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1. Software for remote monitoring of thermal comfort 
parameters in indoor spaces 

1.1 Concept and implementation 

A system that uploads sensor measurements to a remote server every minute was 

installed in the Aloja business support center “SALA” (Figure X) to properly access live data 

stream from the radio-based sensors for temperature and relative humidity (RH) 

measurements in monitored NZEB -. There the data can be reviewed live1 and are also 

stored to be visualized later.  

 

Figure 1. Aloja business support center “SALA”. 

 

A remote server was chosen because of the ease of installation and access when 

compared to an on-site installation where the necessary server hardware is not readily 

accessible. The drawbacks of the current system include the risk of partial loss of the data 

stream when internet connection is unavailable. So far, the connection has proven to be 

highly stable. 

Visualization is performed on an analyst’s computer using bash scripts that employ 

chart2, an open source command-line based data visualization tool created by K. Solovjovs. 

The floor temperature in  rooms is controlled separately by Uponor Smatrix Wave, a 

radio-based system comprised of three control panels that operate valves linked to the 

 

1 https://kirils.org/lu/aloja/ 
2 https://github.com/0ki/presentation-toolkit 
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floors of separate rooms, as well as battery-powered radio controllers allowing to monitor  

room temperature and alter the set-point (target temperature). There is also one portable 

touch-screen panel that allows to oversee and control all zones (rooms). 

1.2. Results 

At a later project stage, it was decided to add the data collection capability for the 

system. For this purpose, remote control module R-167 (Figure 5.7.1) was added. The 

module has, however, turned out to be unstable, which is currently being investigated. 

Figure. 5.7.1. R-167 module. 

Despite the instabilities, algorithms to fetch data from the Uponor system was 

implemented and integrated into the regular data stream. 

Figure 5.7.2. depicts the change in temperature in one of the rooms recorded by the 

radio-based monitoring system (gray) and by the Uponor system (red) in selected time 

period. Uponor systems are located on a wall ~ 1.5 m above the floor level, while the radio-

based sensor network is located directly above the doors at ~ 2.5 m above the floor level. 

That may explain the temporary minor difference in values. The data coming from Uponor 

(red) is highly unstable. There is an interruption of the data stream (system offline) from 

April 14 to April 18 and even after the connection was restored, the data is not being updated 

and is static. After restarting the main hubs of the Uponor system on May 17, the data flow 

was restored. However, the refresh rate is unsatisfactory with frequent “freezing” for one to 

12 hours. 

 

Figure 5.7.2. Temperature data from room 9. 

 

Figure 5.7.2. also shows the temperature set-point (yellow) and minimum (purple) and 

maximum (green) set-points allowed for the user at the point of reconfiguration from the 
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central console. This graph also shows that the set point is automatically dropped by 5°C 

at night when rooms are not in use. 

 

 

Figure 5.7.3. Temperature data from all the rooms  

 

Figure 5.7.3. provides an overview of the temperature changes over a three months 

period in all rooms monitored by the radio-based system. Significant overheating of many 

rooms in spring by intensive solar radiation occurs because the originally installed regulation 

system is not working properly.  

 

 

Figure. 5.7.4. RH measurements from all rooms. 

 

Figure 5.7.4. provides an overview of RH changes over a 3-month period in all rooms 

monitored by the radio-based system. The RH data is not collected by the Uponor system. 

The data can be divided into three periods: 

1. Until ~ March 22 the building’s systems are in the heating mode, but do not provide 

adequate ventilation. 

2. From March 23 to April 26 the building’s systems are still in the heating mode, but 

the ventilation system now operates in overdrive. 

3. Starting April 27, the ventilation system finally works adequately, but there are still 

systemic problems, e.g. floor heating is still malfunctioning. 
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Figure 5.7.5. Pressure on the intake port of AHU. 

This conclusion can be further corroborated by the data from the pressure on the 

intake port of the air handing unit. (Figure 5.7.5.) 

 

Figure 5.7.6. Visualization of temperature, set points and RH in the building. 

 

The temperature and RH data collected are also displayed in the graphical user 

interface (GUI) shown in Figure 5.7.6. Each room shows the temperature readings from the 

developed radio-based system and Uponor system (green), the current set-point (blue) and 

RH (red). The current room temperature is also color coded with a blue to orange scale. 

This way of visualizing the data makes the remote monitoring of different rooms very 

convenient. Additionally, settings for every room (eco mode active, heating/cooling on) are 

collected stored and displayed in a table (see table 5.7.1.) 
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Table 5.7.1. Temperature and additional status parameters per room. 

 

Data from the installed meteorological station (section 5.6.2) are collected and 

visualized for remote monitoring and analysis in the same manner as the previously 

described data on thermal comfort in rooms.   
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2. Remote monitoring, graphical analysis, and correction 

of the BMS data 

2.1. Concept and implementation 

Since the building management system (BMS) was implemented using outdated 

technology, an external system is used to pull information from all sensors, including those 

attached to the BMS, to a web server running on GNU/Linux that was already used to collect 

temperature measurements. 

Figure 5.8.0. Per-minute view of a dataset. 

Data available in the BMS were accessed through the Modbus-over-TCP 

(transmission control protocol) interface and can be pulled by external systems at a rate > 

1 Hz. In this case, however, it was decided to pull the data once per minute, which should 

provide sufficient temporal resolution for all sensors with the possible exception of the solar 

radiation intensity (SRI) sensor – its readings can vary by > 50% within seconds due to 

cloud movement. 

After pulling, data is displayed live3 and stored on the web server for later visualization 

on an analyst’s computer using bash scripts that employ chart tool4. 

The live GUI allows to see a color-mapped table of instantaneous values in the middle 

of each 1-hour period (Figure 5.8.0.). Black background represents no data and values are 

dynamically color-mapped from blue (lowest values) to orange (highest values) through 

purple. Last hour view (per minute; figure 5.8.0.) is also available. The non-zero values 

during nighttime are caused by precision errors of the sensor. 

The visualization scripts allow to provide a graphical representation of different value 

sets on an analyst’s computer (see Figure 5.7.4. for an example). 

 

3 https://kirils.org/lu/aloja/ 
4 https://github.com/0ki/presentation-toolkit 
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Figure 5.8.0. SRI data (W/m²) collected over a week. 

The tools can be used by the operator to predict and achieve energy efficiency and 

optimal thermal comfort. 

 

2.2. Results 

Figure 5.8.1. shows different temperatures as reported by the heat pump system, 

including temperatures of the ground contour (pink and grey), the floor heating/cooling 

system (purple) and the hot water temperature (gold) among others. Hot water is heated by 

conventional means when its temperature decreases below 50°C, but there is no 

reasonable upper limit to the water temperature when it is being heated by the solar energy 

collector. Apparently, the valve used to dispense water and prevent it from overheating is 

not functioning. 

Figure 5.8.1. Temperatures in the heat pump system. 

There are two CO2 sensors installed, as seen in Figure 5.8.2. One is in the large 

seminar room with a ~ 50 people capacity (red) and the other is located at the exhaust 

(grey). During prolonged and intensive use, the air quality in the seminar room tends to 

become quite low with the CO2 concentration at times exceeding 2000 ppm. However, the 

changes implemented ~ April 27 have improved the situation significantly – the CO2 content 

in the air does not exceed 800 ppm. See Figure 5.7.5. for more information. 

It should also be noted that the sensor has a technical limit of 2000 ppm, which was 

not enough to accurately measure the CO2 concentration 4 times during the past three 

months. 
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Figure 5.8.2. CO2 concentration. 

Originally, the system had two sensors dedicated to measuring the outside 

temperature: Figure 5.8.3. shows the recorded data, where the heat pump data is colored 

gray and the air handling unit (AHU) is marked in red. The values in these two datasets 

differed significantly from the actual data, given the situation where data from the AHU were 

collected in the HVAC room, but the data from the heat pump at times showed temperature 

even lower than actual temperature. 

Later, when the meteorological station was installed, quality data on the outdoor 

temperature (yellow) could finally be obtained. It is required for the analysis and 

development of appropriate regulation tools. 

Figure 5.8.3. Outside temperature (°C). 

Temperature dynamics in the AHU are shown in Figure 5.8.4: outdoor temperature 

(intake) is grey, temperature of the supplied air – red, temperature of the removed air – 

yellow, exhaust temperature – purple. 

Figure 5.8.4. Temperatures in the air handling unit (°C). 
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It can be concluded that the exhaust temperature is not measured at the correct 

location and it is also visible easily on that the change introduced on March 23 has improved 

the normal functioning of the AHU. 

The meteorological station was later integrated into the BMS and through it to the 

server collecting the data. At the time of this report, outdoor temperature, RH and SRI is 

being collected. In the following days, wind direction and speed data were also patched 

through to the BMS via Modbus-over-TCP and are now monitored as well. Figure 5.8.5. 

shows the variations in the SRI over a period of 1.5 months, clearly indicating cloudy/rainy 

days. Information about the SRI changes is especially important because high SRI can lead 

to very rapid overheating of exposed rooms. The data can also be used for the development 

of tools for regulating of window shading and changing the ventilation intensity and 

temperature set-points in rooms.  

Figure 5.8.5. Outdoor SRI. 

 The developed software tools are listed and briefly characterized in Table 5.8.1.  

Table 5.8.1. Developed tools (code blocks) for data transfer, handling and storage. 

No. Function Name Location 

1 Configuration sensori Web server 
Defines what sensors (data units) exist in each of the data sources. For some it also 
specifies the location (for visualization). 

2 Transmission push Base of the radio system (RPi) 
Sends the data collected by the radio based RHT (RH and temperature) monitoring 
system to the web server. 

3 Transmission fetch Modbus Web server 

Allows to request the BMS data via the Modbus-over-TCP protocol. Fetching is 
possible with frequency 1 Hz but is currently set to once a minute. 

4 Transmission fetch Uponor Web server 
Requests the dynamic data from Uponor system through R-167 module. Requests are 
sent once per minute. 

5 Storage logger Web server 

Stores all data from all sensors defined in “sensori” in a common .csv file. 
6 Visualization genimage Web server 

Overlays the data from Uponor and the radio based RHT monitoring system onto a 
schematic of the building, coloring every room according to the current temperature. 

7 Visualization datatable Web server 

Display sensor and Modbus-provided information in the form of tables and icons. 
8 Visualization build graphs Analyst’s computer 

This tool accesses and automatically visualizes the data stored in the archive. 
Sensors are sorted into logical groups each displayed in a separate image. The tool 
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allows to include the same data point in multiple groups and therefore multiple 
images. 

9 Analysis -- Analyst’s computer 

Data analysis is performed manually using image processing tools, as well as open-
source GNU tools such as sed, cut, grep, sort, wc, awk, the chart tool5 and more. 

 

A schematic system overview is presented in Figure 5.8.6.  

 

 

Figure 5.8.6. A schematic system overview. 

The challenges faced during the implementation included low quality data, both due to 

sensors incorrectly installed by the builders and low-quality sensors deployed at the time of 

this report. The latter type of problems has been fully remediated as shown in Figure 5.8.7. 

which includes outdoor RH as detected by the deployed meteorological station. The gray 

curve represents the original sensor that turned out to be unsuitable for the selected 

installation position and became contaminated resulting in a consistent 25% RH overshoot 

versus the actual RH values. The red line represents the new sensor which is showing 

correct values. 

Figure 5.8.7. Outdoor RH (meteorological station). 

 

5 https://github.com/0ki/presentation-toolkit 
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It is important to highlight the ease of operation of the visualization system. An analyst can 

monitor the data and detect anomalies remotely from anywhere in the world.  

Figure 5.8.8. RH outdoor and indoor.  

For example, a strange fluctuation of the indoor RH in all rooms on the night between 

March 20 and March 21 was detected (Figure 5.8.8.). This was initially deemed to be 

unphysical, but an investigation revealed a malfunction in the AHU unit. This is seen in 

Figure 5.8.9 with the red line indicating the opening percentage (0%-100%) of the AHU 

outflow valve. Other graphs corroborated the data. 

Furthermore, it was detected that – unrelated to the prior anomaly – data from the 

AHU outflow pressure (Figure 5.8.9., gray line) sensor was no longer correctly read. The 

cause was then investigating and fixed. 

Figure 5.8.9. The AHU outflow valve opening (%).  
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3. Developing tools to improve the energy efficiency 

using meteorological data and operational forecasting 

3.1. Hardware 

At the time of the report, many sensors that are now either a part of the BMS or stand-

alone have been fix and/or installed. The collected data enabled to formulate suggestions 

and develop tools for better regulation of heating, air ventilation and air conditioning (HVAC) 

systems to achieve higher energy efficiency of building and good thermal comfort 

conditions. There is an issue with = actuators, however: the only available actuators known 

at the time of the report are the ones from the Uponor Smatrix Wave R-167 remote control 

module. As discussed earlier (chapter 5.7), the module is not stable enough to be used for 

fine control. Additionally, other parts of the Uponor system seem to be malfunctioning, e.g. 

a room is being heated even when the set-point is much lower than the current room 

temperature. For this reason, additional installations are necessary the HVAC system 

management in the monitored Aloja business support center “Sala”. 

3.2. Software 

The web server is presently located off-site, which is not ideal, but it is the only viable 

choice due to the constraints discussed earlier. This web server is the hub used to process 

data and remotely control the actuators in the building. 

A separate computer program is envisioned that works with the recently archived data 

gathered from the BMS, the installed radio-based sensor network and the Uponor system. 

To complement the archived and live data generated by the meteorological station 
located on the roof, a connection was established between the web server and an external 
data source providing an operational meteorological forecast6 (OMF) for following 
coordinates (“Sala” center) - Lat Long: 57.770876, 24.819206 or GPS Coordinates: 57° 46' 
15.1536'' N 24° 49' 9.1416'' E.   

This allowed to supplement the available data with the OMF, including temperature, 

RH, wind speed, precipitation, SRI, cloud index, etc., for the exact location of the building. 

This OMF is updated once every 4 hours. 

The OMF has also been incorporated as an input to the decision-making tools that 

control the actuators. Analyzing the OMF data in the context of the data collected from the 

sensors allows to estimate the accuracy of the forecast and – by combining data from both 

sources – improve the quality of algorithms controlling the HVAC system. 

3.3. BMS classification and perspectives 

BMS can be divided into different classes by their “intelligence”: 

1. All actuators are constantly on (not really a BMS, used to indicate a building without 

a BMS); 

2. Actuators are controlled manually: 

 

6 http://meteo.modlab.lv/Prognoze/prognoze_punkta.php?db=m&f=a Research project at the University 

of Latvia, Leader U. Bethers 

http://meteo.modlab.lv/Prognoze/prognoze_punkta.php?db=m&f=a


“Development, optimisation and sustainability evaluation of 
smart solutions for nearly zero energy buildings in real climate 

conditions” (No. 1.1.1.1/16/A/192) 

 

13 

 

1. In a decentralized manner, e.g. via separate controls for each heater; 

2. In a centralized manner, e.g. using one button control that adjusts all heaters; 

3. In a federated manner, e.g. by implementing zoning in a building and controlling 

all heaters in a zone using one control; 

3. Actuators are controlled using a timer (time/date-based activation); 

4. Actuators are controlled using pre-defined formulas with inputs directly from sensors 

and/or data on the outdoor conditions (i.e. from an OMF); 

5. Actuators are controlled using artificial intelligence, by “instructing” the BMS about 

the required comfort levels during different building operation regimes and taking 

dynamics patterns into account. To develop and deploy of artificial intelligence, data 

from important digital meters (electricity, heat, water, etc.) and sensors 

(temperature, RH, CO2 concentration, etc.) must be collected.  

In case of the Aloja business support center “Sala”, a long-term monitoring data 

archive is not yet available at the time of the report. From this reason, the current system is 

a class 2 BMS, as some actuators can be controlled using a timer (even though Uponor  is 

presently malfunctioning) with the rest of the actuators controlled manually in a 

decentralized manner (typical for a class 1 BMS). 

The goal of this project was to increase the intelligence class of the BMS to class 3 

and in the future (~ 2-3 years), after collecting a critical volume of necessary data, transition 

to class 4. 

3.4. Models for ensuring thermal comfort and energy efficiency  

To achieve the project goal, the following models can be used. 

Firstly, the heating/cooling in the room via floors should be altered depending on 

outdoor temperature, SRI (includes cloudiness), the set-point on the “thermostat”, current 

room temperature, etc. 

Forecast data could be used to predict the changes in temperature and SRI to pre-

emptively start heating/cooling the room and avoid running the system at maximum capacity 

when unnecessary. Data indicates that it can take 3 and more hours to heat the rooms to 

normal temperature in the morning and4 to 5 hours for the large seminar room. 

Since forecast data provides information on cloudiness and not SRI, this model would 

benefit not only from the forecast data, but also from algorithmically calculated data (such 

as the Sun’s position from an equation of motion). 

A critical input to this model would of course be the operating mode of the floor system, 

heating or cooling. This asymmetrically reverses the algorithm on a low level. This input can 

be easily derived from the temperature of the heat carrier in the pipes and is also available 

from the Uponor system. 

For the second model, it is proposed to enable altering the air exchange intensity 

depending on the CO2 concentration. This can be done directly for the large seminar room 

as it has a sensor on the wall. For the other rooms, CO2 concentration can be gauged by 

inspecting the sensor in the air exhaust. This is by no way a direct measurement of CO2, 

but it does provide a weaker signal that directly correlates to CO2 levels in all rooms (see 

Figure 5.8.2.). The associated metric could be a volume-weighted average over all rooms. 

Since the ceiling height is homogeneous across all rooms, this can be reduced to an area-
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weighted average. One must note that the exhaust sensor will provide delayed information 

as it takes the air mass some time to reach the sensor. Using the information at hand it is, 

however, possible to calculate the average over all rooms excluding the large seminar room. 

The model can be extended to account for humans producing heat and expelling 

moisture into the air. The occupied a room is, the more heat and moisture is generated. 

This also correlates with the loss of O2 and increase of CO2 in the air. By comparing the 

changes in RH and temperature in a room against a baseline, it is possible to estimate the 

change in CO2 in the room. 

For the model to provide pre-emptive functionality, actuators (ventilation rate 

controllers) must be engaged at the right moment. 

3.5. Algorithms 

As there are currently no digitally controllable actuators available in the system, 

except for the thermostats, one can only design different formulas (BMS class 3) and fit 

them into mathematical models for testing. Currently the thermostats are set to operate 

according to BMS class 2, which allows to slightly improve the energy efficiency. 

Thermal comfort is affected by multiple factors, most notably the temperature of the 

heating/cooling air and floor heating elements in the room. For the system under 

investigation, thermostats are used that open or close the (see the yellow series in Figure 

5.9.1.) flow of pre-heated (or pre-cooled) heat carrier, which greatly simplifies modelling. 

Additional factors include direct solar radiation, outdoor temperature, airflow speed etc. 

Office #10/9 is analyzed in more detail. It is a 32 m² office with a movable wall through 

the middle (the wall is always observed to be open). As seen in Figures 5.9.1. and 5.9.2., 

the thermostats, after substantial improvement, finally function correctly and turn off as soon 

as the set-point (the red series in Figure 5.9.2.) is less than the temperature (the black series 

in Figure 5.9.2.) 

Obviously, such system takes more time to reach the set-point if the temperature upon 

flow activation is lower. This is especially evident on Mondays when employees return after 

weekend. 

Figure 5.9.1. Heating system settings for office #10 
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Figure 5.9.2. Heating system temperatures for office #10. 

The data from the non-habitable electrical room indicates that a difference of 3 °C in 

air temperature of the neighboring rooms does not result in noticeable extra loss of energy 

for heating the hotter room. Thus, for this building, the thermal comfort can be safely 

managed for each of the rooms separately, if it is within 3 °C of the neighboring rooms. 

The following primitive algorithm (for the heating season) is therefore proposed: 

1) A schedule of expected occupancy and desirable thermal comfort temperature of 

each room should be established, depending the room’s function; 

2) Flow of the heat carrier should be activated n minutes before the occupancy start 

time (m – minutes until occupancy start time, t – current actual temperature °C, s – desired 

temperature °C) with n=60·(19-min(19,t)) + 180·(s-19) , if 6>s-t>0.5 and 24>s>19; 

3) Flow of the heat carrier should be deactivated upon reaching or exceeding the 

desired temperature. 

Employees arrive at work every workday at about 8:00. The SRI at the building 

location is < 200W/m² at 8:00 and about 50W/m² at 7:00 on a sunny morning at the end of 

the heating season (mid-April; even less during the peak of the heating season). This means 

effects of the solar radiation on heating (but not cooling; see Figure 5.9.3. – some rooms 

can get uncomfortably hot due to the solar radiation) can be disregarded as room has to be 

heated up by that time. 

The primitive algorithm can be improved by turning the electric heater that heats the 

heat carrier off during periods when, according to the primitive algorithm, no rooms require 

the heat carrier flow.  

 

Figure 5.9.3. Temperature of different rooms over a period of 1 week. 

The following algorithm is proposed for the second model of CO2 management the 

(regardless of heating or cooling season, since the AHU will provide optimum temperature 

for the airflow): 
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1) Let coppm := max (CO2 [room], (CO2 [common_exhaust]-200)*2) Note: input 

values are specified in ppm. 

2) While coppm ≥ 1000, set the air inlet from the AHU to the airflow system to 100% 

open; 

3) While coppm ≤ 500, set the air inlet to automatic according to the heating / air 

pressure needs; 

4) While 500 < coppm < 1000, set the air inlet to (coppm – 500) / 500 * 100%, but no 

less than required for maintaining the heating/air pressure requirements. 

Thirdly, the OMF can be used to predict the thermal needs of the building inhabitants.  

For the cooling season (“summer”), the following parameters derived from the OMF 

need to be considered: outdoor temperature and SRI (calculated from the Sun’s equation 

of motion and predicted cloudiness). 

For the heating season („winter”), only the outdoor temperature should be considered. 

Extreme values of wind speed (sustained wind of more than 11m/s) should be factored into 

the model as well. 

The more general algorithm is proposed as follows: 

1) Let tempdelta := tout – t1h, where tout is the current outdoor temperature and t1h is the 

predicted outside temperature in 1 hour 

2a) Adjustment for sustained wind. If wind sustained wind exceeds 11m/s over 1 hour, 

decrease tempdelta by 1°C. 

2b) While tempdelta < -3°C and room_temp≤22°C, increase temperature set-point for 

matching rooms in the building to 26 °C to add heat quickly. (Only for heating season.) 

3a) Adjustment for SRI. If the calculated SRI on the outside surface of a room exceeds 
400W/m² over 1 hour (sr1h), increase tempdelta by sr1h/400[W/(m²·°C)] 

3b) While tempdelta > +3°C and room_temp≥20°C, decrease the temperature set-

point for matching rooms in the building to 18 °C to cool rooms (only for the cooling season). 

Future work includes developing a class 5 BMS that uses artificial intelligence to 

control the indoor microclimate of a building. 

3.6. Conclusions 

The developed tools for remote monitoring of relevant parameters of the building 

systems and thermal comfort conditions enable adaptive control, but also provides support 

for and allows making decisions about changes in the building system settings. The issues 

in the current system and deviations from the normal regime can be identified and prevented 

easily. The program is a first level add-on tool for the BMS and the monitored data sets, 

which facilitates the analysis by engineering staff, as the data is presented in a desired and 

convenient graphical format. This means that the project goal of advancing the BMS to 

intelligence level 3 was achieved. Level 4 algorithms were also created and are to be 

implemented as soon as the problematic actuators are replaced. The next level for the BMS, 

when all necessary data/records have been accumulated, is to establish functional 

relationships between the system parameters and the monitored data so that optimal 

changes in the settings of the various building system parameters can be automatically 

derived/generated. The algorithms proposed and/or developed herein can contribute to 

ensuring and improving the balance between energy efficiency and indoor comfort. It 

currently impossible to fully test them in situ due to the lack of all necessary actuators, but 
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practical testing (and optional improvements) is the next step before the implementation of 

these algorithms for extensive use in experimental buildings with an accordingly configured 

BMS.  

In conclusion, one should note that, at least in select cases, what is presented as a 

„fully ready” in-service NZEB can in fact be a building with a formally installed BMS but 

without proper interconnections, data set structure or standardization, data storage, full 

sensor set and correct information about sensors locations.  No automatic control circuits 

were configured at the time of commissioning the building. The issues must be fixed before 

performing thorough data analysis, interpretation and developing control algorithms. 


