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(57) ABSTRACT 

Airports and other public places require security measures 
for the screening of human subjects for illicit objects and 
materials concealed from vieW beneath clothing. HoWever, 
at present most of such screening processes involve only 
metal detectors, Which are inherently incapable of detecting 
non-metallic illicit objects and materials. For this reason, 
there remains a strong need for novel systems and methods 
that can detect all types of materials. The present invention 
provides for a portal detection system that is con?gured for 
safe, rapid, and non-invasive scanning of human subjects. 
For this purpose, the portal detection system utilizes acous 
tic technology to achieve this end. The portal detection 
systems of the present invention may optionally be used in 
conjunction With conventional metal detection means. The 
invention encompasses portal detection systems, their use in 
scanning human subjects, and corresponding methods of 
scanning human subjects for illicit objects and substances. 
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ACOUSTIC PORTAL DETECTION SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to the ?eld 
of human subject scanning. In particular, the invention 
pertains to methods and systems for the detection of objects 
concealed by human clothing and/or human skin Without 
physical contact With the human subject. The invention is 
intended for use in many applications, including airport 
security. 

BACKGROUND TO THE INVENTION 

[0002] There is an increasing need to improve the level of 
security of public buildings, as Well as speci?ed areas Within 
such buildings. One example includes the security of airport 
terminal buildings, Which manage high volumes of passen 
ger traffic on a daily basis. Typically, a speci?c region of an 
airport building may be designated as a ‘secure area’, 
Wherein all personnel and their belongings are screened 
prior to entry into the secure area. Secure areas may include 
the departure lounge, and the gates used to assemble pas 
sengers prior to boarding the aircraft. 

[0003] Baggage and other personal items can be screened 
using X-ray techniques and other techniques that are Well 
knoWn in the art. Such techniques permit analysis of the 
internal contents of the baggage for metallic items such as 
knives, guns, and explosive devices, as Well as non-metallic 
illicit materials such as drugs and plastic explosives. 

[0004] In contrast, passenger screening is not conducive to 
X-ray analysis, due to the potentially harmful effects of 
X-ray irradiation upon the human subject. Limited and 
carefully directed exposure to X-rays may be bene?cial for 
medial diagnostic purposes. HoWever, it is Well knoWn that 
exposure to X-rays should be avoided to minimiZe the risk 
of cellular and genetic defects. Therefore, it is unacceptable 
to expose airline passengers to X-rays on a routine basis for 
security purposes, particularly considering that Whole-body 
irradiation Would be required. 

[0005] Commonly, the security measures employed for 
airline passenger screening include metal detectors. These 
metal detectors typically take the form of a freestanding 
doorWay or ‘portal’ of suf?cient siZe for a passenger to Walk 
through unimpeded. The metal detectors simply sense the 
presence of metallic objects that may be concealed beneath 
the clothing or skin of the human. When the metal detector 
senses a quantity of metal that is above a pre-determined 
threshold, an alarm is trigger to alert the operator. The 
human passing through the metal detector may subsequently 
be subjected to a more thorough inspection, eg by passing 
a portable ‘Wand-like’ metal detector in close proximity to 
the body and clothes of the human, to pinpoint the location 
of the metal more accurately. 

[0006] Generally, passengers are not screened for objects 
other than metallic objects. This provides a WindoW of 
opportunity for a Would-be criminal to breach the security 
systems by attempting to smuggle illicit non-metallic 
objects into secure areas. Such illicit items may include for 
example drugs, plastic explosive materials, plastic or glass 
Weapons, endangered animal parts etc. These items are 
generally of a siZe and shape that permits facile concealment 
beneath the clothing and/or the skin of a human. For this 
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reason, there remains a strong need to develop security 
systems for use in airports and other secure locations, to 
detect such illicit objects and prevent their transfer into 
secure areas. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides systems and meth 
ods for rapidly, ef?ciently, and non-invasively scanning 
human subjects for non-clothing objects, including both 
metallic and non-metallic objects, Which are concealed from 
vieW. For this purpose, the invention provides a portal 
detection system that scans each human subject using acous 
tic technology. Speci?cally, acoustic energy is directed 
toWards the human subject, and portions of the energy are 
re?ected and/or refracted by the human subject (and the 
non-clothing object if present). These re?ected/refracted 
portions of energy are detected to generate a scan pro?le, 
indicative of Whether (or not) any objects are concealed 
beneath the clothing of the subject. Human subjects are 
directed to move toWards, through and beyond the portal, 
during Which time the acoustic scanning takes place. The 
portal may be con?gured to scan the human subject from 
multiple angles, thereby ensuring proper scanning coverage 
of the various surfaces of the subject. The portal detection 
systems described herein can detect the presence or absence 
of many non-metallic illicit objects including plastic explo 
sives, drugs, and Weapons. Moreover, the portal detection 
system may be combined With any convention metal detec 
tion means to provide signi?cant improvements to airport 
and other building security. 

[0008] In one aspect, the present invention provides for a 
portal detection system for remote detection of an object 
concealed beneath clothing of a human subject, the portal 
detection system comprising: 

[0009] one or more acoustic energy transmitters for 
generating acoustic energy and directing the acoustic 
energy toWards the human subject; 

[0010] one or more acoustic energy detectors for 
detecting acoustic energy re?ected and/or refracted 
from the human subject, to generate acoustic energy 
signals; 

[0011] signal processor means for processing the 
acoustic energy signals to generate one or more scan 
pro?les of the human subject; 

[0012] comparator means for comparing the scan 
pro?le With knoWn scan pro?les to detect a presence 
of the object. 

[0013] Preferably, the portal detection system further com 
prises a frame de?ning a passage of a siZe suf?cient for 
movement there through of the human subject, the one or 
more acoustic energy transmitters and the one or more 
acoustic energy detectors mounted to the frame. More 
preferably, the one or more acoustic energy transmitters 
comprises a plurality of acoustic energy transmitters for 
directing acoustic energy toWards the human subject from 
more than position on the frame. In addition, the one or more 
acoustic energy detectors preferably comprises a plurality of 
acoustic energy detectors for detecting acoustic energy 
re?ected and/or refracted from the human subject from more 
than one position on the frame. 
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[0014] The portal detection system preferably comprises 
at least three arrays, each array mounted on the frame and 
comprising one or more acoustic energy transmitters and 
one or more acoustic energy detectors, Wherein: 

[0015] a ?rst array is mounted on the frame to 
transmit and detect acoustic energy on a ?rst side of 

the frame; 

[0016] a second array is mounted to the frame to 
transmit and detect acoustic energy in a region 
Within and directly adjacent to the frame; and 

[0017] a third array is mounted to the frame to 
transmit and detect acoustic energy on a second side 
of the frame. 

[0018] More preferably, the portal detection system is 
con?gured to scan a human subject moving through the 
portal from multiple angles, Wherein: 

[0019] the ?rst array is oriented to scan front surfaces 
of the human subject upon approach and entry into 
the portal; 

[0020] the second array is oriented to scan side 
surfaces of the human subject upon passage through 
the portal; and 

[0021] the third array is oriented to scan back sur 
faces of the human subject upon eXit and movement 
aWay from the portal. 

[0022] In a preferred aspect, the ?rst array may comprise 
tWo or more transmitters angled toWards a main aXis of the 
passage on the ?rst side of the frame, Whereby acoustic 
energy emanating directly from transmitters of the ?rst array 
intersects the main aXis on the ?rst side of the frame. More 
preferably, the ?rst array scans the human subject multiple 
times upon approaching the portal, the signal processor 
processing each resulting acoustic signal to determine a peak 
acoustic signal for the ?rst array, the signal processor further 
processing the peak acoustic together With acoustic signals 
derived from the second and third arrays, to generate the 
scan pro?le. 

[0023] In an alternative aspect, the third array comprises 
tWo or more transmitters angled toWards a main aXis of the 
passage on the second side of the frame, Whereby acoustic 
energy emanating directly from transmitters of the third 
array intersects the main aXis on the second side of the 
frame. More preferably, the third array scanning the human 
subject multiple times upon exiting the portal, the signal 
processor processing each resulting acoustic signal to deter 
mine a second peak acoustic signal for the third array, the 
signal processor further processing the second peak acoustic 
signal together With acoustic signals derived from the ?rst 
and second arrays, to generate the scan pro?le. 

[0024] In preferred aspect, the portal detection system of 
the present invention further comprises tracking means for 
tracking movement of the human subject toWards, through 
and beyond the portal, the tracking means in communication 
With, and inducing activation of, each array of the one or 
more acoustic energy transmitters and the one or more 

acoustic energy detectors, to folloW and maintain scanning 
contact With the human subject. Most preferably, the track 
ing means is selected from the group consisting of: one or 
more ?oor pads, one or more light sensors, and one or more 
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laser sensors. Alternatively, the tracking means preferably 
comprises the one or more acoustic energy transmitters and 
the one or more acoustic energy detectors. 

[0025] The portal detection system, in alternative aspects, 
may comprise one or more acoustic energy detectors that are 
moveable about the portal to direct the acoustic energy 
toWards the human subject from more than one angle. In 
addition, the one or more acoustic energy detectors may also 
be moveable about the portal to detect acoustic energy 
re?ected and/or refracted from the human subject from more 
than one angle. These aspects may also include tracking 
means for tracking movement of the human subject toWards, 
through and beyond the portal, the tracking means in com 
munication With, and inducing movement of the one or more 
acoustic energy transmitters and the one or more acoustic 
energy detectors, to folloW and maintain scanning contact 
With the human subject. Preferably, the tracking means is 
selected from the group consisting of: one or more ?oor 
pads, one or more light sensors, and one or more laser 
sensors. Alternatively, the tracking means preferably com 
prises the one or more acoustic energy transmitters and the 
one or more acoustic energy detectors. 

[0026] In another aspect of the present invention, the 
portal detection system may comprise tWo or more groups of 
one or more acoustic energy transmitters and one or more 

corresponding acoustic energy detectors, each group of 
transmitters and detectors scanning a predetermined portion 
of the human subject during passage through the portal, the 
signal processor processing each acoustic signal derived 
from each group of transmitters and detectors, to generate a 
separate scan pro?le for each group indicative of each 
scanned portion of the human subject, the comparator means 
comparing each scan pro?le for each group With knoWn scan 
pro?les to determine a presence, and a location, of the object 
upon the human subject. Preferably, each group scans the 
human subject at a predetermined scan time, the signal 
processor differentiating each group according to each pre 
determined scan time. 

[0027] In a preferred aspect of the portal detection system 
of the present invention, each acoustic energy detector is a 
compound acoustic energy detector comprising a cluster of 
spatially separated acoustic energy detectors. 

[0028] In another aspect of the present invention, the 
portal detection system may comprise multiple acoustic 
energy detectors each detecting acoustic energy derived 
from a single pulse of acoustic energy re?ected and/or 
refracted by the object, the signal processor calculating a 
time of detection of the acoustic energy by each of the 
multiple detectors, a distance of the object from each of the 
multiple detectors, and a position of the object relative to 
each of the multiple detectors, thereby determining a loca 
tion of the object upon the human subject. Preferably, the 
position of the object relative to the multiple detectors is 
determined by triangulation. In an alternative aspect, the 
position of the object relative to the multiple detectors is 
preferably calculated according to equations 1, 2, and 3: 

[0029] Where (X1, yl, Z1), (X2, y2, Z2) and (X3, y3, Z3) are 
co-ordinates in three dimensional space indicative of the 
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locations of three detectors, and R1, R2, and R3 are distances 
of each detector from the object. 

[0030] Preferably, the portal detection system of the 
present invention further includes shoe scanning means 
connected to the signal processor for scanning shoes Worn 
upon the human subject, for detecting one or more objects 
concealed Within the shoes. More preferably, the shoe scan 
ning means includes one or more acoustic energy transmit 
ters oriented to direct acoustic energy toWards the shoes, and 
one or more acoustic energy detectors oriented to receive 
acoustic energy re?ected or refracted from the shoes. Alter 
natively, the portal detection system may comprise a ?oor 
plate, Wherein the shoe scanning means is integral With the 
?oor plate. In this regard the ?oor plate preferably comprises 
a material of substantially similar density and material to 
materials commonly used in shoe sole manufacture, thereby 
improving acoustic coupling through an interface betWeen 
the ?oor plate and the loWer layer(s) of each shoe. Alterna 
tively, the shoe scanning means preferably includes one or 
more acoustic energy transmitters and one or more acoustic 

energy receivers mounted on a loWer portion of the frame. 

[0031] In a preferred aspect, the portal detection system of 
the present invention may further include sensing means for 
sensing a presence of the human subject and initiating 
activation of the one or more acoustic energy transmitters 
and the one or more acoustic energy detectors for a prede 
termined time WindoW, the scan pro?le generated Within the 
predetermined time WindoW. In another preferred aspect, the 
system further includes display means, the signal processor 
means calculating a position of the object relative to the 
human subject, the display means providing schematic illus 
tration of the position. 

[0032] In a preferred aspect of the portal detection system 
of the present invention, the signal processor processes the 
acoustic signals to generate the scan pro?le, the scan pro?le 
comprising a re?ection coef?cient, the comparator means 
comparing the scan pro?le to knoWn scan pro?les each 
comprising a knoWn re?ection coef?cient, to determine a 
presence of the object. Preferably, the re?ection coef?cient 
is calculated according to equation 4: 

[0034] R=re?ection coefficient (db) 

[0035] Z1=impedance of the layer prior to the re?ect 
ing surface 

[0036] Z2=impedance of the re?ection layer. 

[0037] Preferably, the acoustic energy transmitter directs 
acoustic energy comprising multiple knoWn frequency com 
ponents to the human subject, the signal processor process 
ing the acoustic signals to generate the scan pro?le, the scan 
pro?le comprising a rate of change of absorption as a 
function of frequency, the comparator means comparing the 
scan pro?le to knoWn scan pro?les each comprising a knoWn 
rate of change of absorption as a function of frequency, to 
determine a presence and/or a substance of the object. 

[0038] Preferably, the signal processor further processes 
the acoustic energy signals to generate an object signature 
characteristic of the substance of the object, the object 
signature forming part of the scan pro?le, the comparator 

Mar. 10, 2005 

means comparing the scan pro?le With knoWn scan pro?les 
to identify the presence of the object and the substance of the 
object. More preferably, the signal processor means further 
processes the re?ected and/or refracted acoustic energy 
signals, to calculate an acoustic impedance, an acoustic 
velocity and/or absorption of the object, the object signature 
being derived at least in part from the acoustic impedance, 
the acoustic velocity and/or absorption of the object. 

[0039] In another preferred aspect of the portal detection 
system, the signal processor compensates for different 
acoustic properties of each type of clothing. In another 
preferred aspect, the one or more acoustic energy transmit 
ters, and the one or more acoustic energy detectors of the 
portal detection system scans the human subject multiple 
times to generate multiple acoustic energy signals. 

[0040] In another embodiment of the present invention, 
there is provided a portal detection system for remote 
detection of an object concealed beneath the skin of a human 
subject, the portal detection system comprising: 

[0041] one or more acoustic energy transmitters for 
generating acoustic energy and directing the acoustic 
energy toWards the human subject; 

[0042] one or more acoustic energy detectors for 
detecting acoustic energy re?ected and/or refracted 
from the human subject, to generate acoustic energy 
signals; 

[0043] signal processor means for processing the 
acoustic energy signals to generate one or more scan 
pro?les of the human subject; 

[0044] comparator means for comparing the scan 
pro?le With knoWn scan pro?les to detect a presence 
of the object beneath the skin. 

[0045] Preferably, the signal processor and comparator 
means enable differentiation betWeen each layer of skin 
and/or clothing to determine the layer comprising the object. 

[0046] The portal detection system of the present inven 
tion, in any of its forms, may preferably further comprise 
metal detection means. Such metal detection means may 
typically involve any conventional form of metal detection 
systems and methods. 

[0047] In another aspect of the present invention, there is 
provided a use of a portal detection system of the present 
invention for scanning a human subject for one or more 
objects concealed beneath the clothing and/or skin of the 
human subject. 

[0048] In another aspect of the present invention, there is 
provided a method of scanning a human subject for one or 
more objects concealed beneath the clothing and/or skin of 
the human subject, the method comprising the steps of: 

[0049] providing a portal detection system according 
to the present invention; and 

[0050] passing the human subject through the portal 
detection system to detect the one or more objects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0051] FIG. 1a illustrates a front vieW of the ?rst embodi 
ment of the present invention. 
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[0052] FIG. 1b illustrates a plan vieW of the ?rst embodi 
ment of the present invention. 

[0053] FIG. 1c illustrates a rear vieW of the ?rst embodi 
ment of the present invention. 

[0054] FIG. 2 illustrates a perspective vieW of the ?rst 
embodiment of the present invention. 

[0055] FIG. 3a illustrates a schematic overvieW of the 
arrangement of an acoustic energy transmitter and acoustic 
energy detectors for detected an object concealed beneath 
the clothing of a human subject. 

[0056] FIG. 3b illustrates an example of an acoustic 
transmitter arrangement for use With a portal detection 
system of the present invention. 

[0057] FIG. 3c illustrates an example of an acoustic 
detector arrangement for use With a portal detection system 
of the present invention. 

[0058] FIG. 4 illustrates the results of a comparative 
experiment to assess the capacity of a portal detection 
system to differentiate betWeen a human subject Wearing a 
shirt, and a human subject concealing tWo types of plastic 
sheeting beneath a shirt, by calculation of impedance values 
(re?ection coefficients). 
[0059] FIG. 5 illustrates the results of a comparative 
experiment to assess the capacity of a portal detection 
system to differentiate betWeen a human subject Wearing a 
shirt, and a human subject concealing tWo types of plastic 
sheeting beneath a shirt, by calculation of absorption devia 
tion as a function of frequency using a correlation coef?cient 
to represent the absorption effect. High correlations With the 
source calibration signal indicates little or no absorption, 
and loW correlation With the source calibrated signal indi 
cates high absorption. This correlation absorption technique 
is only one of many Ways of examining absorption effects. 

[0060] FIG. 6 illustrates the results of a comparative 
experiment to assess the capacity of a portal detection 
system to differentiate betWeen a nude human subject, a 
human subject Wearing a shirt, and a human subject con 
cealing tWo types of plastic sheeting beneath a shirt, by 
re?ectivity (db). 

[0061] FIG. 7 illustrates the results of a comparative 
experiment to assess the capacity of a portal detection 
system to differentiate betWeen a nude human subject, a 
human subject Wearing a shirt, and a human subject con 
cealing tWo types of plastic sheeting beneath a shirt, by 
re?ectivity (db) at tWo different distances. 

[0062] De?nitions 

[0063] ‘Array’ pertains to an array of one or more acoustic 
energy transmitters or detectors, and generally refers to a 
group of transmitters or receivers that are oriented to scan a 

broad general surface of the human subject. In one example, 
the portal detection system of the present invention may be 
con?gured to include three arrays of transmitters and receiv 
ers: a ?rst array to scan front surfaces of a human subject 
approaching the portal, a second array of detectors and 
receivers to scan side surfaces of the human subject passing 
through the portal, and a third array of transmitters and 
receivers for scanning a rear portion of the human subject. 
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[0064] ‘Clothing’ includes both cloth-type material cloth 
ing of the type that is typically Worn by a human, as Well as 
shoes and accessory items such as hair clips and jeWelry etc. 

[0065] ‘Detector’ includes any form of detector capable of 
detecting acoustic energy. 

[0066] Typical detectors include conventional micro 
phones. Alternatively, laser-type vibration sensors are 
knoWn in the art for detection of acoustic energy, and may 
comprise in their simplest form a laser beam and a Doppler 
vibration sensor con?guration, the laser beam being dis 
placed relative to the vibration of the targets from insoni? 
cation by the acoustic energy from the transmitter. In pre 
ferred embodiments, each acoustic energy detector may be 
considered a compound detector comprising a cluster of 
spatially separated detectors (e.g. microphones or laser 
vibrations sensors). By using such compound detectors 
many aspects of signal detection and processing can be 
enhanced, including for example improved signal-to-noise 
ratio, detection of the directivity of an acoustic energy beam, 
and improved sampling of acoustic energy during the scan 
ning process. 

[0067] ‘Portal’ includes any non-limiting form of opening 
of suf?cient siZe for passage therethrough of a human 
subject. The opening may take the form of a hole Within a 
frame, or may be a gap de?ned by Wall members, to provide 
a gateWay. The term ‘portal’ also encompasses a tunnel or 
archWay. Generally, a portal de?nes an opening for access 
into a secure area. 

[0068] ‘Remote’ pertains to a lack of physical contact. The 
portal detection system of the present invention permits 
detection and possible characteriZation of an object hidden 
beneath the clothing of a human subject Without any physi 
cal contact With the subject or his/her clothing. Therefore, 
the term ‘remote’ in accordance With the present invention 
includes a degree of separation betWeen the human subject 
and the portal, although the distance of separation may be 
small. 

[0069] ‘Scan pro?le’ pertains to an overall scan of the 
various surfaces of a human subject for concealed objects. 
The scan pro?le represents a picture of the re?ective/ 
refractive and other acoustic properties of the human sub 
ject, for comparison With a database of knoWn scan pro?les 
characteristic of human subjects having objects concealed 
beneath clothing, or otherWise. 

[0070] ‘Simple scan pro?le’ pertains to a scan pro?le for 
providing an indication as to the presence or absence of one 
or more objects concealed beneath the clothing of a human 
subject (ie a simple scan pro?le is generated for providing 
a “YES/NO” ansWer). 

[0071] ‘Complex scan pro?le’ pertains to a scan pro?le for 
providing an indication as to the presence or the absence of 
one or more objects concealed beneath the clothing of a 
human subject, and also provides an indication as to the 
location of the one or more objects upon the human subject 
if present. 

[0072] ‘Groups’ of transmitters and receivers pertains to 
separate groups of transmitters and receivers Within an array, 
adapted for scanning speci?c regions of the surface of the 
human subject. For example, an array may be con?gured to 
generally scan the front surfaces of a human subject, and the 
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array may be divided into individual groups of transmitters 
and receivers each scanning a speci?c region of the front 
surfaces of the human subject. The concept of groups may 
be further applied to embodiments of the invention that 
include moveable transmitters and receivers, Where each 
group scans speci?c portions of the human subject, and may 
continue to scan adjacent regions as the human subject 
continues to move through the portal. 

[0073] ‘Transmitter’ pertains to any form of transmitter 
capable of transmitting acoustic energy. Typical transmitters 
may take the form of conventional loud speakers. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0074] The portal detection systems and methods of the 
present invention alloW for rapid, ef?cient and accurate 
detection of non-clothing objects that are concealed beneath 
the clothing of a human subject. Moreover, the portal 
detection systems and methods may be con?gured to detect 
either metallic or non-metallic objects. In a more preferred 
embodiment, the systems and methods of the present inven 
tion permit detection and location of the object upon the 
human subject, and in a most preferred embodiment the 
systems and methods further provide for identi?cation of the 
material substance of the object. 

[0075] The portal detection systems and methods of the 
present invention Will be described With speci?c reference to 
embodiments that are intended for use in airport security. 
HoWever, it Will be understood that the systems and methods 
of the present invention may be applied to any scenario that 
requires detection of objects concealed beneath clothing. 
Such scenarios may include, but are not limited to, security 
systems for buildings, such as prisons, schools, hospitals etc. 
The systems and methods described are particularly suited to 
situations requiring rapid, thorough and non-invasive secu 
rity screening of large numbers of human subjects. 

[0076] The portal detection system of the present inven 
tion involves analysis of the re?ection and refraction of 
acoustic energy, in accordance With the teachings of the 
applicant’s previous US. Pat. No. 4,922,467, issued May 1, 
1990, and International Patent Publication WO 02/068994, 
published Sep. 6, 2002, Which are incorporated herein by 
reference. HoWever, it is important to note that there are 
several important differences and additions betWeen the 
applicant’s previous disclosures, and the portal detection 
system described herein, as Will be apparent from the present 
disclosure. Firstly, the portal detection system of the present 
invention, in its basic form, is principally designed for 
remote object detection and location, rather than for material 
classi?cation. Secondly, the portal detection system of the 
present invention is speci?cally con?gured for human analy 
sis; and is preferably con?gured for comprehensive scanning 
of the entire surface of a human subject under continuous 
motion. Moreover, in preferred forms the present application 
teaches systems and methods that permit rapid, remote, and 
non-invasive analysis of human subjects using ‘arrays’ of 
acoustic transmitters and detectors. Unexpectedly, the 
inventors have determined that constructing the portal With 
arrays of multiple transmitters and receivers presents par 
ticular advantages. Speci?cally, the multiple transmitters 
and receivers can function synergistically to provide an 
accurate and detailed ‘picture’ of surface anomalies of each 

Mar. 10, 2005 

human subject, thereby identifying the presence and location 
of illicit objects With minimal calculation. 

[0077] An eXample portal design is illustrated in FIG. 1a 
(front vieW), FIG. 1b (plan vieW), and FIG. 1c (rear vieW). 
The portal is generally indicated by reference numeral 10, 
and includes a frame 11 of sufficient siZe for a human subject 
to move through the portal by Walking or an alternative 
means of motion. Aplurality of acoustic energy transmitters 
12 (eg speakers), and a plurality of acoustic energy detec 
tors 13 (e. g. microphones) are mounted on the frame 11. Any 
form of acoustic transmitters or receivers Would be suitable 
for use With the portal of the present invention. Conventional 
acoustic speakers and microphones Would be suitable, 
although speci?c circumstances may call for more special 
iZed acoustic equipment. For eXample, the microphones can 
be substituted by alternative detection means including, but 
not limited to, laser displacement detection means, or vibra 
tion sensors. 

[0078] The portal detection system shoWn in FIG. 1 
includes three separate arrays of acoustic energy transmitters 
12a, 12b, 12c, and three corresponding arrays of acoustic 
energy detectors 13a, 13b, 13c. The ?rst array of acoustic 
energy detectors 12a and acoustic energy detectors 13a are 
positioned on a front side 14 of the frame 11. In this Way, the 
?rst array of acoustic energy detectors transmit acoustic 
energy aWay from the front side the portal toWards the front 
side of a human subject moving toWards the portal. At this 
time, a array of the acoustic energy transmitted from the ?rst 
array of acoustic energy transmitters Will be re?ected/ 
refracted by the front surfaces of the human subject (and an 
object if present), back toWards the front side 14 of the 
portal, and detected by the ?rst array of acoustic energy 
detectors 13a. 

[0079] A second array of acoustic energy transmitters 12b 
and acoustic energy detectors 13b are mounted upon an 
inner surface 15 the frame 111 of the portal. The second 
array of acoustic energy transmitters 12b are oriented to 
direct acoustic energy into a region immediately adjacent to 
and Within the entryWay of the portal. As the human subject 
continues to move into and through the entryWay of the 
portal, the second array of acoustic energy transmitters 
direct acoustic energy toWards the side surfaces of the 
human subject moving through the portal. At this time, the 
acoustic energy transmitted from the second array of acous 
tic energy transmitters Will be re?ected/refracted by the side 
surfaces of the human subject, back toWards the inner 
surface 15 of the portal, and detected by the second array of 
acoustic energy detectors 13b. 

[0080] A third array of acoustic energy transmitters 12c 
and acoustic energy detectors 13c are mounted upon a rear 
surface 16 of the frame 111 of the portal. The third array of 
acoustic energy transmitters 12c are oriented to direct acous 
tic energy aWay from the rear side 16 the portal. As the 
human subject continues to move out of the entryWay of the 
portal and aWay from the portal’s rear side, the third array 
of acoustic energy transmitters direct acoustic energy 
toWards the back surfaces of the human subject. At this time, 
a array of the acoustic energy transmitted from the third 
array of acoustic energy transmitters Will be re?ected/ 
refracted by the back surfaces of the human subject, toWards 
the rear surface 16 of the portal for detection by the third 
array of acoustic energy detectors 13c. 
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[0081] In summary, the portal illustrated in FIG. 1 
includes three principle arrays of acoustic energy transmit 
ters and detectors, Wherein each array is oriented to scan 
different areas of the human subject during passage through 
the portal. HoWever, the portal of the present invention is not 
limited in this regard, and may include more than three 
arrays of transmitters and detectors, each oriented to scan a 
different array of the human subject. For example, the portal 
illustrated in FIG. 1 includes three main surfaces (front, 
inner, and rear) to Which various arrays of transmitters and 
detectors are mounted. In alternative embodiments, the 
portal could include more than three surfaces, or an accurate 
surface, for mounting transmitters and detectors thereto. In 
this Way, each transmitter or detector could be oriented at a 
slightly different angle relative to the direction of motion of 
the human subject, thereby helping to avoid the possibility 
of any ‘blind-spots’ that are hidden from the portal detection 
system during the scanning procedure. HoWever, the inven 
tor has determined that the provision of transmitters and 
receivers on front, inner and rear surfaces of the portal is 
generally suf?cient for accurate object detection under most 
operating conditions. 

[0082] In the embodiment illustrated in FIG. 1, the acous 
tic energy transmitters and detectors are regularly spaced 
about the frame, although many alternative con?gurations of 
transmitters and detectors can be used to achieve similar 
results. Indeed, one acoustic transmitter and one acoustic 
receiver may be suf?cient to scan the surfaces of the human 
subject, particularly if the single transmitter and receiver 
may be moved and oriented about the human subject to 
ensure proper scanning coverage. HoWever, the inventors 
have unexpectedly found that the inclusion of multiple 
transmitters and detectors provides unexpected enhance 
ments to the speed and accuracy of object detection and 
location. Without Wishing to be bound by theory, the pro 
vision of multiple transmitters and detectors, Which may 
simultaneously or sequentially scan the surface of the human 
subject, may act in co-operation to provide synergistic 
improvements in object analysis. These aspects are dis 
cussed in greater detail beloW. 

[0083] A preferred aspect of the invention is also illus 
trated in FIG. 1. The portal may include shoe scanning 
means 17 for scanning the shoes of the human subject for 
illicit materials. The shoe scanning means preferably com 
prises one or more acoustic energy transmitters, and one or 
more acoustic energy sensors, for scanning the material of 
the human subject’s shoes. This scanning mechanism is 
generally in accordance With that previously described for 
general scanning of the human subject. Preferably, the shoe 
scanning means 17 is mounted either upon a loWer array of 
the inner surface of the frame (as shoWn in FIG. 1). 
Alternatively the shoe scanning may be mounted integrally 
With a ?oor plate located at the base of the aperture in the 
portal. In a more preferred embodiment, the shoe scanning 
means is integral With a ?oor plate comprised of a material 
of similar consistency and density to typical shoe sole 
materials. In this Way, the shoe scanning means can direct 
acoustic energy from the ?oor plate and into each shoe of the 
human subject, and the acoustic energy Will undergo mini 
mal re?ection/refraction by the interface betWeen the ?oor 
plate and the sole of each shoe. Without Wishing to be bound 
by theory, this particular feature of the shoe scanning means 
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is expected to improve acoustic coupling from differences in 
the material properties of the ?oor plate and the loWer layers 
of the shoes. 

[0084] In any event, the shoe scanning means may require 
alternative optimiZation compared to the other acoustic 
transmitters and detectors. For example, the shoe scanning 
means Will be required to scan shoes, Which generally 
comprise an alternative density and construction of material 
than other forms of clothing. For this reason, the orientation 
of the transmitters/detectors, and the intensity and frequency 
of the acoustic energy may need to be altered relative to the 
other transmitters and detectors. 

[0085] Another preferred aspect of the invention is also 
illustrated in FIG. 1. This aspect pertains to the angled 
mounting of the ?rst and third arrays of acoustic transmitters 
and detectors relative to the main axis of the portal. As 
illustrated in FIG. 1b, the ?rst and second arrays of trans 
mitters and detectors are mounted at an angle 0t, relative to 
the main axis 18 of the portal. In this Way, acoustic energy 
emanating from the transmitters 12a and 12b Will tend to 
converge in a regions 19a and 19b respectively. Without 
Wishing to be bound by theory, it is likely that the angled 
arrangement of the transmitters 12a and 12b Will improve 
the quality of scanning of the human subject, since the 
subject Will unavoidably pass through regions 19a and 19b 
during passage toWards, through and beyond the portal 
along the general line of main axis 18. 

[0086] As the human subject approaches the front side 14 
of the frame 11 the corresponding array of transmitters and 
detectors preferably scans the front surfaces of the human 
subject multiple times. In this case, it is expected that the 
intensity of the re?ected/refracted acoustic signals may 
reach a peak as the subject passes through region 19a, since 
this position represents the location along main axis 18 
Where the acoustic energy is transmitted directly at the 
subject from transmitters 12a. As the human subject con 
tinues to move into the entrance of the portal, the intensity 
of the acoustic signals detected by the detectors 13a may 
begin to Wane. Similarly, as the human subject exits the 
portal and continues aWay from the portal generally along 
main axis 18, the transmitters 12c on the rear side 16 may 
scan the back surfaces of the subject multiple times. The 
intensity of the acoustic signals detected by the detectors 13c 
may also reach a peak as the human subject passes directly 
in front of the acoustic transmitters 12c Within region 19b. 
Similar though less obvious peak signals may also be 
observed for transmitters 12b and detectors 13b located on 
internal surface 15 of the frame 11, during scanning of the 
side portions of the human subject. In light of the above, the 
signal processor, in preferred embodiments, may select and 
process only the aforementioned peak acoustic signals, to 
generate the scan pro?le. In alternative embodiments the 
signal processor may process all of the signals received for 
each sampling time, and integrate all of this data to generate 
the scan pro?le. Preferably, the portal detection system is set 
up to establish a range Within Which the human subject is 
scanned 

[0087] In another preferred aspect (not shoWn in FIG. 1), 
the portal may include tracking means for tracking motion of 
the human subject toWards, through and aWay from the 
portal. In this Way, the tracking means may be connected to 
each array of acoustic energy transmitters and receivers, and 



US 2005/0052948 A1 

activate each array to ‘folloW’ and maintain appropriate 
scanning contact With the moving human subject. The 
tracking means may involve any appropriate means for 
detecting motion of a human subject toWards, through, and 
beyond the portal. Such means may include, but are not 
limited to, ?oor mounted sensors, light or laser sensors etc. 
as Well as beam steering of the receiver detector array 
through the use of multiple spaced sensors. 

[0088] A second embodiment of the invention is shoWn in 
FIG. 2 (perspective vieW). The second embodiment is very 
similar to the ?rst embodiment (described With reference to 
FIG. 1) With the principle exception that the acoustic 
transmitters and detectors can move relative to the frame. 
For this purpose, the transmitters 12 and detectors 13 may be 
mounted to rotatable mountings 21, Which themselves are 
pivotally mounted to the various parts of the frame 11. The 
embodiment illustrated in FIG. 2 provides for transmitters 
12d and detectors 13d mounted to rotatable mountings 21a 
and 21b, Which are themselves mounted to the vertical 
sections of the frame 11. In addition, the transmitters 126 and 
detectors 136 are mounted to rotatable mounting 21c, Which 
itself is mounted to the upper horiZontal section of the frame 
11. 

[0089] By rotatably mounting the transmitters and receiv 
ers upon the frame, the transmitters and receivers can be 
induced to move and effectively ‘folloW’ the human subject 
during passage toWards, through, and beyond the portal. In 
this Way, the portal maintains scanning contact With the 
human at all stages, and alloWs all surfaces of the human 
subject to be analyZed to generate a comprehensive scan 
pro?le. In a preferred form, this type of portal may further 
include a tracking means, the tracking means monitoring 
progressive motion of the human subject toWards, through 
and beyond the portal. Moreover, the tracking means may be 
connected to the transmitters and receivers for controlling 
motion thereof to maintain scanning contact With the human 
subject. 

[0090] The portal of the type speci?ed in FIG. 2 requires 
feWer transmitters and detectors than the portal design 
shoWn in FIG. 1. Moreover, the rotatable mounting permits 
the transmitters and detectors to be moved to a virtually 
in?nite number of angles relative to the frame, and the 
human subject passing there through. This feature presents 
further advantages over the ?rst embodiment of the inven 
tion, since multiple scans can be carried out at multiple 
angles, and each scan can be incorporated into the scan 
pro?le. It folloWs that the second embodiment may provide 
improved accuracy and reliability of object detection. 

[0091] The embodiments of the invention provided in 
FIGS. 1 and 2 illustrate the portal as a rectangular frame 
de?ning a rectangular aperture. Whilst this con?guration is 
amenable to portal construction, any portal shape Would be 
suitable, providing the human subject is directed Within 
range of the acoustic energy transmitters and receivers 
during passage through the portal. In fact, the portal need not 
de?ne an aperture, but instead could involve a channel or 
gate including a gap de?ned by Walls or posts for passage of 
the human subject there betWeen. 

[0092] Calibration Correction 

[0093] In preferred embodiments of the invention, the data 
acquired by the detectors undergoes calibration correction as 
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the ?rst steps of signal processing. The calibration correc 
tions improve the quality of each scan pro?le, thereby 
enhancing the capacity of the system to properly differen 
tiate betWeen the presence or absence of an object. 

[0094] Preferably, the calibration corrections include tWo 
principle steps. Firstly, the signals acquired by the detectors 
are modi?ed to alloW to noise, and identify the signal 
component caused by the presence of an object (concealed 
beneath the clothing of the human subject). This is accom 
plished by determining an average noise level calculated by 
averaging a number of signals in the absence of an object, 
and subtracting the average noise level from the signals 
acquired When an object is present. Preferably, the average 
noise level is recalculated each time a data acquisition 
parameter (e.g. ampli?er gain, sampling rate etc.) is 
changed. 

[0095] The second calibration step involves correction for 
the energy factor to compensate for the overall source level 
and detector ampli?er gain ?uctuations. This can be accom 
plished by measuring and computing the respective terms in 
the sonar equation, shoWn beloW as equation 5 With the use 
of a calibration receiver in place of the target: 

S=SL —NW+DI+NR+NA+NPA (5) 

[0096] Where: S=Signal received by detector 

[0097] SL=Source level 

[0098] NW=Transmission loss 

[0099] DI=Directivity indeX (beam pattern correction 
treated as a constant) 

[0100] NR=Detector sensitivity 

[0101] N A=Ampli?er gain/loss 

[0102] NPA=Preamp gain/loss 

[0103] By deriving a correction factor based upon equa 
tion 1, the system can more accurately determine the pres 
ence or absence of a target upon the human subject in a 
repeatable manner. 

[0104] Systems Con?gurations for Basic Object Detection 

[0105] As previously mentioned, the portal detection sys 
tem of the present invention may be used simply to detect 
the presence (or absence) of a non-clothing object concealed 
beneath the clothing of a human subject. This “YES/NO” 
type of object detection may be achieved by relatively 
simple scanning and computation techniques. For eXample, 
uniform pulses of acoustic energy can be emitted from all of 
the transmitters of an array of transmitters simultaneously 
(see FIG. 1). 

[0106] These pulses of acoustic energy Will be re?ected/ 
refracted from the human subject, and the concealed 
obj ect(s) if present. As a result, the detectors in the array Will 
detect a picture of the ‘total’ re?ected/refracted acoustic 
energy. This may be suf?cient for the signal processor to 
generate a simple scan pro?le for adequate determination of 
the presence or absence of a concealed object. HoWever, 
since the round trip propagation time to the target is so short 
(in the order milliseconds), sequential transmission of 
acoustic pulses makes the processing easier as the noise 
levels are reduced and the processing simpler. 
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[0107] With regard to the signal processor, the inventor 
has also determined that preliminary calculations are gen 
erally sufficient to generate a simple scan pro?le. In fact, 
calculation of impedance (re?ection coef?cients), or absorp 
tion characteristics alone may be suf?cient to determine the 
presence or absence of an object (see Examples for further 
information in this regard). 

[0108] System Con?gurations for Identi?cation of Object 
Location 

[0109] In preferred embodiments, the portal detection 
system can detect and locate the position of an object upon 
the human subject. In one embodiment, this can involve the 
transmission of time sequential pulses of acoustic energy 
from different of acoustic energy transmitters, or groups of 
acoustic energy transmitters. For example, the transmitters 
positioned on a loWer portion of the portal can be pro 
grammed to transmit pulses of acoustic energy at different 
times compared to the transmitters positioned on an upper 
portion of the portal. As usual, the acoustic signals are 
re?ected by the human subject and the object (if present), 
and are subsequently detected by each detector in the array. 
HoWever, the signals originating from the loWer transmitters 
and the upper transmitters are temporally separated, and thus 
suitably differentiated by the signal processor. It folloWs that 
the signal processor can effectively generate a ?rst scan 
pro?le for the loWer portion of the human subject, and 
second scan pro?le for the upper portion of the human 
subject, thereby permitting separate analysis of different 
portions of the human subject. The ?rst and second scan 
pro?les can be combined to generate an overall ‘complex’ 
scan pro?le for the human subject. 

[0110] In further corresponding embodiments, the portal 
detection system of the present invention can be further 
modi?ed for even more accurate location of the concealed 
object. Rather than separately controlling the initiation of 
“upper” and “loWer” portions of the transmitters on the 
portal, each array of transmitters and detectors can be 
differentiated into multiple ‘groups’ of transmitters and 
detectors, each group of each array being separately con 
trolled to scan a speci?c region (e.g. loWer legs, upper chest 
etc.) of the body of the human subject. This concept can be 
readily applied to any portal detection system, irrespective 
of the arrangement of the arrays. Moreover, the concept can 
also be applied to embodiments of the invention comprising 
moveable arrays of detectors and receivers. In any event, 
each group of transmitters and detectors in each array can 
generate a separate scan pro?le for the speci?c region of the 
body of the human subject, and if required the various scan 
pro?les can be combined to generate a complex scan pro?le. 
In addition, each scan pro?le can be compared to knoWn 
scan pro?les to determine a presence or absence of a 
concealed object upon each part of the human subject. 

[0111] It is also important to note that each array of 
transmitters and detectors, or each group of transmitters and 
detectors, can be differentiated by Ways other than temporal 
differentiation. For example, each group or each array of 
transmitters may generate acoustic energy of a different 
signal characteristics relative to the other groups/arrays of 
acoustic energy transmitters. FolloWing re?ection/refraction 
and detection of this acoustic energy by the detectors, the 
signal processor Will subsequently differentiate the received 
acoustic signals according to these characteristics, and 
thereby determine the source transmitter for each signal. 
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[0112] In effect, each region of the human subject may be 
scanned separately to generate an independent scan pro?le 
corresponding to the region being scanned. 

[0113] The present invention further encompasses the use 
of alternative means for determining the location of an 
object upon the human subject. These alternative means 
include calculation of the relative distances of the object 
from each detector in an array. For example, a selected 
acoustic energy transmitter in an array may transmit acoustic 
energy at the concealed object. The object Will subsequently 
re?ect/refract the acoustic energy in multiple directions, and 
several detectors in the array may detect the re?ected/ 
refracted acoustic energy. Depending upon the location of 
the detectors, and their distance from the object, the 
re?ected/refracted acoustic energy may be detected by each 
detector at different times. Therefore, assuming a point 
source of re?ection/refraction, the location of the object can 
be determined. 

[0114] These calculations may involve triangulation. 
Alternatively the distance of the object from each detector 
may be considered as a sphere having a speci?c radial siZe 
equal to the calculated distance of the detector from the 
object. As a descriptive example, it folloWs that the point of 
intersection of three or more spheres Will indicate the 
position of the object at a speci?c time relative to the portal. 
The point of intersection of the three spheres may be 
calculated according to equations 1, 2, and 3: 

co-ordinates in three dimensional space indicative of the 
locations of three detectors that are not in a straight line, and 
detecting the acoustic signals. R1, R2, and R3 are the radii of 
the spheres as determined by the signal processor. Addi 
tional detectors can be used to further improve the accuracy 
of the objection location calculations. 

[0116] System Con?gurations for Identi?cation of Object 
Material Substance 

[0117] Most preferably, the portal detection system has the 
capacity to determine not only the presence of the object(s), 
but also the material substance of the object(s). For this 
purpose, additional calculations may be required by the 
signal processor (and other components of the operating 
system) to generate an ‘object signature’ characteristic of the 
material substance of the object. For example, the object 
signature may comprise various properties of the object as 
determined by the acoustic analysis. These acoustic proper 
ties may be selected from the non-limiting group including 
impedance (re?ection coefficient), velocity, absorption, a 
rate of change of absorption as a function of frequency etc. 
Further information regarding the use of acoustic energy for 
material substance characteriZation may be found in the 
applicant’s previous US. Pat. No. 4,922,467, issued May 1, 
1990, and International Patent Publication WO 02/068994, 
published Sep. 6, 2002. 

[0118] Consideration of Different Types of Clothing 

[0119] Most preferably, the portal detection system of the 
present invention is adapted to compensate for different 
types of clothing, regardless of Whether the portal detection 
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system is intended for basic object detection, object location 
or object material classi?cation. 

[0120] For example, some types of clothing may be thin 
and have little impact upon the acoustic energy. In this Way, 
the acoustic energy may readily penetrate through the cloth 
ing to the body of the human subject, and the concealed 
object if present. 
[0121] HoWever, other types of clothing may be thicker, 
and represent a signi?cant barrier to transmission of the 
acoustic energy. As a result, only a small proportion of the 
incident acoustic energy may penetrate deep enough to 
encounter the concealed object, and be re?ected/refracted 
thereby. 
[0122] Further considerations include layered clothing, 
Which may represent multiple interfaces for re?ection and/or 
refraction of the incident acoustic energy from the transmit 
ter, thereby generating unWanted signals that are not relevant 
to object detection. 

[0123] Such factors may be important in the analysis of 
the acoustic energy signals by the signal processor. Calcu 
lations by the signal processor may take into account the 
effects of thicker clothing or layered clothing upon the 
acoustic signals received by the detector. For example, the 
signal processor may process all of the acoustic signals, or 
portion(s) thereof, over a speci?c sampling period, and 
differentiate those signals originating from the layer or 
layers of interest, Which may include the concealed object. 
Such considerations and calculations may be conducted in 
accordance With the teachings of US. Pat. No. 4,922,467, 
issued May 1, 1990, and International Patent Publication 
WO 02/068994, published Sep. 6, 2002, and references cited 
therein. Further consideration of clothing types is also 
provided in Examples 5 and 6 beloW. 
[0124] Detection of Objects Concealed Beneath the Skin 
of a Human Subject 

[0125] As mentioned above, the portal detection system of 
the present invention, at least in preferred embodiments, 
may differentiate betWeen layers of clothing and the con 
cealed object. In other preferred embodiments the portal 
detection may have the alternative or additional capacity to 
detect and/or locate the object When concealed beneath the 
skin of the human subject. In this respect, the methods and 
systems of the present invention are not limited to detection 
of objects concealed by clothing, and may be readily applied 
to other means of concealment, including concealment 
beneath skin. Although the acoustic properties of the skin 
may differ from most items of clothing, the same acoustic 
system and methods can be applied. Hence there is also 
provided a portal detection system for remote detection of an 
object concealed beneath the skin of a human subject, the 
portal comprising: one or more acoustic energy transmitters 
for generating acoustic energy and directing the acoustic 
energy toWards the human subject; one or more acoustic 
energy detectors for detecting acoustic energy re?ected 
and/or refracted from the human subject, to generate acous 
tic energy signals; signal processor means for processing the 
acoustic energy signals to generate one or more scan pro?les 
of the human subject; comparator means for comparing the 
scan pro?le With knoWn scan pro?les to detect a presence of 
the object beneath the skin. Preferably, the signal processor 
and the comparator means enable differentiation betWeen 
each layer of skin and/or clothing to determine the layer 
comprising the object. 
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[0126] Databases of Scan Pro?les 

[0127] In any event, the accuracy of detection and/or 
material classi?cation Will depend in part upon the siZe and 
accuracy of the pre-stored database of knoWn scan pro?les. 
For example, When the portal simply detects the presence/ 
absence of an object, the signal processor Will utiliZe the 
various acoustic signals that compose the scan pro?le, and 
compare the scan pro?le to knoWn scan pro?les pre-stored 
in the database. These preferably include scan pro?les for 
various types of human subjects in various types of clothing. 
One portion of the database may comprise scan pro?les for 
human subjects covered only by clothing, and lacking any 
concealed objects. Another portion of the database may 
comprise knoWn scan pro?les for human subjects concealing 
various types and siZes of objects beneath their clothing in 
various locations. Therefore, by direct comparison of each 
neW scan pro?le With the database of knoWn scan pro?les, 
the portal detection system may determine the presence or 
absence of one or more concealed objects. The concept of 
the database can be extended to material substance classi 
?cation. 

EXAMPLE SYSTEM CONFIGURATIONS 

[0128] FIGS. 3a, 3b, and 3c illustrate a typical system for 
use in conjunction With the portal detection system of the 
present invention. The system shoWn in FIG. 3 is not 
intended to detract from the inventive features of the portal, 
but simply to provides an example of the type of system that 
Would be appropriate for portal operation. 

[0129] FIG. 3a provides a general overvieW of the acous 
tic energy transmitter and receiver systems, and their posi 
tion relative to the human subject and concealed object. The 
human subject (in cross-section) is indicated by 32, covered 
by clothing 34. An object 33 is held adjacent the human 
subject 32 beneath the layer of clothing 34, and thereby the 
object 33 is concealed from vieW. The human subject moves 
toWards the portal (not shoWn) in the general direction 
indicated by the large arroW. Acoustic energy transmitter 12f 
transmits acoustic energy 31 toWards the human subject 32 
and the object 33 concealed beneath the clothing 34. A 
portion of the acoustic energy 31 is re?ected 36 by the object 
33 and detected by an appropriately positioned acoustic 
energy detector 13]”. In addition, another portion of the 
acoustic energy 31 is refracted 35 by the object 33 and 
detected by another acoustic energy detector 13g. The 
acoustic energy transmitter 12f and the tWo acoustic energy 
detectors 13f 13g are each connected to signal processor 37. 
The signal processor 37 process information derived from 
the transmitter and detectors to detect a present of the object, 
and/or a position of the object, and/or a material substance 
of the object, in accordance With the present invention. The 
result of the signal process may be displayed on the display 
38, for revieW by the portal operator. 

[0130] FIG. 3b illustrates an example system for source 
signal generation from the one or more acoustic energy 
transmitters. The program control 40 may be used to select 
Whether data processing or data acquisition is performed. 
For example, the receipt of an appropriate signal from a 
human subject detection means or tracking means may 
indicate the presence of a person starting to proceed toWards 
the portal. The program control 40 initiates the signal 
generator 41. The signal generator 41 recalls from memory 
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a digitally stored Wavelet, Which is fed to the digital to 
analog output circuitry 42. Typically, a single cycle pulse 
may be used, although other pulses such as chirp and 
random noise may also be suitable for application to the 
present invention. The particular target, and clothes may 
determine the ?nal selection of the signal type for system 
optimiZation. 
[0131] A ?lter 43 may optionally be included to smooth 
the analog output Waveform, particularly since the signal 
Was generated by a ?nite number of samples. For example, 
the ?lter may involve standard resistor/capacitor compo 
nents. The system may further include an isolator 44 to 
ensure proper reference to ground, proper level control, and 
any preampli?er functions. The system further includes a 
poWer ampli?er 45, Which provides the necessary Wattage to 
drive the speaker 46 at the desired source level. Moreover, 
the speaker 46 is selected to ?t the desired mechanical 
con?guration of the portal, the beam pattern, and the desired 
frequency response and source level requirements. Impor 
tantly, the output Wavelet and source level may be calibrated 
With a precision calibration microphone and ampli?er, to 
alloW for precise computation of the object detection and 
material classi?cation algorithms. 

[0132] Preferably, the system illustrated in FIG. 3b further 
includes a timing device 47, connected to both the trans 
mitter and detector systems, for activating these systems for 
a speci?c time period folloWing the initial detection of the 
presence of the human subject. 

[0133] The inventors have determined that almost any 
frequency of acoustic energy may be transmitted by the 
acoustic energy transmitter(s) Within the desired time and 
desired spatial resolution, and employed in accordance With 
the teachings of the present invention. HoWever, for the 
analysis of objects beneath clothing, the inventors have 
determined that optimal results can be achieved using acous 
tic energy frequencies of betWeen 10 KHZ and 25 KHZ, 
most preferably about 16 KHZ. 

[0134] An example con?guration for an acoustic energy 
detector for the portal is illustrated in FIG. 3c. As mentioned 
previously, the acoustic energy detector may take the form 
of a conventional microphone arrangement, or other systems 
such as a laser-type vibration detector. Such laser-type 
vibration sensors are knoWn in the art, and may comprise in 
their simplest form a laser beam and a Doppler vibration 
sensor con?guration, the laser beam being displaced relative 
to the vibration of the targets from insoni?cation by the 
acoustic energy from the transmitter. 

[0135] The signal received by the detector may be passed 
through a band pass ?lter 52 to optimiZe the signal-to-noise 
ratio by eliminating noise outside of the operating band 
Width. Typically, the band Width ?lter may exclude frequen 
cies of less than about 10 KHZ or more than about 25 KHZ. 
Subsequently, the ?ltered signal is ampli?ed by signal 
ampli?er 53 of knoWn gain characteristics to match the 
dynamic range of the analog to digital converter 54. The 
analog to digital converter converts the received analog 
signal to digital format for processing by the computer. The 
number of bits representing the signal are chosen for the 
required accuracy and speed of the system. The analog to 
digital sampling frequency should preferably be Well above 
the Nyquist sampling frequency. The system may also 
include the timing device 47 connected to both transmitter 
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and detector circuitry for activating the portal for a speci?c 
time period folloWing the initial detection of the presence of 
the human subject. 

[0136] The digital signal(s) are forWarded to the program 
control 55, Which stores and formats the data for subsequent 
properties calculations 56. Such calculations include, but are 
not limited to, calculation of the impedance (re?ection 
coef?cients), velocity, absorption, rate of change of absorp 
tion as a function of frequency etc. of the various target 
layers, to determine Whether any illicit objects are concealed 
beneath the clothes. The results of the calculations may be 
displayed on the display 57, Which may take the form of a 
screen or printer etc. 

[0137] The invention Will be further described With refer 
ence to the folloWing non-limiting examples: 

Example 1 

Calculation of Re?ection Coef?cients (Impedance) 
is Sufficient for Detection of the Presence of 

Explosive Sheets 

[0138] A prototype model of the portal detection system 
Was utiliZed to test the capacity of the system to differentiate 
betWeen a human Wearing a shirt, and a human Wearing a 
shirt, and concealing tWo types of simulated explosive 
materials beneath the shirt. For this purpose, acoustic energy 
Was directed toWards the human subject at a distance of 70 
cm. The acoustic signals detected by the acoustic detector(s) 
Were utiliZed to calculate an impedance value for the layer 
prior to the re?ecting surface, and the re?ecting layer. These 
values permitted calculation of the corresponding re?ection 
coef?cients in accordance With equation 4: 

[0140] R=re?ection coef?cient (db) 

[0141] Z1=impedance of the layer prior to the re?ect 
ing layer 

[0142] Z2=impedance of the re?ection layer 

[0143] The comparative results of the experiment are 
shoWn in FIG. 4 Where the re?ection coef?cient is provided 
in decibels (db). The results indicate a clear distinction in the 
value of the re?ection coefficient for the human subject 
covered only by a shirt, and the inclusion of a simulated 
sheet of plastic explosive material and a simulated small 
container of explosive material. 

Example 2 

Calculation of Absorption is Sufficient for 
Detection of the Presence of Explosive Sheets 

[0144] The prototype model of the portal detection system 
Was further utiliZed to conduct a similar experiment to that 
shoWn in Example 1, With an alternative method of acoustic 
analysis. For this purpose, acoustic energy of more than one 
frequency Was directed toWards the human subject at a 
distance of 70 cm. The resulting acoustic signals detected by 
the acoustic detector(s) Were utiliZed to calculate a value for 
a rate of change of absorption With respect to frequency, 
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either of the human subject or the human subject With tWo 
types of simulated explosives beneath clothing, in accor 
dance With equation 2 

dS/df=function(0L4/d? doL/dj) (2) 

[0145] Where 

[0146] S=The detected acoustic energy amplitude 

[0147] A=The transmitted source energy amplitude. 

[0148] ot=The absorption of the human subject and 
concealed object (if present) 

[0149] f=Acoustic energy frequency 

[0150] The comparative results of the experiment are 
shoWn in FIG. 5. The results indicate a distinction in the 
effects of dot/df for the human subject covered only by a 
shirt, and the same experiment With the human subject 
concealing plastic sheeting material beneath clothing. For 
this test the correlation coefficient of the acquired spectral 
data versus the calibrated source spectral data Was used. A 

high correlation value generally indicates a loW dot/df term, 
and conversely a loW correlation value generally indicates a 
high dot/df term or value. 

Example 3 

Calculation of Re?ectivity (db) is Su?icient for 
Detection of the Presence of Explosive 

Sheets—Different Ranges 

[0151] The prototype model of the portal detection system 
Was further utiliZed to conduct a similar experiment to that 

shoWn in Example 1,With an alternative method of acoustic 
analysis. For this purpose, the re?ectivity of the target Was 
calculated, With each target located a distance of 90 cm 
normal to the speaker/detector array, With the array mounted 
at 30 degrees from the main axis of the passageWay of the 
portal, the Width of the portal being 33.5 inches. The 
resulting acoustic signals detected by the acoustic detec 
tor(s) in the array Were utiliZed to calculate a value for the 
re?ectivity (db) of each target. The targets used included a 
nude human subject, a human subject covered With a shirt, 
and a human subject With tWo types of simulated explosives 
concealed beneath the shirt. 

[0152] The results comparative results of the experiment 
are indicated in FIG. 6, and indicate clear discrimination 
betWeen the human subject covered by a shirt, and the 
human subject concealing either object beneath the shirt. 
Some discrimination is also present betWeen the re?ectivity 
of the nude human subject, and the human subject conceal 
ing the objects beneath a shirt. 

Example 4 

Further Re?ectivity Experiments 

[0153] In accordance With Example 3, additional experi 
ments Were conducted With the various targets positioned 44 
cm or 55 cm from the portal. The results shoWn in FIG. 7 

compare the re?ectivity of the various targets. As observed 
in FIG. 6, the portal detects the difference in re?ectivity of 
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the human subject covered only by a shirt, and the human 
subject having objects concealed beneath the shirt. Gener 
ally, the observed re?ectivity Was less When each object Was 

placed closer to the portal (i.e. 44 cm rather than 55 cm). 
This difference in range effect is due to the angle of 

re?ection at the target (re?ection coef?cient varies as the 
cosine of the angle at the target) and the beam pattern effects 
of the detector. Both are readily corrected for in a practical 

system. 

Example 5 

Comparison of Acoustic Penetration of Different 
Types of Clothing Materials 

[0154] The prototype portal detection system Was con?g 
ured to compare various types of clothing that might typi 
cally be Worn by a human subject. In this regard, charac 
teriZation of the propagation properties of human clothing is 
an important factor in successful operation of the systems 
and methods of the present invention. 

[0155] The present series of experiments tested the capac 
ity of a prototype portal to penetrate different types of 
clothing, to encounter a concealed object. For this purpose, 
the knoWn object comprised extremely pressed Wood. This 
object Was also used as a backing for re?ection studies, and 
for gross calibration of the acoustic system. Each clothing 
material Was tested by draping the material in front of the 
object, so that the material hung approximately 30 cm from 
the surface of the pressed Wood. An acoustic energy trans 
mitter and an acoustic energy detector Were mounted 

approximately 100 cm from the object, to focus upon the 
mid-point of the object at an angle of 30° from the normal. 

[0156] 16 KHZ pulses of acoustic energy Were transmitted 
toWards the object, and the detector Was triggered to sample 
incoming acoustic energy at 20 microsecond intervals (50 
KHZ sampling rate). For each pulse, the acoustic signals 
Were recorded With a trace data sample length of 1400 points 

(28 milliseconds). The data Was recorded in compressed 
SEG-Y 16 bit format. The detector has an estimated corre 

sponding gain of —70 db, and the system gain Was also 
approximately knoWn. By assuming that the pressed Wood 
Was an almost perfect re?ector, an estimated acoustic energy 

source level Was computed. The estimated values for source 

levels, detector sensitivity, and system gain remained rea 
sonably consistent during calibration, and these values Were 
utiliZed for subsequent calculations. 

[0157] Eight different material types Were positioned 
betWeen the object and the transmitter/detector combination, 
as previously described. Pulses of acoustic energy Were 

directed to the object via each material type, in order to test 
the re?ectivity of the material layer relative to the object 
layer. The results of the experiment are shoWn in Table 1. 
The values shoWn in Table 1 represent means values from 

multiple experiments. 
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TABLE 1 

1st Ref 2nd Ref Ratio Ratio BL Re?ection 
Material Ampl db Ampl db A2/A1 db Ampl. db Coef Mat. 

Cot. Sheet —7.0419 6.269567 13.31147 4.629998 —24.188 0.061746 
Fln. Sheet —1.913567 5.047167 6.960733 2.230366 —19.37867 0.107517 
Quilt Jack 1 —2.881567 —4.123667 —1.2421 0.867562 —20.72467 0.092163 
Knit Sweat —2.542733 2.186533 4.729267 1.724467 —20.15267 0.098284 
Arctic Coat 6.917533 —10.57933 —17.49687 0.133408 —10.878 0.285913 
Lite SWeat —1.425967 6.5089 7.934867 2.497282 —19.319 0.108262 
Quilt jack 2 5.876433 1.482633 —4.3938 0.603779 —11.99967 0.251519 
Knit Blank. —5.9548 14.309 20.2638 10.31004 —23.67733 0.065495 

[0158] Where 

[0159] Material=the material type under test 

[0160] 1St Ref=the amplitude (db) of the ?rst acoustic 
signal detected by the detector, Which generally 
resulted from re?ection of a transmitted pulse of 
acoustic energy by the material layer. 

[0161] 2nd Ref=the amplitude (db) of the second 
acoustic signal detected by the detector, Which gen 
erally resulted from re?ection of a transmitted pulse 
of acoustic energy by the object. 

[0162] Ratio A2/A1=Decibel value of Ratio Ampli 
tude=20*Log(Ratio Ampl.) 

[0163] Ratio Ampl.=the ratio of the 2nd Ref/1St Ref. 
Higher values indicate strong penetration of the 
acoustic signal(s) through the material under test, 
Whereas loWer values indicate loW acoustic penetra 
tion. 

BL : Re?ection Coefficient in Decibels 

: 2O *Log(Refl. Coef.) or 

= 20 *Log(Refl. Coef. Mat.) 

[0164] Re?ection Coef Mat.=the re?ection coef? 
cient of the material. 

[0165] From a brief revieW of Table 1, it can be noted that 
the prototype system is able to determine that the most easily 
penetrable material Was the cotton sheet, and the least 
penetrable material Was the arctic coat (compare values in 
the column marked as ‘Ratio Ampl.’). Nonetheless, the 
small second re?ection (2Dd Ref.) from the object beneath 
the arctic coat Was still detectable above background noise. 
It should be noted that the ratio values that are used to 
determine acoustic penetration through a material do not 
exactly correlate With the values for re?ection coef?cients, 
due to differing degrees of acoustic energy absorption for 
each type of material. 

Example 6 

Ability of a Portal Detection System to Detect an 
Object Concealed Beneath Clothing of a Human 

Subject 
[0166] A test human subject Was instructed to Walk 
toWards and aWay from the prototype portal detection sys 

tem, either With or Without a test object concealed beneath 
their clothing. For these experiments, the object Was a Vs 
inch thick hard pressed cardboard, approximately 10 inches 
square, and further including a layer of plastic on both sides. 
The experiment Was repeated With the human subject 
clothed either in a tight Weave cotton shirt, or a quilted 
jacket. Regardless of the clothing, the object Was fully 
concealed beneath the clothing When present. 

[0167] The data Was acquired for multiple scans, and 
using the Acoustic CoreTM calibration program. The average 
results of multiple experiments are indicated in Table 2. 
Table 2 includes values for received signal amplitude, bot 
tom loss, and re?ection coef?cient for each human subject, 
in either form of clothing, With the presence or absence of 
the test object. 

[0168] The data provided in Table 2 demonstrate the 
capacity of the prototype portal detection system to success 
fully differentiate betWeen the presence and absence of the 
test object, regardless of the clothing type. It is also impor 
tant to note that in the case of the quilted jacket (Which has 
a loWer re?ection coef?cient) it is evident during echo 
analysis that the jacket comprises multiple layers and re?ec 
tion interfaces. 

TABLE 2 

Material Object Amplitude Re?ection 
type present? (db) Bottom Loss coef?cient 

Cotton No 7.386567 —10.48087 0.314967 
shirt Yes 16.22667 —1.9168 0.805767 
Quilt No 10.0328 —7.756967 0.413033 
Jacket Yes 7.130567 —10.45783 0.30068 

[0169] While the invention has been described With ref 
erence to particular preferred embodiments thereof, it Will be 
apparent to those skilled in the art upon a reading and 
understanding of the foregoing that numerous systems and 
methods, other than the speci?c embodiments illustrated are 
attainable, Which nonetheless lie Within the spirit and scope 
of the present invention. It is intended to include all such 
apparatuses and methods, and equivalents thereof Within the 
scope of the appended claims. 

1. A portal detection system for remote detection of an 
object concealed beneath clothing of a human subject, the 
portal detection system comprising: 

one or more acoustic energy transmitters for generating 
acoustic energy and directing the acoustic energy 
toWards the human subject; 
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one or more acoustic energy detectors for detecting acous 
tic energy re?ected and/or refracted from the human 
subject, to generate acoustic energy signals; 

signal processor means for processing the acoustic energy 
signals to generate one or more scan pro?les of the 
human subject; 

comparator means for comparing the scan pro?le With 
knoWn scan pro?les to detect a presence of said object. 

2. The portal detection system according to claim 1, 
further comprising a frame de?ning a passage of a siZe 
sufficient for movement there through of the human subject, 
said one or more acoustic energy transmitters and said one 
or more acoustic energy detectors mounted to said frame. 

3. The portal detection system according to claim 2, 
Wherein said one or more acoustic energy transmitters 
comprises a plurality of acoustic energy transmitters for 
directing acoustic energy toWards said human subject from 
more than one position on the frame. 

4. The portal detection system according to claim 2, 
Wherein said one or more acoustic energy detectors com 

prises a plurality of acoustic energy detectors for detecting 
acoustic energy re?ected and/or refracted from said human 
subject from more than one position on the frame. 

5. The portal detection system according to claim 2 
comprising at least three arrays, each array mounted on the 
frame and comprising one or more acoustic energy trans 
mitters and one or more acoustic energy detectors, Wherein: 

a ?rst array is mounted on the frame to transmit and detect 
acoustic energy on a ?rst side of the frame; 

a second array is mounted to the frame to transmit and 
detect acoustic energy in a region Within and directly 
adjacent to the frame; and 

a third array is mounted to the frame to transmit and detect 
acoustic energy on a second side of the frame. 

6. The portal detection system according to claim 5, 
con?gured to scan a human subject moving through said 
portal from multiple angles, Wherein: 

said ?rst array is oriented to scan front surfaces of said 
human subject upon approach and entry into the portal; 

said second array is oriented to scan side surfaces of said 
human subject upon passage through the portal; and 

said third array is oriented to scan back surfaces of said 
human subject upon eXit and movement aWay from the 
portal. 

7. The portal detection system according to claim 6, said 
?rst array comprising tWo or more transmitters angled 
toWards a main aXis of the passage on said ?rst side of said 
frame, Whereby acoustic energy emanating directly from 
transmitters of said ?rst array intersects said main aXis on 
said ?rst side of said frame. 

8. The portal detection system according to claim 7, said 
?rst array scanning said human subject multiple times upon 
approaching the portal, the signal processor processing each 
resulting acoustic signal to determine a peak acoustic signal 
for the ?rst array, said signal processor further processing 
said peak acoustic signal together With acoustic signals 
derived from the second and third arrays, to generate said 
scan pro?le. 

9. The portal detection system according to claim 6, said 
third array comprising tWo or more transmitters angled 
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toWards a main aXis of the passage on said second side of 
said frame, Whereby acoustic energy emanating directly 
from transmitters of said third array intersects said main aXis 
on said second side of said frame. 

10. The portal detection system according to claim 9, said 
third array scanning said human subject multiple times upon 
exiting the portal, the signal processor processing each 
resulting acoustic signal to determine a second peak acoustic 
signal for the third array, said signal processor further 
processing said second peak acoustic signal together With 
acoustic signals derived from the ?rst and second arrays, to 
generate said scan pro?le. 

11. The portal according to claim 6, further including 
tracking means for tracking movement of said human sub 
ject toWards, through and beyond said portal, said tracking 
means in communication With, and inducing activation, of 
each array of said one or more acoustic energy transmitters 
and said one or more acoustic energy detectors, to folloW 
and maintain scanning contact With said human subject. 

12. The portal detection system according to claim 11, 
Wherein said tracking means is selected from the group 
consisting of: one or more ?oor pads, one or more light 
sensors, and one or more laser sensors. 

13. The portal detection system according to claim 11, 
Wherein said tracking means comprises said one or more 
acoustic energy transmitters and said one or more acoustic 
energy detectors. 

14. The portal detection system according to claim 1, 
Wherein said one or more acoustic energy detectors trans 
mitters are moveable about the portal to direct the acoustic 
energy toWards said human subject from more than one 
angle. 

15. The portal detection system according to claim 14, 
Wherein said one or more acoustic energy detectors are 

moveable about the portal to detect acoustic energy re?ected 
and/or refracted from the human subject from more than one 
angle. 

16. The portal detection system according to claim 15, 
further comprising tracking means for tracking movement of 
said human subject toWards, through and beyond said portal, 
said tracking means in communication With, and inducing 
movement of said one or more acoustic energy transmitters 
and said one or more acoustic energy detectors, to folloW 
and maintain scanning contact With said human subject. 

17. The portal detection system according to claim 16, 
Wherein said tracking means is selected from the group 
consisting of: one or more ?oor pads, one or more light 
sensors, and one or more laser sensors. 

18. The portal detection system according to claim 16, 
Wherein said tracking means comprises said one or more 
acoustic energy transmitters and said one or more acoustic 
energy detectors. 

19. The portal detection system according to claim 1, the 
portal comprising tWo or more groups of one or more 
acoustic energy transmitters and one or more corresponding 
acoustic energy detectors, each group of transmitters and 
detectors scanning a predetermined portion of the human 
subject during passage through the portal, the signal pro 
cessor processing each acoustic signal derived from each 
group of transmitters and detectors, to generate a separate 
scan pro?le for each group indicative of each scanned 
portion of the human subject, the comparator means com 
paring each scan pro?le for each group With knoWn scan 






