1318�Real� baggage inspection It is expected that an inspector’s performance will improve when he is presented with aspatial impression of baggage instead of a single view. The experiments in the previouschapters, which tested various tasks related to baggage inspection, indicated that theinspector’s performance can be improved by enhancing his spatial impression with theDVWS. It is possible that baggage inspectors can benefit from such a spatial impressionwithout further training. If so, this might be a convincing argument for airports to use, andmanufacturers to build, an x-ray scanner based on the DVWS. The experiment described inthis chapter tests the feasibility of incorporating the DVWS into current baggageinspection procedures.The Delft Virtual Window System The Delft Virtual Window System (DVWS) will be used to give the observer a spatialimpression of the baggage (Smets, Overbeeke and Stratmann, 1987; Overbeeke, Smets andStratmann, 1987). Based on economical, technological, ergonomical and perceptualconsiderations (see Chapter 3 and �Previous work� below), the views are restricted to thehorizontal arc, and only a small number of images in this range are made available (Figure1.3a). The required view is selected via a turning knob. Figure 8.1 shows a scheme of thesetup. It consists of a monitor, a turning knob and the stored (available) views.

Monitorx-ray "Camera"

Turning knob

Luggage

Storedviews

Figure 8.1. Scheme of the setup. A turning knob is used to select theclosest available view, which will be displayed. The available viewswere taken earlier. The experiment described in Chapter 5 indicated that observer performance can benefitfrom a camera range (angle between left- and rightmost available view) of 180ß, but due tothe limited size of the available x-ray scanner the range in the present experiment was–45ß. Providing a camera range of more than 180ß seems not useful, since this will giveonly mirrored images because x-ray images are see-through images.Previous work Many airports are working towards a semi-automatic scanning system (Attree, 1996; denOuden, 1995; ACI, 1995; Heimann, 1996, 1997). Such a system consists of an automaticscanner and a human inspector. The automatic scanner picks out suspicious suitcases and

132marks suspicious items on the display. In the near future, many major airports can beexpected to use such a system, partly because purely human inspection is becomingextremely expensive, partly because air traffic and thus the amount of baggage to beinspected is growing fast, and partly because a 100% check of baggage of all kinds will berequired in the near future (see Heimann, 1996). In such a semi-automatic system, thebaggage inspector will be confronted only with suitcases containing suspicious items, sothat his task will be more difficult than with current inspection where all suitcases arechecked by a human. This development may make the need for an enhanced spatialimpression more urgent. Several attempts have been made before to improve baggage inspection by giving theinspector a spatial impression of the baggage. For example, Evans, Godber and Robinson(1994) and Scanray (Wooley, 1986) tried to give a spatial impression by scanning twoimages from slightly different viewpoints and presenting them stereoscopically. This givesthe inspector an additional depth cue and may improve his performance. However, astereoscopic view does not allow the inspector to look around x-ray blocking objects. Atthe other extreme there are scanners which take two images with a large angle between theviews. Two views wide apart will allow looking behind an x-ray blocking object, and mayresolve ambiguities in one of the images and camouflaging effects (Nodine and Kundel,1987). For many tasks, two such views improve observer performance as compared to asingle view. This was shown for detecting wires between objects (Chapter 5), formammography (Wald, Murphy, Major, Parkes, Townsend and Frost, 1995) and for amodule replacement task in space (Martin Marietta Aerospace, 1988). On the other hand, x-ray images of real baggage look more complex than a box withtwo objects and a wire, and for complex scenes a large angle between the views willdisturb the spatial impression of the baggage. Several other complex spatial tasks benefitfrom more than two available views, for example object recognition (Edelman andB�lthoff, 1992), spatial shape matching (Braunstein, Hoffman and Shapiro, 1987; Andersenand Bennett, 1987) and tracing a path in a tree (Arthur, Booth and Ware, 1993). But muchprevious work on the effect of number of available views on observer performance wasdone with non-transparent scenes, and therefore may not hold for transparent x-rayscenes. For example, Kersten, B�lthoff, Schwartz and Kurtz (1992) showed that depth fromtransparency and opacity can override the bias to see rigid motion. For tracing a wirethrough a transparent knot (Chapter 6) I showed that observer performance increases withthe number of available views, up to at least 33 views. Furthermore I showed that addingviews vertically to horizontally continuous views does not increase the percentage ofcorrect responses, and I concluded that the effect of the number of available views onobserver performance depends on the spatial complexity of the scene. In the future, semi-automatic inspection will cause an increase in the complexity of suitcases that areinspected by baggage inspectors. I expect that the complexity of this baggage fallssomewhere between the complexity of our connected-objects experiment (Chapter 5) andthe knot tracing experiment (Chapter 6). Concluding, I expect that more than two views ofeach suitcase will be useful in order to improve human baggage inspection. Sometimes x-ray CT scanners are used to make a complete spatial reconstruction of thebaggage (Imatron, 1991; Attree, 1996; Henderson, 1990; InVision, 1997), allowing theinspector to inspect arbitrary views and cross-sections. But CT scanners are rarely used, asthey are slow, bulky and expensive. An x-ray baggage scanner giving a spatial impressionvia a moderate number of available views, say 16, may improve baggage inspection as

133compared to the existing one- and two-view scanners, while being less expensive andfaster than the CT scanners (see also Chapter 3). Taking N images does not necessarily mean an N times increase of the x-ray dose thebaggage is exposed to. In the experiment described in Chapter 5, I found that activeparallax can compensate for low resolution and a small number of grey levels. Therefore,each of the N images can be of lower quality than if only a single view is presented to theinspector. For taking such lower-quality images, a lower x-ray dose may be sufficient. Andwith current scan technologies, up to 25 high quality images (Europscan, 1993) can betaken without damage to the baggage. An inspector’s performance is affected by the way the views are presented to him. Aspatial impression can be given by presenting the views to the inspector in sequence, as infilm. But coupling the images to the eye position of the observer can improve hisperformance as compared to such a �film� presentation (Smets and Overbeeke, 1995;Overbeeke and Stratmann, 1988; Arthur, Booth and Ware, 1993; Durgin, Proffitt, Olsonand Reinke, 1995). Thus, observer control of the view is essential. The way the observerhas control over the view is less important, as I showed that for detecting wires betweenobjects (Chapter 5) selection of the view via a knob works as well as selection by the eyeposition of the observer. Many inspectors indicated that they preferred manual viewpointselection over an eye-position-coupled mechanism, principally because they are reluctantto wear markers for the head trackers on their head. Finally, manual viewpoint selectionseems preferable over an eye-position coupled mechanism for ergonomic reasons: it seemsergonomically unacceptable to have inspectors move their heads around the display allday. For example McVey (1970) indicated that for watching normal television, viewpointsmore than 15 degrees oblique require a head rotation of the observer in order to look at thescreen, which is visually fatiguing and therefore may decrease observer performance. An important problem with the baggage inspection task is that there is no formalsystem of decisions that leads the inspector from the cues in the image towards ajudgement. For example, most inspectors claim to look for objects that may be part of abomb, such as batteries, electronics and detonators. However, most of these objects haveno definite appearance and are not always present in a bomb. Similar problems exist inmedical x-ray reading (e.g., Bass and Chiles, 1990). Although the results of Chapters 4 to 7indicated that performance may increase with increasing numbers of properly chosenviewpoints, I cannot determine the relevance of the tasks used there for x-ray baggageinspection.ExperimentMethodStimuli The stimuli consisted of x-ray images of real baggage. Figure 8.2 shows a view of one ofthe stimuli from the training series. Two bomb experts working for the responsible policeauthorities packed 68 suitcases that would give an alarm on an automatic x-ray scanner,and they hid 15 complete bombs in the baggage. The images were digitized in 24-bitcolour by a Heimann 7555 Hi-view machine with OTS extension. The colours indicate thematerials: orange for organic material, green for aluminium-like materials and blue forheavy metals (see also Heimann, 1997).

134Figure 8.2 (see colour figure 1.1 on left cover flap).Example of x-ray scan of suitcase containing a clock, abook and a tin opener. Colours (see text) indicate thematerials.17 images were taken of each suitcase, each with a 90ß/16 rotated suitcase orientation (seeFigure 8.4). The suitcase was kept in a rotated orientation with a foam construction thatwas nearly invisible on the x-ray image. The way of rotation was chosen to minimizedistortions due to the perspective-parallel perspective of the scans (see page 55 of Chapter3, �Acquiring multiple views with a conventional scanner�). Because of the height of thescanning tunnel (55 cm) and the rotation of the suitcases, the maximum suitcase size was53x36x20 cm. As the suitcases did not use the full length and width of the scanningmachine, only the relevant part containing the image of the suitcase (400x383 pixels) wasselected for storage on a hard disc.Apparatus Figure 8.3 shows an overview of the experimental setup. For inspection of a suitcase, its17 images were read from the hard disc into the main memory of an Acorn Risc-PC 702.During the inspection, some or all of these images could be selected with the turning knob.The display was updated at 29 Hz to the latest knob position. The box with two buttons, agreen button labelled �safe� and a red button labelled �unsafe�, allowed the participant tomake his judgement. The 15 inch screen (MicroScan 4V/ADI model LM-1564; dot pitch0.28mm) had a refresh rate of 100Hz. It was warmed up at least 30 minutes in advance ofeach trial to prevent colour changes during the experiment.

135Figure 8.3. Overview of the experimental setup. One of the availableviews of the suitcase could be selected with the turning knob. Thedecision for �safe� or �unsafe� was made with the button box.Variables, participants, design The independent variables were the number of available views N with possible values1, 2, 5, 9 and 17 (see Figure 8.4) and baggage type L (with or without bomb). The numberof views is roughly doubled with each step; the number of available views has to be odd asboth one front view and a symmetric camera range are required. The two views conditionreplaces a three-views condition. This replacement was done because in daily practiceinspectors sometimes make a sideview of the baggage with a normal x-ray apparatus byplacing a piece of foam under one side of the the suitcase. This corresponds with the 2-views condition that replaces the 3 views that would be required for a symmetric camerarange. The dependent variables were the responses R (�safe� and �unsafe�) and the responsetime T.