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Productivity and task performance are influenced by psycho-physiological sensations that a 

workforce may perceive, particularly in indoor workspace environments. Personal comfort 

in this regard plays an important role, contributing to comfort experienced by workspace 

occupants. To establish concepts that can guarantee optimal thermal conditions in indoor 

workspace environments, advancing monitoring strategies for personalized heating, ventila-

tion, and air conditioning (HVAC) is essential. Monitoring environmental parameters in 

indoor workspace environments provides a basis for estimating the comfort occupants’ 

experience. Although tried and true, traditional monitoring strategies are not prudent, ne-

glecting personal comfort occupants may conceive, strictly regulating thermal environmen-

tal workspace conditions based on predefined temperature and humidity set-points. The 

study presented in this paper introduces a work in progress, outlining a preliminary concept 

for implementing a HVAC monitoring strategy that considers personal comfort, being cost-

effective and easy to adopt. The concept concentrates on personalized comfort monitoring, 

using Internet of Things to establish a strategy that holds, as part of its feature-list, the abil-

ity to learn and adapt to occupant preferences, i.e., a strategy that is adept to cloud compu-

ting. 
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1 Introduction 

Personal comfort in indoor workspace environments is important for ensuring the psycho-

physiological well-being of workspace occupants (Ferreira et al., 2012). Although there is 

no universally accepted definition for indoor workspace environmental comfort (Zhang et 

al., 2011), personal comfort influences workspace occupant productivity and task perfor-

mance. Guo and Zhou (2009); Ying et al. (2011); Zhang et al. (2011) outline the im-

portance of ideal indoor workspace environments, highlighting the key role that thermal 

comfort plays in influencing workspace occupants comfort. In this regard, a recourse to 

research related to heating ventilation and air conditioning (HVAC) systems is necessary to 

advance strategies for establishing sustainable comfortable working conditions. 

HVAC systems consist of sensors and actuators, regulating thermal environmental parame-

ters for indoor workspace zones of interest. HVAC-regulated environmental parameters 

include temperature, mean radiant temperature (MRT), air flow, and atmospheric humidity, 

with HVAC systems aiming toward facilitating ideal indoor conditions for workspace oc-
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cupants. Research and development related to managing HVAC systems has led to devel-

opment of building automation systems (Kastner et al., 2005). In building automation sys-

tems, automated supervisory control utilizes HVAC monitoring of workspace environmen-

tal parameters (Ying et al., 2011). Traditional building automation systems evaluate tem-

perature and humidity, supervising control based on invariant temperature and humidity 

set-point parameters (Vastamäki et al., 2005; Kande et al., 2011). 

Guo and Zhou (2009) have reported workspace occupants experiencing adverse environ-

mental sensations resulting from inflexibility of invariant set points as a monitoring strate-

gy. To address this limitation, Revel et al. (2015) have proposed a strategy for monitoring 

personalized thermal comfort (with focus on workspace environments), utilizing the pre-

dicted mean vote (PMV) as a basis for comfort estimation. PMV comfort estimation utiliz-

es humidity, air temperature, MRT, and air velocity in addition to clothing level and meta-

bolic rates to estimate how warm or cold occupants feel on a discrete scale from -3 to 3. In 

PMV-based comfort estimation, positive PMV values indicate occupants being warm, neg-

ative PMV values indicate occupants being cold, and near-zero PMV values indicating 

occupants experiencing thermal neutrality. With PMV as a basis for comfort estimation, 

Ferreira et al. (2012) take a step further, proposing neural network-based PMV estimation 

for predictive control of HVAC systems. 

Despite the advances made in monitoring personalized comfort based on evaluation and 

assessment of PMV, no evidence exists indicating incorporation of such advances into 

existing proprietary HVAC management strategies. Despite the aforementioned inadequa-

cies, building investors continue to rely on traditional, well-established, proprietary HVAC 

building automation systems. Therefore, to achieve HVAC control that can be easily adopt-

ed in practice, optimally effective monitoring strategies interoperable with proprietary 

systems need to be established. Research towards cost-effective and interoperable monitor-

ing strategies for personalized environmental systems are essential to achieve effective 

comfort estimation and thermally ideal indoor workspace environments. 

 

As a work in progress, the preliminary research presented in this paper considers a cost-

effective strategy for monitoring personalized comfort, proposing Internet of Things (IoT)-

enablement together with its benefits. The concept considers emergent non-proprietary 

sensors and microchip technologies (Guo et al., 2011). The remainder of this paper is struc-

tured as follows. In Section 2, the concept of Internet of Things (IoT) and cloud computing 

as a basis for an optimally efficient HVAC monitoring strategy is presented. Section 3 

details initial considerations for developing the proposed smart-sensor HVAC data acquisi-

tion hardware system. Section 4 presents work in progress hardware development, show-

casing a prototypical smart-sensor HVAC data acquisition hardware system. Finally, Sec-

tion 5 concludes the paper, describing potential future work.  



Monitoring strategies for personalized HVAC: A work in progress report      3 

 

31. Forum Bauinformatik, Berlin, 2019 

 

2 Internet of Things (IoT) and cloud computing as a basis for 

HVAC monitoring strategies 

Following the identified non-interoperable disparity between state-of-the-art monitoring 

strategies and supervisory control for HVAC systems, this section outlines the conceptual 

monitoring strategy. The strategy proposes implementation of advent IoT and cloud com-

puting technologies to address interoperability drawbacks, concluding the section with 

detailing the implementation methodology. 

As a convention for most buildings, HVAC supervisory control is based on buildingwide 

proprietary monitoring systems. Despite sound advances, stakeholders remain reluctant to 

consider state-of-the-art monitoring strategies, defaulting to traditional proprietary build-

ingwide HVAC monitoring systems (Feldmeier and Paradiso, 2010). In this regard, non-

interoperability is a major drawback that must be addressed to establish “end-to-end” 

HVAC monitoring and control strategies, where end-to-end refers to closed-loop automated 

monitoring and control of HVAC regulated parameters. Saltik and Zeitz (2018) evidence 

industrial building automation system manufacturing conglomerates looking to invest in 

end-to-end strategies and adopt IoT-enabled strategies. Siemens acquiring Comfy (a com-

pany that concentrates on end-to-end personalized comfort monitoring) indicates the indus-

trial inclination towards interoperable HVAC personal comfort monitoring strategies. IoT 

and cloud computing as a basis for the proposed monitoring strategy are presented below. 

 

2.1 IoT and cloud computing assignment 

IoT has revolutionized communication and real-time monitoring for smart systems (Legati-

uk et al., 2017; Smarsly et al., 2019), in addition to other benefits (Dragos and Smarsly, 

2016), providing a basis for interoperable real-time supervision over proprietary and non-

proprietary systems alike. Although advent non-proprietary HVAC monitoring strategies 

incorporate IoT technologies, the benefits of IoT remain limited to real-time communica-

tion and monitoring. To this effect, advances in non-proprietary HVAC monitoring strate-

gies, being based on IoT alone, do not contribute toward automated supervisory control. 

Beyond IoT-based cloud servers and storage, cloud computing offers a platform for an 

essential subsequent step, extending IoT-based monitoring strategies to enable automated 

real-time supervisory control. Cloud computing facilitates complex analysis of data on IoT-

based cloud servers. This complex analysis characteristic enables implementation of emer-

gent industrial automation techniques (e.g., machine learning) in real time. 

 

2.2 Implementation methodology 

Aiming towards establishing a monitoring strategy for HVAC that contributes towards end-

to-end HVAC monitoring strategies, the proposed concept employs non-proprietary HVAC 

system hardware components, focusing on IoT enablement for interoperability and cloud 

computing for real-time automated supervisory control for HVAC systems. In addition to 

emphasis on accuracy, focus is placed on continuous and synchronous sensor data acquisi-

tion. As the first step towards developing a non-proprietary HVAC monitoring hardware 

system (for validating the proposed concept), Section 3 details selection criteria for cost-

effective non-proprietary HVAC monitoring smart sensor hardware system. 
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3 Hardware design 

A smart sensor-based hardware system is essential for data acquisition, i.e., recording of 

HVAC-regulated environmental parameters. For optimally effective HVAC monitoring, 

evaluation of proprietary and non-proprietary sensors is presented in this section. Accurate 

determination of PMV values and consequent comfort estimation is contingent on sensor 

specification. This section presents comparative analysis of proprietary and non-proprietary 

sensors, contrasting proprietary and non-proprietary sensors. With cost, rated accuracy, and 

digital interface as contrast criteria, this section presents considerations for evaluating PMV 

related environmental parameters. Tables [1-3] categorizes the evaluated sensor considera-

tions. 

Table 1 presents humidity sensors, the QFM2160 humidity sensor (manufactured by Siemens), a 

standard HVAC proprietary sensor, is contrasted against the SHT10 (manufactured by Sensirion) and 

the DHT22 (manufactured by Adafruit Industries) humidity sensors, which are low-cost non-

proprietary sensors. Table 2 shows air velocity sensors: The TSI 9515 and E-AV-K HVAC proprie-

tary air velocity sensors are contrast against the EE671, a low-cost non-proprietary sensor. Table 3 

lists air temperature sensors: The X-DTHS-P, a standard proprietary HVAC air temperature sensor, is 

contrast against the BMP280 and DS18B20 low-cost non-proprietary sensors. For concision, other 

proprietary and non-proprietary sensors are not listed in the table. From the presented information, 

maximum marginal accuracy discrepancy between the standard proprietary sensors and a low-cost 

non-proprietary sensors can be deduced as follows: 

 Humidity: ±1% 

 Air velocity: ±0.485 m/s 

 Air temperature: ±0.1 °C 

Table 1: Comparative analysis of humidity sensors 

Sensor Classification Estimated cost Accuracy DC interface 

QFM2160 Proprietary € 229.00 ± 3% RH 13 V to 35 V 

SHT10 Non-proprietary € 53.49 ± 3% RH 3.0 V to 5.5 V 

DHT22 Non-proprietary € 3.88 ± 2% RH 3.0 V to 5.5 V 

Table 2: Comparative analysis of air velocity sensors 

Sensor Classification Estimated cost Accuracy DC interface 

TSI 9515 Proprietary € 609.33 ±0.015 m/s 10 V to 29 V 

E-AV-K Proprietary € 370.98 ±0.500 m/s 3.0 V to 5.5 V 

EE671 Non-proprietary € 162.80 ±0.500 m/s 10 V to 29 V 

Table 3: Comparative analysis of temperature sensors 

Sensor Classification Estimated cost Accuracy DC interface 

X-DTHS-P Proprietary € 71.95 ±0.4 °C 3.0 V to 5.5 V 

BMP280 Non-proprietary € 3.87 ±1.0 °C 3.0 V to 5.5 V 

DS18B20 Non-proprietary € 3.61 ±0.5 °C 3.0 V to 5.5 V 
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Figure 1: Initial microcontroller-based embedded development 

 

For evaluating mean radiant temperature, a technique outlined by Thorsson et al. (2007) is 

to be adopted, implementing a flat black globe thermometer. The technique has been prov-

en adequately accurate and cost-effective. 

4 Prototypical PMV sensor system 

This sections describes preliminary work in prototyping a smart-sensor hardware system, 

showcasing initial hardware development work. On-board system intelligence is embedded 

employing the MCU ESP8266 manufactured by Espressif Systems, a 32-bit reduced in-

struction set computer (RISC) microprocessor. The ESP8266 facilitates an IEEE 802.11 

b/g/n Wi-Fi interface, a distinct feature having support for the full TCP/IP stack. As the 

proposed monitoring strategy is based on IoT and cloud computing, the inherent Wi-Fi 

complex interface provides significant benefit. Figure 1 illustrates initial hardware proto-

typing based on the MCU ESP8266 manufactured by Espressif Systems, deploying the 

DHT22 and the BMP280, both manufactured by Adafruit Industries. 

 

 

 

 

 

 

 

5 Summary and conclusions  

In this paper, preliminary work towards establishing a sound monitoring strategy for per-

sonalized HVAC has been presented. Initial design considerations have been outlined, 

highlighting the benefits of incorporating IoT and cloud computing technologies. As poten-

tial future work, ongoing work will focus on establishing accurate data acquisition, efficient 

data processing, and implementation of cloud computing to facilitate complex data analy-

sis. 
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