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Do multi-view X-ray systems improve X-ray image
interpretation in airport security screening?
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Summary

X-ray screening ofpassenger bags is one ofthe core elements
ir.r aviation security in order lo prevent terrorist attacks. Lar-
ge inrestnrents have been made into neu technologies, fbr
eraurple in n.rult i-r ' ieu'X-ra1,systems. Because of several X-
rays. n.rulti-'"'iew systems provide r.nore than one X-ray ir.nage
of the same passenger bag and hence plesent the security
screener multiple perspectives of that bag. In this study. l le
evaluated the benefit of multi-vieu'X-ray systems cornpared
u,ith state-o1'-the-art single-rieu' X-ray svstems. Sinsle- and
n.rult i-r iei,r '  X-ray inrages of pnssenger bags i.r 'ere plesented
to i2 novices uho had to clecide if the bag coutained a pro-
hibited item or not. The results shou that multi-r ' ievn X-ray
systenrs lead to a higher detection perfbrmance of plohibited
i tems in d i f f icu l t  condi t ions.  such as uhen i t  is  rotated in  a
non-canonical nranner or superirnposed by other objects. Ad-
ditionally, t l.re results indicate an increase of the reaction tirne
fbr pelfbnring the screener's task u,ith ntult i-r. ' ieu' in compa-
rison u ith single-r ieu X-ray s),stenrs. A specific trainin-s fbr
airport's securit l, '  screeners rnight increarse the advantages and
reduce the disadvantages of rnulti-r ' ie* X-ray systents.

Practical Relevance

Due to increase in g lobal  rnol r i l i ty  and in secul i ty  lequi le-
rl lents. load caused by security checks in air trafl ic becornes
an important issue. Neu' X-ray scanners enable a multi-r, ieu
display of luggage in older to 1äcil itate detection of threat
objects. Pertblnrance and. therefbre, strain caused bv the se-
curity check task depends on the nuurber of presented r iel ' '  s.
Reduced load can be achieved by rrreans oftraining detection
of threat  obiects.

Est-ce que les systömes Mult i-View peuvent am6li-
0rer l ' interprdtation des images aux rayons X aux
c0ntröles de s6curitd dans les adroports?

. Söcuritö de I'u't,iatiort . technologies de prösentution .

interaction hontttre-macltine . dötectiott des objets . psy-
c h op lt1'siq u e vis u e I I e . radiog rup h i e

Rdsumd

La radiographie des colis de voyage au contröle de securitd
est un öldrnent principal de la sicuritö de l 'aviation por.rr la
prevention des attaques ten'oristes. Des grands investissernents
pour des nouvelles technologies ont 6td rialisds, entre autre
pour la radiographie Multi-Vic-u'. Les appareils de racliogra-
phie Multi-Vierl '  produisenl plusieurs irnages d'un colis en
util isant plusieurs rayons X. Cette etude analyse les avantages
des systörnes Multi-Vieu' par rappofi ä des appareils usuels
uti l isds aujourd'hui. Comme itude. des ladiographies des
colis en Nlulti-Vieu et en Single-Vieu ont ertd prösente aur 32
laques. Poul chaclLre image, Ies paticipants devaient dicider si
l ' image contenait un objet prohibd. Les rdstrltats indiquent que
la pertbnrrance de la ddtection est rneilleure ar ec la radiographie
Multi-Vie*. si l 'objet prohibe est tournd cl 'une rlarriör'e r)ol1-
canonique ou est icl ipsi par Lut autre objet. Le ternps de röac-
tion pour accornplir l 'erercice est plus dleve pour les irra-ses
Multi-Vieu.. Un training specificlue pour les agents du cotrtröle
de siculitel est urle possibil i t i  poLlf augrllenter les avantases et
rdduire les desavantages de la radiographie Multi-Vieu.

lmportance pratique

Dans l 'a'uiation le stress du pelsonnel de contröle de söcurite
augmente en fbnction de la mobilitd et en fbnction de la seldritd
des rögles de sdcuritt. Le stress du personnel de sicurit i de
contr'öle aux ra)'ons X depend soit du rrornbre de prisenta-
tions d'images du bagage contröli soit de l 'entrainenrent du
nersonnel.
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Verbessern Multi-View Böntgensysteme die Interpretation u0n Rönt-
genbildern bei den Sicherheitskontrollen im Flughafen?

. L4fqfahrtsicherheit. Dqrstellungstechnologien . Mensch-Maschine Intersktion . Ob.iekterkennung. Wsuelle Psl,chsplq-
sik . Röntgenbildat(nahme

Zusammenf assung

In der Luftf 'ahrtsicherheit ist das Röntgen von Gepäckstti-
cken bei der Sicherheitskontrcll le eines der Hauptelemente
zur Prär"ention terroristischer Anschläge. Es uurden große
In'n'estit ionen in neue Technologien getätigt" u ie zuu Bei-
spiel in Multi-Vieu Rör.rtgensysteme. Dabei handelt es sich
urn Röntgengeräte. die aufgrund rnultipler Röntgenstrahlen
mehrere Röntgenbilder r,on eineu.r Gepäckstück erstellen.
scldass die Mitarbeitenden der Sicherheitskontrolle von diesern
Gepäckstück rrrehrere Ansicl.rten betrachten können.

Die Erkennung verbotener Gegenstände in Röntgenbildem
ion Gepäckstücken hängt  e inersei ts  vou n issensbasier teu.
andererseits von bildbasierlen Faktoren ab (Hardnreier et al.
1005: Schu'aninger et al. 2004). Erstere beziehen sich aufdas
Wissen. *'elche Gegenstände verboten sind und u,' ie diese im
Röntgenbild aussehen. Bildbasierte Faktoren hingeeen haben
einen Einlluss auf die Schrvierigkeit eines Bildes. Schu'a-
ninger (2003) beschrieb drei bildbasierte Faktoren: Rotation
des verbotenen Gegenstands. Verdeckung des lerbotenen
Gegenstands durch andere Objekte. und die Transparenz der
des Gepäckstücks.

In der vorliegenden Studie untersuchten u'ir den Nutzen der
Multi-Vieu, Systeme im Vergleich zu den heutzutage tibli-
chen Single-Vieu' Röntgensystelnen. Dazu li ihrten *i l ein
Experiment durch, urn den Einfluss multipler Ansichten auf
die Erkennungsleistung sorvie die Reaktionszeit zu lressen.
Damit der Einfl uss lvissensbasierter Faktoren ausgeschlossen
r,verden konnte, fühnen wir das Experirnent rnit 32 Laien durch
und präsentierten nur Schuss'nvafl-en und Messer. da deren Er-
scheinungsbild relativ alltäglich ist. Unsere Hypothese lantete.
dass bei der Vervn'endr.lng von Multi-Vier.r' Systemen die Erken-
nungsleistung vor allem bei schu'ierigen Bedingungen steigt.
das heißt u'enn der r. 'erbotene Gegenstand rotierl ist oder stark
durch andere Objekte r,erdeckt u'ird. da eine zu'eite Ansicht
des Cepäckstücks den Einfluss dieser beiden bildbasierten
Faktoren vennindern sollte. Darüber hinaus nahtren * ir ltt"
dass d ie Reakt ionszei ten bei  Mul t i -V ie* '  B i ldern länger s ind
als bei Single-Vieu Bildern. da die visuelle SLrche lt ir multiple
,A,nsichten des Cepäckstücks mehr Zeit in Anspruch trintntt
a ls  f i i r  nur  e ine Ansicht .

Filr unser Experirnent konstruiefiert rr ir einen aus Rönt-9en-
bildcrn r,on Cepäckstücken besteherrden Test. Die Hälfte der
insgesanrt I 28 Gepäckstticke hatte eine niedrige. die andere
Hälfte eine hohe Transparenz. Jedes Gepäcksttick ri'urde zu ei-
mal venvendet. einmal in Kombination mit einem verbotenen
Gegenstand (Schussuaflbn und Messer) r.rnd einmal ohne.
Darüber hinaus variiefien r.r'ir die Rotation und Verdeckung des
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verbotenen Gegenstands. Alle Bilder u urden jeu'eils einntal
als Single-Vieu und einmal als MLrlt i-Vieu Trial präsentiert.
lnsgesarnt u urden den Teilnehrrenden 5 12 Bilder präsentiert:
I 6 (r erbotene Gegenstände) * l3 (bildbasierle Faktoren Rotati-
on. Verdeckung. Transparenz) + 2 (Single- bzu. Multi-Vieu') x

2 (Gepäckstück mit/ohne verbotenen Gegenstand). Bei jederr

Bild mussten die Teilnehmenden entscheiden. ob das Gepäck-
sttick einen verbotenen Gegenstand enthielt oder nicht.

Die Resultate bestätigten nnsere Hypothesen. Wir konnten
zeigen. dass der verbotene Gegenstand eher rnit einern Multi-
Vieu' Röntgensystem als mit einem herkörnrnlichen System
entdeckt u'ird. fälls er aLrf eine non-kanonische Weise rotierl
odel  lon anderen im Gepäckst t ick ent l . ra l tenen Objekten
verdeckt uird. Dariiber hinaus ueisen die Ergebnisse darauf
hin. dass die Reaktionszeiten fi ir das Lösen der Aufgabe ber
Multi-Vieu' Röntgenbildern länger als diejenigen bei Single-
Vierr' Röntgenbildern sind. Ein spezifisches Training fi ir die
Mitarbeitenden der Sicherheitskor.rtrolle könnte die Vorteile
der MLrlt i-Vieu Röntgensysteme mehren und die Nachteile
reduzieren.

Praktische Relevanz

Die zLrnehmende g lobale Mobi l i ta t  u ' ie  auch verschärf te
Sicherheitsbestirrurungen tra,qen \\ 'esentlich zul Erhöhung
der Belastung des Personals bei Sicherheitskontrollen an.t
FlLrghaf'en bei. Neue Röntgengeräte ermöglichen eine Mehr-
lachansicht der zu r.rntersuchenden Gepäckstricke. unt dadurch
die Erkennung gefährlicher Gegenstände zu erleichtem. Die
Erkennungsleistung und sornit die Beanspruchung hängt von
derAnzahl derAnsichten ab. Eine BelastungsnrinderLrng lässt
sich dLrrch Trainieren der Wiedererkenr.rungsfähigkeit für
sefährliche Gesenstände erreichen.
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lntroduction

The increasing threat ol 'terlorist at-

tacks in recent years has led to latge
investnlents into technological enhan-
cenrents in aviation security. One main

fbcus continues to be the improvement
of the process of X-ray screening of
passengel bags to prevent lbrbidden
objects getting pasl lhe 

"ecttt ity 
chcck-

point. Some airyofts have staned using
technologies of the newest generation

fbr  the  process  o f  cab in  baggage
scrcening, such as nrulti-vierv X-ray
systenrs. Cenain mulli-view X-ray sys-
tems even provide automated detection
of explosives, leading lo a substantial
improvement of security. Horvever, for
the detcction ol other types ol'prohibi-
ted items, aieorts sti l l  rely on human
operators (airpon security screeners)
who visually inspect X-ray images.

The task ofthreat object detection de-
pends on knowledge-based and irnagc-
based läctols (Hardmeier et al. 1005:
Schwaninger et al. 2004). Knowledge-
based läctots refer to knowing which
items are prohibited and what they look
like in X-ray images ofpassenger bags.

Sorne objects look quite difl'erent in X-
ray images than in reality, fol example
an e lec t r i c  shock  dev ice ,  wh ich  is
dilicult to differentiate fiom oldinary
objects (see Figufe 1). Others, such as
Improvised Explosive Devices (lED),

are rarely seen in everyday lif'e as well

as at the security checkpoint and are.
therefbrc. difncult to recognize u'ithout
the appropriate training.

Fur thermole ,  image-based fac to rs
play an inrportant role in thteat object
detectiorl. These can be attributed to
the visual abil it ies ofa person. that is,
how he or she copes with image dif-
f i culty. Schwaninger (2003) described
three irnage-based factors: rotation,
superposition, and bag transparcncy
(Figure 2).

The fact that object recognition often
yields strong effects of viewpoint
caused by the rotation of an object
(e.g. Bülthoff& Edelman 1992; Graf
et al. 2002: Tarr & Bülthoff 1995, Tarr
& Bülthofl 1998), is essential for X-
ray image intelpretation. In geneEl,

X-ray images offotbidden objects are
diff icult to recognize when depicted
from an unusual viewpoint and rvhen
diagnostic fbatures are not visible.

l 6 t )  l008r l  I  ^R l l .  \ ! l ss .

lllustration of the impact 0f knowledge'based tacl0rs. Some lorbidden objects such as the

electric sh0ck device shown above l00k quite diflerent in X.fay imaqes than in reality

Veranschaulichung der Rolle wissensbasierter Faktoren. [inige vetb0tene 0hiekte. wie das

Elektroschock Gerät, könne0 in einem Föntgenbild und in der Realität unterschiedlich aüsse-

hen
ll lustrati0n du röle des facl€urs de connaissance

r\

Figüre 1:

Bitd t:

l l lüstration ' l :

o )

c)

figure 2: lmage.based fact0rs with an impöct 0n threat detection performance: {a}easy and diff icult

rotati0n, (b)low and high supetposition, and (c)low and hjqh bag tlansparency

Bitd 2: Bildbasiene Faktoren mit Auswirlung aüf die Detektionsleistung bei der Erke0nung gefähr

licher Gegenstände: aleinlache und schwierige Rotati0n, bl geringe und slarke verdeckung,

clgerioge und hohe Transparenz
lllust.ation 2r Facteurs d'image ayant un impacte sur la perfofmance de d6tecti0n (a) rotati0n, (b) superp0-

sit ion, (c) transparence

Another important fbctor contributing to the impairment of t igure-ground
to irrage diff iculty is the superposition segregation. Ifa threat object, such as a

ofthe threat object by other objects in a knife, is superirnposed by h igh density

bag. The effect ofsuperposition rcfers material, it becomes more dillcult to
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recognize the characteristic shape of
the object.

Furthermore, the transparency ola bag,
detennined by the number and type of
objects in the bag, has a significant in-
fruence on the derection perlormance.
Recently. the effects ofthe image-based
fäctors rotation, superposition and bag
transparency have been replicated, and
statistical algorithms lbr estimating
image difl iculty have been developed
(Schwaninger et al. 2007b).

Besides coping with knowledge-based
and irnage-based lactors. the screener
has to detect a threat object in a linriteo
anount oftime, During rush hour at the
security checkpoint, screeners often
have only a few seconds to visually
inspect the X-ray images ofpasseDger
bags.

There  is  ev idence tha t  perceptua l
t ra in ing  can he lp  to  in rp love  the  ab i -
lily to segment objects from cluttered
r isual scenes (e.g. Brady & Kersten
2003: Kourtzi et aI.2005; Kovacs et
al. 19991 Li & Gilbert 2002; Yi et al.
2006). Furthennore, it has been shown
that a specific X-ray scrcening training
increases the X-ray image interpretat'-
on competency and decreases reaction
times (Koller et al. 2007, Koller et al.
1008: l\4ccarley et al. 2004: Vichel et
al, 2007: Schwaninger et al. 2007a).
Such a computer-based object reco-
gnition training affects mainly know-
ledge-based factofs and the detection
of rotated objects {Schwaninger et a..
in press). Through training, airport's
security screeners learn which objects
arc prohibited and how they appear in
X-r'ay irnages. The screeners also store
different and often unlärniliar views of
the objects in visual memory (Michel
et al. 2007).

Effects of image-based factors might
also be diminished by recent technolo-
gical improvements. Multiview X-ray
systems produce two or nlore lmages
of one object taken fiom diffelent
viewpoints due to several X-rays. ln
airport security screening this means
that the decision of the screener, if a
passenger bag is OK or not, is sLrp-
ported by rnultiple images ofthe same
bag. Threat objects that are rotated in
a non- al rnanner or superimposed
by other objects in the bag might be
rccognized easier when a second, e.g.

Figure 3:
Bitd 3:

90 degree rotated view, is available.
Assurn ing  lha t  v isua l  search  reeds
Inore  t ime lo r  mLr l t ip le  i rnages  than
lor a single irnrge. reaclion tinrcs are
probably longerfor multiview than for
single-vie$' X-ray systems.

In this study, we conducted an expe-
r iment  in  o rder  to  inves t iga te  what
irnpact multiple views have on the
detec t ion  per fo rmance as  we l l  as
on the  reac l ion  t ime o f  a  sc reen ing
pe lson.  In  o rder  to  e l in r ina te  the  i r r -
f luence of knowledge-based factors.
ue  conducted  lhe  exper i rnent  w i th
nov ices  uho had no  pr io r  exper t i se
in X-ray screening, and we presented
only [hrcal objects. u hose appearance
is relatively common in everyday l ife.
such as guns and knives. We rl i l l  ex-
amine the impact ofthe X-ray system
on the introduced irnage-based thctors
rotation and superposition. as rvell as
on the reaction time.

O u l  h y p o t h e s i s  i s  l h a r  w i t h  m u l t i -
v ieu  X- ray  sys terns .  the  de tec t ion
perfbnnance incrcases especially for
d i f f i cu l t  cond i t ions ,  i .e .  a  d i l t l cu l t
rotation or a high superposition of the
lhrect irern- based on the assunrption
that a second vieu rnight elinrinate ol

at least reduce the negative influence
of the introduced irnage-bascd factors.
Additionally, reaction times probably
increase for multi-view X-ray systems
in comparison with single-view X-ray
systems bectrrse risual search needs
more time fbr multiple images, as
mentioned above.

2 Method

2.1 Participants

Th i r ty - tu  o  undergraduate  s tudents
fiom the University of Zurich volun-
teered to panicipate in this study: l0
tbmales and l2 males with age ranging
t'rom l9 to 50 years (M= 26.69 years,
SD 6.15 ycars). All pa icipanrs lc-
po ed nonnal or corrected-to-normal
r ision. They rvere all naive u ith regard
to the hypotheses under investigation.

2.2 Material

For our experiment we constnrcted a
test consisting of X-ray imagcs ol'pa:-
senger bags by using a rrult i-view X-

iF@
fl.'q
__I--T

A

Schematic illustration ot the approximate directions 0f the lwo X.ray heams A and B
Grafische Dafstellung der Ansichten der zwei Röntgenbilder, die in der Aufnahmerichtung A
und B erzeuqt werden

lllust.ati0n 3: lllustrati0n de la directi00 de orise d'imaoe
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ray system. The approximate directions
of the two X-ray bearns are i l lustrated
schenlatically in Figure 3.

One halfofthe total of 128 bags in our
experiment had a lou. and the other
halfa high bag transparency. We cal-
culated the level ol bag transparcncy
using the forrnula lor transparenc).
which reflects the extent to which X-
rays are able to penetrate objects in a
bag. as described by Schwaninger et
al. (2007b):

I . . .1 / - " I r ,  - r ' l  ' : i  rh-eshol i )

( E  - I;,, I r, .'i-):

The function computes the difference
betrveen the pixel intensity values of
the bag image with the threat object
(/.,/,r, .r)) minus the pixel intensities
of the corresponding hannless bag
(1"/.i-,.r)).

(6l) l0orr:r l. ^RB. \\'rss.

't_I) -

1,\f-r,.r, denotes the pixel intensities.
u hereas threshold is the pixel intensit)
threshold beneath which the pixels ale
counted.

All of the bags $ ere used twice. oncc
combined with a prohibited item. and
once without any threat object. The
threat objects have been captured by
experts ofZulich State Police. Ailporr
division. Because we tested novices
who were not trained in recognizing
unfarnil iar objects l ike IED, we only
used eight guns and eight knives to
eliminate effects of knowledge-based
Iäctors. Each threat item was presen-
ted in two different rotations. The
easy rotarion shows lhe object f ion)
a canonical perspective (Palrner et a..
1981) asjudged by two security experts
who capturcd the stimuli- The diltcult
rotation shows lhe lhrear i lern 85 de-
gree rotated horizontally or vertically
relative to the canonical view.

Every threat item was combined with
a bag in a Inlnner rhat the degree of
superposition by otherobjects was low,
and with anothel bag in a marrnel that
the degree of superposition by other
objects was high. For this purpose we
used the l-ormula for superposition
as  descr ibed by  Schwan inger  e t  a l .
(2007b):

Second view

Firstview Cl E2 93 g4

Figure 4: la) A single.view trial containing a knife in a difficult r0tation and high superposiiion, and {b)
the corresponding multi-view trial. In the second view 0f the multiview trial, the rotati0n of
the threat obiert is easy and the superposition l0w

Bild 4: {a) Ein Gepäckstück mit einem ll lesser heischwieriger Rotation und h0her Verdeckung in der
Single.View Bedingung und (b) das entsprechende Bild in der Multiview Bedingung. In der
zweiten Ansicht des lllultiview Bildes ist die Rotation einfach und die Verdeckung gering

lllustrati0n 4: (al lmage simple, {b) douhle image avec couteau

Table 1: lvlulti.view variations 0f bags c0ntaining a threat item
Tabelle l: Variationen def Gepäckstücke mit v€rb0t€nem Gegenstand in der Multi.View Eedingung
Tabl€aü l: Variation de vue des bagages contenant des objets dangereux

Multi-view vqrialions of bags containing a threal item

Bag and its transparency

I
2
3
4

t l r l s l  t l r2s l  t l r l s2  t l r2s2
t2tzsl t2tls2 t2t2s2 t2rlsl
t3rls2 t3r2s2 t3rlsl t3r2sl
t4r2s2 t4r ls I t4r2sl l4r' ls2

t l r l s l
t2rl sl
t3 r ls l
t4 r ls  I

Note. Each multi-view pair was combined once with low, and once with high bag
transparency. g = panicipant group (l-4). t = threat item (l-16), r: rot.lt ion (l: easy, 2:
diff icult). s = superposition ( l: low, 2r high).

high

1 2 8

Every irnage was once presented as
single-view and once as rnulti-view tri-
al. The single-vieu condition consisted
ofone view (see Figure 2, X-ray A), i.e.
one image was shown, the multi-view
condition consisted of two views (see
Figule 2. X-raysAanld B). i.e. t$o irna-
ges were preserted at once on the same
screen. The size ofthe bag images u as
consistent regardless of the condition.
As shown in Figure 4b, the first view
(left side) of the multi-view trial was
i d e n t  i c a  I  r v i t h  t h e  c o r r e s p o n d i n g
single-rierr trial. whereas the second

, io . r . ,  , iuu, ,  , i0 , , . ,  , iuo. '  , ,u, , . ,

T : 1 . , . 1 '  ,  j  -
/ , ' ' ' ' "

view (right side) was an image ofthe
same bag from another angle.

The var ia t ion  o f  the  i rnage-based
fac tors  ro ta t ion .  superpos i t ion .  and
bag trcnsparency lesulted in eight va-
r ia t ions  fo r  the  s ing le - r  iew cond i r io r r .
and, therefore, also for the first view of
the multi-vierv condition. In the second
vierv, rre varied lhe lactors rotation
and superposition again, resulting in
another four variations lbr the second
view: easy rotation and lou superpo-
sit ion. easy rotation and high super-

| "FY
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pos i t ion ,  d i f ' f i cu l t  ro ta t ion  and lo \
s l rpc fposr l ron .  and , l r theu l t  ro rar  io ' l
courbined u'ith high superposition.

T l tesc  lo r r l  ra l ia t io r rs  o l  t l l e  second
r ierr have been balanced througholl l
fbul groups of pafticipants (cp. Table
I ). Overall, 5 J2 trials were presentcdi
l6 (threat objects) * 2r (irnage-based
läctors rotation, superposition, bag
transparency) x 2 (single-/nrulti-vieu'
X- ray  : l s tenr t  *  J  tbag r r i th  r r i thor r t
tllreat itern).

2-3 Procedure

All participants peffbured tl]e test rD
a training classloorn at Zurich Airport,
uüele we were able to rraintain star-
dardized conditions regarding l ighting,
corrl luter and monitor settings.

First. $,e tested the colol pc|ccption of
tl le pafticipants using Ishihara's test of
colour-blindness rvith I 4 plates (2003 ).
All participants scored 100% correct.

Wilhin the introduction, pafticipants
were sholn J 6 X-ray inages of guns
and knives u'hich u'ere not used in the

cxperiment in orde| fol them to get an
idea ofu'hat such u,eapons look l ike in
X-r'ay images. Aftef 4 pmclice trials,
par t i c ipants  had to  accor rp l i sh  the
5 l i t r ia ls (s ing le  \  ie \ \  and InLr l t i - \  i c \ \
mixed). They had to decide u,hether'
the bag presented rvas OK (contains
Do threat item) or NOT OK (corrtains
a  t l r lea t  i te r r r )  b1  c l i ck i r rg  the  lespec t i
ve bLrtton on the screen. Additionally.
parlicipants were asked to indicate how
confidcnl thcy rvere in their dccision by
c l i cL ing  on  a  la t ing  sca le  r r ro r r -v i . ib l<
I00 point) on the scrccn.

The 512 trials have been subdivided into
lo r r r  b locks  ar rc l  par r iL ip r r r ts  ue le  a l lo -
\ ed to take a shon break alier conrple-
l ingeJc l rb lo rk .  f r ia l \  \ \  e rc  rJ rdonr  i , /ed
u'ithin each block and block order was
courrterbalarrced acros\ t\\ 'o grotrps ol'
pan  iü ipJr ls .  Cot l rp le t i r rg  t l re  e rper i r r ren t
took about 60-90 minutes.

3 Results

We calculated the detection perfbr-
nrarrce of the participants using the
signal detection measure d', $,hich is

detived t 'r 'om hit arrd false-alarrn rates
(Green & Sr ' , ' e ts  1966) .  Whi le  the
hit rate lefels to the propol't ion of all
images containing a prohibited item
that have beenjudged as NOT OK. the
false-alarnr l?te refers to the proponion
ol'NOT OK judgrnents for hannless
bags. The advantage of d' comparcd
to othef sensitivity measures is the 1äct
that it is invariant lvlren factols other
than sensitivity change (Macrri l lan &
Cleelurarr 2005). Fol calculating d' we
used the following lornula:

:  =  _ :  H  -  -  i -

where H is the hit rate, Äl the false
alanr rate and .: r'efers to the : tmns-
loDration.

Acloss all conditions. there was no
signifi cant dit l 'erence in d' betrveen
single-vierv and mulli-vic\\" X-ray sys-
tenr .  / (3  I  )  :  -0 .53 ,  p  : .30 ,  r /=  0 .04 .

Before rve examirred the impact of
the X-ray system on the irrage-based
fac to fs  ro ta t ion  and supcrpos i t ion ,
rve analyzed the data obtained in the
s ing le -v ie rv  cond i t ion  to  ver i f y  the
existence of the image-based 1'actors
rotation and superposition as proposed
by Schu,aninger (2003). For this pur-
po.e. \\ e conducted a hvo-way aoal) sir
of variance (ANOVA) for repeated
measures  us ing  d 'scores  w i th  the
rvithin-participanl läctors rotatioD and
superposition. It revealed Jarge marn
efl 'ects ofrotation, F( J . 3 I ): 87. l7,p <

.001 , r12 = .74, and superposition, F( I ,
3l) = 151 .72, p < .001, r12 : .84. Thele
u,as also a large interaction ofrotatiorl
and superpos i t ion ,  F(  l ,  3 l )  =  31 .52 ,
p  < .001,  r12 : .50 .  F igure  5  shorvs  the
ct'fccts of tlle image-based lactors for
the sirrgle-view condition. Remember
that the easy lotatiorr corresponds to a
canonical vicw, and the dimcult rotation
to an 85 degree rotated view ofthe thrcat
object around the vertical or horizontfll
axis. Superposition indicates hou, mucl'l
the threat ob.ject is supeimposed by
other objects in thc bag.

As  a  nex l  s tep .  we co |npared the
detec t ion  per fo rnrance in  d  i fT icu l t
. i r rg le - r  i cu  cor rd iL ions  u  i th  thc  de tec-
tioll peribnnance in the coffesponding
dit 'f icult-easy multi-view conditions.
u'hen the first vierv shou's the diff icult
single-vierv condition and the second
vie\\ 'thc according casy condition. i.e.

t igure 5: Effects 0f the image'based factors rolat i0n and superposit ion for the single'view condit i0n.

Errof bars represent standard ef iors of the mean (SEl\4). Nole that absolute performance

values are not repolted due t0 secu ty reasons. However, in 0rder t0 provide scienti f ical ly

meaningful fesults, effect sizes are rep0fted thr0ughout the paper

Bi td  5 : Effekt der bi ldhasierten Fakt0ren Fotal i0n und Verdeckung bei der Einfachansicht. Die

Balken wiedergeben die Standardabweichung (SEl\4). [ ] ie tehlerindikatoren fepräsentieren

den Standardmessfehler (SEl\4). Aus Sicherheitsgründen können keine abs0luten Wene

dargestel l t  werden. Um trotzdem wissenschaft l ich relevante Ergebnisse zu l iefern, werden

die Effektstärken im Tert aufgefi ihrt

l l lustrat ion 5: Effets des facteurs d' image fotat i0n et süperposit i0n sur une image simple

DSingle-v ew diff icult cond tion
r [,4ulti-view d ff icult - easy condition
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o Single view di i f lcult  condit on

r M ult i  view d ff  icu t -  easy condit ion

Rotation Suoeroosition

Effects of the display condition on lhe image-based fact0rs rotati0n and superp0siti0n. Single-
view difticult c0nditi0n means a difficult r0talion 0r a high su perp0sition. ln the difficult.easy
multi.view condilion, the firsl view was the same as in the difficult single-view condition,
and thesec0nd view showed the threat 0biecl can0nically r0lated or with l0w superp0sition.
[rror bars represent standa.d errors 0l the mean {SEl!l}. N0te that absolute pertormance
values are not reported due l0 secuity reasons
Auswirkung der I]arslellunusart auf die bildbasierten taktofen Rotation und Vefdeckung.
Schr,1/ieige Siluationen in der Einfachbilddarstellung sind jene mit einer schwierigen Verde-
ckung o d er mit einer starken Verdeckung. In der ,,schwierig.einfa chen " M ulti.View Bedin g u ng
ist die erste Ansicht identisch mit der schwierigen Single.View Bedingung, während in der
zweiten Ansicht der l\,, lult i.View Bedingung der verbotene Geg8nstand kanonisch rotiert isl.
Die Fehlerindikatoren repräsentieren den Standardmessfehler (SEM)

Eltels du nombre de vues et d'autres conditions sur les facteurs d'imaoe fotati0n el süoer-
00st I t0n

tr Single-view difficult condition
I l\i lu lti-v iew difficult - easy condition

p < .001 , with an etlbct size ofq2 : .45,
but not lbt the irnage-based factors .
F ( 1 ,  3 l )  =  0 . 2 4 , p  = . 6 3 .  t 2  = . 0 l .  T h e
interaction lbr display condition and
inrage-bascd lhclol u as also not signi-
fi cant. F( l. 3 | ) = 0.34. p : .56,rp: .01.
The pairwise comparisons revealed a
significant increase of the detection
performance fbr the multi-vieu, con-
dition, once fbr rotation. 1(3 I ) = -3.46.

i ,  -  .001 .  w i th  an  e l l ' ec t  s ize  o l '  r /  -

0 .27 .  lnd  oncc  lb r  s r rperpos i t ion-  l {3
=  -3 .99 ,p  <  .001,  r /=  0 .74 ,  as  shown rn
FigLrre 7. According to Cohen ( 1988).
the efi 'ect sizes are snrall (fotation) and
nedium (superposition).

The increase of detection performance
for the diff icult-easy nrulti-vies' con-
dition in comparison u'ith the diff icult
single-vierv condition should also be
rellected by a higher average level of
confidence ratings. Therefbre, rve con-
ducted an ANOVA tbr repeated measu-
res using tlrc nrean value ofconfidence
raling with the two within-participants
1äctols display condition (single-vier',
multi-vie w) and irrage-based factor
(rotation, superposition). We found a
large main ct'fect ofthe display condr-
r i o n .  F (  l .  3 l  ,  -  1 8 . 0 3 . p .  . 0 0 l . I l  -

.17. but not for the image-based fac-
to rs ,  F (  l .  3  |  )  =  0 .78 .p  : .38 ,  12  = .03 .

The interaction for display condition
and image-based factor was also not
signifi cant F( l, 3 l) = 0.34, p = .56. t12
= .0l. Pairwise comparisons disclosed
a significant gain of confidence, botl]
tb r  ro ta t ion .  (31)  =  -3 .51 ,  p  <  .001,
r/ = 0.39. as well as fol superposition,
r (31)  =  -3 .49 , r ,  <  .001,  d :0 .44 ,  see
also Figure 8.

Iigure 6:

Bitd 6:

l l lustration 6:
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Figu re T: Effect of the dis p lay condition on the confidence rat ings. Er0 r b ars represent standard efio rs

Bitd 7:
of the mean (SEl\4)

Effekt der 0arstellungsart auf die geschätzte lJrteilssicherheil (,,confidence rating"). Die
Iehlerindikatoren repfäsentiercn den Standardmessfehler (SEIV])

l l lustrati0n 7: Effets du nombre de vues er d'autres conditi0ns sur la suretd de rdponse

the threat object was presented in a pafticipants fäctors display condition
canonical rotation o[, respectively, with (single-view. multi-vierv) and image-
a low superposition (this is actually based factor (rotation, superposition)
the case in Figure 4). An ANOVA for revealed a large nrain effect of the
repeated  neasurcs  w i th  the  two w i th in -  d isp lay  cond i t ion  F( l .3 I ) :25 .03 ,

4 Oiscussion

In  th is  s tudy .  wc  conducted  an  erpe l r -
rnen l  to  inves t iga te  the  i rnpac t  o I  rnu  l -
t ip le  v iews.  p ror ided by  rnu l t i -v ie r ,
X-rry syslenls. on the threat object
detection perlbrrnarrce of novices. Arr
analysis of the data pooled across all
conditions revealed thal lhere are r)o
s ign i l i can t  d i l l ' e rences  be tueen thc
detection peformance measured in d'
tbr single-view and multi-view X-ray
systems,

We hypothcsized that the use of rnulti-
v iew X- ray  techn iques  migh t  he lp

(F: ' :0u3 r  r .  r ( lJ .  \  l \s . Do mulli.view X.ray systems impr0ve X.ray ima0e jnlerprelatjon jn airport security screening? 171
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I

is also a negative side-e1l'ect resulting
fiom the multiple views: the plolonged
reaction times. Previous rcsealch has
shorr r t lrrt recclion l irnes decrease a I '-
tera certain an'rount ofX-ray scr-eerring
tlaining (Miche I et al. 2007; Schrvanin-
ger et al., 2007a).

There fbre ,  an  adapt ive  cornputer -
bascd training lol mull i-vierv X-my
sys tems wh ich  prov ides  a  rea l i s t tc
learning cnvironment might be a way
to tap the f 'ull potential of this novel
technology.
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espec ia l l y  in  d i f f i cu l t  cond i t ions ,  i f
lhe  rh rear  ob jecr  cor ra ined in  l  bag  , .
in a diffcult rotation ol highly super-
imposed by other objects. In order to
confirm this hypothesis, u'e first had
to analyze the siDgle-view data, 10 see
whether rve were able to replicate the
e l l 'ec ts  o l '  ro ta t ion  and superpos i t ion
a5 propüscd b1  Sc l rwan i r rgc l  t l00J t .
There were large nain eff'ects of ro-
la l ion  and )upe lpo : i l i on-  and r l so  an
interaction of the two image-based
lactor'. These results sho\\ that dctec-
tion perlbrrnance decreases lbr drl icult
single-view conditions.

Acc.rlJirrg to orrl h; potlrcsi:- l lrc t lucat
object detection performance lbr the
diff icult conditions described above
should increase, ifthe scrcening person
is suppofled by a second view showing
t l rc  th rea t  ob jec t  i r r  a r  eas l  ro ta t io r r  o r
wilh a low superposition. The lesulls of
our experinrenl confir 'nr thi., hypothe-
sis. Moreover, the incrcase ofdetection
perfbmrance with the multi-r,ierv X-ray
system for diff icult conditions is also
reflected by a significant increase ofthe
confidence indicated by ratiDgs.

Aplobable expJal]ation forthe täct that
dctcct ior perlorrna ncc doe\ nol increa-
se in general for the multi-view X-ray
system, but only lbr dif ' f icult-easy
r r r u l t i - r  i e u  c o r r d i t i o n s  r r r i g h t  b e  t l r a t
on ly  in  t l r i s  cond i t ion  the  in lb rnra t ion

cor ta iued in  t l le  secoDd \ ie \ \  i r  no \e l
arrd helpful. Irr contlast, two dimcult or
tu'o easy views are ledundant.

Comparing the effect sizes indicates
tha t  the  X- ray  sys ten ' r  has  main ly
an inpac t  on  superpos i t ion  w i th  a
medium effect size. Whereas X-ray
s t lecn i r rg  l la i r i r rg  l r rs  la rge  e lTec l5
on the detection of dilf icult rotated
ob jcu ts  (Ko l le r  e t  a l .  200R:  Michc l  c t
a l .  1007) .  Schrvan ingef  e l  a l .  f  i r  p fes \ )
found no  i r r te l rc t io r  o f  t r r in ing  and
superposition. Even though ouI expe-
r i rner r t  revea led  ar r  e f l cc t  o f t l rc  X- r 'a ,
systenl on rotation. the ke1 benefit ol '
multi-vierv X-r'ay systelns mther seelns
to be the support of airport's security
\c leere ls  lo  cope wr l l r  t l re  c l ra l l c r rgcs
imposed by superposition.

FurLhernrole. the hypothesis tlrat reae-
l ion  t i rne)  i r rc lca>c  in  the  rn r r l t i - r  ie r ,
cond i t ion .  i s  con f i r rned.  a l t l rough i t
i s  on l l  r  s rna l l  e f lec t .  lhc  p ro lo rgcd
leaction times rright be explained by
the  add i t iona l  t ime r reedcd lo l  lhc  r  i -
. l lal .earch througll t\\ o iorag(s instead
o1one.

In this study, we dernonstrated that
nruJti-vierv X-ray syslerns can support
a i r lo r l  s  secr r r i t y  sc reeners  in  cha l len-
ging situations, i.e. when objects in a
pas:engef baF are diff icrrlt to lccogrizc
due to rotation or superposition. TJrere
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