are barely reachable, and then loose the contact with the plugs, causing the 

samples to be dropped. 

In conclusion, it is not certain that the coverage will increase for all the sensors as more plugs are 

added to the system. However, the distance that the Yanzi solution can cover does increase.  

6.5 The Temperature Map 
The methodology of the test is presented in chapter 4.5.5 and the results in chapter 5.5. 

As mentioned in the earlier section a temperature map is applicable at Vasakronan’s office as 

there is a difference in thermal sensation between the zones that can be perceived by humans 

and visualized by using air temperature as an indicator. This can also be seen in the prototype 

Figure 24 where the temperature range at the office is large. However, the difference in 

temperature at the office does vary during the day as well as the temperature in each zone.  

The length of step determined to be 0.5°C is perceivable for humans and will have a noteworthy 

influence on their thermal sensation. Still, the interval and length of step might need to be 

adjusted as there can occur a difference in the maximum and minimum temperature at the 

office between winter and summer.  

6.6 Overall Comparison of Sensor Solutions 
To begin with, it should be mentioned that a multi-criteria analysis is highly subjective, and 

depends on the impression by the performer of the comparison. This could lead to an alternative 

being favored or another being unfairly depreciated. This fact has to be taken into account when 

reviewing the results of the multi-criteria analysis. 

Nevertheless, the multi-criteria analysis clearly points out Yanzi as the best sensor solutions of 

the ones compared. This is mainly due to higher quality of results, conformity within sensor 

solution and reliability. Moreover, the SCB had a higher total score than the TI SensorTag. 

However, they perform better or worse on different criteria, and thus the solutions should be 

used where their benefits come to use.   

A significant remark that should be made is that many parts of the TI solution was not made by 

professional software developers who had a long time for development. This meant that there 

was limited time for testing and debugging, as well as development discussions among 

professionals. Thus, the solution could have been improved significantly, especially if more time 

was given. Therefore, it is important to recognize that the TI solution presented here may not be 

the optimal one. 

Another remark that should be made is that the conformity within the TI sensors was excellent 

when initial tests were made. The sensors were equal on a hundredth of a degree Celsius, which 

was consistent for several minutes during the initial test when the measuring took place every 
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tenth seconds. Why the consistency was altered is unknown, but it could be that the sensors 

needs to be recalibrated frequently, which would then be another drawback of the TI solution. 

In a best case scenario, some of the sensor solutions characteristics should be combined. A 

perfect combination of a sensor should include: 

 The cost, reactivity to sudden changes, ownership of data, and opportunity of error 

diagnosis of the TI solution 

 The network of the SCB, for better network range and possibility to implement indoor 

positioning system, as well as ease in installment and retrieving data, and sensor 

expansion possibility 

 The battery life, quality and conformity of measurement of the Yanzi solution. 

 

However, no solution as the above mentioned have been found yet. Although, the new TI 

SensorTag with Wi-Fi that is about to be released might be interesting to review in the future 

(Texas Instruments, n.d. i). 

6.7 Potential Improvements of Sustainability by Real-time Thermal 

Measurements 
The potential sustainability improvements are within two main categories. Firstly, within energy 

savings, through a more efficient regulation of the HVAC system. Secondly, within social 

sustainability, through a better perceived indoor climate as the users of the office are able to 

choose their seating according to the temperature map. Additionally, this may also lead to 

increased productivity among the office users.  

By using the data from the sensors and the temperature map the regulation of the HVAC system 

could be made more efficient and give quicker feedback than existing feedback systems 

regarding the effect of measures made to change the setting of the HVAC system. It will be 

possible to run the HVAC system more efficiently as natural variations in temperature within the 

building and the thermal inertia of the building can be used as an asset for creating a variation in 

temperature that can be useful for the temperature map and its users. Currently, the HVAC 

systems are rather struggling to counteract these variations as the superintendents strive to 

reach a set-point temperature that is consistent within the whole building. A temperature map 

could possibly also increase the office users’ acceptance of a larger variety in temperature during 

the week and during the year; however, this is only a hypothesis. Still, if the hypothesis proves 

true, it would lead to energy savings as the HVAC system operates intensely if it needs to reach a 

set-point temperature during all hours of the year that the office is occupied instead of being 

allowed to maintain a broader temperature interval.  

Furthermore, the use of individual choice by the use of the temperature map instead of the use 

of individual control through temperature sensors connected to the HVAC system is likely both 

more energy efficient and economically viable. This is due to the high cost of connecting 

temperature regulators to the existing HVAC system and the cost of inefficient cooling and 

heating in an open landscape office. The inefficient cooling and heating results in lower energy 

efficiency and arise because it is not possible to have one area in an open landscape office being 

heated while another one is cooled as the effect of the two will ultimately cancel out each other.  
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By having a temperature map of the office, malfunctioning in the HVAC system can easier be 

detected. As the sensors are placed where people are actually located, unlike the HVAC systems 

sensors that are located in the walls or roofs, these will give a more correct picture of how the 

setting of the HVAC system are perceived by the office users. In addition, since the sensors make 

real time measurement the superintendents will be given quicker feedback on how for example 

changes they have made to the HVAC system affects the indoor climate. Together with the data 

gathered by Flowscape on where people are located in the building this could also be a way to 

investigate how occupancy affects the temperature in the specific building and in specific zones 

of the building.  

The temperature map can also improve the communication between the superintendents and 

customers as it clearly visualizes the performance of the HVAC system in the office. This can 

make it easier for the customer to make sure that the HVAC system functions in a desirable way 

and it is simpler for the superintendent to show how the HVAC system is performing. As 

mentioned in the theoretical background the temperature is the indoor climate factor that the 

users of buildings most often complain about according to (National Board of Health and 

Welfare, 2005). 

Vasakronan has plans on including built in sensors in their future office buildings that can be 

used in a similar way and for more purposes than tested in this study (Sandell, 2016). Still, the 

sensors tested in this study could be used to modernize older buildings were it will be costly to 

incorporate sensors into the building. 

The temperature map application of sensor solutions is a both economic and energy efficient 

way of accomplishing a form of individual control over the indoor climate, which in this report 

have been named individual choice. Individual choice is more energy efficient as individual 

control of the indoor environment often leads to higher energy consumption whereas the 

individual choice not directly affect the energy usage of the HVAC system. However, the sensors 

and the visualization in the temperature map does of course require energy. Still, these are 

thought to be lower than the consumption of an individual control system that regulates the 

HVAC system.  

Another advantage of the individual choice is that it hopefully will increase the social 

sustainability at the office. This is due to the studies by (National Board of Health and Welfare, 

2005) (Shahzad, 2013) (Frontczak & Wargocki, 2011), mentioned in the theoretical background, 

have shown that people are more satisfied with the indoor climate if they have an opportunity 

to affect it. In this case they cannot affect the indoor climate directly but choose where to sit 

according to the temperature map. In the long term an indoor climate perceived as more 

pleasant will hopefully also lead to a higher productivity among the user as the link has been 

shown in earlier studies by (Tanabe, et al., 2007) (Seppänen, et al., 2004) (Lan, et al., 2010). 

Furthermore, a connection with a decrease in the occurrence of sick building syndromes has also 

been established by (Fang, et al., 2002) and (Jaakkola, et al., 1989). There are also other factors 

that influence the choice of seating such as distance to windows and coworkers and similar. The 

use of individual choice through the temperature map may thus be affected by these factors as 

well. 
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7 Conclusions 
There are several conclusions from this thesis work and it has been possible to answer the aims 

stated at the beginning of the report.  

In the literature review it was found that there is a need for monitoring of the thermal comfort 

as it is the comfort factor that has the largest influence on peoples’ comfort at offices and that it 

often is the root for complaints. In addition, according to the literature study a comfortable 

thermal climate leads to increased productivity among the office users. Furthermore, the 

literature study and the interviews with Göran Wigermo, Ronny Rauden, and Dan Sellergren has 

established that the optimal temperature between persons can vary greatly. Thus, the 

monitoring and use of the temperature variations in the office can be used as an asset for 

providing a comfortable indoor climate for everyone at the office.  

The findings of the investigation on how thermal comfort is measured according to ISO 

standards and requirements by Swedish work environment jurisdiction was used for the setup of 

the tests as well as the validation of air measurements as an indicator of thermal comfort. The 

findings are presented in chapter 2.3 and 3.1.  

As can be seen in the section 6.7 there are several possible sustainability improvements in the 

office as a result of the temperature measurements and the temperature map. The sustainability 

improvements was found to be within a more energy efficient use of the HVAC system and social 

sustainability as the office users can use “individual choice” in order to achieve a better thermal 

comfort.   

The sensor solutions tested in this study, Yanzi, Texas Instruments, and Smart Citizen Board, was 

evaluated through a multi-criteria analysis. The outcome showed that the best available solution 

for this case was the Yanzi. The SCB was slightly better than the TI, but both lacked in quality of 

measurements as well as conformity compared to Yanzi. Still, some of the characteristics of the 

SCB and TI are better than the ones of Yanzi. Conclusively, a combination of the solutions might 

be best. 

When comparing the sensor solutions performance with the traditional technology it was found 

that the sensor solutions are less accurate and less reliable when it comes to the transmission of 

data. The Testo 480 and Tinytags were relatively easy to use and for the time of the 

measurements they were able to collect data every minute whereas this varied for the sensor 

solutions, even when placed in the zone closest to the gateway. Thus, the sensor solutions 

tested in this study are currently not able to replace or compete with traditional measuring 

technologies when accuracy and reliability is needed.  
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8 Recommendations 
For future studies it would be interesting to see research on how and if sensors should become a 

more common feature in office buildings, buildings in general, and in cities. In order to do this it 

will also be important to investigate what kind of data is relevant to gather and which sensors to 

use for these purposes. Furthermore, the environmental impact of the sensor solutions should 

also be investigated by using a life cycle approach. In line with this the smart building and smart 

city concept will hopefully continue to develop and become a more prominent part in our 

everyday lives in the coming years.  

Regarding the HVAC system it would be interesting with more studies regarding how larger 

temperature variations in buildings can contribute to decreasing the energy consumption. 

Furthermore, it is also relevant to research how the natural temperature variations in a building 

can be used as an asset while maintaining a comfortable indoor climate.  

Lastly, we would also like to see that the sensor solutions on the market today are developed to 

become more accurate and reliable, while remaining at low costs. Hopefully this will help to 

ignite the smart cities’ transition.   
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Appendix I – Calculation of PMV and PPD 
In the method created by Povl Ole Fanger PMV is calculated as follows 

𝑃𝑀𝑉 = (0.303 ∙ 𝑒−0.036𝑀 + 0.028) ∙ [(𝑀 − 𝑊) − 𝐻 − 𝐸𝑐 − 𝐶𝑟𝑒𝑠 − 𝐸𝑟𝑒𝑠]   (1) 

where 

M is the metabolic rate in (W/m2) 

W  is the effective mechanical power in (W/m2) 

H is the sensitive heat loss 

Ec is the heat exchange by evaporation on the skin 

Cres  is the heat exchange by convection in breathing 

Eres is the evaporative heat exchange in breathing (Gameiro da Silva, 2013). 

H, Ec, Cres,, and Eres equals the heat exchange between the body and the surrounding environment and 

are calculated as follows 

𝐻 = 3.96 ∙ 10−8 ∙ 𝑓𝑐𝑙 ∙ [(𝑡𝑐𝑙 + 273)4 − (𝑡𝑟 + 273)4] − 𝑓𝑐𝑙 ∙ ℎ𝑐 ∙ (𝑡𝑐𝑙 − 𝑡𝑎)  (2) 

𝐸𝑐 = 3.05 ∙ 10−3 ∙ [5733 − 6.99(𝑀 − 𝑊) − 𝑝𝑎] − 0.42 ∙ [(𝑀 − 𝑊) − 58.15] (3) 

𝐶𝑟𝑒𝑠 = 0.0014 ∙ 𝑀 ∙ (34 − 𝑡𝑎)     (4) 

𝐸𝑟𝑒𝑠 = 1.7 ∙ 10−5 ∙ 𝑀 ∙ (5867 − 𝑝𝑎)    (5) 

where 

𝑡𝑐𝑙 =
35.7 − 0.028 ∙ (𝑀 − 𝑊) − 𝐼𝑐𝑙 ∙

{3.96 ∙ 10−8 ∙ 𝑓𝑐𝑙 ∙ [(𝑡𝑐𝑙 + 273)4 − (𝑡�̅� + 273)4] + 𝑓𝑐𝑙 ∙ ℎ𝑐 ∙ (𝑡𝑐𝑙 − 𝑡𝑎)}
  (6) 

ℎ𝑐 = {
2.38 ∙ |𝑡𝑐𝑙 − 𝑡𝑎|0.25  𝑓𝑜𝑟  2.38 ∙ |𝑡𝑐𝑙 − 𝑡𝑎|0.25 > 12.1 ∙ √𝑣𝑎𝑟

12.1 ∙ √𝑣𝑎𝑟              𝑓𝑜𝑟  2.38 ∙ |𝑡𝑐𝑙 − 𝑡𝑎|0.25 < 12.1 ∙ √𝑣𝑎𝑟

  (7) 

𝑓𝑐𝑙 = {
1.00 + 1.290𝑙𝑐𝑙   𝑓𝑜𝑟   𝑙𝑐𝑙 ≤ 0.078 𝑚2 ∙ 𝐾/𝑊

1.05 + 0.645𝑙𝑐𝑙   𝑓𝑜𝑟   𝑙𝑐𝑙 > 0.078 𝑚2 ∙ 𝐾/𝑊
   (8) 

and where 

𝑡𝑐𝑙 is the clothing surface temperature (°C) 

ℎ𝑐 is the convective heat transfer coefficient [W/(m2∙K)] 

𝑓𝑐𝑙 is the clothing surface area factor 

𝐼𝑐𝑙 is the clothing insulation (m2∙K/W) 

𝑡�̅� is the mean radiant temperature (°C) 

𝑡𝑎 is the air temperature (°C) 

𝑣𝑎𝑟  is the relative air velocity (m/s) (Swedish Standards Institute, 2006). 

When measuring with a standard bulb with a diameter of 150 mm and assuming forced 

convection the mean radiant temperature is calculated as  

𝑡�̅� = √[(𝑡𝑔 + 273)
4

+ 2.5 ∙ 108 ∙ 𝑣𝑎𝑟
0.6(𝑡𝑔 − 𝑡𝑎)]

4
− 273   (9) 

where 



II 
 

𝑡𝑔 is the radiant temperature (°C) (Testo, n.d. a). 
 

The clothing surface temperature 𝑡𝑐𝑙 is initially unknown and determined through iteration. The 
equation used for the iteration is based on the fact that in a steady-state regime the heat flux 
transmitted by conduction through the clothing’s inner to outer layer is equal to the convection 
and radiation heat exchange with the surroundings. Thus, 𝑡𝑐𝑙 can be expressed as 

𝑡𝑐𝑙 = 𝑡𝑠𝑘 − 𝐼𝑐𝑙 ∙ 3.96 ∙ 10−8 ∙ 𝑓𝑐𝑙 ∙ [(𝑡𝑐𝑙 + 273)4 − (𝑡𝑒𝑞 + 273)
4

] − 𝐼𝑐𝑙 ∙ 𝑓𝑐𝑙 ∙ ℎ𝑐 ∙ (𝑡𝑐𝑙 − 𝑡𝑒𝑞) (10) 

where 

𝑡𝑠𝑘 = 35.7 − 0.028(𝑀 − 𝑊)     (11) 

and is the external temperature of the skin (Gameiro da Silva, 2013). 

The PPD is based on the PMV and is calculated as 

𝑃𝑃𝐷 = 100 − 95 ∙ 𝑒(0.03353∙𝑃𝑀𝑉4−0.2179∙𝑃𝑀𝑉2).   (12) 
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Appendix II – JSON-structure of the SCB Data 
{ 
 "id": 3088, 
 "uuid": "0a0b98af-371e-466b-a65c-67e36fd42845", 
 "name": "SCB 1", 
 "description": "Temperature measurements at Vasakronan", 
 "state": "has_published", 
 "system_tags": ["indoor", "offline"], 
 "user_tags": ["Research"], 
 "last_reading_at": "2016-04-22T11:38:43Z", 
 "added_at": "2016-02-05T11:50:38Z", 
 "updated_at": "2016-06-14T07:35:08Z", 
 "mac_address": "[FILTERED]", 
 "owner": { 
  "id": 5109, 
  "uuid": "7498c3fa-fa63-4886-a015-fa89cf6153b4", 
  "username": "JessicaFredheim", 
  "avatar": 
"https://smartcitizen.s3.amazonaws.com/avatars/default.svg", 
  "url": null, 
  "joined_at": "2016-02-05T11:42:39Z", 
  "location": { 
   "city": null, 
   "country": null, 
   "country_code": null 
  }, 
  "device_ids": [3483] 
 }, 
 "data": { 
  "recorded_at": "2016-04-22T11:38:43Z", 
  "added_at": "2016-04-22T11:38:43Z", 
  "location": { 
   "ip": null, 
   "exposure": "indoor", 
   "elevation": null, 
   "latitude": 59.3328008991286, 
   "longitude": 18.0620223283768, 
   "geohash": "u6sce10qee", 
   "city": "Stockholm", 
   "country_code": "SE", 
   "country": "Sweden" 
  }, 
  "sensors": [{ 
   "id": 14, 
   "ancestry": null, 
   "name": "BH1730FVC", 
   "description": "Digital Ambient Light Sensor", 
   "unit": "Lux", 
   "created_at": "2015-02-02T18:24:56Z", 
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   "updated_at": "2015-07-05T19:57:36Z", 
   "measurement_id": 3, 
   "uuid": "ac4234cf-d2b7-4cfa-8765-9f4477e2de5f", 
   "value": 573.5, 
   "raw_value": 573.5, 
   "prev_value": 573.5, 
   "prev_raw_value": 573.5 
  }, { 
   "id": 17, 
   "ancestry": null, 
   "name": "Battery", 
   "description": "Custom Circuit", 
   "unit": "%", 
   "created_at": "2015-02-02T18:26:28Z", 
   "updated_at": "2015-07-05T19:55:34Z", 
   "measurement_id": 7, 
   "uuid": "5b0e390e-781d-4243-8e97-579eead09792", 
   "value": 100.0, 
   "raw_value": 100.0, 
   "prev_value": 100.0, 
   "prev_raw_value": 100.0 
  }, { 
   "id": 13, 
   "ancestry": "19", 
   "name": "HPP828E031", 
   "description": "Humidity", 
   "unit": "%", 
   "created_at": "2015-02-02T18:24:30Z", 
   "updated_at": "2015-07-05T19:54:54Z", 
   "measurement_id": 2, 
   "uuid": "1c19ae8f-b995-460f-87a3-a9d0c140abfb", 
   "value": 27.9579467773438, 
   "raw_value": 10988.0, 
   "prev_value": 27.9579467773438, 
   "prev_raw_value": 10988.0 
  }, { 
   "id": 12, 
   "ancestry": "19", 
   "name": "HPP828E031", 
   "description": "Temperature", 
   "unit": "ºC", 
   "created_at": "2015-02-02T18:24:02Z", 
   "updated_at": "2015-07-05T19:55:07Z", 
   "measurement_id": 1, 
   "uuid": "2922d20e-3b83-4d98-8791-cfcdfc12fa99", 
   "value": 20.4990942382812, 
   "raw_value": 27412.0, 
   "prev_value": 20.4990942382812, 
   "prev_raw_value": 27412.0 
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  }, { 
   "id": 15, 
   "ancestry": "20", 
   "name": "MiCS-4514", 
   "description": "NO2", 
   "unit": "kOhm/ppm", 
   "created_at": "2015-02-02T18:25:51Z", 
   "updated_at": "2015-07-05T19:57:59Z", 
   "measurement_id": 6, 
   "uuid": "0c5b7e74-ef87-431d-89af-dd51de84b10e", 
   "value": 31.239, 
   "raw_value": 31.239, 
   "prev_value": 31.239, 
   "prev_raw_value": 31.239 
  }, { 
   "id": 16, 
   "ancestry": "20", 
   "name": "MiCS-4514", 
   "description": "CO", 
   "unit": "kOhm/ppm", 
   "created_at": "2015-02-02T18:26:11Z", 
   "updated_at": "2015-07-05T19:58:18Z", 
   "measurement_id": 5, 
   "uuid": "49a26be4-3ce1-4f2e-a09b-4296fefcfe17", 
   "value": 437.111, 
   "raw_value": 437.111, 
   "prev_value": 437.111, 
   "prev_raw_value": 437.111 
  }, { 
   "id": 21, 
   "ancestry": null, 
   "name": "Microchip RN-131", 
   "description": "802.11 b/g WiFi", 
   "unit": "# networks", 
   "created_at": "2015-05-04T11:17:18Z", 
   "updated_at": "2015-07-05T19:57:22Z", 
   "measurement_id": 9, 
   "uuid": "5b1f0e38-336a-4abf-9989-69b48f0026ef", 
   "value": 25.0, 
   "raw_value": 25.0, 
   "prev_value": 25.0, 
   "prev_raw_value": 25.0 
  }, { 
   "id": 7, 
   "ancestry": null, 
   "name": "POM-3044P-R", 
   "description": "Electret microphone with envelope 
follower sound pressure sensor (noise)", 
   "unit": "dB", 
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   "created_at": "2015-02-02T18:16:41Z", 
   "updated_at": "2015-09-17T14:56:00Z", 
   "measurement_id": 4, 
   "uuid": "5efd2376-6783-476b-bf85-57ead5f89654", 
   "value": 50.0, 
   "raw_value": 0.0, 
   "prev_value": 50.0, 
   "prev_raw_value": 0.0 
  }, { 
   "id": 18, 
   "ancestry": null, 
   "name": "Solar Panel", 
   "description": "Custom Circuit", 
   "unit": "V", 
   "created_at": "2015-02-02T18:26:40Z", 
   "updated_at": "2015-07-05T19:54:35Z", 
   "measurement_id": 8, 
   "uuid": "95d59a95-3791-423c-a201-b19c327765d8", 
   "value": 0.0, 
   "raw_value": 0.0, 
   "prev_value": 0.0, 
   "prev_raw_value": 0.0 
  }] 
 }, 
 "kit": { 
  "id": 3, 
  "uuid": "6ae30424-4e09-4318-b96d-771996657c70", 
  "slug": "sck:1,1", 
  "name": "SmartCitizen Kit 1.1", 
  "description": "SCK 1.1 - Ambient Board", 
  "created_at": "2015-02-02T18:23:16Z", 
  "updated_at": "2015-09-16T16:49:41Z" 
 } 
} 
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Appendix III – Program to Retrieve Data from SCB 
The program code below should run on a Windows 7-computer and is written in Python 2.7.11. 

While the program runs, it collects data from the smartcitizen API every 60 seconds and saves it 

as a csv-file. Additionally, a separate log-file is created where specific actions as well as possible 

errors are saved. The code is written by Jessica Fredheim. 

print "SCB program is running" 
import httplib 
import json 
import time 
import threading 
import csv 
import os 
from mylog_class import MyLog 

class DeviceData(threading.Thread): 
    def __init__(self, devices): 
        threading.Thread.__init__(self) 
        self.ready = False 
        self.SCB_file_created=False 
        self.devices=devices 
        self.filename='sensor_data.txt' 
        self.timeout=60 
        self.getreading=threading.Thread(target=self.GetReading) 
        self.getreading.daemon=True 
        self.getreading.start()     

    def GetSCBData(self, device): 
        result={} 
        try: 
            url = "api.smartcitizen.me"  
            SCBid = device['sensorid'] 
            log.Trace('Getting data for SCBid: %s', str(SCBid)) 
            getString = "/v0/devices/%i" % SCBid 
            conn = httplib.HTTPSConnection(url) 
            conn.request("GET", getString) 
            response = conn.getresponse() 
            newdata = json.loads(response.read().decode('utf-8')) 
        except: 
            log.Error('Issues with connection when getting data for SCBid: %s', str(SCBid)) 
            return result 
        length=len(newdata['data']['sensors']) 
        result['sample_time']=newdata['last_reading_at'] 
        result['device']=device 
        for i in range(length): 
            if newdata['data']['sensors'][i]['measurement_id'] == 1: 
                result['temp']=newdata['data']['sensors'][i]['value'] 
            elif newdata['data']['sensors'][i]['measurement_id'] == 7: 
                result['battery']=newdata['data']['sensors'][i]['value'] 
            elif newdata['data']['sensors'][i]['measurement_id'] == 2: 
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                result['humidity']=newdata['data']['sensors'][i]['value'] 
            elif newdata['data']['sensors'][i]['measurement_id'] == 6: 
                result['NO2']=newdata['data']['sensors'][i]['value'] 
            elif newdata['data']['sensors'][i]['measurement_id'] == 4: 
                result['noise']=newdata['data']['sensors'][i]['value'] 
            elif newdata['data']['sensors'][i]['measurement_id'] == 5: 
                result['CO']=newdata['data']['sensors'][i]['value'] 
            elif newdata['data']['sensors'][i]['measurement_id'] == 3: 
                result['light']=newdata['data']['sensors'][i]['value'] 
        return result 

    def GetReading(self): 
        while self.ready == False: 
            for dev in self.devices: 
                reading={} 
                try: 
                    reading = self.GetSCBData(dev) 
                    if reading != {} and reading['sample_time'] != dev['timeLast']: 
                        self.CSVWriter(reading) 
                        log.Trace('Saving dataobject from %s: ', str(reading['device'])) 
                        log.Trace('Data consists of: %s', str(reading)) 
                        dev['timeLast']=reading['sample_time'] 
                    else: 
                        log.Error("Update error: no new data from %s", str(dev)) 
                except: 
                    log.Error('Reading was not possible, check internet connection and battery status of 
SCBid: %s', dev) 
            time.sleep(self.timeout) 
    def CSVWriter(self, devinfo): 
        filename=str(devinfo['device']['sensorid'])+'.csv' 
        oldfile=os.path.isfile(filename) 
        with open(filename, 'a') as csvfile: 
            current_time=time.localtime() 
            devinfo['date']=time.strftime("%Y-%m-%d", current_time ) 
            devinfo['time']=time.strftime("%H:%M:%S", current_time ) 
            fieldnames = ['date', 'time', 'sample_time', 'temp', 'battery', 'humidity', 'NO2', 'noise', 'CO', 
'light', 'device'] 
            file_writer = csv.DictWriter(csvfile, fieldnames=fieldnames, delimiter=';', 
lineterminator='\n') 
            if oldfile: 
                file_writer.writerow(devinfo) 
            else: 
                file_writer.writeheader() 
                file_writer.writerow(devinfo) 
            csvfile.close() 
devices =[ 
    {'sensortype':'SCB', 'sensorid':3088, 'timeLast':0}, 
    {'sensortype':'SCB', 'sensorid':3127, 'timeLast':0} 
    ]    
LOG_PATH="/Users/sefjes/Pythonkod/Logs/SCB.log" 
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log=MyLog(LOG_PATH, True) 
deviceDaemon=DeviceData(devices) 
while deviceDaemon.ready == False: 
    pass 
deviceDaemon.ready  
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Appendix IV – Program to Retrieve Data from Yanzi 
The program code for retrieving data from Yanzi was made to run on a Windows 7-computer and 

is written in Python 2.7.11. The program connects to Yanzi’s websocket, sends requests to 

gather data from their server, and saves it as a csv-file. The requests were sent every 60 seconds, 

unless the response time was exceeded due to delay from the server. The format on how to 

send requests and what to expect in the responses were provided through Yanzi’s open API. That 

also included some example code which was studied in order to understand the system.  

Moreover, the program also creates a separate log-file where specific actions and possible errors 

are saved. However, the program requires import of three other programs, namely the ones in 

Appendix V, but also the program “AppConfig” and “YanziConfig”. However, these programs only 

intends to include username and password to the Yanzi user as well as sensor id and http-

addresses for the Yanzi websocket. For privacy and security reasons, these will not be published 

here. Additionally, these can easily be created on one’s own. The code is written by Jessica 

Fredheim. 

# -*- coding: utf-8 -*- 
import time 
import json 
import sys 
import websocket 
import ssl 
import csv 
import os.path 
from config_app import AppConfig 
from config_yanzi import YanziConfig 
from logger import Log 
 
class YanziHandler(): 
    def __init__(self, yData): 
        self.state='init' 
        self.data_object_created={} 
        self.ready=False 
        self.timeout=60 
        self.yData = yData 
        self.previousSampleTimes={} 
        self.previousSampleArray=[] 
        while self.ready == False: 
            if self.state == 'init': 
                log.Trace("The state of the program is: %s", str(self.state)) 
                if hasattr(self, 'ws'): 
                    self.ws.close() 
                    log.Trace("The socket connection is closing in: %s", self.state) 
                socketopen = False 
                while socketopen == False: 
                 try: 
                  self.ws = websocket.create_connection(self.yData.shrekUrl, None, 
sslopt={"cert_reqs": ssl.CERT_NONE}) 
                  socketopen=True 
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                 except: 
                  time.sleep(1) 
                serviceResponse = self.ServiceRequest() 
                if not(self.responseOk(serviceResponse)): 
                    log.Error("ServiceRequest failed, check Yanzi settings and Shrek URL in YanziConfig") 
                loginResponse = self.LoginRequest() 
                if not(self.responseOk(loginResponse)): 
                    log.Error("LoginRequest failed, check authentication settings in 
AppConfig/YanziConfig") 
                locationsResponse = self.GetLocationsRequest() 
                if not(self.responseOk(locationsResponse)): 
                    log.Error("GetLocationsRequest failed, check locationId YanziConfig") 
                self.state='connected' 
            elif self.state == 'connected': 
                log.Trace("The state of the program is: %s", str(self.state)) 
                t=time.time() 
                deviceData = self.TempReq() 
                if not self.state == 'init': 
                    self.CSVWriter(deviceData) 
                    dt=time.time()-t 
                    if self.timeout-dt > 0: 
                        time.sleep(self.timeout-dt) 
                    log.Trace("deviceData: %s", str(deviceData)) 
    def ServiceRequest(self): 
        request = { 
            "messageType": "ServiceRequest", 
            "timeSent": int(time.time())*1000, 
            "version": self.yData.version, 
            "clientId": self.yData.clientId 
        } 
        return self.requestResponse('Service', request) 
    def LoginRequest(self): 
        request = { 
            "messageType": "LoginRequest", 
            "timeSent": int(time.time())*1000, 
            "username": self.yData.user, 
            "password": self.yData.password 
        } 
        return self.requestResponse('Login', request, False) 
    def GetLocationsRequest(self): 
        request = { 
            "messageType":"GetLocationsRequest", 
            "timeSent": int(time.time())*1000 
        } 
        return self.requestResponse('GetLocations', request) 
    def TempReq(self): 
        result = [] 
        for d in self.yData.didArray: 
            did = d['did'] 
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            try: 
                now = int(time.time())*1000 
                request = { 
                    "messageType" : "GetSamplesRequest", 
                    "timeSent": now, 
                    "dataSourceAddress": { 
                        "resourceType": "DataSourceAddress", 
                        "did": did, 
                        "locationId": self.yData.locationid, 
                    }, 
                    "timeSerieSelection": { 
                        "resourceType": "TimeSerieSelection", 
                        "timeStart": now, 
                        "numberOfSamplesBeforeStart": 1 
                    } 
                } 
                log.Trace("=>GetSamplesRequest: %s", request) 
                try: 
                    self.sendMessage(request) 
                except: 
                    self.state='init' 
                    break 
                i = 0 
                doLoop = True 
                while doLoop and i < 100: 
                    res = self.ws.recv() 
                    log.Trace("<=GetSamplesResponse: %s", res) 
                    getSamplesResponse = json.loads(res) 
                    responseMessageType = self.messageType(getSamplesResponse) 
                    if responseMessageType == "GetSamplesResponse": 
                        # Handle response code OK 
                        if self.responseOk(getSamplesResponse): 
                            newdata={} 
                            if getSamplesResponse['sampleListDto']['dataSourceAddress']['did'] == did: 
                                newdata={} 
                                newdata['did']=did[:-7] 
                                newdata['state_data_collection']='success' 
                                if 
getSamplesResponse['sampleListDto']['dataSourceAddress']['variableName']['name'] 
=='relativeHumidity': 
                                    
newdata['sampleTimeHumd']=getSamplesResponse['sampleListDto']['list'][0]['sampleTime'] 
                                    newdata['humidity']=getSamplesResponse['sampleListDto']['list'][0]['value'] 
                                elif 
getSamplesResponse['sampleListDto']['dataSourceAddress']['variableName']['name'] 
=='temperatureK': 
                                    
newdata['sampleTimeTemp']=getSamplesResponse['sampleListDto']['list'][0]['sampleTime'] 
                                    newdata['temp']=getSamplesResponse['sampleListDto']['list'][0]['value'] 
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                                result.append(newdata) 
                                doLoop = False 
                        else: 
                            log.Error("The following response failed: %s", responseMessageType) 
                            doLoop = False 
                    elif responseMessageType == "ErrorResponse": 
                        self.state='init' 
                        log.Error("Error has occurred: %s", str(getSamplesResponse)) 
                        break 
                    else: 
                        log.Error("This type of response diverge from known responses: %s", 
responseMessageType) 
                if not newdata: 
                    newdata={} 
                    newdata['state_data_collection']='failed to gain correct response' 
                    newdata['did']=did[:-7] 
                    if did == str(newdata['did']+'-3-Temp'): 
                        newdata['sampleTimeTemp']=0 
                        newdata['temp']=0 
                    elif did == str(newdata['did']+'-3-Humd'): 
                        newdata['sampleTimeHumd']=0 
                        newdata['humidity']=0 
                    result.append(newdata) 
                    i += 1        
                    time.sleep(0.1) 
                     
            except: 
                newdata={} 
                newdata['state_data_collection']='failed' 
                newdata['did']=did[:-7] 
                if did == str(newdata['did']+'-3-Temp'): 
                    newdata['sampleTimeTemp']=0 
                    newdata['temp']=0 
                elif did == str(newdata['did']+'-3-Humd'): 
                    newdata['sampleTimeHumd']=0 
                    newdata['humidity']=0 
                result.append(newdata) 
                doLoop=False 
                log.Error("Sensor with Device Id %s is not working", did) 
                self.state='init' 
        mergedResults=self.mergeResults(result) 
        return mergedResults 
    def sendMessage(self, message): 
        try: 
            msg = json.dumps(message) 
            self.ws.send(msg) 
        except: 
            log.Error("sendMessage - Could not send cirrus message: %s", str(message)) 
    def messageType(self, response): 
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        messageType = "" 
        if response is not None and 'messageType' in response: 
            messageType = response['messageType'] 
        return messageType 
    def requestResponse(self, conversationType, request, logRequestMessage = True): 
        if logRequestMessage: 
            log.Trace("=>" + conversationType + "Request: %s", request) 
        else: 
            log.Trace("=>" + conversationType + "Request") 
        self.sendMessage(request) 
        i = 0 
        responseTypeOk = False 
        responseType = conversationType + "Response" 
        # Re-try up to ten times since we sometimes pick op out-of-band/conflicting responses on a 
shared account 
        while not responseTypeOk and i < 10: 
            response = self.ws.recv() 
            i += 1 
            log.Trace("<=" + conversationType + "Response: %s", response) 
            response = json.loads(response) 
            responseTypeOk = self.messageType(response) == responseType 
        if not responseTypeOk: 
            log.Error("Giving up polling for " + responseType + " after %d re-tries", i) 
        return response 
    def getServerDid(self, response): 
        did = "UNKNOWN" 
        if response is not None and 'serviceDetails' in response and 'serverDid' in 
response['serviceDetails']: 
            did = response['serviceDetails']['serverDid'].decode('utf8') 
        return did 
    def responseOk(self, response): 
        return response is not None \ 
               and 'responseCode' in response \ 
               and 'name' in response['responseCode'] \ 
               and response['responseCode']['name'] == "success" 
    def mergeResults(self, result): 
        mergedResults=[] 
        i=0 
        while i <= (len(result)-1): 
            x=result[i] 
            log.Trace("%s is the first reading that will be merged.", x) 
            y=result[i+1] 
            log.Trace("%s is the second reading that will be merged.", y) 
            if x['did'] == y['did'] and x['state_data_collection'] == "success" and 
y['state_data_collection'] == "success": 
                if 'sampleTimeTemp' in x and 'sampleTimeHumd' in y: 
                    z=x.copy() 
                    z.update(y) 
                    log.Trace("The resulting list was: %s", z) 
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                    mergedResults.append(z) 
            i+=2 
        return mergedResults 
    def CSVWriter(self, result): 
        for r in result: 
            filename=str(r['did'])+'.csv' 
            oldfile=os.path.isfile(filename) 
            with open(filename, 'a') as csvfile: 
                fieldnames = ['did','date', 'state_data_collection', 
'sampleTimeTemp','temp','sampleTimeHumd', 'humidity',] 
                file_writer = csv.DictWriter(csvfile, fieldnames=fieldnames, delimiter=';', 
lineterminator='\n') 
                newdata=self.checkTime(r) 
                temp_time = time.localtime(r['sampleTimeTemp']/1000.0) 
                humd_time = time.localtime(r['sampleTimeHumd']/1000.0) 
                date=time.strftime("%Y-%m-%d", temp_time) 
                r['sampleTimeTemp']=time.strftime("%H:%M:%S", temp_time) 
                r['sampleTimeHumd']=time.strftime("%H:%M:%S", humd_time) 
                r['date']=date 
                if newdata == True: 
                    if oldfile: 
                        file_writer.writerow(r) 
                    else: 
                        file_writer.writeheader() 
                        file_writer.writerow(r) 
                else: 
                    log.Error( "UPDATE ERROR: no new data from %s", r) 
                csvfile.close() 
        return 
    def checkTime(self, data): 
        previousSampleTimes={} 
        for sample in self.previousSampleArray: 
            if sample['did'] == data['did']: 
                if sample['sampleTimeHumd'] != data['sampleTimeHumd'] and 
sample['sampleTimeTemp'] != data['sampleTimeTemp']: 
                    sample['sampleTimeHumd'] = data['sampleTimeHumd'] 
                    sample['sampleTimeTemp'] = data['sampleTimeTemp'] 
                    return True 
                else: 
                    return False 
        previousSampleTimes['did']=data['did'] 
        previousSampleTimes['sampleTimeTemp']=data['sampleTimeTemp'] 
        previousSampleTimes['sampleTimeHumd']=data['sampleTimeHumd'] 
        self.previousSampleArray.append(previousSampleTimes) 
        return True 
print 'Yanzi program is running' 
config = AppConfig() 
log = Log(config.logPath, True) 
log.Trace("----- Program start") 
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yanziConfig = YanziConfig(config.yanziUser, config.yanziPassword) 
yHandler = YanziHandler(yanziConfig) 
log.Trace("----- Program end" 
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Appendix V – Log Program to Store Activities for Yanzi 
This program was written in order to import the class “Log” into the Yanzi main program, so that 

the functions in the class could be used. It was written for a Windows 7-computer and Python 

2.7.11 by Jessica Fredheim and Peter Wahlström.  

# -*- coding: utf-8 -*- 

import time 

class Log: 

    def __init__(self, file_path, debug): 

        self.file_path = file_path 

        self.debug = debug 

    def log(self, label, text, par): 

        if par == None: 

            t_user = text 

        else: 

            t_user = text % par 

        #t_time = "Time: %f " % time.time() 

        t_time = time.strftime("%Y-%m-%d %H:%M:%S +0000 ", time.localtime()) 

        t_out = label + t_time + t_user + "\n" 

        f_log = open(self.file_path, "a") 

        f_log.write(t_out) 

        f_log.close() 

    def Trace(self, text, par = None): 

        if self.debug: 

            self.log("LOG:     ", text, par) 

    def Error(self, text, par = None): 

        self.log("ERROR:   ", text, par) 
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Appendix VI – Structure of the Z-stack Gateway 
The structure of the Z-stack gateway can be seen in the figure below, which is recreated from 

the Z-stack user’s guide (Texas Instruments, 2014 a).  
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Appendix VII – Program to Retrieve Data from TI SensorTags 
This program was written in order to retrieve data from TI SensorTags. It was written to run on a 
Windows 7-computer and Python 2.7.11. The information on how to communicate between 
gateway and sensor, and thereby retrieve data from the sensors, can be found in the 
documentation of TI’s Z-stack software. The program retrieves data from the sensors every 60 
second and the activities and errors are stored in a separate log-file. The code is written by Peter 
Wahlström and Jessica Fredheim. 

#!/usr/bin/python 
## Version v12 
#!/usr/bin/env python 
# -*- coding: utf-8 -*- 
print("TI program is running") 
from struct import * 
import socket 
import Queue 
import threading 
import time 
import gateway_pb2 as gateway 
import nwkmgr_pb2 as nwkmgr 
import log_class 
import csv 
import os.path  

class DataStruct(): 
    pass 

class SensorTag(threading.Thread): 
    def __init__(self, host,nwkMgrPort, gwyPort): 
        self.maintenanceReq=False 
        self.host = host 
        self.nwkmgrPort = nwkMgrPort 
        self.gwyPort = gwyPort 
        self.sockTimeOut = 5 
        self.state = 'init' 
        self.nwkStatus = 'down' 
        self.nwkInfo = DataStruct() 
        self.seqNmb = [] 
        self.devInfoList = [] 
        self.nwkmgrId = 18 
        self.gatewayId = 19 
        self.otaId = 20 
        self.hLen = 4   # Packet header length 
        threading.Thread.__init__(self) 
        self.queue = Queue.Queue() 
        self.lock = threading.Lock() 
        self.quit = False 
        self.sendQueue = [] 
        self.recQueue = [] 
        #Create Threads for Receiving Socket Handlers 
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        self.nwkInst = 0 
        self.gwyInst = 1 
        self.port = [0,0] 
        self.port[self.nwkInst] = nwkMgrPort 
        self.port[self.gwyInst] = gwyPort 
        self.sockHandler = [] 
        self.sock = [0,0] 
        for i in range(len(self.port)): 
            self.sockHandler.append(threading.Thread(target=self.SockHandler,args=(i,))) 
            self.sockHandler[i].daemon=True 
            self.sockHandler[i].start() 
        ## Create Thread for parsing received messages 
        self.msgHandler = threading.Thread(target=self.MsgHandler ) 
        self.msgHandler.daemon=True 
        self.msgHandler.start() 
    def SockHandler(self, inst): 
        #create an INET, STREAMing socket 
        self.sock[inst] = socket.socket(socket.AF_INET, socket.SOCK_STREAM) 
        self.sock[inst].settimeout(self.sockTimeOut) 
        connected = False 
        while not connected: 
            try: 
                self.sock[inst].connect((self.host, self.port[inst])) 
                connected = True 
            except: 
                log.Error("Sock connect failed for instance: %i", inst) 
                time.sleep(1) 
        while not self.quit: 
            try: 
                # Receive data  
                msg = self.sock[inst].recv(2048) 
            except: 
                # Socket timeout.No error continue 
                log.Trace("TCP socket timeout. Instance: %i", inst) 
                continue 
            try: 
                self.queue.put({'data':msg}) 
                log.Trace("Tracker Msg received: port: %i", self.port[inst]) 
            except: 
                log.Error("Queue Full", None) 
                pass 
        return 
    def MsgHandler(self): 
        while not self.quit: 
            queueBusy = True 
            while queueBusy: 
                #grabs host from queue 
                try: 
                    qData = self.queue.get_nowait()  
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                except: 
                    # No data in queue 
                    queueBusy = False 
                    continue 
                try: 
                    self.Decode(qData['data']) 
                except: 
                    # Error Decoding 
                    log.Error('MSG_HANDLER error in decoding!', None) 
        return 
    def Decode(self, dataStr): 
        #Check length of message 
        dataLen = len(dataStr) 
        idx = 0 
        (msgLen, subSystem, msgId) = unpack('<HBB', dataStr[idx:idx+4]) 
        idx += 4 
        if dataLen != msgLen+4: 
            #Error length not correct 
            log.Error('Received invalid data length:%i, length: %i', (msgLen,dataLen)) 
            return 
        #Decode the received message 
        if msgId == nwkmgr.ZIGBEE_GENERIC_CNF: 
            #Generic confirm get sequence number 
            seqNmb = self.NwkGenericCnfDecode(dataStr[self.hLen:]) 
            if len(self.sendQueue) > 0: 
                ieeeAddr = self.sendQueue.pop(0) 
                self.recQueue.append( {'ieeeAddr': ieeeAddr, 'seqNmb': seqNmb} ) 
            log.Trace('Received ZIGBEE_GENERIC_CNF seqNmb: %i', seqNmb) 
            #self.seqNmb.append(genCnf.sequenceNumber) 
            return 
        elif msgId == nwkmgr.ZIGBEE_GENERIC_RSP_IND: 
            #Generic confirm get sequence number 
            seqNmb = self.NwkGenericCnfDecode(dataStr[self.hLen:]) 
            log.Trace('Received ZIGBEE_GENERIC_RSP_IND seqNmb: %i', seqNmb) 
            #self.seqNmb.append(genCnf.sequenceNumber) 
            return 
        elif msgId == nwkmgr.NWK_ZIGBEE_NWK_READY_IND: 
            log.Trace('Received NWK_ZIGBEE_NWK_READY_IND seqNmb: %i', -1) 
            readyInd = nwkmgr.NwkZigbeeNwkReadyInd() 
            readyInd.FromString(msg[idx:]) 
            self.nwkInfo.ch = readyInd.nwkChannel 
            self.nwkInfo.panId = readyInd.panId 
            self.nwkInfo.extPanId = readyInd.extPanId 
            return 
        elif msgId == nwkmgr.NWK_ZIGBEE_NWK_INFO_CNF: 
            status = self.NwkInfoCnfDecode(dataStr[self.hLen:]) 
            log.Trace('Received NWK_ZIGBEE_NWK_INFO_CNF status: %i', (status)) 
            return 
        elif msgId == nwkmgr.NWK_ZIGBEE_DEVICE_IND: 
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            ieeeAddr = self.NwkDeviceIndDecode(dataStr[self.hLen:]) 
            log.Trace('Received NWK_ZIGBEE_DEVICE_IND ieeeAddr: %i', ieeeAddr) 
            return 
        elif msgId == nwkmgr.NWK_GET_DEVICE_LIST_CNF: 
            self.devInfoList = [] 
            self.NwkDevListCnfDecode(dataStr[self.hLen:]) 
            log.Trace('Received NWK_GET_DEVICE_LIST_CNF', None) 
            return 
        elif msgId == gateway.DEV_GET_TEMP_RSP_IND: 
            (seqNmb,srcAddr,status,temp) = self.DevGetTempRspIndDecode(dataStr[self.hLen:]) 
            if status == gateway.STATUS_SUCCESS: 
                if len(self.recQueue) > 0: 
                    i = 0 
                    found = False 
                    for r in self.recQueue: 
                        if r['seqNmb'] == seqNmb: 
                            src = self.recQueue.pop(i) 
                            found = True 
                            break 
                        i += 1     
                    if found: 
                        if src['ieeeAddr'] != srcAddr and srcAddr != 0: 
                            log.Error('DEV_GET_TEMP_RSP_IND: Wrong ieeeAddr: %i, seqNmb: %i', (srcAddr, 
seqNmb) ) 
                            self.sendQueue = [] 
                            self.recQueue = [] 
                        else: 
                            srcAddr = src['ieeeAddr'] 
                log.Trace('DEV_GET_TEMP_RSP_IND: ieeeAddr: %i, temp: %f, seqNmb: %i', (srcAddr, 
temp, seqNmb) ) 
                t_time = time.localtime() 
                date=time.strftime("%Y-%m-%d", t_time ) 
                t=time.strftime("%H:%M:%S", t_time ) 
                res = {'date':date,'time':t, 'did': 'did_'+str(srcAddr), 'temp': temp} 
                self.CSVWriter(res) 
            else: 
                # Error in tempReq 
                log.Error('DEV_GET_TEMP_RSP_IND failed for ieeeAddr: %i', srcAddr) 
                self.maintenanceReq = True 
            return 
        elif msgId == DEV_GET_HUMIDITY_RSP_IND: 
            humRsp = gateway.DevGetTempRspInd(msg[idx:]) 
            seqNmb = humRsp.sequenceNumber 
            status = humRsp.status 
            srcAddr = humRsp.srcAddress 
            humValue = humRsp.humidityValue 
            return 
        else: 
            #Unknown message 
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            log.Error('Received Unknown message number: %i',msgId ) 
            return 
    def NwkGenericCnfDecode(self, m): 
        genCnf = nwkmgr.NwkZigbeeGenericCnf() 
        genCnf.ParseFromString(m) 
        if genCnf.status == nwkmgr.STATUS_SUCCESS: 
            return genCnf.sequenceNumber 
        else: 
            return -1 
    def NwkInfoCnfDecode(self,m): 
        nwkInfo = nwkmgr.NwkZigbeeNwkInfoCnf() 
        nwkInfo.ParseFromString(m) 
        self.nwkInfo.ch = nwkInfo.nwkChannel 
        self.nwkInfo.panId = nwkInfo.panId 
        self.nwkInfo.extPanId = nwkInfo.extPanId 
        self.nwkInfo.status = nwkInfo.status 
        if nwkInfo.status == nwkmgr.NWK_UP: 
            self.nwkStatus = 'up' 
            if self.state == 'init': 
                self.state ='nwkUp' 
        else: 
            self.nwkStatus = 'down' 
            self.state == 'init' 
        return self.nwkInfo.status 
    def NwkDeviceInfoDecode(self, devInfo): 
        dev = DataStruct() 
        #if devInfo.deviceStatus == nwkmgr.DEVICE_ON_LINE: 
        if True: 
            # At least one device is active 
            self.state = 'active' 
            dev.ntwkAddr = devInfo.networkAddress 
            dev.ieeeAddr = devInfo.ieeeAddress 
            #dev.parentIeeeAddr = devInfo.parentIeeeAddress 
            dev.manufactId = devInfo.manufacturerId 
            dev.status = devInfo.deviceStatus 
            dev.descList = [] 
            for sd in devInfo.simpleDescList: 
                d = DataStruct() 
                d.endpointId = sd.endpointId 
                d.profileId = sd.profileId 
                d.deviceId = sd.deviceId 
                #d.deviceVer = sd.deviceVer 
                d.inputClusters = sd.inputClusters 
                d.outputClusters = sd.outputClusters 
                dev.descList.append(d) 
            # Check if device already in list and if so remove old data 
            idx = -1 
            for i in range(len(self.devInfoList)): 
                if self.devInfoList[i].ieeeAddr == dev.ieeeAddr: 
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                    idx = i 
                    break 
            if idx >= 0: 
                del self.devInfoList[i] 
            self.devInfoList.append(dev) 
            log.Trace( 'Device Info List: ', self.devInfoList) 
            return dev.ieeeAddr 
     def NwkDeviceIndDecode(self, m): 
        device = nwkmgr.NwkZigbeeDeviceInd() 
        device.ParseFromString(m) 
        self.NwkDeviceInfoDecode(device) 
        return 
    def NwkDevListCnfDecode(self,m): 
        devices = nwkmgr.NwkGetDeviceListCnf() 
        devices.ParseFromString(m) 
        if devices.status == nwkmgr.STATUS_SUCCESS: 
            self.devInfoList = [] 
            for dev in devices.deviceList: 
                self.NwkDeviceInfoDecode(dev) 
        return 
    def DevGetTempRspIndDecode(self, m): 
        tempRsp = gateway.DevGetTempRspInd() 
        tempRsp.ParseFromString(m) 
        seqNmb = tempRsp.sequenceNumber 
        status = tempRsp.status 
        srcAddr = tempRsp.srcAddress.ieeeAddr 
        tempValue = tempRsp.temperatureValue/100.0 
        return (seqNmb,srcAddr,status,tempValue) 
    def SendRequest(self,inst,data): 
        try: 
            self.sock[inst].send(data) 
        except: 
            log.Error('Send request failed port: %i', self.port[inst]) 
        return 
    def PrependHeader(self,m,serverId, cmdId): 
        l = len(m) 
        #header = pack('!HBB', l,serverId,cmdId) #Big Engine 
        header = pack('<HBB', l,serverId,cmdId) #Little Engine 
        #header = pack('@HBB', l,serverId,cmdId) #Little Engine 
        return header+m 
     def NwkInfoReqSend(self): 
        nwkInfReq = nwkmgr.NwkZigbeeNwkInfoReq() 
        nwkInfReq.cmdId = nwkmgr.NWK_ZIGBEE_NWK_INFO_REQ 
        msg = nwkInfReq.SerializeToString() 
        #Prepend the packet header 
        m = self.PrependHeader(msg,self.nwkmgrId,nwkmgr.NWK_ZIGBEE_NWK_INFO_REQ ) 
        self.SendRequest(self.nwkInst, m) 
        log.Trace( 'Send NWK_ZIGBEE_NWK_INFO_REQ port: %i', self.port[self.nwkInst]) 
        return 
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    def NwkLocalInfoReqSend(self): #02:00:12:07:08:07 
        nwkLocalInfReq = nwkmgr.NwkGetLocalDeviceInfoReq() 
        nwkLocalInfReq.cmdId = nwkmgr.NWK_GET_LOCAL_DEVICE_INFO_REQ 
        msg = nwkLocalInfReq.SerializeToString() 
        #Prepend the packet header 
        m = self.PrependHeader(msg,self.nwkmgrId,nwkmgr.NWK_GET_LOCAL_DEVICE_INFO_REQ ) 
        self.SendRequest(self.nwkInst, m) 
        log.Trace( 'Send NWK_GET_LOCAL_DEVICE_INFO_REQ port: %i', self.port[self.nwkInst]) 
        return 
    def NwkDeviceListReqSend(self): 
        devListReq = nwkmgr.NwkGetDeviceListReq() 
        devListReq.cmdId = nwkmgr.NWK_GET_DEVICE_LIST_REQ 
        msg = devListReq.SerializeToString() 
        m = self.PrependHeader(msg,self.nwkmgrId,nwkmgr.NWK_GET_DEVICE_LIST_REQ ) 
        self.SendRequest(self.nwkInst, m) 
        log.Trace( 'Send NWK_GET_DEVICE_LIST_REQ port: %i', self.port[self.nwkInst]) 
        return 
    def NwkDeviceListMaintenanceReq(self): 
        nwkMainReq = nwkmgr.NwkDeviceListMaintenanceReq() 
        nwkMainReq.cmdId = nwkmgr.NWK_DEVICE_LIST_MAINTENANCE_REQ 
        msg = nwkMainReq.SerializeToString() 
        m = 
self.PrependHeader(msg,self.nwkmgrId,nwkmgr.NWK_DEVICE_LIST_MAINTENANCE_REQ ) 
        self.SendRequest(self.nwkInst, m) 
        log.Trace( 'Send NWK_DEVICE_LIST_MAINTENANCE_REQ port: %i', self.port[self.nwkInst]) 
        return 
    def NwkSetPermitJoinReqSend(self, t): 
        nwkJoinReq = nwkmgr.NwkSetPermitJoinReq() 
        nwkJoinReq.cmdId = nwkmgr.NWK_SET_PERMIT_JOIN_REQ 
        nwkJoinReq.permitJoin = nwkmgr.PERMIT_NETWORK 
        nwkJoinReq.permitJoinTime = t # Time in seconds 
        msg = nwkJoinReq.SerializeToString() 
        m = self.PrependHeader(msg,self.nwkmgrId,nwkmgr.NWK_SET_PERMIT_JOIN_REQ ) 
        self.SendRequest(self.nwkInst, m) 
        log.Trace( 'Send NWK_SET_PERMIT_JOIN_REQ port: %i', self.port[self.nwkInst]) 
        return 
    def DevGetTempReqSend(self): 
        if len(self.devInfoList) > 0: 
            for d in self.devInfoList: 
                devTempReq = gateway.DevGetTempReq() 
                devTempReq.cmdId = gateway.DEV_GET_TEMP_REQ 
                devTempReq.dstAddress.addressType = gateway.UNICAST 
                devTempReq.dstAddress.ieeeAddr = d.ieeeAddr 
                msg = devTempReq.SerializeToString() 
                m = self.PrependHeader(msg,self.gatewayId,gateway.DEV_GET_TEMP_REQ ) 
                self.SendRequest(self.gwyInst, m) 
                self.sendQueue.append(d.ieeeAddr) 
                log.Trace( 'Send DEV_GET_TEMP_REQ port: %i', self.port[self.gwyInst]) 
        return 
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    def CSVWriter(self,r): 
        filename=str(r['did'])+'.csv' 
        oldFile = os.path.isfile(filename) 
        with open(filename, 'a') as csvfile: 
            fieldnames = ['date','time','did','temp'] 
            file_writer = csv.DictWriter(csvfile,fieldnames=fieldnames,  delimiter=';', 
lineterminator='\n') 
            if oldFile: 
                file_writer.writerow(r) 
            else: 
                file_writer.writeheader() 
                file_writer.writerow(r) 
            csvfile.close()         
#HOST = '192.168.7.2'    # Beaglebone IP@ 
HOST = '172.30.168.75'    # Beaglebone IP@ at Vasakronan 
#VKKZ01-22 port 17 is used for computer in order to gain the same IP@ 
NWKMGR_PORT = 2540  
GWY_PORT = 2541 
LOG_PATH = '/Users/sefjes/Pythonkod/Logs/TI.log' 
TIMEOUT = 60 
log = log_class.Log(LOG_PATH, True) 
sTag = SensorTag(HOST,NWKMGR_PORT, GWY_PORT) 
cnt = 0 
maintanceReqCnt = 17 
while sTag.quit != True: 
    if sTag.state == 'init': 
        # Check if network is up 
        sTag.NwkInfoReqSend() 
        #sTag.NwkLocalInfoReqSend() 
        time.sleep(1) 
    elif sTag.state == 'nwkUp': 
        # Request devices to join NWK_SET_PERMIT_JOIN_REQ 
        seq = sTag.NwkSetPermitJoinReqSend(60) 
        time.sleep(10) 
        # Get all devices in network 
        sTag.NwkDeviceListReqSend() 
        time.sleep(1) 
    elif sTag.state == 'active': 
        t = time.time() 
        # Maybe check if valid sequence number? 
        # Fetch data from all devices 
        sTag.DevGetTempReqSend() 
        # Update table of devices in network 
        cnt += 1 
        if cnt >= maintanceReqCnt or sTag.maintenanceReq: 
            # Checkif new devices may join NWK_SET_PERMIT_JOIN_REQ 
            sTag.NwkSetPermitJoinReqSend(3) 
            # Send a NWK_DEVICE_LIST_MAINTENANCE_REQ 
            sTag.NwkDeviceListMaintenanceReq() 
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            time.sleep(3) 
            # Get all devices in network 
            sTag.NwkDeviceListReqSend() 
            cnt = 0 
            sTag.maintenanceReq = False 
        timeout = TIMEOUT - (time.time() - t) 
        if timeout > 0: 
            time.sleep(timeout) 
# Close threads 
sTag.quit 
log.Error('Application failed and closed!!!',None) 
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Appendix VIII – Log Program to Store Activities for TI 

SensorTags 
This program was written in order to import the class “Log” into the TI SensorTag main program, 

so that the functions in the class could be used. It was written for a Windows 7-computer and 

Python 2.7.11 by Jessica Fredheim and Peter Wahlström.  

from time import strftime 

#debug = False 

E = 1  # Error 

L = 2  # Logging 

class Log: 

    def __init__(self, file_path, debug): 

        self.file_path = file_path 

        self.debug = debug 

    def Trace( self, text, par): 

        if self.debug == False: 

            return  

        lbl = "LOG:   " 

        if par == None: 

            t_user = text 

        else: 

            t_user = text % par 

        #t_time = "Time: %f " % time.time() 

        t_time = strftime("%Y-%m-%d %H:%M:%S +0000 ", time.localtime()) 

        t_out = lbl + t_time + t_user + "\n" 

        f_log = open(self.file_path, "a") 

        f_log.write( t_out) 

        f_log.close() 

    def Error( self, text, par): 

        lbl = "ERROR: " 

        if par == None: 

            t_user = text 

        else: 

            t_user = text % par 

#        t_time = "Time: %f " % time.time() 

        t_time = strftime("%Y-%m-%d %H:%M:%S +0000 ", time.localtime()) 

        t_out = lbl + t_time + t_user + "\n" 

        f_log = open(self.file_path, "a") 

        f_log.write( t_out) 

        f_log.close() 


