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[bookmark: _Toc65233049][bookmark: _Ref66363979][bookmark: _Toc75169364]Introduction

This report follows up the project plan of NovoData for the client Fontys IT. Fontys IT has placed multiple sensors in their new building R10 in Eindhoven. They want to use these sensors for their mission – offering inspiring, challenging, and excellent higher education, and executing applied research that is meaningful for society. (Fontys, 2021) The task of NovoData is to create a database for this sensor data, and to add new external sources as well. As a result, Fontys IT will be able to see correlations/draw conclusions based on certain patterns. NovoData will start this project by collecting data for the 4th floor of R10. The coming chapters describe the parameter choices, findings, reliability, and data storing structure of NovoData for the Fontys IT project, with conclusions that are drawn between February and June 2021:
· Chapter 2 shows why certain parameters are chosen and which parameters are not (yet) included. This is useful for next project groups. 
· Chapter 3 gives the optimal values for these parameters. Fontys IT can use this as a goal to achieve in R10. 
· Chapter 4 describes how much data is required and available to store, with the associated costs. Both Fontys IT and next groups can use this information as a reference.
· Chapter 5 explains the influence of people on the values of the sensor data. Next groups can prove these influences with graphs for the long term.

[bookmark: _Toc75169365]Choices for data sources

Data can be placed in three different categories, namely: Wi-Fi data from 12CU, Priva sensor data from Fontys, and externals sources. It is important what kind of data should be considered while making a new database. Section 2.1, 2.2. and 2.3 cover these categories respectively. 

[bookmark: _Toc75169366]Personcount from WiFi data

Fontys IT uses a software service from 12CU that converts Wi-Fi data to information about presence of visitors. Users can filter on buildings, floors, time frames and visitors (e.g., students from specific studies). With this information, NovoData can see the utilization rate of the 4th floor of R10 on a specific day. The software 12CU provides insights by giving snapshots of the occupancy every 10 minutes. If the number of people on the 4th floor is known, it is possible to compare this with sensor data to see if there are any correlations or influences. However, the data is not available per room but only per floor. 
Figure 1 shows how the graph looks like when filtering on the 7th of April 2021, for the 4th floor of R10. No more than 18 persons have been detected at the same moment on that floor. The upper left corner shows two different datasets that could be imported as csv files. The file “personcounts” will give the same information that is showed in the graph.
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[bookmark: _Ref68787863]Figure 1: Available information of 12CU

[bookmark: _Toc75169367]Parameters from Priva sensordata

Fontys placed several sensor types, which results in dozens of different individual Priva sensors in R10. NovoData only looks at the light, air quality and room temperature sensors for this project. Based on literatures studies, these parameters have relatively much influence on study success. Other sensors were inlet and outlet temperature, ventilation, and wind speed. The students cannot directly perceive these parameters, so they will not be considered. The required data and reasons are summed up in the table below.
	Required data
	Reason

	Light
	The amount of daylight in a room has influence on study success. Students will be more focused and productive in lighter rooms. (Preto & Gomes, Lighting in the Workplace: Recommended, 2020)

	CO2
	The amount of CO2 in an area can be an influence on the concentration levels of students. Students are more focused in rooms with a low CO2 concentration. (Wargocki, Wyon, & Fanger, PRODUCTIVITY IS AFFECTED BY THE AIR QUALITY IN OFFICES, 2000)

	Room temperature
	The temperature should not be too high or too low, because that will have a negative influence on the concentration of students. This is the reason we want to take room temperature in account. (Wargocki, Porras-Salazar, & Contreras-Espinoza, The relationship between classroom temperature and children’s performance in school, 2019) 



[bookmark: _Toc75169368]External sources

The last category to add to the database is external data. This section consists of two parts: section 2.3.1 describes why certain APIs are used for the Fontys database. Section 2.3.2 describes why other APIs are not chosen, which can be useful for next project groups.

[bookmark: _Ref71198620][bookmark: _Toc75169369]Chosen parameters with API’s

The table below shows an overview of what data NovoData wants to add and why. 

	Required data
	URL for API’s
	Reason

	Data about the weather: temperature, wind speed, humidity, UV index, cloudiness, and condition code
	https://dev.meteostat.net/
	NovoData wants to see if the temperature, wind speed and the condition code have influence on the number of students that are absent or present. When the sunlight (based on the condition code) is known, it is maybe possible to open/close the curtains automatically so that there is no bright sunlight in the student's faces. When time is left for NovoData, they can make a manual so that students and lecturers can open or close the curtains manually. The UV index and cloudiness can give an indication of the light intensity outdoors, which Novodata can compare with the light intensity in R10. Lastly, the humidity changes the perception of the temperature. (Palonen, Seppänen, & Jaakkola, 1993)

	Air quality
	https://openweathermap.org/api/air-pollution
	When the air quality fluctuates much in Eindhoven, then it is maybe a possible come to some advice to open/close windows on certain days. For that, we need to make a trade-off between air quality outside and temperature/CO2 inside.

	Data from NS, for public transport
	https://apiportal.ns.nl/ 
	Fontys IT can check the correlation between absence and delays in public transport, to check the influence of these delays on study success.



NS API Notice
According to the NS API documentation the arrivals and departures à minimum of 10 arrivals/departures will be stored for the coming hour. For example, a station like Utrecht could have more then 10 arrivals the next hour, then all this data is stored as a single arrival / departure. Another station like Wijchen has 3 arrivals /departures the next hour. In this case trains are stored as duplicates to get to the minimum of 10.  
[bookmark: _Ref71198658][bookmark: _Toc75169370]API’s that are not (yet) chosen

The table below shows an overview of what data NovoData did not add and why. 

	Parameter
	URL for API’s
	Reason for leaving out the parameter

	Public transport: 9292
	http://api.9292.nl/0.1/locations?lang=nl-NL&q=eindhoven
	A request is needed for this API.

	Traffic transport: HERE
	https://developer.here.com/products/platform/data
	It is not clear if the outcomes are figures about traffic, of only (heat) maps. A login is needed, and it can only be used for non-commercial purposes. Next groups can however still decide to use this API, as Fontys has connections with HERE. The API is free but limited to 250.000 transactions per month.

	Traffic transport: Google
	https://stackoverflow.com/questions/4600656/access-googles-traffic-data-through-a-web-service
	It is not clear if this API will really work.

	Traffic transport: Google (2)
	https://developers.google.com/maps/documentation/roads/get-api-key 

	It is not clear if this API is usable for traffic jams. It makes use of Google Cloud and costs 5 dollars per 1000 calls.

	Traffic transport: OpenRouteService
	
	This API gives routes from start until end, but there is no additional information about for example the travel time/speed.

	Traffic transport: TomTom
	https://developer.tomtom.com/content/traffic-api-explorer#/Traffic%20Flow/get_traffic_map__versionNumber__tile_flow__type___zoom___x___y___format_ 

	This API looked like the best traffic API that NovoData could find, so they tried this one in Python. Some of the outcomes are the current driving speed and the needed time to drive over a certain road piece. This could maybe give an overview of the traffic jams and the correlation with student absence in R10. However, every API call gives only a road stroke of 1 kilometer. Therefore, Novodata wonders if this API is reliable and decided not to use it. Next groups can decide to do more research about the reliability of this API.

	Weather data: KNMI
	https://pypi.org/project/knmi-py/
	It seems like this API is out of order.

	Sun API: SunCalc
	https://www.suncalc.org/#/51.4359,5.4855,4/2021.03.02/20:15/1/3
	This API mentions the place of the sun for every day and every moment of the day, for every room. Novodata could check its reliability with other weather data (sunny/cloudy). This API has – because of limited time – not been implemented yet, but can maybe be useful for Fontys IT. Therefore, it is an idea for next groups to look at it.

	API for CO2
	https://docs.pymc.io/notebooks/GP-MaunaLoa.html or https://www.tinkerforge.com/en/doc/Software/Bricklets/CO2_Bricklet_Python.html
	Probably only data available for Mauna Loa. However, for the CO2 level there are probably no APIs needed, as Fontys IT can also use averages that are mentioned on internet sites. The CO2 level does not change per hour, but the concentration is rising over time because of the climate change. Next groups could maybe take this into account to compare it with the CO2 concentration in R10. If the CO2 concentration outside is higher than in R10, Fontys can choose to close the windows/ventilation system.



[bookmark: _Toc75169371][bookmark: _Toc65233069]Optimal values for parameters

The Priva system makes it possible to automatically act when certain values are too high or too low. The Fontys users that have access to the overview of these Priva sensors can change the bandwidths. These bandwidths are triggers to change the values in the building automatically. To do this in a good way, it is important to know the optimal values for the different parameters, namely for CO2, light, and temperature.

[bookmark: _Ref69397966][bookmark: _Toc75169372]Light intensity

Good light has 21% influence on the performance of students. (Kennisrotonde, 2021) Light intensity or illuminance can be expressed in lux, which has a very broad scale. Before mentioning the optimal light intensity in classrooms, it is important to get a feeling for the number of lux in certain environments. Figure 2 shows some examples. (Torchspot, sd)
[image: ]
[bookmark: _Ref68895878]Figure 2: Examples of illuminances
As different rooms have different purposes, they also need different light intensities. Four sources have been consulted to get an idea of the optimal illuminance in a classroom, namely sources from Glamox, Fagerhult (2020), Obimex and KU Leuven (Glamox, sd) (Obimex, sd) (Fagerhult, 2020) and KU Leuven Technologiecampus Gent (2016). Three of them mention that at least 300 lux is needed in classrooms and that 500 to 750 lux is desirable, especially for reading and writing tasks. The education in R10 is based on applied research: the rooms are therefore not like old-fashioned classrooms, but they look more like office buildings because of the big spaces. For these types of rooms, 500 lux is the standard. Some of the sources mentioned before state that it is not desirable to increase the (artificial) light too much, as it does not improve the visual comfort, but it increases the chance of blindness. However, Wouter Boxhoorn stated during the Sports and Technology Seminar (2021) that healthy indoor light should be more than 500 lux. They say that less than 500 lux feels like darkness for the biological systems of humans, and they provide customers with light intensities between 500 and 1200 lux on the desktop. Natural light and higher light intensities have a positive influence on biological entrainment, sleep, well-being, and performance. (Preto & Gomes, Lighting in the Workplace: Recommended, 2020) It seems there is no clear maximum for natural light intensity, which would lead to the conclusion that studying nearby windows increases productivity. Boxhoorn (2021) states that the benefit of natural light is only present within a radius of about three meters from the windows. 
To improve the benefits of the biological system, the light of the lamps should be adapted during the day. This focuses on the following parameters:
· Light intensity (illuminance)
· Colors: this can be for example blue, orange, or purple.
· Color temperature. Blue “cold” light has a relatively high value (up to 10.000 Kelvin), and orange “warm” light has a low value (about 1000 Kelvin).
This should correspond with the outside environment, so that people experience the same “natural environment” when they are inside.
Another important factor is the spread of light. Boxhoorn (2021) states that it is best that the light is spread homogeneously, so that every place gets the same light intensity. 
Based on these facts, NovoData wants to draw a conclusion on the optimal illuminance in the Fontys R10 building. Fontys can choose to adjust the minimum or maximum desired illuminance for different rooms. NovoData concludes that light intensity should be at least 300 lux, but the optimal illuminance is somewhere between 500 and 1200 lux. Too much light can be annoying for work with laptops/computers. 
To be able to adjust the illuminance to optimal values, actual data about light is needed. NovoData wants to measure this for the rooms on the 4th floor of R10. Figure 2 showed some examples of different light values, and the difference between indoor “artificial” light and indirect outdoor sunlight can be about 20.000 lux. It is therefore very important to know where the sensors in R10 are placed. More information about the places of the sensors can be found in section 5.1.

[bookmark: _Ref69397956][bookmark: _Toc75169373]CO2 values and overall air quality

The air quality has 16% influence on the performance of students. (Kennisrotonde, 2021) In the R10 building Priva placed sensors to measure air quality in the classrooms on each floor. The air quality was therefore measured in CO2 (ppm) values. Many studies have been made to find out what the optimal CO2 level is to improve study success.  All these studies on different schools let students take an exam on reading and calculation. These exams were taken in classrooms where the ppm concentration has different values and degrees of ventilation.
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[bookmark: _Ref71211280][bookmark: _Ref71211269]Figure 3: Relation between relative performance and CO2 levels of concentration
Figure 3 shows the relations between the relative performance of students and the concentration of CO2 in ppm. When you follow the black line, you will see that the performance will drop when the concentration of CO2 gets higher. The black line also starts +/- 550 ppm. This is the optimum value with the best student performance. Ron Bertrams, who works at the housing department of Fontys, states that the air is “clean” up to 500 ppm, and automated changes are executed when the value is between 700 and 800 ppm. This could be an indication that the sensor indeed helps the R10 building to provide a better learning environment. We could use this measurement definitly as an indicator for study succes. 


[bookmark: _Toc75169374]Temperature

The last factor in the sensor data that has influence on study success, is the room temperature. Kennisrotonde (2021) mentions that the temperature has an influence of 12% on the study success. NovoData has considered four other sources to estimate the optimal temperature in classrooms from Aken (2017), Oebs (2018), Regus (2021) and GGD Rotterdam-Rijnmond (2021). The averages of the minimum and maximum temperature are then 20 and 23 °C. Different of these sources state that the optimum room temperature for focus and performance is 20 °C. However, 21 and 22 °C were the only values that were included in the bandwidths of all sources. NovoData therefore concludes that the room temperature should be between 20 and 22 °C, with 21 °C as an optimum.

[bookmark: _Toc75169375]Plants

Plants belong to natural elements. Workers in offices with natural elements like plants (and sunlight) report that well-being and creativity increase with 15% and productivity with 6%. (Boxhoorn, 2021)
R10 also has plants, especially in relatively large rooms: room 4.60 counts 22 plants and room 4.70 counts 14 plants.

[bookmark: _Toc75169376]Data to store

This chapter describes what data NovoData wants to use for the new database. 

[bookmark: _Toc75169377]Available and required data

The table below shows the available ( “Interval/Update from source”) and the desired data (“Desired interval/update”) from the sources used by NovoData. “Interval” explains the time in between two measurements, and “update” explains the time in between updating the new database. More information about these time intervals and updates will be given in the next section. 
	Parameter/source
	Interval from source
	Desired interval
	Update from source

	Light in R10
	8 minutes
	10 minutes
	24 hours

	Temperature in R10
	8 minutes
	10 minutes
	24 hours

	CO2 in R10
	8 minutes
	10 minutes
	24 hours

	Meteostat API
	Every whole hour
	Every whole hour or every 10 minutes
	24 hours

	UV index API
	Every hour, at a random moment
	Every whole hour or every 10 minutes
	Every hour

	Air quality API
	Every whole hour
	Every whole hour or every 10 minutes
	Every hour

	Wi-Fi data: occupancy R10
	10 minutes
	10 minutes
	24 hours

	NS API
	Depends on train arrivals and departures
	NovoData wants all available information
	24 hours



[bookmark: _Toc75169378]Update and Intervalplanning

In the previous chapters we talked about how and what data is going to be stored in our Azure database and the database for the PowerBI desktop. In this chapter we are going to talk about when and how often the data is retrieved from the external sources.  Figure 1 shows the global architecture of the dataflow with the respective intervals. 

[bookmark: _Toc75169379]Data from the Priva sensors
The sensors are constantly measuring the parameters, but only snapshots for every 8 minutes are stored the Priva database. From here Fontys IT collects this data every 24 hours in their database.  This is the data that we, as the project group, have access to.  
Our Azure database is going to collect the data from the Fontys IT database daily at a set time of 9 am. We use a set time because the sensor data from Priva that is collected by Fontys IT can vary per sensor. With this timestamp we can make sure all the data from all the sensor is collected from the previous day. 

[bookmark: _Toc75169380]Data from other sources
Except for the Wi-Fi data that comes every 10 minutes, the data from other sources have no set intervals like the Fontys IT database had. These intervals can vary per source. For example: the Wi-Fi data is collected every day, but the weather data can have an hourly interval for the API. In this case it is also useful to collect the data from these sources daily.  
According to the architecture, as shown in figure 4, this can be done at 9 AM each day. There is still a chance that we then overload the server with many requests form the server. We must find out what is the best option for the scheduled time. 
[image: ]
figure 4: Frequency planning architecture
We did not go with the architecture for the scheduling as shown in figure 4. The reason behind this is that some resources like Database Fontys IT are heavy load on the server. This source contains a lot of data. If we would schedule more sources on the same schedule time the server could get overloaded, and processes will be terminated.  In the document architecture serverless you can find an overview of the scheduled time for each source.  
[bookmark: _Toc75169381]Structure
To create simplicity for the first deliverable we can go with 1 database for now. It is easier to maintain, and de data can be shared among different clients(as in departments, employees, software etc.). There are two possible solutions for further splitting up the data.
[bookmark: _Toc75169382]Storage of data
The first being we create a table for each source, then use a dashboarding software like tableau for integration with the different data. The other solution is the create views that are application specific. So, for example a view for the scheduling department could have data which involves meteostat, NS data and WIFI data to have information about delays and their causes. 

A major disadvantage of creating views is that they do not contain the actual data but a copy of the data that is queried for that specific view. This means that the data in the view needs to be updated every time there is new data available.  And another disadvantage is that a view is not scalable like a table. You would be stuck with the data that is available in the view.
A better approach is to create tables for each source in the database and link the tables together on the datetime columns. These links, or key references as the called in SQL, can provide information on relations between two sources. For example, you can take values of CO2 from the sensor data source and the number of students of the Wi-Fi data source to see if there is a relation between number of students and the measured CO2 levels at the same timeframe. (See image below)
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[bookmark: _Toc75169383]Analysing the data
We want to look at the number of students, that we collected from the WIFI data and compare these numbers with other sources to see if there is a relation between these numbers. Each analysis task will be listed below. The graphs will show an hourly pattern and the user can filter on rooms and date. To find patterns on specific rooms or dates.
1. Number of students and the measured values of CO2: These measures are important to improve performance. Therefore, we want to know if the amount students on the 4th floor have any influences on the CO2 levels. If so, what value must be reached to keep optimal performance in classrooms. 
2. Room temperature: Simple graph that keeps track of the room temperature in different rooms on the fourth floor. 
3. Number of students and the measured values of Lux (light): Light also improves performance. The correct amount of light can help students to read and focus.  With this data we should see if the number of students is lower when there is less light available.
4. Weather conditions: Weather conditions can have influence on the number of students that are present on certain time. Analysis is based on the condition score. For example, with a score 1(snow, rainfall, storm etc.) there are maybe less students present then with clear weather (7 to 10).  Apart from the score we can look at more factors like outside temperature. 
5. Public transport (Nederlandse Spoorwegen): For now, we solely look at the arrivals, departures, and disruptions from the NS. To see a pattern in the flow of students. 

[bookmark: _Toc68868896][bookmark: _Toc75169384]Estimated required storage

NovoData made a database in Azure with an available storage of 2048 MB’s. This database is created in March 2020, and 40 MB’s of this capacity has been used two months later. As a result, 20 MB’s will be added every month. This is almost 0,98%, so Fontys IT can use the database with the current settings for at least 100 months. Table 1 shows the total overview based on the full months March and April.


NovoData had to do some assumptions for this calculation:
· As the same amount of data will be uploaded every day, NovoData concludes that the used storage space rises linearly.
· NovoData assumes that Fontys IT will not do more transactions in the future than already planned at this moment.
These calculations should be done regularly to make sure that the forecast is close to the reality. NovoData made an Excel file called “Export_AzureCalculator”, in which Fontys IT can recalculate the forecasts by adding number of months the have been payed for. To keep track if history it is best the create a new tab for each month and change the number of months payed. 

[bookmark: _Toc68868897][bookmark: _Toc75169385]Cost calculation for database

The costs are based on two services: The Azure SQL database (2GB) and the Azure Function. To calculate the cost yourself you can have a look at a small document we made to set up the calculator. Table 2 shows the cost of these resources. 
[image: ]
[bookmark: _Ref72251913]Table 2: cost structure Azure database and Azure Function
For the Azure function there will be no costs before the 1.000.000 transactions of 400.000 GB limits. Above 1.000.000 transactions the cost will be 17 cents per million transections each month. The cost for GB per second is 0,0000014 cents after 400.000 GB.
Many apps have legal, compliance or other business purposes that require you to retain database backups for longer periods of time. By using the Long-Term Retention (LTR) feature, you can keep full backups for longer than 10 years. You can then restore each backup as a new database. For this database it means that you can store and restore to 5GB of data as back-up. 
The current amount of data, when this document was written, is around 59MB since the beginning of March. That is 2,880859374% of the total 2048 MB (2GB) storage. This is equal to 0,960286458% per month of storage use.  A full calculation of this estimate is shown in the table below. We can conclude from this cost analyses that Fontys IT does not exceed their maximum of 2GB soon (estimated around 8,5 years). But that is based on the current situation. 
Based on the knowledge that Fontys will expand this project for the next 2 years, it is safer to say the amount of storage should be enough for around 5 years on the current monthly cost. More information about this reasoning can be found in section 4.5.2.
[bookmark: _Toc75169386]Calculations based on current situation
The current setting would be good for the database for the next 100 months. After 100 months the capacity is at 97.66% of the available 2GB.  Then after 100 months there will be 4.13 euros x 100 = 413 euros paid for the database. 
Based on the current monthly data use and assuming they will not do more transactions than currently scheduled,  NovoData comes to the following predicted cost for 100 months (time to full storage). The costs for the use of Azure function are none if Fontys has no more the 400.000 GB data use or does less than 1.000.000 transactions in a month. 
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[bookmark: _Ref72252432]Table 3: cost forecast 100 months
[bookmark: _Ref72315989][bookmark: _Toc75169387]Prediction based on the expansion of the project
With the knowledge that Fontys IT wants to expand their resources and collect more data, we will expect that the database will reach full capacity sooner than the expected 100 months in the current situation. 
Assuming a safe position of 5 years (60 months) and based  on the current situation of only data form the 4th floor,  it comes down to 247,78 total cost.  To keep track of the cost and make a better prediction for the future, a new analysis should be done in case of adding more floors or annually,  
 [image: ]
Figure 5 Forecast on safe timeline of 60 months

[bookmark: _Toc75169388]Dashboard data choices

All data is connected via their joint variable: date and time. However, some timestamps do not match because of small differences. The Wi-Fi data has intervals of 10 minutes and the sensor data has intervals of 8 minutes, so only 20% of the Wi-Fi datapoints can be matched with the sensor data. NovoData only used this data for the dashboards. However, next groups can choose to round some timestamps. The trade-off to make is quantity of matches vs. accuracy. Accuracy is more important for variables that fluctuate much because rounding can cause unreliable data. The table below shows again the parameter and time interval. It also shows the changes that can be made for matches, and the consequences for this action. 
	Parameter/source
	Interval from source
	Possible time customization
	Consequences

	Light in R10
	8 minutes
	Round timestamps to 5 (or 10) minutes. 
	Now 50% of the datapoints can be compared to the Wi-Fi data, instead of only 20%. However, rounding data can cause unreliable data, as some data initially belonged to a time of 1 or 2 minutes earlier or later! Especially for light this is a big disadvantage, because the illuminance can immediately change due to lamps, sunscreens, and clouds. That is why it is better to leave the dataset like this without rounding, or to switch to 5 minutes instead of 10 minutes. However, the last option would make it possible to use all light datapoints.

	Temperature in R10
	8 minutes
	Rounded times to 10 minutes.
	Now 100% of the datapoints can be compared to the Wi-Fi data, instead of only 20%. However, rounding data can cause unreliable data, as some data initially belonged to a time of 1 to 5 minutes earlier or later. The temperature does not fluctuate much, so rounding 10 minutes could be possible. More research for this must be done by next groups.

	CO2 in R10
	8 minutes
	Rounded times to 5 minutes.
	Now 50% of the datapoints can be compared to the Wi-Fi data, instead of only 20%. However, rounding data can cause unreliable data, as some data initially belonged to a time of 1 or 2 minutes earlier or later. That is why NovoData thinks it is better to round at 5 minutes instead of 10 minutes. That last option would make it possible to use all CO2 datapoints.

	Meteostat API
	Every whole hour
	No changes
	· 

	UV index API
	Every hour, at a random moment
	Round to whole hours
	This has already been done by NovoData. The datapoints deviate up to 6 minutes from the whole hours. As the UV index does not fluctuate very much, this change has minor negative consequences.

	Pollution API
	Every whole hour
	No changes
	· 

	Air quality sensor data
	8 minutes
	No changes
	NovoData did not change anything in the timestamps to compare more datapoints for air quality. However, they made a new air quality index, to be able to compare this with the air quality outside. The disadvantage of this new measurement is the fact that inside and outside air quality indexes use different variables.  

	Wi-Fi data: occupancy R10
	10 minutes
	No changes
	· 

	NS data
	Depends on trains
	Round train arrivals/ departures to 10 minutes
	This has already been done by NovoData for the actual arrivals and departures. The idea behind this, is to be able to compare all train routes to other datasets. The disadvantage of losing train connections is bigger than the inaccuracy of a few minutes by rounding timestamps. However, if next groups decide to display the arrival and departure times, it is recommended to use the real (not rounded) timestamps. 




[bookmark: _Toc75169389]Future (Im)possibilities with Azure

This section is about the possibilities in Azure. A lot of functions will be discussed later in this section, but Azure has one disadvantage: the updates of the database depend on the Azure Function, so it is not possible to switch to another host. Therefore, next groups cannot search for cheaper options to reduce costs for Fontys IT.

Azure has different options that next groups can explore:
· Machine Learning
· Azure Form Recognizer 
· Azure Data Exploring  

Azure Form Recognizer
“Azure Form Recognizer applies advanced machine learning to accurately extract text, key-value pairs, tables, and structures from documents. With just a few samples you can tailor Azure Form Recognizer to understand your documents, both on-premises and in the cloud. Turn documents into usable data at a fraction of the time and cost, so you can focus more time acting on the information rather than compiling it. “ (Microsoft Form Recognizer, 2021).
This service could be useful for other groups in future projects, because Fontys IT can learn from form data(online survey data, documents) to predict study success in this way. However, for the next group this is not interesting, because this a step too far and you need to really think about the usefulness of this kind of analytics and take in account the GDPR restrictions. 
This service is rather expensive in use. The first 500 pages are free of charge. Then the price will be up to €42,165 per 1.000 pages and another €8,433 per 1000 pages to recognize data from receipts and business cards (Microsoft FR Pricing, 2021)	
Machine Learning with Azure
Machine learning is giving knowledge to a computer or model by providing data, more important data patterns, so that the model can be trained to predict future outcomes.  Fontys, IT wants to apply this to their data to find patterns that can help Fontys to predict the number of students at school, schedule maintenances etc. (Microsoft Azure ML Service, 2021)
Machine Learning Service is expensive and has a steep learning curve, so learning how it works could be very time consuming. We can also suggest making use of Python and / or R to apply machine learning on the data. Their libraries do the same work and are free. 
The costs for the West-European region can be between 35 and 11.200 euro’s a month, depending on the storage and processing capacity. The pricing is based on pay per use. (Microsoft_MLCalc, 2021)
Figure 5 gives an example of what machine learning can do for companies: it can for example predict when a certain car will have issues. Users can check the details by clicking on the issue. (Microsoft Mechanics, 2019)
[image: ]
[bookmark: _Ref74642966]Figure 5: Predictive maintenance with Machine Learning

Azure Data Explorer
Azure Data Explorer makes real-time analysis possible to structure data and identify patterns, trends, and deviations in the datasets. Detailed information can be obtained via self-made queries. It helps users to create dashboards and to make sense of the data. The advantage of Azure Data Explorer is that non-data scientists can easily use it without the need of Jupyter Notebook or other data science related tools. (Microsoft Form Recognizer, 2021) An example of possible outcomes is shown in Figure 5. (Azure Data Explorer, 2021) The dashboard can give real time data, which is an advantage compared to Power BI: for that tool, you must refresh the data manually. However, Azure Data Explorer is not cheap: if you pay by use, it is €0,093/core per hour. This is €67,72/core for one month. (Microsoft Azure, 2021)
[image: ]
[bookmark: _Ref74589413]Figure 6: Dashboard of Azure Data Explorer

How to find these services
The portal of Azure gives an overview of the available services.
1. Go to the Azure portal and log in with your login details of Fontys. Figure 6 shows the outcome of this first page. Click on “More services”.
[image: ]
[bookmark: _Ref74587858][bookmark: _Ref74587852]Figure 7: Azure home portal
2.  All categories of services are shown on the left side (see Figure 6). If you click on a category, the portal will show detailed services for that category. Some services are visible in multiple categories.
[image: ]
[bookmark: _Ref74588327]Figure 8: Azure services per category
3. 

[bookmark: _Toc75169390]Reliability and Influences of people on sensordata

To check the reliability and flexibility of the measurements, it is important to know the influences of automated settings and visitors. Visitors can change settings manually, or (unintentionally) by sudden changes in the number of visitors in a certain room. The impact of automated settings and persons on the 4th floor will be explained for each parameter separately. The conclusions are based on findings on April 13th, 2021, during a visit to R10.

[bookmark: _Toc75169391]Light sensors

This section is separated into three parts, that explain the influence of the sensor place, automated changes, and visitors on the light measurements.

[bookmark: _Toc75169392]Places of sensors

As mentioned in section 3.1, the distance between the windows and light sensors have influence on the measurements. If the sensors measure a certain value,  it does not mean that the whole room has that exact value of illuminance. NovoData noticed that the light sensors are two to three meters away from the windows, and 15 to 40 cm from the lamps. This can give a distorted picture of the outcomes for the illuminance. 

[bookmark: _Toc75169393]Automated changes
The level for light indoors is set on 500 lux. The light goes on when people enter the room, which is based on motion sensors. If there is too much light based on measurements outdoors, then the sunscreens go down. This is managed centrally, but it is possible to change it manually per room.

[bookmark: _Toc75169394]Visitors and artificial light

Visitors cannot put on/off the light manually for all rooms. In that case, sensors detect people and put on the light automatically. After some time (estimated to be 30 minutes) the lights go out when the last visitor has left the room. Figure 5 shows the average illuminance in different cases, measured in three different rooms. The data is only based on nineteen measurements, but it looks like the sunscreens have more influence on the illuminance than the lights. However, it should be noted that these measurements have been done on a sunny day. How much natural daylight fills the room depends on the position of the sun and the position of the room in the building. This could also have an influence on how much lux is measured at a given time. 
The right side of the table shows the illuminance for lights on and off with the sunscreen down. There is no significant difference, so the expectation is that the lights have no function when the sun is shining outside. More research should be done to confirm this statement, but it could save Fontys some money if this is really the case.


[bookmark: _Ref71208890]Figure 9: measured illuminance per situation
Section 3.1 also mentioned that the color and color warmth has influence on the light perception. The color warmth in R10 cannot be changed, unlike the light intensity. The lamps have white or slightly blue colors with an estimated value of 5000 Kelvin.


[bookmark: _Toc75169395]CO2 sensors


This section is separated into two parts, that explain the influence of the automated changes and visitors on the CO2 measurements.

[bookmark: _Toc75169396]Automated changes

As mentioned before, the air is “clean” up to 500 ppm, and their Priva sensors have a maximum value of 700-800 ppm before the ventilation kicks in. As mentioned by Bron (2020), this is based on the presence of visitors. This means that the number of people has a strong influence on the CO2 concentration. Section 5.2.2 will explain this with the use of an example.
Because of the ventilation, it is not necessary to open windows to reduce the CO2 concentration.

[bookmark: _Ref70672709][bookmark: _Toc75169397]Visitors and CO2 concentration

The number of visitors has influence on the CO2 concentration in the air. Three members of NovoData experimented with this, by staying in a classroom for a longer time and checking the CO2 concentration for that specific room and time afterwards. Before entering the room, the CO2 concentration was about 445 ppm. After staying there for 20 minutes, the CO2 concentration reached 472 ppm. Figure 5 shows the influence of the visitors in a graph. There is a clear correlation between the presence of the visitors and the increased CO2 concentration. 
[image: ]
[bookmark: _Ref70365522]Figure 10: CO2 over time, in parts per million

[bookmark: _Toc75169398]Temperature sensors

This section is separated into two parts, that explain the influence of the automated changes and visitors on the temperature measurements.

[bookmark: _Toc75169399]Automated changes

Fontys made a basic setting for temperature when people enter a certain room. The inlet temperature will be changed when the temperature is too high or too low.

[bookmark: _Toc75169400]Visitors and temperature

Visitors of R10 can increase the temperature by 1,5 degrees Celsius. This increase comes with a delay, depending on the floor space of the room. Two members of NovoData increased the temperature with 1,5 degrees Celsius for a small room (approximately 3 by 3 meters) at 13:52 PM on April 13th, 2021. The temperature was 21,2 degrees Celsius and reached the top of 21,6 degrees Celsius at 17:36 PM (see Figure 6). That is an increase of 0,1 degrees Celsius per hour for this manual change, if the settings were not changed by the outside weather or another visitor. 
[image: ]
[bookmark: _Ref70365601]Figure 11: Temperature over time, in degrees Celsius * 10
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Total available storage 2048MB

Number of months paid 3

Used storage 59MB

Increase per month 0,960286458%

Forecast storage usage after 

12 months
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		Microsoft Azure Estimate

		Your Estimate

		Service type		Description		Estimated monthly cost

		Azure Kubernetes Service (AKS)		1 B2S (2 vCPUs, 4 GB RAM) nodes x 1 Month; Pay as you go; 0 managed OS disks – S4, 0 clusters		[$€]29.55

		Azure SQL Database		Single Database, DTU Purchase Model, Basic Tier, B: 5 DTUs, 2 GB included storage per DB, 1 Database(s) x 1 Month, 5 GB Retention		[$€]4.13

		Support		Support		[$€]0.00

				Licensing Program		Microsoft Online Services Agreement

				Total		[$€]33.68



		Disclaimer

		All prices shown are in Euro (€). This is a summary estimate, not a quote. For up to date pricing information please visit https://azure.microsoft.com/pricing/calculator/

		This estimate was created at 5/19/2021 7:14:16 AM UTC.





		Berekening en voorspelling op basis van huidig gebruik

		Totale beschikbare opslag		2048		MB

		Gebruikte opslag(Na 2 maanden)		40		MB

		Maandelijkse stijging (%)		0.9765625		%

		Storage period (months)		102.4

		Forecast percentage of used storage space after 12 months		11.71875		%



		Bereking op basis van huidige situatie

		De huidige instelling zou voor de database zou goed zijn voor de komende 100 maanden. Na 100 maanden zit de capaciteit op 97,66 % van de beschikbare 2GB.  Dan is er 4.13 euro x 100 maanden 413 euro betaald voor de database

		Op basis van het aantal clusters en ervan uitgaande dat deze niet meer transacties gaan doen dan er nu is ingepland komen we op de volgende voorspelde kosten voor 100 maanden(tijd tot volle opslag|)



		Monthly costs database		€    29.55

		Number of months		100

		Total costs		€    2,955.00



		Monthly costs		€    4.13

		Number of months		100

		Total costs		€    413.00



		Total costs after 100 months		€    3,368.00



		Voorspelling op basis van uitbreiding project

		Met de kennis dat FontysIT dit project wilt uitbreiden en uiteindelijk meer data gaat verzamelen bij andere bronnen, is het zeker dat de database sneller groeit. Dus hij zal eerder vol zitten dan na de verwachte 

		100 maanden die berekend is voor de huidige situatie. Uit gaan van een veilige positie van 5 jaar (60) maanden komt het neer op 2020,80 totale kosten na 5 jaar. Jaarlijks zal er een nieuwe analyse gemaakt worden. 



		Monthly costs database		€    29.55

		Number of months		60

		Total costs		€    1,773.00



		Monthly costs		€    4.13

		Number of months		60

		Total costs		€    247.80



		Total costs after 60 months		€    2,020.80
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		Microsoft Azure Estimate

		Uw schatting

		Service type		Description		Estimated monthly cost		Estimated upfront cost

		Azure Function		Pay per use, first 400 GB en 1.000.000 transactions or free of charge(above 1M = 0.17 cents)		€    - 0		€    - 0

		Azure SQL Database		Afzonderlijke database, DTU aanschafmodel, Basic laag, B: 5 DTU's, 2 GB inbegrepen opslag per database, 1 database(s) x 1 Maand, 5 GB retentie		€    4.13		€    - 0

		Support		Support		€    - 0		€    - 0

				Licensing Program		Microsoft Online Services Agreement

				Total		€    4.13		€    - 0



		Disclaimer

		All prices shown are in Euro (€). This is a summary estimate, not a quote. For up to date pricing information please visit https://azure.microsoft.com/pricing/calculator/

		This estimate was created at X/XX/XXXX XX:XX:XX AM/PM UTC.

		Put the input in the green cell.



		Berekening en voorspelling op basis van huidig gebruik (per maart)

		Total available storage		2048		MB

		Number of months paid		3

		Used storage		59		MB

		Increase per month		0.9602864583		%



		Forecast storage usage after 12 months		11.5234375		%





		De huidige instelling zou voor de database zou goed zijn voor de komende 100 maanden. Na 100 maanden zit de capaciteit op 97,66 % van de beschikbare 2GB.  Dan is er 4.13 euro x 100 maanden 413 euro betaald voor de database

		Op basis van het aantal clusters en ervan uitgaande dat deze niet meer transacties gaan doen dan er nu is ingepland komen we op de volgende voorspelde kosten voor 100 maanden. 



		Maandelijke kosten Azure function		€    - 0		Euro

		Aantal maanden looptijd		60

		Totaal kosten 		€    - 0		Euro



		Maandelijke kosten		€    4.13		Euro

		Aantal maanden looptijd		60

		Totaal kost		€    247.78		Euro



		Totaal kosten na looptijd		€    247.78		Euro
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Service type Description Estimated monthly cost Estimated upfront cost

Azure Function Pay per use, first 400 GB en 

1.000.000 transactions or 

free of charge(above 1M = 

0.17 cents)

- €                                   - €                                      

Azure SQL Database Afzonderlijke database, 

DTU aanschafmodel, Basic 

laag, B: 5 DTU's, 2 GB 

inbegrepen opslag per 

database, 1 database(s) x 1 

Maand, 5 GB retentie

4,13 €                                  - €                                      

Support Support - €                                   - €                                      

Licensing Program Microsoft Online Services Agreement

Total 4,13 €                           - €                               

Microsoft Azure Estimate

Uw schatting
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Maandelijke kosten Azure 

function

 €                           -    Euro

Aantal maanden looptijd 100

Totaal kosten   €                           -    Euro

Maandelijke kosten  €                         4,13  Euro

Aantal maanden looptijd 100

Totaal kost  €                      412,97  Euro

Totaal kosten na looptijd  €                      412,97  Euro
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Maandelijke kosten Azure 

function

 €                           -    Euro

Aantal maanden looptijd 60

Totaal kosten   €                           -    Euro

Maandelijke kosten  €                         4,13  Euro

Aantal maanden looptijd 60

Totaal kost  €                     247,78  Euro

Totaal kosten na looptijd  €                     247,78  Euro
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5.3.2 VISITORS AND TEMPERATURE

Visitors of R10 can increase the temperature by 1,5 degrees Celsius. This increase comes
with a delay, depending on the floor space of the room. Two members of NovoData increased
the temperature with 1,5 degrees Celsius for a small room (approximately 3 by 3 meters) at
13:52 PM at April 13t 2021. The temperature was 21,2 degrees Celsius, and reached the top
of 21,6 degrees Celsius at 17:36 PM (see Figure 6). That is an increase of 0,1 degrees Celsius
per hour for this manual change, if the settings were not changed by the outside weather or
another visitor.
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groups in future products, because this way Fontys!T can learn from intelligent data to
predict study success. However, for the next group this is not interesting, because this a step
too far and you need to really think about the usefulness of this kind of analytics. Moreover, it

is not cheap.

Azure Data Exploring

The Azure Data Explorer makes real-time analysis possible to structure data and identify
patterns, trends and deviations in the datasets. Detailed information can be obtained via self-
made query’s. It helps users to create dashboards and to make sense of the data. The
advantage of Azure Data Explorer is that non-data scientists can easily use it without the
need of Jupyter Notebook or other data science related tools.

How to find these services
The portal of Azure gives an overview of the available services.

1. Go to the Azure portal and log in with your login details of Fontys. Figure 5 shows the

outcome of this first page. Click on “More services”.
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Av. measured illuminance (lux)

av. Light screen up screen down

lights on 1025 457

lights off n/a 446


Microsoft_Excel-werkblad1.xlsx
Conclusions

				Room name		Onderstation				Time		Lux value		light sensor distance		#windows open		Setting		#visitors		#plants		CO2 value		Temp in R10		Remarks		Temp in SQL

				Setting 1		light switch off + sunscreen up

				Setting 2		light switch off + sunscreen down

				Setting 3		light switch on + sunscreen down

				Setting 4		light switch on + sunscreen up

				Room name		Onderstation				Time		Lux value		light sensor distance		#windows open		Setting		#visitors		#plants		CO2 value		Temp in R10		Remarks		Temp in SQL

				4.11 (same as 12)		451				14:15		585				0		3		4				526				Values at lux and Co2 are averages of total		22

																0		4		2

				4.12 (same as 11)		401				14:15		937				0		3		4				496						21.3

				4.23		439				11				20 cm from light		n/a		2		0		0								21.2

										11.03				20 cm from light		n/a		3		0		0								21.3

				4.30 (by roof terrace)		405				For results see Tab "Measures 4.30"











				test in 4.30

				4.33 (?)		407				11:20		627		40 cm from light, 2,5 m from window		0		2		0		0		443		20.9				20.9

				4.33 (?)		407				11:25		1627(1410)		40 cm from light, 2,5 m from window		0		4		3		0		448		20.9				20.9

				4.33 (?)		407				11:32		1327		40 cm from light, 2,5 m from window		0		4		3		0		466		21				21

				4.33 (?)		407				11:40		1477		40 cm from light, 2,5 m from window		1		4		0		0		472		21.1				21.1

				4.33 (?)		407				13:05		695		40 cm from light, 2,5 m from window		1		2		0		0		447		20.8				20.8

				4.33 (?)		407				13:08		711		40 cm from light, 2,5 m from window		1		3		0		0		442		20.8				20.8

				4.33 (?)		407				13:40		408		40 cm from light, 2,5 m from window		1		2		0		0		438		20.8				20.8

				4.33 (?)		407				14:50		315		40 cm from light, 2,5 m from window		1		2		0		0		441						20.9

				4.33 (?)		407				14:53		289		40 cm from light, 2,5 m from window		1		3		1		0		441						20.8



				4.35		444				13:49		916		2 sensors, 30 cm from lights		0		3		1		0		440		20.9				20.9

										14:15		5				0		2		0		0		453						21.1

				4.43		452				11:25		1260 - 1270				N		4						no data						21.4

				4.43		452				11:35		no data						1						no data						21.3

				4.43		452				11:45		no data						2						no data						21.3

				4.43		452				11:55		no data						3						no data						21.2

				4.60		422-429 + 431				9.25

tc={7C5C806B-C1D9-4EDD-BC8F-02D0245091D4}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtain				window: 2,5 m and light: 40 cm		0		4		8		22

				4.60		422-429 + 431				9.35

tc={E07C8FCA-4007-456A-A25F-01FC95A840F1}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtains				window: 2,5 m and light: 40 cm		1		4		8		22

				4.60		422-429 + 431				9.4				window: 2,5 m and light: 40 cm		2		4		8		22

				4.60		422-429 + 431				10.08				window: 2,5 m and light: 40 cm		2		4		8		22

				4.60		422-429 + 431				13:59				window: 2,5 m and light: 40 cm		2		3		6		22				20.9

				4.60		422-429 + 431				14:00				window: 2,5 m and light: 40 cm		0		3		6		22				20.9

				4.60		422-429 + 431				9.25

tc={C09E7F58-B4B0-4728-BC36-11C56B4F60B8}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtain						0		4

				4.60		422-429 + 431				9.35

tc={198DB87C-12C0-4C3E-BE43-03629CAE5310}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtains						1		4

				4.60		422-429 + 431				9.4						2		4

				4.61		421				9.25

tc={C7BA3F0F-CC83-4F63-8DCD-9719C6F9404B}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtains		772		window: 2m and light: 15 cm		0		4		0										20.7

				4.61		421				9.32

tc={AD06FE4B-915B-4DC0-A781-182F5823CE5E}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtains		

tc={7C5C806B-C1D9-4EDD-BC8F-02D0245091D4}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtain		

tc={E07C8FCA-4007-456A-A25F-01FC95A840F1}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtains		581 (wrs 781 or 381)		window: 2m and light: 15 cm		0		2		0										20.75

				4.61		421				9.35		381		window: 2m and light: 15 cm		0		2		0						21				20.8

				4.61		421				9.44		388		window: 2m and light: 15 cm		0		3		0										20.9

				4.61		421				9.45		390		window: 2m and light: 15 cm		0		3		0						21		but it is set on 22,5. Apparently for all four meeting rooms?		20.9

				4.61		421				10.05		800 (wrs 576 or 1026)		window: 2m and light: 15 cm		0		1		0										21.05

				Wrong onderstation! We picked 419 --> change temperature

				4.62		420				10.07		no data		window: n/a and light: 5 cm (?)				2						no data						21.4

				4.62		420				10.2		no data		window: n/a and light: 5 cm (?)				3						no data						21.4

				4.62		420				10.09		no data				0				0				no data		21.5				21.4

				4.62		420				10.15		no data				0				0				no data		22.6				21.4

				4.64 (?)		418				10:10		68-75		No windows				3						no data						21.5

				4.64 (?)		418				10:20		521-540						2						no data						21.6

				4.65 (?)		455				13:50		no data		window: n/a, light: 15 cm		n/a		lights off		0		0		456		21.2				21.2

				4.65 (?)		455				13:52		no data		window: n/a, light: 15 cm		n/a		lights on		1		0		457		21.2		Changed: + 1,5 degrees		21.2

				4.65 (?)		455				13:52		no data		window: n/a, light: 15 cm		n/a		lights on		0		0		457		21.3				21.2

				4.65 (?)		455				14:43		no data		window: n/a, light: 15 cm		n/a		lights off (a while already?		0		0		475		21.3				21.35

				4.70 corner next to 3 small rooms		432-433 + 445-446 + 448 + 450				10.35				window: 3m, light: 40 cm		0		4		0		6

				4.70 corner next to 3 small rooms		432-433 + 445-446 + 448 + 451				10.4						0		3		3		6

				4.70 corner next to 3 small rooms		432-433 + 445-446 + 448 + 452				11.08								4		3		6

				4.70 corner next to 3 small rooms		432-433 + 445-446 + 448 + 453				10.4				intensity of light change with the curtain				3

				4.70 corner next to 3 small rooms		432-433 + 445-446 + 448 + 454				10.4				 switch off light in coridor

				4.70 corner next to 3 small rooms		432-433 + 445-446 + 448 + 455				10.59				switch on light in coridor 

				4.70 whole room		432-433 + 445-446 + 448 + 450																14

				4.70 corridors		432-433 + 445-446 + 448 + 450				10.35								lights on		0		0

				4.70 corridors		432-433 + 445-446 + 448 + 450				10.45								lights off		0		0

				4.70 corridors		432-433 + 445-446 + 448 + 450				10.59				switch on light in coridor 				lights on		lights on		lights on		lights on		lights on

				4.72		435				10:50		449 - 530						3		0				no data						21.1

				4.72		435				11:00		60						2		1				no data						21.1

				4.72		435				10:50		449 - 530		Light on				2						no data						21.1

				4.72		435				11:00		60		Light off				1						no data						21.1

				4.73 (?)		434				10:45		490-530		n/a		n/a		3						no data						21.1

				4.73 (?)		434				11:15		97		n/a		n/a		2		1				no data						21



				4.74		440				11		418				0		3						509						21.3

				4.74		440				10.5		622		class room, motion sensor for light				3						510						21.3

				4.74		443				9.53		402						3						503		21 but put on 22.5				21.2

				4.74		443				10.15		637						4						512						21.3

				4.74		443				11		1016						4						503						21.3

close curtain



close curtains



close curtain



close curtains



close curtains



close curtains







setting vs lux

		Room		light		setting		setting				Room 4.33

		4.33		627		lights off		screen down				av. Light		screen up		screen down

		4.33		695		lights off		screen down				lights on		1477		500

		4.33		408		lights off		screen down				lights off		n/a		511

		4.33		315		lights off		screen down

		4.33		711		lights on		screen down				Room 4.61

		4.33		289		lights on		screen down				av. Light		screen up		screen down

		4.33		1627		lights on		screen up				lights on		772		389

		4.33		1327		lights on		screen up				lights off		n/a		381

		4.33		1477		lights on		screen up

		4.61		381		lights off		screen down				Room 4.74

		4.61		381		lights off		screen down				av. Light		screen up		screen down

		4.61		388		lights on		screen down				lights on		827		481

		4.61		390		lights on		screen down				lights off		n/a		n/a

		4.61		800 (wrs 576 or 1026)		lights off		screen up

		4.61		772		lights on		screen up				Av. measured illuminance (lux)

		4.74		418		lights on		screen down				av. Light		screen up		screen down

		4.74		622		lights on		screen down				lights on		1025		457

		4.74		402		lights on		screen down				lights off		n/a		446

		4.74		637		lights on		screen up

		4.74		1016		lights on		screen up				Non-weighted average

												av. Light		screen up		screen down

												lights on		1143		460

												lights off		n/a		468







4.33 co2

		Systeemtijd		Waarde								Systeemtijd		CO2 (ppm)

		2021-04-13 00:00:00.000		424								2021-04-13 08:00:00.000		483

		2021-04-13 00:08:00.000		424								2021-04-13 08:08:00.000		483

		2021-04-13 00:16:00.000		424								2021-04-13 08:16:00.000		484

		2021-04-13 00:24:00.000		423								2021-04-13 08:24:00.000		484

		2021-04-13 00:32:00.000		423								2021-04-13 08:32:00.000		484

		2021-04-13 00:40:00.000		423								2021-04-13 08:40:00.000		484

		2021-04-13 00:48:00.000		423								2021-04-13 08:48:00.000		483

		2021-04-13 00:56:00.000		423								2021-04-13 08:56:00.000		482

		2021-04-13 01:04:00.000		423								2021-04-13 09:04:00.000		477

		2021-04-13 01:12:00.000		423								2021-04-13 09:12:00.000		473

		2021-04-13 01:20:00.000		423								2021-04-13 09:20:00.000		467

		2021-04-13 01:28:00.000		423								2021-04-13 09:28:00.000		462

		2021-04-13 01:36:00.000		423								2021-04-13 09:36:00.000		460

		2021-04-13 01:44:00.000		423								2021-04-13 09:44:00.000		459

		2021-04-13 01:52:00.000		423								2021-04-13 09:52:00.000		458

		2021-04-13 02:00:00.000		423								2021-04-13 10:00:00.000		457

		2021-04-13 02:08:00.000		423								2021-04-13 10:08:00.000		456

		2021-04-13 02:16:00.000		422								2021-04-13 10:16:00.000		464

		2021-04-13 02:24:00.000		422								2021-04-13 10:24:00.000		466

		2021-04-13 02:32:00.000		422								2021-04-13 10:32:00.000		469

		2021-04-13 02:40:00.000		421								2021-04-13 10:40:00.000		461

		2021-04-13 02:48:00.000		421								2021-04-13 10:48:00.000		452

		2021-04-13 02:56:00.000		421								2021-04-13 10:56:00.000		446

		2021-04-13 03:04:00.000		422								2021-04-13 11:04:00.000		445

		2021-04-13 03:12:00.000		421								2021-04-13 11:12:00.000		444

		2021-04-13 03:20:00.000		421								2021-04-13 11:20:00.000		443

		2021-04-13 03:28:00.000		421								2021-04-13 11:28:00.000		448

		2021-04-13 03:36:00.000		421								2021-04-13 11:36:00.000		466

		2021-04-13 03:44:00.000		421								2021-04-13 11:44:00.000		472

		2021-04-13 03:52:00.000		421								2021-04-13 11:52:00.000		467

		2021-04-13 04:00:00.000		421								2021-04-13 12:00:00.000		463

		2021-04-13 04:08:00.000		420								2021-04-13 12:08:00.000		458

		2021-04-13 04:16:00.000		420								2021-04-13 12:16:00.000		456

		2021-04-13 04:24:00.000		420								2021-04-13 12:24:00.000		455

		2021-04-13 04:32:00.000		420								2021-04-13 12:32:00.000		453

		2021-04-13 04:40:00.000		420								2021-04-13 12:40:00.000		453

		2021-04-13 04:48:00.000		420								2021-04-13 12:48:00.000		453

		2021-04-13 04:56:00.000		420								2021-04-13 12:56:00.000		452

		2021-04-13 05:04:00.000		420								2021-04-13 13:04:00.000		447

		2021-04-13 05:12:00.000		420								2021-04-13 13:12:00.000		442

		2021-04-13 05:20:00.000		420								2021-04-13 13:20:00.000		441

		2021-04-13 05:28:00.000		420								2021-04-13 13:28:00.000		440

		2021-04-13 05:36:00.000		421								2021-04-13 13:36:00.000		439

		2021-04-13 05:44:00.000		421								2021-04-13 13:44:00.000		438

		2021-04-13 05:52:00.000		421								2021-04-13 13:52:00.000		438

		2021-04-13 06:00:00.000		420								2021-04-13 14:00:00.000		438

		2021-04-13 06:08:00.000		419

		2021-04-13 06:16:00.000		419

		2021-04-13 06:24:00.000		419

		2021-04-13 06:32:00.000		420

		2021-04-13 06:40:00.000		422

		2021-04-13 06:48:00.000		432

		2021-04-13 06:56:00.000		446

		2021-04-13 07:04:00.000		457

		2021-04-13 07:12:00.000		463

		2021-04-13 07:20:00.000		469

		2021-04-13 07:28:00.000		473

		2021-04-13 07:36:00.000		474

		2021-04-13 07:44:00.000		476

		2021-04-13 07:52:00.000		481

		2021-04-13 08:00:00.000		483

		2021-04-13 08:08:00.000		483

		2021-04-13 08:16:00.000		484

		2021-04-13 08:24:00.000		484

		2021-04-13 08:32:00.000		484

		2021-04-13 08:40:00.000		484

		2021-04-13 08:48:00.000		483

		2021-04-13 08:56:00.000		482

		2021-04-13 09:04:00.000		477

		2021-04-13 09:12:00.000		473

		2021-04-13 09:20:00.000		467

		2021-04-13 09:28:00.000		462

		2021-04-13 09:36:00.000		460

		2021-04-13 09:44:00.000		459

		2021-04-13 09:52:00.000		458

		2021-04-13 10:00:00.000		457

		2021-04-13 10:08:00.000		456

		2021-04-13 10:16:00.000		464

		2021-04-13 10:24:00.000		466

		2021-04-13 10:32:00.000		469

		2021-04-13 10:40:00.000		461

		2021-04-13 10:48:00.000		452

		2021-04-13 10:56:00.000		446

		2021-04-13 11:04:00.000		445

		2021-04-13 11:12:00.000		444

		2021-04-13 11:20:00.000		443

		2021-04-13 11:28:00.000		448

		2021-04-13 11:36:00.000		466

		2021-04-13 11:44:00.000		472

		2021-04-13 11:52:00.000		467

		2021-04-13 12:00:00.000		463

		2021-04-13 12:08:00.000		458

		2021-04-13 12:16:00.000		456

		2021-04-13 12:24:00.000		455

		2021-04-13 12:32:00.000		453

		2021-04-13 12:40:00.000		453

		2021-04-13 12:48:00.000		453

		2021-04-13 12:56:00.000		452

		2021-04-13 13:04:00.000		447

		2021-04-13 13:12:00.000		442

		2021-04-13 13:20:00.000		441

		2021-04-13 13:28:00.000		440

		2021-04-13 13:36:00.000		439

		2021-04-13 13:44:00.000		438

		2021-04-13 13:52:00.000		438

		2021-04-13 14:00:00.000		438

		2021-04-13 14:08:00.000		438

		2021-04-13 14:16:00.000		442

		2021-04-13 14:24:00.000		444

		2021-04-13 14:32:00.000		444

		2021-04-13 14:40:00.000		443

		2021-04-13 14:48:00.000		441

		2021-04-13 14:56:00.000		441

		2021-04-13 15:04:00.000		456

		2021-04-13 15:12:00.000		471

		2021-04-13 15:20:00.000		474

		2021-04-13 15:28:00.000		475

		2021-04-13 15:36:00.000		475

		2021-04-13 15:44:00.000		474

		2021-04-13 15:52:00.000		475

		2021-04-13 16:00:00.000		475

		2021-04-13 16:08:00.000		475

		2021-04-13 16:16:00.000		475

		2021-04-13 16:24:00.000		474

		2021-04-13 16:32:00.000		470

		2021-04-13 16:40:00.000		464

		2021-04-13 16:48:00.000		459

		2021-04-13 16:56:00.000		455

		2021-04-13 17:04:00.000		452

		2021-04-13 17:12:00.000		449

		2021-04-13 17:20:00.000		446

		2021-04-13 17:28:00.000		447

		2021-04-13 17:36:00.000		444

		2021-04-13 17:44:00.000		442

		2021-04-13 17:52:00.000		441

		2021-04-13 18:00:00.000		440

		2021-04-13 18:08:00.000		439

		2021-04-13 18:16:00.000		439

		2021-04-13 18:24:00.000		439

		2021-04-13 18:32:00.000		439

		2021-04-13 18:40:00.000		439

		2021-04-13 18:48:00.000		440

		2021-04-13 18:56:00.000		439

		2021-04-13 19:04:00.000		438

		2021-04-13 19:12:00.000		436

		2021-04-13 19:20:00.000		435

		2021-04-13 19:28:00.000		434

		2021-04-13 19:36:00.000		434

		2021-04-13 19:44:00.000		434

		2021-04-13 19:52:00.000		433

		2021-04-13 20:00:00.000		431

		2021-04-13 20:08:00.000		431

		2021-04-13 20:16:00.000		430

		2021-04-13 20:24:00.000		430

		2021-04-13 20:32:00.000		429

		2021-04-13 20:40:00.000		429

		2021-04-13 20:48:00.000		428

		2021-04-13 20:56:00.000		427

		2021-04-13 21:04:00.000		427

		2021-04-13 21:12:00.000		426

		2021-04-13 21:20:00.000		424

		2021-04-13 21:28:00.000		423

		2021-04-13 21:36:00.000		423

		2021-04-13 21:44:00.000		423

		2021-04-13 21:52:00.000		422

		2021-04-13 22:00:00.000		422

		2021-04-13 22:08:00.000		422

		2021-04-13 22:16:00.000		421

		2021-04-13 22:24:00.000		421

		2021-04-13 22:32:00.000		420

		2021-04-13 22:40:00.000		418

		2021-04-13 22:48:00.000		417

		2021-04-13 22:56:00.000		417

		2021-04-13 23:04:00.000		417

		2021-04-13 23:12:00.000		416

		2021-04-13 23:20:00.000		416

		2021-04-13 23:28:00.000		415

		2021-04-13 23:36:00.000		415

		2021-04-13 23:44:00.000		415

		2021-04-13 23:52:00.000		414





CO2 (ppm)	2021-04-13 10:00:00.000	2021-04-13 10:08:00.000	2021-04-13 10:16:00.000	2021-04-13 10:24:00.000	2021-04-13 10:32:00.000	2021-04-13 10:40:00.000	2021-04-13 10:48:00.000	2021-04-13 10:56:00.000	2021-04-13 11:04:00.000	2021-04-13 11:12:00.000	2021-04-13 11:20:00.000	2021-04-13 11:28:00.000	2021-04-13 11:36:00.000	2021-04-13 11:44:00.000	2021-04-13 11:52:00.000	2021-04-13 12:00:00.000	2021-04-13 12:08:00.000	2021-04-13 12:16:00.000	2021-04-13 12:24:00.000	2021-04-13 12:32:00.000	457	456	464	466	469	461	452	446	445	444	443	448	466	472	467	463	458	456	455	453	







4.33 and 4.61

		Room		light		setting		setting

		4.33		627		lights off		screen down				av. Light		screen up		screen down

		4.33		1627		lights on		screen up				lights on		1477		500

		4.33		1327		lights on		screen up				lights off		n/a		511

		4.33		1477		lights on		screen up

		4.33		695		lights off		screen down

		4.33		711		lights on		screen down

		4.33		408		lights off		screen down

		4.33		315		lights off		screen down

		4.33		289		lights on		screen down



												av. Light		screen up		screen down

												lights on		772		389

												lights off		n/a		381

				Room name		Onderstation				Time		Lux value		light sensor distance		#windows open		Light		Sunscreen		#visitors		Temp in R10		Remarks		Temp in SQL

				4.61		421				9.25

tc={4D35E3D0-CE51-4392-8434-C457578BF8BA}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtains		772		window: 2m and light: 15 cm		0		on		up		0						20.7

				4.61		421				9.32

tc={3F404B69-49F5-403B-ACF7-B1DAF0CD81BD}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtains		381		window: 2m and light: 15 cm		0		off		down		0						20.75

				4.61		421				9.35		381		window: 2m and light: 15 cm		0		off		down		0		21				20.8

				4.61		421				9.44		388		window: 2m and light: 15 cm		0		on		down		0						20.9

				4.61		421				9.45		390		window: 2m and light: 15 cm		0		on		down		0		21		but it is set on 22,5. Apparently for all four meeting rooms?		20.9

				4.61		421				10.05		800 (wrs 576 or 1026)		window: 2m and light: 15 cm		0		off		up		0						21.05

close curtains



close curtains







Measures 4.30

		Room 4.30 

				Time measured		Time measured (db)		Lux Measure		Sensor count				State		Visitors		CO2 value		Temp in R10		Temp in SQL		Remarks

		402		13:10		13:12		1550		4 sensors: 40 cm from light, 2m from window		0		4		1				21.3

				13:13		13:20		550		4 sensors: 40 cm from light, 2m from window		0		3		4				21.3

				13:35		13:36		307		4 sensors: 40 cm from light, 2m from window		0		3		4				21.3

				13:40		13:52		1507		4 sensors: 40 cm from light, 2m from window		0		4		4				21.3

				15:30		15:36		1326		4 sensors: 40 cm from light, 2m from window		0		4		4 (7 with us)

				15:42		15:44		1626		4 sensors: 40 cm from light, 2m from window		0		4		7 (10 with us)

				16:30		16:32		499		4 sensors: 40 cm from light, 2m from window		0		3		10+

		403		13:10		13:12		1531		4 sensors: 40 cm from light, 2m from window		0		4		1				21.3

				13:13		13:20		631		4 sensors: 40 cm from light, 2m from window		0		3		4				21.3

				13:35		13:36		350		4 sensors: 40 cm from light, 2m from window		0		3		4				21.3

				13:40		13:52		1600		4 sensors: 40 cm from light, 2m from window		0		4		4				21.3

				15:30		15:36		1591		4 sensors: 40 cm from light, 2m from window		0		4		4 (7 with us)

				15:42		15:44		1941		4 sensors: 40 cm from light, 2m from window		0		4		7 (10 with us)

				16:30		16:32		494		4 sensors: 40 cm from light, 2m from window		0		3		test: many people?

		404		13:10		13:12		1600		4 sensors: 40 cm from light, 2m from window		0		4		1				21.3

				13:13		13:20		800		4 sensors: 40 cm from light, 2m from window		0		3		4				21.3

				13:35		13:36		465		4 sensors: 40 cm from light, 2m from window		0		3		4				21.3

				13:40		13:52		1705		4 sensors: 40 cm from light, 2m from window		0		4		4				21.3

				15:30		15:36		1641		4 sensors: 40 cm from light, 2m from window		0		4		4 (7 with us)

				15:42		15:44		1891		4 sensors: 40 cm from light, 2m from window		0		4		7 (10 with us)

				16:30		16:32		536		4 sensors: 40 cm from light, 2m from window		0		3		test: many people?

		405		13:10		13:12		1600		4 sensors: 40 cm from light, 2m from window		0		4		1		465		21.3		21.2

				13:13		13:20		800		4 sensors: 40 cm from light, 2m from window		0		3		4		471		21.3		21.3

				13:35		13:36		444		4 sensors: 40 cm from light, 2m from window		0		3		4		472		21.3		21.3

				13:40		13:52		1694		4 sensors: 40 cm from light, 2m from window		0		4		4		475		21.3		21.3

				15:30		15:36		1642		4 sensors: 40 cm from light, 2m from window		0		4		4 (7 with us)		468				21.3

				15:42		15:44		1942		4 sensors: 40 cm from light, 2m from window		0		4		7 (10 with us)		470				21.3

				16:30		16:32		510		4 sensors: 40 cm from light, 2m from window		0		3		test: many people?		524				21.6

		406		13:10		13:12				4 sensors: 40 cm from light, 2m from window		0		4		1				21.3

				13:13		13:20				4 sensors: 40 cm from light, 2m from window		0		3		4				21.3

				13:35		13:36				4 sensors: 40 cm from light, 2m from window		0		3		4				21.3

				13:40		13:52				4 sensors: 40 cm from light, 2m from window		0		4		4				21.3

				15:30		15:36				4 sensors: 40 cm from light, 2m from window		0		lights on		4 (7 with us)

				15:42		15:44				4 sensors: 40 cm from light, 2m from window		0		lights on		7 (10 with us)

				16:30		16:32				4 sensors: 40 cm from light, 2m from window		0		lights on		test: many people?

		417		13:10		13:12				4 sensors: 40 cm from light, 2m from window		0		4		1				21.3

				13:13		13:20				4 sensors: 40 cm from light, 2m from window		0		3		4				21.3

				13:35		13:36				4 sensors: 40 cm from light, 2m from window		0		3		4				21.3

				13:40		13:52				4 sensors: 40 cm from light, 2m from window		0		4		4				21.3

				15:30		15:36				4 sensors: 40 cm from light, 2m from window		0		lights on		4 (7 with us)

				15:42		15:44				4 sensors: 40 cm from light, 2m from window		0		lights on		7 (10 with us)

				16:30		16:32				4 sensors: 40 cm from light, 2m from window		0		lights on		test: many people?





Kamer 4.11 1400 tot 1700

		Systeemtijd		Waarde (Lux)

		2021-04-13 13:52:00.000		676

		2021-04-13 14:00:00.000		826

		2021-04-13 14:08:00.000		626

		2021-04-13 14:16:00.000		476

		2021-04-13 14:24:00.000		546

		2021-04-13 14:32:00.000		646

		2021-04-13 14:40:00.000		1246

		2021-04-13 14:48:00.000		896

		2021-04-13 14:56:00.000		396

		2021-04-13 15:04:00.000		355

		2021-04-13 15:12:00.000		380

		2021-04-13 15:20:00.000		431

		2021-04-13 15:28:00.000		492

		2021-04-13 15:36:00.000		1192

		2021-04-13 15:44:00.000		1642

		2021-04-13 15:52:00.000		1142

		2021-04-13 16:00:00.000		242

		2021-04-13 16:08:00.000		142

		2021-04-13 16:16:00.000		153

		2021-04-13 16:24:00.000		196

		2021-04-13 16:32:00.000		258

		2021-04-13 16:40:00.000		329

		2021-04-13 16:48:00.000		327

		2021-04-13 16:56:00.000		427

		Gemiddelde		585.0833333333

		Systeemtijd		Waarde(CO2 (ppm))

		2021-04-13 17:04:00.000		481

		2021-04-13 16:56:00.000		488

		2021-04-13 16:48:00.000		510

		2021-04-13 16:40:00.000		540

		2021-04-13 16:32:00.000		541

		2021-04-13 16:24:00.000		534

		2021-04-13 16:16:00.000		535

		2021-04-13 16:08:00.000		539

		2021-04-13 16:00:00.000		545

		2021-04-13 15:52:00.000		544

		2021-04-13 15:44:00.000		534

		2021-04-13 15:36:00.000		526

		2021-04-13 15:28:00.000		525

		2021-04-13 15:20:00.000		525

		2021-04-13 15:12:00.000		524

		2021-04-13 15:04:00.000		522

		2021-04-13 14:56:00.000		517

		2021-04-13 14:48:00.000		511

		2021-04-13 14:40:00.000		520

		2021-04-13 14:32:00.000		532

		2021-04-13 14:24:00.000		534

		2021-04-13 14:16:00.000		533

		2021-04-13 14:08:00.000		533

		2021-04-13 14:00:00.000		534

		Gemiddelde:		526.125





Waarde (Lux)	2021-04-13 13:52:00.000	2021-04-13 14:00:00.000	2021-04-13 14:08:00.000	2021-04-13 14:16:00.000	2021-04-13 14:24:00.000	2021-04-13 14:32:00.000	2021-04-13 14:40:00.000	2021-04-13 14:48:00.000	2021-04-13 14:56:00.000	2021-04-13 15:04:00.000	2021-04-13 15:12:00.000	2021-04-13 15:20:00.000	2021-04-13 15:28:00.000	2021-04-13 15:36:00.000	2021-04-13 15:44:00.000	2021-04-13 15:52:00.000	2021-04-13 16:00:00.000	2021-04-13 16:08:00.000	2021-04-13 16:16:00.000	2021-04-13 16:24:00.000	2021-04-13 16:32:00.000	2021-04-13 16:40:00.000	2021-04-13 16:48:00.000	2021-04-13 16:56:00.000	676	826	626	476	546	646	1246	896	396	355	380	431	492	1192	1642	1142	242	142	153	196	258	329	327	427	







Waarde (Lux)	2021-04-13 13:52:00.000	2021-04-13 14:00:00.000	2021-04-13 14:08:00.000	2021-04-13 14:16:00.000	2021-04-13 14:24:00.000	2021-04-13 14:32:00.000	2021-04-13 14:40:00.000	2021-04-13 14:48:00.000	2021-04-13 14:56:00.000	2021-04-13 15:04:00.000	2021-04-13 15:12:00.000	2021-04-13 15:20:00.000	2021-04-13 15:28:00.000	2021-04-13 15:36:00.000	2021-04-13 15:44:00.000	2021-04-13 15:52:00.000	2021-04-13 16:00:00.000	2021-04-13 16:08:00.000	2021-04-13 16:16:00.000	2021-04-13 16:24:00.000	2021-04-13 16:32:00.000	2021-04-13 16:40:00.000	2021-04-13 16:48:00.000	2021-04-13 16:56:00.000	676	826	626	476	546	646	1246	896	396	355	380	431	492	1192	1642	1142	242	142	153	196	258	329	327	427	







Waarde(CO2 (ppm))	2021-04-13 17:04:00.000	2021-04-13 16:56:00.000	2021-04-13 16:48:00.000	2021-04-13 16:40:00.000	2021-04-13 16:32:00.000	2021-04-13 16:24:00.000	2021-04-13 16:16:00.000	2021-04-13 16:08:00.000	2021-04-13 16:00:00.000	2021-04-13 15:52:00.000	2021-04-13 15:44:00.000	2021-04-13 15:36:00.000	2021-04-13 15:28:00.000	2021-04-13 15:20:00.000	2021-04-13 15:12:00.000	2021-04-13 15:04:00.000	2021-04-13 14:56:00.000	2021-04-13 14:48:00.000	2021-04-13 14:40:00.000	2021-04-13 14:32:00.000	2021-04-13 14:24:00.000	2021-04-13 14:16:00.000	2021-04-13 14:08:00.000	2021-04-13 14:00:00.000	481	488	510	540	541	534	535	539	545	544	534	526	525	525	524	522	517	511	520	532	534	533	533	534	







Waarde(CO2 (ppm))	2021-04-13 17:04:00.000	2021-04-13 16:56:00.000	2021-04-13 16:48:00.000	2021-04-13 16:40:00.000	2021-04-13 16:32:00.000	2021-04-13 16:24:00.000	2021-04-13 16:16:00.000	2021-04-13 16:08:00.000	2021-04-13 16:00:00.000	2021-04-13 15:52:00.000	2021-04-13 15:44:00.000	2021-04-13 15:36:00.000	2021-04-13 15:28:00.000	2021-04-13 15:20:00.000	2021-04-13 15:12:00.000	2021-04-13 15:04:00.000	2021-04-13 14:56:00.000	2021-04-13 14:48:00.000	2021-04-13 14:40:00.000	2021-04-13 14:32:00.000	2021-04-13 14:24:00.000	2021-04-13 14:16:00.000	2021-04-13 14:08:00.000	2021-04-13 14:00:00.000	481	488	510	540	541	534	535	539	545	544	534	526	525	525	524	522	517	511	520	532	534	533	533	534	







Other

				At least take into account all measurements for 1 room of every 5 colors/room functions + undefined rooms.*

				Check if we can change more than just light, windows and sunscreens.

		1		Check if 2 WiFi devices (laptop + phone) are 2 persons according to 12CU.

		1		Check the chance that people will not be detected because of a missing WiFi connection / not bringing a device. We did not use the Fontys WiFi from 11AM to 11.15

		1		Base that chance on if the devices connect with the WiFi automatically. It connect automatically, so we assume there are no people missing

		1		Check if the room numbers that have no names, actually have names

		1		If possible: add the number of visitors on the 4th floor per hour.

		1		Make pictures of the dashboards to compare that afterwards with the SQL database



				*calculations:

				8 rooms * 3 sensortypes * 4 measurements per room = 96 measurements.

				(96 measurement * 10 min) / 60 min = 16 hours.

				16 hours / 3 persons = 5,33 hours.

				Time		#visitors 4th floor								Room		Function

														4.11		graduation room

														4.12		graduation room

														4.23		working room

														4.30		open ICT lab (oil)

														4.35		lab

														4.36		working room

														4.39		working room

														4.40		meeting room

														4.41		meeting room

														4.42		working room

														4.43		meeting room

														4.44		meeting room

														4.45		working room

														4.60		open ICT lab (oil)

														4.70		open ICT lab (oil)





All parameters

				Room name		Onderstation				Time		Lux value		light sensor distance		#windows open		Setting		#visitors		#plants		CO2 value		Temperature

				Setting 1		light switch off + sunscreen up

				Setting 2		light switch off + sunscreen down

				Setting 3		light switch on + sunscreen down

				Setting 4		light switch on + sunscreen up

				Room name		Onderstation				Time		Lux value		light sensor distance		#windows open		Setting		#visitors		#plants		CO2 value		Temperature

				4.11 (same as 12)		451				14:15						0		3		4

										until 17.00?						0		4		2





				4.12 (same as 11)		401				14:15						0		3		4







				4.23		439				11				20 cm from light		n/a		2		0		0

										11.03				20 cm from light		n/a		3		0		0





				4.30 (by roof terrace)		402-406 + 417				13:10				4 sensors: 40 cm from light, 2m from window		0		4		1		6				21.3

										13:13				4 sensors: 40 cm from light, 2m from window		0		3		4		6				21.3

										13:35				4 sensors: 40 cm from light, 2m from window		0		3		4		6				21.3

										13:40				4 sensors: 40 cm from light, 2m from window		0		4		4		6				21.3

										15:30				4 sensors: 40 cm from light, 2m from window		0		lights on		4 (7 with us)		6

										15:42				4 sensors: 40 cm from light, 2m from window		0		lights on		7 (10 with us)		6

				test in 4.30						16:30				4 sensors: 40 cm from light, 2m from window		0		lights on		test: many people?		6



				4.33 (?)		407				11:20				40 cm from light, 2,5 m from window		0		2		0		0				20.9

				4.33 (?)		407				11:25		1410		40 cm from light, 2,5 m from window		0		4		3		0				20.9

				4.33 (?)		407				11:32				40 cm from light, 2,5 m from window		0		4		3		0				21

				4.33 (?)		407				11:40				40 cm from light, 2,5 m from window		1		1 or 4		0		0				21.1

				4.33 (?)		407				13:05				40 cm from light, 2,5 m from window		1		2		0		0				20.8

				4.33 (?)		407				13:08				40 cm from light, 2,5 m from window		1		3		0		0				20.8

				4.33 (?)		407				13:40				40 cm from light, 2,5 m from window		1		2 or 3 (some lights on)		0		0				20.8

				4.33 (?)		407				14:50				40 cm from light, 2,5 m from window		1		2		0		0

				4.33 (?)		407				14:53				40 cm from light, 2,5 m from window		1		3		1		0



				4.34 (?)		408

				4.35		444				13:49		916		2 sensors, 30 cm from lights		0		3		1		0				20.9

										14:15		5				0		2		0		0





				4.36		441







				4.37 (?)		410

				4.38 (?)		409

				4.39		411







				4.40		412







				4.41		413







				4.42		414

				4.43		452				11:25		1260 - 1270				N		4

										11:35								1

										11:45								2

										11:55								3

				4.44		453







				4.45		415-416

				4.60						9.25

tc={188C812C-3B49-4AA1-ADF2-CB59F2B3A3E1}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtain				window: 2,5 m and light: 40 cm		0		4		8		22

				4.60						9.35

tc={F9A5929D-E329-4D13-BA3A-01D51672BE68}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtains				window: 2,5 m and light: 40 cm		1		4		8		22

				4.60						9.4				window: 2,5 m and light: 40 cm		2		4		8		22

				4.60						10.08				window: 2,5 m and light: 40 cm		2		4		8		22



				4.60						13:59				window: 2,5 m and light: 40 cm		2		3		6		22				20.9

				4.60						14:00				window: 2,5 m and light: 40 cm		0		3		6		22				20.9

				4.61						9.25

tc={10A905DC-8DB5-4B25-BD89-239A5E35911C}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtains				window: 2m and light: 15 cm		0		4		0

				4.61						9.44				window: 2m and light: 15 cm		0		3		0

				4.61						9.32

tc={CE6118F2-B47E-40FC-9205-B454BE44F9D7}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtains		

tc={188C812C-3B49-4AA1-ADF2-CB59F2B3A3E1}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtain		

tc={F9A5929D-E329-4D13-BA3A-01D51672BE68}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtains				window: 2m and light: 15 cm		0		2		0

				4.61						9.35				window: 2m and light: 15 cm		0		2		0						21

				4.61						9.45				window: 2m and light: 15 cm		0		3		0						21		but it is set on 22,5. Apparently for all four meeting rooms?

				4.61						10.05				window: 2m and light: 15 cm		0		1		0

				4.63 (?)		419

				4.64 (?)		418

				4.65 (?)		455				13:50				window: n/a, light: 15 cm		n/a		lights off		0		0				21.2

				4.65 (?)		455				13:52				window: n/a, light: 15 cm		n/a		lights on		1		0				21.2		Changed the setting: + 1,5 degrees

				4.65 (?)		455				13:52				window: n/a, light: 15 cm		n/a		lights on		0		0				21.3

				4.65 (?)		455				14:43				window: n/a, light: 15 cm		n/a		lights off (a while already?		0		0				21.3

				4.66 (?)		454

				4.70 corner next to 3 small rooms		433 + 445-446 + 448 + 450				10.35				window: 3m, light: 40 cm		0		4		0		6

										10.4						0		3		3		6

				4.70 corner 						11.08								4		3		6

				4.70 whole room		433 + 445-446 + 448 + 450																14





				4.70 corridors		433 + 445-446 + 448 + 450				10.35								lights on		0		0

				4.70 corridors		433 + 445-446 + 448 + 450				10.45								lights off		0		0

				4.70 corridors		434 + 445-446 + 448 + 450				10.59				switch on light in coridor 				lights on		lights on		lights on		lights on		lights on



				4.71		436

				4.72		435				10:50		449 - 530						3		0

										11:00		60						2		1

				4.73 (?)		434				10:45		490-530				n/a		3

										11:15		97				n/a		2		1



				4.74 (?)		440				11						0		3

				4.75 (?)		443				9.53		402						3		21 but put on 22.5

										10.15		637						4

										11		1016						4

				4.76 (?)		456

				S1A		437										Setting 1		light switch off + sunscreen up

																Setting 2		light switch off + sunscreen down

																Setting 3		light switch on + sunscreen down

																Setting 4		light switch on + sunscreen up

				S2A		438

				01.41 (?)		442 + 457

				S2B		449

				401

				402

				405

				404

				403

				407

				408

				410

				411

				414

				415

				416

				421

				423

				422

				424

				425

				427

				429

				431

				433

				436

				440

				443

				445

				450

				451

close curtain



close curtains



close curtains



close curtains







Light

				Setting 1		light switch off + sunscreen up

				Setting 2		light switch off + sunscreen down

				Setting 3		light switch on + sunscreen down

				Setting 4		light switch on + sunscreen up

				Room name		Onderstation				Time		Lux value		sensor-window distance		#windows open		Setting

				4.11		451







				4.12		401







				4.23		439







				4.30		402-406 + 417







				4.33 (?)		407

				4.34 (?)		408

				4.35		444







				4.36		441







				4.37 (?)		410

				4.38 (?)		409

				4.39		411







				4.40		412







				4.41		413







				4.42		414

				4.43		452







				4.44		453







				4.45		415-416

				4.60						9.25

tc={620A8800-E1AF-4AF7-981E-75F245A76754}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtain						0		4

				4.60						9.35

tc={C2CDDB19-8197-496D-BF35-61F690F49AB1}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtains						1		4

				4.60						9.4						2		4



				4.61						9.25

tc={94B3AB52-E01F-4A6B-9900-2EBAC535ACE2}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtains				2,5 m		0		4

				4.61						9.44		240		2 m				3

				4.61						9.32

tc={27DDF67B-87FA-4855-8B2D-0D09D4BCEF8B}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtains		

tc={620A8800-E1AF-4AF7-981E-75F245A76754}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtain		

tc={C2CDDB19-8197-496D-BF35-61F690F49AB1}: [Opmerkingenthread]

U kunt deze opmerkingenthread lezen in uw versie van Excel. Eventuele wijzigingen aan de thread gaan echter verloren als het bestand wordt geopend in een nieuwere versie van Excel. Meer informatie: https://go.microsoft.com/fwlink/?linkid=870924

Opmerking:
    close curtains		781		2,5 m		0		2

				4.62		419				10.07				window: n/a and light: 5 cm (?)				2

				4.62						10.2				window: n/a and light: 5 cm (?)				3

				4.63 (?)

														 

				4.64 (?)		418				10:10		68-75		No windows				3

										10:20		521-540						2				 

				4.65 (?)		455

				4.66 (?)		454

				4.70		433 + 445-446 + 448 + 450

										10.4				intensity of light change with the curtain				3

										10.4				 switch off light in coridor

										10.59				switch on light in coridor 

				4.71		436

				4.72		435				10:50		449 - 530		Light on				2

										11:00		60		Light off				1

				4.73 (?)		434

				4.74 (?)		440				10.5				class room, motion sensor for light				3

				4.75 (?)		443				9.53								3

				4.76 (?)		456

				S1A		437

				S2A		438

				01.41 (?)		442 + 457

				S2B		449

close curtain



close curtains



close curtains



close curtains







CO2

				Room name		Onderstation				Time		CO2 value		#windows open		#visitors		#plants

				4.11		451







				4.12		401







				4.23		439







				4.30		402-406 + 417







				4.33 (?)		407

				4.34 (?)		408

				4.35		444







				4.36		441







				4.37 (?)		410

				4.38 (?)		409

				4.39		411







				4.40		412







				4.41		413







				4.42		414

				4.43		452







				4.44		453







				4.45		415-416

				4.60						9.37







				4.63 (?)		419

				4.64 (?)		418

				4.65 (?)		455

				4.66 (?)		454

				4.70		433 + 445-446 + 448 + 450







				4.71		436

				4.72		435

				4.73 (?)		434

				4.74 (?)		440

				4.75 (?)		443

				4.76 (?)		456

				S1A		437

				S2A		438

				01.41 (?)		442 + 457

				S2B		449





Temperature

				Room name		Onderstation				Time		Temperature		#windows open		#visitors		sunscreen up/down?

				4.11		451







				4.12		401







				4.23		439







				4.30		402-406 + 417







				4.33 (?)		407

				4.34 (?)		408

				4.35		444







				4.36		441







				4.37 (?)		410

				4.38 (?)		409

				4.39		411







				4.40		412







				4.41		413







				4.42		414

				4.43		452







				4.44		453







				4.45		415-416

				4.60



				4.61						9.35		21		0

				4.61						9.45		22.5		0								The temperature was set at 22,5 at 9:45, so there is probably a delay

				4.62						10.09		21.5		0		0		n/a

										10.15		22.6		0		0		n/a

				4.63 (?)		419

				4.64 (?)		418

				4.65 (?)		455

				4.66 (?)		454

				4.70		433 + 445-446 + 448 + 450







				4.71		436

				4.72		435

				4.73 (?)		434

				4.74 (?)		440

				4.75 (?)		443				9.53								1.5 °

				4.76 (?)		456

				S1A		437

				S2A		438

				01.41 (?)		442 + 457

				S2B		449





Pictures dashboards

		Room number		Onderstation		Time				Room number		Onderstation		Time				Room number		Onderstation		Time				Room number		Onderstation		Time

		Also: make a picture of the lights								Room number		Onderstation		Time				Room number		Onderstation		Time				Room number		Onderstation		Time

		Room number		Onderstation		Time				Room number		Onderstation		Time				Room number		Onderstation		Time				Room number		Onderstation		Time
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4.11 (same as 12)
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