Accepted Manuscript

BUILDINGS

o etermabues oreal deveted s mvesbysts.
o ooy e o ey i bk

Title: Real-time human skin temperature analysis using
thermal image recognition for thermal comfort assessment

Author: Henning Metzmacher Daniel Wolki Carolin Schmidt
Jérome Frisch Christoph van Treeck

PII: S0378-7788(17)31181-7

DOI: https://doi.org/doi:10.1016/j.enbuild.2017.09.032
Reference: ENB 7951

To appear in: ENB

Received date: 3-4-2017

Revised date: 22-8-2017

Accepted date: 13-9-2017

Please cite this article as: Henning Metzmacher, Daniel Wddotolki, Carolin Schmidt,
Jérome Frisch, Christoph van Treeck, Real-time human skin temperature analysis
using thermal image recognition for thermal comfort assessment, <//CDATA[Energy
& Buildings]]> (2017), https://doi.org/10.1016/j.enbuild.2017.09.032

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.


https://doi.org/doi:10.1016/j.enbuild.2017.09.032
https://doi.org/10.1016/j.enbuild.2017.09.032

Real-time human skin temperature analysis using thermal image recognition for
thermal comfort assessment

Henning Metzmacher®*, Daniel Wolki?, Carolin Schmidt?®, Jérome Frisch?®, Christoph van Treeck®

“Institute of Energy Efficiency and Sustainable Building, E3D, RWTH Aachen University, Germany

Abstract

This paper presents a system for the real-time analysis of human skin temperatures using sensor fusion and thermal
image recognition. The aim of this work is to introduce an open and extensible framework that supports multi-modal
sensor input with a focus on merging optical data and conventional sensor input for advanced thermal comfort analysis.
The goal is to obtain a more complete representation of a person in various indoor climatic conditions. Methods
proposed in this paper are important for research and industrial applications with respect to the real-time analysis of
thermal comfort and human physiology in indoor climates. Although this paper mainly focuses on the analysis of
skin temperatures, the proposed architecture is conceived for being extendable for statistical evaluation and numerical
models. Arbitrary software components can be integrated as data sources and sinks by means of a conventional
TCP/IP networking interface. Main contributions of this paper are a general architecture for the fusion of multi-modal
sensor input using a centralized data server structure, a method for combining depth-map based face and pose tracking

with a thermal imaging device and preliminary studies demonstrating the behavior and validity of the system.
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1. Introduction

Providing a contact-less, real-time method for
the localized evaluation of human skin temperature
has direct applications in the evaluation of human
thermal comfort as well as related automation and
individualization of indoor air conditioning. Heating
and cooling of buildings and closed spaces using air
conditioning or HVAC (short for heating, ventilation
and air conditioning) systems makes up a large portion
of energy consumption in the world. Currently, HVAC
systems account for the largest energy end use both in
the residential and non-residential sector [1]. Energy
consumption for space conditioning by end uses in the
residential sector are estimated at 53% in the USA and
62% and in the UK [1]. Air conditioning systems
commonly focus on the climatization of large portions
of the building or single rooms. Automation here is
based on general sensory input but does not attempt to
analyze individual requirements of residents.
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Air conditioning also plays an important role in
the automotive sector. Most modern vehicles rely on
HVAC systems to keep the cabin climate at a healthy
and comfortable temperature. Reduction in energy
consumption here is especially important for future
electric vehicles that solely rely on battery power where
air conditioning systems greatly impact driving range.
The use of a conventional HVAC system in an electric
vehicle can cut the driving range by as much as 50% [2].
Local climatization that focus on the individual rather
than the entire cabin enclosure offer great potential
for energy reduction and for increase of driving range.
Similar to the building domain this requires a system
that provides detailed and accurate information about
the individual’s state of thermal comfort.

The use of thermographic imaging technology in
this context is straightforward. Infrared thermography
is a non-invasive, non-destructive tool for measuring
surface temperatures that can be adopted for the
evaluation of human thermal comfort. Advances in the
field of image processing, analysis and classification
allow for the extraction of detailed information from
thermographic imagery. With low-cost depth sensing
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