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Abstract 
 
Rafael Mosberger (2016): Vision-based Human Detection from Mobile 
Machinery in Industrial Environments. Örebro Studies in Technology 68. 
 
The problem addressed in this thesis is the detection, localisation and track-
ing of human workers from mobile industrial machinery using a customised 
vision system developed at Örebro University. Coined the RefleX Vision 
System, its hardware configuration and computer vision algorithms were 
specifically designed for real-world industrial scenarios where workers are 
required to wear protective high-visibility garments with retro-reflective 
markers. The demand for robust industry-purpose human sensing methods 
originates from the fact that many industrial environments represent work 
spaces that are shared between humans and mobile machinery. Typical ex-
amples of such environments include construction sites, surface and under-
ground mines, storage yards and warehouses. Here, accidents involving 
mobile equipment and human workers frequently result in serious injuries 
and fatalities. Robust sensor-based detection of humans in the surrounding 
of mobile equipment is therefore an active research topic and represents a 
crucial requirement for safe vehicle operation and accident prevention in 
increasingly automated production sites. Addressing the described safety 
issue, this thesis presents a collection of papers which introduce, analyse and 
evaluate a novel vision-based method for detecting humans equipped with 
protective high-visibility garments in the neighbourhood of manned or un-
manned industrial vehicles. The thesis provides a comprehensive discussion 
of the numerous aspects regarding the design of the hardware and the com-
puter vision algorithms that constitute the vision system. An active near-
infrared camera setup that is customised for the robust perception of retro-
reflective markers builds the basis for the sensing method. Using its specific 
input, a set of computer vision and machine learning algorithms then per-
form extraction, analysis, classification and localisation of the observed 
reflective patterns, and eventually detection and tracking of workers with 
protective garments. Multiple real-world challenges, which existing methods 
frequently struggle to cope with, are discussed throughout the thesis, includ-
ing varying ambient lighting conditions and human body pose variation. The 
presented work has been carried out with a strong focus on industrial ap-
plicability, and therefore includes an extensive experimental evaluation in a 
number of different real-world indoor and outdoor work environments.  

Keywords: Industrial Safety, Mobile Machinery, Human Detection, Com-
puter Vision, Machine Learning, Infrared Vision, High-visibility Clothing, 
Reflective Markers 
 
Rafael Mosberger, School of Science and Technology 
Örebro University, SE-701 82 Örebro, Sweden, rafael.mosberger@oru.se  
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Sensor Technology Categories Related Work

1.) Range Finders

Lidar active,
uninstrumented

Gidel et al. [41], Kidono et al. [50],
Sato et al. [67], Häselich et al. [44]

Radar active,
uninstrumented

Ritter et al. [64], Chang et al. [22],
Heuel et al. [46], Heuer et al. [47]

Sonar active,
uninstrumented

Moebus et al. [58],
Blumrosen et al. [9]

2.) Cameras

Visible Spectrum (VS) passive,
uninstrumented

Dalal et al. [26], Montabone et al. [59],
Yan et al. [76], Milanés et al. [56]

Near-infrared (NIR) active,
uninstrumented

Andreone et al. [4], Broggi et al. [15],
Ge et al. [39], Luo et al. [55]

Thermal Infrared (TIR) passive,
uninstrumented

Suard et al. [70], Bertozzi et al. [7],
Fernández et al. [34], Besbes et al. [8]

3.) Device-to-Device Ranging

Radio Frequency (RF) active,
instrumented

Ruff et al. [65], Rasshofer et al. [63],
Koch et al. [51], Fackelmeier et al. [32]

Magnetic Field active,
instrumented

Schiffbauer [68], Carr et al. [21],
Jobes et al. [49], Teizer et al. [72]

Table 2.1: Main families of sensor technologies employed for human sensing from mo-
bile platforms, with a selection of recent literature describing respective single-modality
approaches.
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Year Authors Sensors Approach

2001 Ruff et al. [65] RF Sensing Collision avoidance system for haulage
equipment in surface/underground mines

2002 Schiffbauer [68] MF Sensing Proximity warning system for surface and
underground mining applications

2010 Teizer et al. [73] RF Sensing Proximity alert system that warns both
vehicle operators and workers

Heimonen et al. [45] Stereoscopic
VIS Vision

Modular framework for fusion of several
pedestrian detector responses

Carr et al. [21] MF Sensing Worker proximity detection for mobile
underground mining equipment

2011 Dickens et al. [27] TIR Vision +
TOF Vision

Human detection using TIR vision and
localisition using TOF vision

Yang et al. [19] VIS Vision Detection of miners in underground coal
mines by detecting their helmets

2012 Park et al. [62] VIS Vision Detection of construction workers
wearing fluorescent safety vests

Yang et al. [77] Stereoscopic
VIS Vision

Omni-directional human detection for a
robot tractor

2013 Bui et al. [16] VIS Vision Human detection in fish-eye images with
enhance distortion handling

Borges et al. [11] VIS Vision Worker detection and collision prediction
using on- and off-board cameras

2014 Bödecker etal. [10] VIS Vision Construction worker and equipment
detection using optical flow

Bui et al. [18, 17] VIS Vision +
Lidar

Multi-sensor construction worker
detection using deformable part models

2015 Costea et al. [25] VIS Vision Omni-directional stereo vision for
obstacle detection in warehouses

Miseikis et al. [57] VIS Vision Off and on-board camera fusion for
worker detection in industrial scenarios

Teizer et al. [72] MF Sensing Proximity alert system that warns both
vehicle operators and workers

Table 2.2: Related work in human detection for mobile industrial machinery.
VIS: Visible Spectrum, TIR: Thermal Infrared, TOF: Time-of-flight,
RF: Radio Frequency, MF: Magnetic Field
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