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R M Parkin Mechatronics Research Centre Loughborough University Holywell Building, Holywell Way Loughborough LE11 3UZ [email protected] Abstract – Vehicles in future will be safer and more intelligent, able to make appropriate and autonomous decisions to improve safety. From intelligent cruise control to intelligent airbag deployment conventional CCD cameras and computer vision are being used increasingly. Two major issues relating to the use of CCD cameras for the development of intelligent computer vision systems are the difficulty of human detection and invasion of privacy while driving. In this paper a low cost infrared system is proposed as a potentially practical solution for in-cabin monitoring of driver activities in an intelligent car.



I. INTRODUCTION More than 3,500 people are killed and 35,000 seriously injured in cars annually in the United Kingdom [1]. Automobile safety is now an actively researched topic and one of the major concerns of the automobile industry, driven partly by increasingly strict regulations on vehicle safety. Mechatronic systems have become central to improving automobile safety on the road. Vehicle safety sensors may be broadly categorised according to location: 1. External vehicle safety sensors 2. In-cabin passenger safety sensors Safety sensors mounted externally [2-7] include CCD cameras with image processing and stereoscopic vision, ultrasonic sensors to find distance and relative speed of obstructing objects, and FLRS (Forward looking radar sensors) to aid driver awareness of obstructing objects in conditions of low visibility, such as fog, night or heavy rain. Short range radar systems aid in reverse parking, obstruction detection and blind spot detection. Internal sensors may be focused on the driver, and/or passengers, for in-cabin safety. The aim of this research is to develop a cost-effective and robust system of occupant tracking to enable the implementation of a variety of safety systems and strategies. In particular the use of thermal imaging for tracking occupant movements is being developed as part of a system to measure their ability of movement. This will help differentiate elderly, disabled or injured people. By identifying particular difficulties in movement it is proposed that measures may then be taken to make their



journey safer and easier. Many advanced safety systems will require knowledge of occupant position, movement and behaviour over time. For example intelligent air bags are being developed to deploy according to subject physique and position [7,9]. Position tracking is sometimes achieved by stereoscopic vision while others use single CCD cameras with image processing. However automatic tracking of occupants in-cabin using visual imaging encounters difficulties in distinguishing occupants from the background and from sensitivity to lighting variations, which in driving applications will inevitably be extreme. Another important consideration is the invasion of privacy associated with any continuous visual monitoring. Ultrasonic [8] and contact based sensors being developed to monitor occupant position [9-11] do not have this problem but are more limited in their potential for obtaining qualitative information. It can be said that for in-cabin passenger tracking high spatial resolution infrared (IR) imagers can make human detection and tracking much easier, since they use emitted rather than reflected radiation. However the cost of the equipment becomes prohibitively high - a high spatial resolution infrared camera costs more than £9,000. The recent development of low-cost, low-resolution infrared cameras has reduced the cost problem and provides the ability to distinguish humans from backgrounds [12]. Low-resolution infrared thermographs [13, 14] and visual images [15] have been used successfully for human detection and other research. One advantage of using low-resolution visual and thermographic images is the speed of processing, making the system faster and cheaper. It has been shown that the computer does not require high resolution images in order to detect useful information from the image [15]. Another advantage of IR with regard to privacy is that position tracking can be done with no visual features or markings distinguishable on the image, making the system more socially acceptable. The approach adopted is to use a low cost, low resolution IR camera which has recently become available at a cost of



less than one tenth of the normal higher resolution systems. The camera will be small enough, with some repackaging, to be mounted near the rear view mirror or on the ‘A’ pillar with the driver’s head and shoulders in view. The experiment described in this paper was carried out with the IR camera together with a CMOS webcam visual camera for comparative purposes. The procedure is shown in Figure 1. Stage2: Data Acquisition
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Fig. 1 Overview of occupant tracking system The work forms part of the early stages of a research programme to fully explore the potential capability and uses of low resolution thermal imaging for in-cabin occupant tracking and safety systems. II. INFRARED THERMOGRAPHY All objects continuously emit radiation at a rate and with a wavelength distribution that depends upon the temperature of the object and its spectral emissivity. A black body is an object that absorbs all incident radiation and is a perfect radiator. The total radiation emitted by a black body is given by Stefan’s Law, which states that ‘total radiation is (surface area) times (4th power of the temperature)’[16], mathematically expressed as:



relay spatial detail while a colour image reveals temperature differentiation. When looking at an object using the infrared imager the object is compared to a black body, an ideal radiator with an emittance of 1. Thermal imagers find heat transfer on the surface not beneath. An excellent example is that of the human face [19]. The infrared device used in this experiment is an IRISYS IRI1001 thermal imager employing a 16x16 pyroelectric array, with a temperature range of –20oC to +90oC (+150oC with a reduced accuracy) [20]. The thermal imager views the scene with a rotating disc module and imaging optics, and communication is via RS-232 through an IBM-PC. The imager can capture up to eight frames per second. A germanium lens is used, instead of a regular glass lens, with a 20o field of view used in this case, thus from one metre the thermal imager has a viewable region of 0.352 metres square. III. EXPERIMENTAL WORK The experiment was conducted on a driving simulator with a number of drivers following the same sequence of driving activities. The CMOS visual camera had a resolution 288x288 pixels. Both cameras were mounted together directly in front of the driver as a baseline trial to provide data for image processing and to assess the potential of the imaging system as a whole. The effects of camera position are being investigated as the next stage of the research. A. Volunteer Selection Eleven volunteers were selected on the basis of different height, build, hairstyle, face structure and spectacles.



Q = δTs4 W Where δ = 5.67 E − 10 2 K is the Stefan-Boltzman m constant and T is the absolute temperature. The energy emitted by a black body is the maximum theoretically possible for a given temperature. Objects that are not black bodies emit only a fraction of black body radiation. As the temperature increases the energy emitted at any wavelength increases and the wavelength of peak emission decreases. The thermal or infrared region contains a waveband from 2 to 15 micrometres. This electromagnetic spectrum range contains the maximum radiative emissions, which are used for thermal imaging purposes [17,18]. The infrared thermal imaging device is a different approach from other heat measuring devices, creating an image termed a thermogram which provides mapping of apparent temperatures. A black and white thermogram will



Fig. 2 Eleven volunteers and their corresponding infrared image



B. Driving Simulator A fully interactive driving simulator, the STI Driving Simulator by Systems Technology Inc, was used for the experiment. The STI Driving Simulator is very suitable for research purposes as it is one of the most stable driving simulation packages available, with 40 years of development. This simulator uses PC Microsoft® Windows based control and customised simulations can be created using a very basic script. The simulation is projected by a data projector onto a 4m by 3m screen and driven by the controls inside a Ford Scorpio car. The steering, brake, accelerator and speedometer



are connected to absolute encoders, which give analogue readings to the Data Acquisition Card (DAC). This DAC is connected and configured in the PC with an installed copy of the STI Driving simulator software.



verification purposes during the image processing analysis. E. Image Acquisition software ‘I-Quire’ software [21], developed by the author to perform the task of data acquisition for the thermal imager, and Video for Windows (VFW) supported the visual devices. The platform used for development is National Instruments LabWindows/CVI which has an ANSI C environment. This software can acquire up to 4 frames per second saving bmp and infrared data simultaneously. The duration of the image acquisition can be from 1 second to unlimited and can be paused during the acquisition.
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Fig. 3 (A) Simulation during experiment with image acquisition system, (B) Simulation control PC and Supervision PC



The DAC takes 3 inputs in the form of analogue signals from steering wheel movement, brake pedal and accelerator. The projector simulation is also shown on the supervision PC that is used for autopilot mode, centring of steering with the screen and review of scenarios before running experiments. The simulation control PC delivers the main control of the simulation software and graphics. The encoder counts from the DAC are read directly from the STI Driving Simulator.



Fig. 5 Acquisition software used in the experiment



The image frequency used in the experiment was 2 frames per second and image acquisition was done for the whole length of the simulation. F. Experimentation



USB



Fig. 4 Sensors mounted focusing on volunteer during experiment RS-232



C. Scenarios Scenarios for the STI driving simulator are created using a basic script language. In this experiment a single scenario was used, the duration of which ranged from 350 seconds to 500 seconds. The scenario starts from an urban area with a single lane and continues into heavy traffic, intersection crossings, traffic signals, pedestrians crossing the street, hills and bends. Further on the scenario develops into a long straight dual lane expressway until the session ends. D. Sensors For this experiment the IRISYS infrared imager and Webcam were mounted together on the driving simulator at a distance of one metre away from the subject. The Webcam provides an essential visualization tool for comparison and



1 meter



Fig. 6 Experimental setup



The experiment was conducted with an ambient temperature of 20 degrees and a trial run was undertaken by each volunteer before the start of the experiment. Around 800 visual images and thermograms were taken for each driver. During the experiment certain instructions were given to e.g. perform overtaking manoeuvres, slow down, look right and left at intersections and to simulate a crash situation by moving the head onto the steering wheel.



IV. IMAGE PROCESSING The infrared images taken are analysed using MatLAB. These images are linearly interpolated from 16x16 pixels to 121x121 pixels. Interpolation does not add any extra information into the image but helps low-resolution infrared images to be visually analysed and gives a greater number of pixels to work on. Four types of different temperature ranges are found in the images that can be thresholded. These are: 1. Background 2. Covered skin (with clothes or hair) 3. Face 3. Eyes, mouth and forehead.



segmented images. The software shows the plotted centroid with the last thresholded image. It can be seen from Fig. 9 that different regional classification is able to broadly classify the tasks of the driver.
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Fig. 7 Multi thresholding of interpolated infrared images



Thresholded images for face separation are used further in the imaging tracking analysis. Facing forward is taken as a reference image from which motions are tracked. A comparison of driving task using visual and infrared thresholded image is shown Fig. 8.



Fig. 9 Plotting of centroid from the thresholded images



Also it can be seen from Fig. 10 that the subject is wearing glasses. At the start of the journey the subjects put on a seatbelt, then drove mostly straight but encountering intersections, thus the centroids deviate to the left or right as the head turns. Measurement of the subject’s head movement is by simple calculation as the field of view in infrared is 352 by 352 mm. It can be seen from Fig. 11 that the distance between the far left centroid and the centroid for looking forward, is 20 pixels. Thus by simple mathematics the furthest head movement is calculated to be 116 mm in the case shown below. Subject wearing glasses



Mostly looking forward



Driver looking both sides Looking left



While driving



Looking in side mirror



Fig. 8 Comparison of different driving tasks of occupant using conventional camera and multiple thresholded infrared images



Software is written to plot the centroid of the face-



Wearing seatbelt



Fig. 10 Subject with glasses driving
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116 mm Fig. 11 Measuring distance from the centroids plot



Currently MatLAB is used for offline analysis as the system is in the experimental stages. The real time system will be implemented subsequently using National Instruments/CVI language due to the speed of data acquisition and image processing required. V. RESULTS AND OBSERVATIONS Experimental data from eleven volunteers, each containing 800 samples of infrared, was applied to the tracking algorithm. The thresholded infrared samples were then compared with visual data. Thus it can be said that in-cabin tracking using low-resolution infrared images has been achieved. The system can reliably locate the occupant with an accuracy of +/-15 mm. Although the information received from the infrared sensor is two-dimensional it can give results comparable in accuracy with ultrasonic position sensors or contact based sensors, as the contact based sensors only track position based on seating position of the occupant. In comparison with visual image detection the infrared is far superior in detecting human motion within a wide range of conditions. Use of low resolution thermal imaging for tracking occupant movements is now being developed as a key part of a multi-sensor system to measure drivers’ capabilities and limitations of movement. Together with driving task analysis this will help differentiate elderly, disabled or injured people. By identifying limitations or difficulties of a particular person measures may be taken to make their journey safer and easier. A number of other potential applications and benefits of infrared imaging are also being identified as part of this work.
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