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FINANCIAL HIGHLIGHTS 2002

• American Science and Engineering, Inc. (AS&E) achieved net sales of $65.4 million for the fiscal year ending
March 31,2002,as compared to $67.4 million in fiscal year 2001.Operating results decreased from $1,471,000
in operating income in fiscal year 2001 to an operating loss of $3,850,000 in fiscal year 2002, due primarily
to increased investments in research and development and increased selling, general and administrative spend-
ing, due in part to significant legal expenses associated with a patent lawsuit, which was resolved during the
year.Net losses were $4,512,000 or $0.87 on a diluted per share basis in fiscal 2002,as compared to net income
of $660,000 or $0.13 on a diluted per-share basis for fiscal year 2001.

• The domestic versus international revenue mix shifted from 45% domestic in fiscal year 2001 to 70% domes-
tic in fiscal year 2002, due in part to increased U.S. demand for security systems in the wake of the events of
September 11th.

• AS&E introduced its revolutionary Shaped Energy™ technology in fiscal year 2002 and sold its first Shaped
Energy systems.

• Morgan Keegan & Company initiated research coverage on AS&E during 2002, as part of their growing
coverage of the Security and Biometrics Technology space.

• In May 2002, AS&E completed a $19.7 million private placement of the Company’s common stock to insti-
tutional investors, significantly strengthening the Company’s balance sheet and providing the working cap-
ital to respond to growing national security needs.

• AS&E selected PricewaterhouseCoopers as its new accounting firm in July 2002, replacing Arthur Anderson.
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Z® BACKSCATTER-ONLY IMAGE OF PARKED CARS. This MobileSearch™ X-ray image reveals a person hidden in the trunk of car. The MobileSearch™ drive-

by capability is ideal for security officials who need to scan unattended vehicles, parked in area where they may constitute a threat.



Z® BACKSCATTER IMAGE OF ILLEGAL IMMIGRANTS: This MobileSarch image reveals illegal immigrants attempting to enter southern Mexico from Guatemala. It is esti-

mated worldwide trade in human cargo is estimated to be worth around $30 billion.



O U R  M I S S I O N
AT AS&E IS TO ASSIST GOVERNMENTS

AND  COMMERCIAL  SECTORS  IN

PROVIDING ISLANDS OF SECURITY

WHERE THE THREATS ARE HIGHEST

AND THERE IS NO TOLERANCE FOR

A SECURITY BREACH. OVER TIME, WE

WILL HELP BRIDGE THOSE ISLANDS

TO PROTECT A WIDER RANGE OF

PUBLIC AND COMMERCIAL SEGMENTS.



CEO AND PRESIDENT RALPH SHERIDAN IN WASHINGTON, D.C. Photographed on July 23, 2002 at a demonstration of AS&E’s new Radiation Threat Detection (RTD)

capability. Radiation Threat Detection is particularly important in light of the potential terrorist threat of dirty bombs.



Q: How have the events of 9/11 changed security
responsibilities of governments?

A: The events of September 11 permanently trans-
formed the way governments must approach security
against terrorism. Pre-9/11, government investments
were reserved for the highest-threat facilities, where
there could be no tolerance for a breach in security.
Priorities included protecting heads of state,other high-
profile government offices, and military bases in high-
threat areas.Today,governments have a vastly expanded
responsibility to protect not only their facilities,but also
high-profile public buildings and infrastructure.

Today, we recognize the vulnerability of economic
infrastructures to terrorist attack.The events of 9/11,
which resulted in an estimated $100 billion in eco-
nomic losses, destroyed buildings and businesses, and
disrupted air travel, tourism, and other sectors. The
conveyance of world trade is dependent on the shipping
portals for cargo, including airports, land borders, and

seaports. Without secure processes for cross-border
trade,global commerce is vulnerable to mass disruption
by terrorism. This new awareness brings with it a
responsibility to protect infrastructure critical to the
functioning of the world economy.

Q: What are the implications of this new terrorism
awareness on AS&E?

A: Historically,AS&E has served two markets.The first
is the protection of high-threat government, military,
and corporate facilities against terrorism.The second is
the inspection of cargo transported by land, sea, and air
for trade fraud,drugs, and various types of contraband.

The high-threat market has changed considerably.
There has been a dramatic increase in the number of
facilities deemed worthy of sophisticated security for
the detection of weapons and explosives that can infil-
trate via the lobby, the mail room, the loading dock,or
the parking garage.

Port and border security strategies are also undergo-
ing a major transformation, with officials now being
called on to verify the absence of terrorist threats in
arriving cargo.Where officials previously focused on
inspecting for drugs, contraband, or trade fraud, they
are now asked to screen for weapons, explosives, and
weapons of mass destruction (WMD).This new imper-
ative requires the vast deployment of inspection sys-
tems, cargo-tracking systems, and tamper-indicating
seals. AS&E’s global experience and technological
innovations in port and border security makes us a key
solution provider in this market.

S E C U R I T Y
IMPERATIVES  IN  A  NEW WORLD:  AN INTERVIEW

WITH AS&E CEO AND PRESIDENT, RALPH SHERIDAN.

THE TERRORIST ATTACKS OF 9/11 CARVED AN

INDELIBLE MESSAGE: WORLDWIDE LEADERS

MUST PROACTIVELY IMPLEMENT SUPERIOR

SECURITY MEASURES. TO IGNORE THIS REALITY

IS TO PUT LIVES AND THE GLOBAL ECONOMY AT

RISK. AS MR. SHERIDAN EXPLAINS, AS&E IS

POISED TO HELP GOVERNMENTS MEET THESE

GROWING CHALLENGES.
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Q: Why is the security issue in cargo so crucial?

A: Prior to 9/11,transportation security had evolved to
a tipping point as security had been minimized to
reduce transportation costs and increase the speed of
handling cargo.This security shortfall was exploited by
criminals to advance their illegal enterprises.The inves-
tigations of 9/11 and the resulting public awareness of
other terrorist activities brought to light the extensive
collaboration of terrorists
with both crime syndi-
cates and drug cartels.
These terrorist overlaps
with other criminal activ-
ities include drug and
weapons smuggling, money laundering, cargo theft,
cigarette smuggling, and illegal immigration. Most of
these activities share a common intersection:conveyance
through cargo transportation.There is a tangible ben-
efit from the investment in terrorist security.Enhanced
security reduces drug smuggling and other cargo crimes,
generating a potential recovery of $650 billion of the
$1.5 trillion in global organized crime activities.

Q: How does AS&E’s Z® Backscatter technology make
security practices more effective?

A: The combination of Z® Backscatter X-ray detection
with transmission detection is the most effective tool
available to security officials for the identification of ter-
rorist threats, including explosives,weapons, and illegal
stowaways. Z® Backscatter X-ray detection highlights
more than 50% of the smuggling seizures by customs

officials in sea containers and truck trailers. Further
value is obtained by the photo-like image of the con-
tents of the container generated by Z® Backscatter X-
ray technology. This realistic imaging aids rapid
processing of cargoes particularly, when it comes to
detecting concealments.

Today’s terrorist groups have demonstrated a sophisti-
cation and creativity that challenges the traditional

orthodoxy of counter-
ter ror ism strateg ies.
Detection of improvised
explosive devices is essen-
tial for the protection of
high-threat government

officials and military sites.Even computed tomography
systems have limitations and can only detect explosives
that fall within a certain density range.Terrorists in the
Middle East are now utilizing non-traditional explosives
that fall outside the density range of conventional explo-
sives. Z® Backscatter X-ray detection enables security
officials to detect these explosives from the typically
strong scatter signatures of their nuclei.

Q: How will technology advances by AS&E make
security officials more effective in responding to the
increasingly complex array of security threats?

A: First,AS&E has developed the Shaped Energy™ line
of cargo inspection systems utilizing both high-energy
X-rays and Z® Backscatter imaging. This patented
Shaped Energy technology shapes the X-ray spectrum

AS&E’s clients have a mission that is

dependent on successful detection – where

compromise is not an option.
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A CARGO-LOAD OF HUMVEES IS SCANNED BY MOBILESEARCH™ X-RAY INSPECTION SYSTEM for terrorist threats at MacDill Air Force Base in Tampa, FL. 
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to reduce radiation that is unnecessary for achieving
penetration. In so doing, it provides a high-energy,
penetrating X-ray without the attendant problems of
hazardous radiation. In addition, these systems use
high-energy X-rays and Z® Backscatter detection from
both sides to maximize contraband detection and to
assist rapid operator analysis of containers.

The second advance is Radiation Threat Detection
simultaneous with X-ray
inspection. This capabil-
ity provides gamma
detection of dirty bombs
as well as detection of fis-
sionable materials that
emit neutrons. Our pro-
prietary detection tech-
nology even alarms on
low-level radiation passing through a shielded shipping
canister.The transmission image would also highlight the
dense mass of a shielded container. Equally important,
Z® Backscatter imagery will detect explosives present in
an unshielded dirty bomb.

The third development is the BackscatterVan™,a mobile,
Backscatter-only system that can be used to inspect sus-
picious vehicles to find explosives or to rapidly screen
containers to determine the need for further investi-
gation.This rapid-scanning tool can also be deployed
to screen vehicles at security-conscious facilities,garages,
and perimeters.This opens a new market in support-

ing police in fulfilling their counter-terrorism respon-
sibilities in cities.

Q: How will AS&E’s portfolio of technology solutions be
developed to achieve shareholder value?

A: AS&E’s long-term value is achieved by focusing on
applications where our technology is clearly differenti-
ated.The post-9/11 reality requires the deployment of
the best possible detection technologies.AS&E’s clients

are those who have a mis-
sion that is dependent on
successful detection where
compromise is not an
option. Initially, counter-
terrorism expenditures
will address the highest-
priority applications to

create islands of security.The applications where there
should be an emphasis on detection include ports and
borders; military, government, and commercial facili-
ties; and airports.

It is impossible for governments to protect every facil-
ity or location from terrorism.AS&E’s mission is to assist
governments and commercial sectors in providing
islands of security where the threats are highest and
there is no tolerance for a security breach. Over time,
we will help bridge those islands to protect a wider
range of public and commercial segments.

The combination of Z® Backscatter with

transmission detection is the most effective

tool available to security officials for the

identification of terrorist threats, including

explosives, weapons, and illegal stowaways.

MILITARY COLOR GUARD FOR THE WHITE HOUSE AND ARLINGTON NATIONAL CEMETERY photographed on their base in front of a MobileSearch™ X-ray

Inspection system. AS&E software engineer, John Handy (center), conducted a demonstration of MobileSearch capabilities.



SEA CONTAINERS ARE INSPECTED WITH MOBILESEARCH™ X-RAY SYSTEM AT THE PORT OF BOSTON. MobileSearch™ combines powerful detection technology with

mobility. It is ideal for seaport environments as it can be moved easily from one site to another.



Cross-border transportation of cargo provides both a
conveyance for terrorist threats and a source of funds
–  via cargo crime – for terrorist activities.Terrorists are
attracted to cargo crime because of the high prof-
itability and the relatively low threat of interdiction and
arrest. Cargo crime exceeds $650 billion a year – a
major problem for authorities crossing multiple juris-
dictions at airports, land borders, and seaports. Cargo
crime encompasses a wide range of illegal activities,
including the smuggling of weapons, explosives, drugs,

and people,as well as duty evasion,and theft.Cargo crime
has become a major enterprise of international crimi-
nal organizations such as drug cartels, crime syndicates,
and terrorist groups.These multi-headed hydras have
intersecting tentacles that stretch across transportation
logistics – sharing a networking sophistication that
enables effective collaboration in illegal activities.

The estimated annual turnover of the illegal drug
industry is $400 billion,or 8% of world trade, and sup-
plies 200 million customers.The industry is extremely
lucrative and has become a side activity for crime syn-
dicates and even legitimate businesses in some countries.
Drug cartels engage in other criminal activities, such as
weapons smuggling and cargo theft.Furthermore,12 of
28 terrorist groups tracked by the U.S. Department of
State use drug smuggling as a source of funds.

Trade fraud is the deliberate misrepresentation of the
value of cargo to avoid import duties.These unpaid

C R I M I N A L
COLLABORATORS  CAN  TURN A  REGULAR  CARGO

C O N T A I N E R  I N T O  A  D A N G E R O U S  W E A P O N.

CRIMINAL COLLABORATION IN CARGO STATISTICS 9

PACKED WITH EXPLOSIVES, RADIOACTIVE

ISOTOPES, AND A GLOBAL POSITIONING SYSTEM,

A CONTAINER COULD BE REMOTELY DETONATED.

AS&E’S ADVANCED X-RAY SYSTEMS CAN

SIMULTANEOUSLY DETECT THE EXPLOSIVES AND

RADIOACTIVITY OF A DIRTY BOMB.

DRUG SEIZURE IN MEXICO. Security officials uncovered a shipment of cocaine concealed deep in the cargo. The Z® Backscatter image revealed

an anomaly, seen as bright white. It is estimated that annual proceeds from the illegal drug industry is $400 billion.



CIGARETTE SMUGGLING IN HONG KONG. Z® Backscatter image revealed an anomaly in this container of household goods. The global market for smuggled cigarette

is estimated to total $16 billion a year in lost tax revenues.

CARGO THEFT IN THE UNITED KINGDOM. Z® Backscatter Image of a Car at Tilbury Docks, England. This Z® Backscatter image reveals a car hidden in a container of trash.

Worldwide, between $30 billion and $50 billion is lost through cargo theft each year

EXPLOSIVES AND WEAPONS SMUGGLING. Z® Backscatter image revealed both explosives and weapons in this cargo container. The bright white substance alerted the

operator that organic material was present. The organic material was ammonium nitrate, a substance that can be used to create a bomb. The X-ray image also revealed

a tank of highly explosive gas and several rifles. Worldwide, the value of small arms and weapons smuggling is estimated to be $1 billion.



duties to countries aggregate an estimated $160 to
$180 billion. In Europe,one in every ten cross-border
transactions is believed to be fraudulent. In many devel-
oping countries, local officials estimate that 80% of all
incoming cargo is misrepresented to evade duties.
Because many developing countries rely heavily on
import duties to fund federal budgets, trade fraud losses
must be covered by other taxes on citizens and busi-
nesses.Trade fraud repre-
sents another way of
laundering funds for drug
cartels,which use cash to
buy consumer goods that
are smuggled into coun-
tr ies and sold on the
black market. Again, the
opportunity for bribery at ports to avoid duties estab-
lishes avenues of corruption for other illegal activities
transiting ports.

Cargo theft is a common form of illicit revenue for
criminal elements in ports. Worldwide cargo theft
accounts for estimated direct-merchandise losses of as
much as $50 billion per year.When cargo is stolen,man-
ufacturers lose market share and reputation,products are
devalued by being sold on the black market,retailers lose

sales to competitors, and organized crime benefits
directly.The vibrancy of criminal theft in ports and lax
security that permits theft enhance the access for smug-
gling and contraband in ports.

The global market for cigarette smuggling is estimated
to total $16 billion a year in lost tax revenues.Cigarette
smuggling has recently been associated as a revenue
source for funding extremist Islamic elements with the

conviction of smugglers in
North Carolina.
Furthermore, separate
reports by the European
Union have linked ciga-
rette smuggling with the
PKK in Turkey and ETA

in Spain.Tobacco smuggling is lucrative, and the penal-
ties are much lower than for illegal drugs.

Illegal immigration has been estimated as a $10 billion
annual revenue source for the “snakeheads” that bring
four million people across national borders. Once in
countries, illegal aliens without documentation are
forced to survive in the gray economy of street crime,
sweatshops, and prostitution. Critical to the operation
of terrorist cells is the ability to smuggle illegal opera-
tives into targeted countries.

Cargo crime encompasses a wide range of

illegal activities, including the smuggling

of weapons, explosives, drugs, and people,

as well as duty evasion and theft.

TOBACCO SEIZURE AT THE PORT OF KWAI CHUNG IN HONG KONG. This tobacco seizure, valued at HK $5.7 million, took place only six days after

commissioning. One million cigarettes are smuggled into China each year. The annual loss in state revenue is estimated at about US $1.2 billion.

CRIMINAL COLLABORATION IN CARGO STATISTICS 11



Terrorists rely on smuggled weapons and explosives to
spread fear and destruction.These items create focal
points for collaboration as they are obtained from the
crime syndicates and drug cartels that steal, smuggle,and
distribute them.Both local criminals and transnational
criminal organizations are involved in the theft of explo-
sives from construction,military,and mining sites.While
the smuggling of small arms weapons is not large—a $1
billion activity—the
crimes committed with
weapons and explosives
have a far greater conse-
quence.

The combination of all
these activities defines a
criminal network readily
available to help terrorists
as they stage and execute their attacks.While halting a
single terrorist activity in cargo may seem like a daunt-
ing challenge,the consequences of failure are potentially
catastrophic, as demonstrated by loss of life and eco-
nomic damage incurred in the 9/11 attacks.This cre-
ates an impetus to address the broader problem of
cargo crime.

With 67 security systems currently operating at ports
and borders in 10 countries,AS&E offers a wealth of

experience in combating the growth of criminal col-
laborations that are helping global terrorism expand.
Specifically,AS&E’s technology can help governments:

1) Cast a broader inspection net against all types of cargo
crime and help security officials strengthen their abil-
ities to detect terrorist concealments in cargo.

2) Eliminate the criminal conduits for smuggling avail-
able to ter ror ists via
aggressive enforcement
against crime at ports and
borders.

3) Recoup major divi-
dends by addressing cargo
crime and its pernicious
effects on commerce,
economies, and corrup-

tion of port and government operations.

The erroneous assumption that cargo transportation
could not support adequate security has created an
unchecked viability to terrorism at gateways to coun-
tries.Reinvigoration of transportation security – with
the assistance of inspection technology tools – can re-
establish control of borders against both crime and
terrorism.

AS&E’s technology can help governments

cast a broader net against all types of

cargo crime and help security officials

s t r eng then  the i r  ab i l i t i e s  t o  de tec t

terrorist concealments in cargo.

CARGOSEARCH™ X-RAY INSPECTION SYSTEM AT THE PORT OF AL DEKALA, EGYPT. Governments around the world are utilizing AS&E technology

to combat terrorism, drugs, weapons smuggling, and trade fraud.

12  CRIMINAL COLLABORATION IN CARGO STATISTICS
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ILLEGAL IMMIGRATION IN THE U.K. Z® Backscatter image reveals illegal immigrants hiding in a truckload of household goods at Purfleet in the UK. Trafficking in per-

sons is the third most profitable business for organized crime syndicates, and is the fastest-growing form of international crime.

DRUG SMUGGLING IN EGYPT. Viagra, an illegal drug in Egypt, was confiscated after the manifest – stating that the truck was empty – was compared to the X-ray image.

Z® BACKSCATTER IMAGE OF SMUGGLED DRUGS, MEXICO. With its unique functionality, Z® Backscatter technology detects organic materials such as drugs. The

drugs were hidden behind a false wall and would not be visible in a manual inspection. The global illicit drug trade is worth $400 billion and supplies approximately

200 million customers.



CONTAINERS UNLOADED FOR MOBILESEARCH™ INSPECTION. This photograph at the Port of Boston shows the unloading of containers for immediate inspection by

a MobileSearch system. With the combination of Z® Backscatter and Transmission X-ray technologies, MobileSearch™ can detect smuggled goods, concealed threats,

and even the presence of radioactive materials.





MANUAL INSPECTION BY CUSTOMS OFFICIALS. Customs officials inspect the contents of a truck container by hand. Manual inspection, a time-consuming and costly

method of screening cargo, can require five officials and last up to eight hours, depending on the nature of the cargo. AS&E’s X-ray systems can scan a cargo container

in as little as three minutes and require just three highly-trained operators.



The new emphasis on counter-terrorism requires a
rethinking of how inspection objectives are established
and executed at ports and borders.With the exception
of some pioneering countries in the Middle East that
have embraced vigilance in their effort to deter ter-
rorism from extremist groups, most port and border
inspection missions have focused on smuggling or
trade fraud.The typical approach to cargo screening is
an exercise in risk management,where the percentage
of cargo scanned is based on the tolerance for the
consequences of missed concealments. The factors
influencing these decisions include the effectiveness of
technology, the availability of funding for equipment,
staffing budgets, and tolerance for disruption to cargo
handling. The calculus of terrorism places a higher
societal,economic,and political premium on the prob-
ability of terrorist interdiction.

The terrorism problem in cargo presents four inspec-
tion challenges:1) Weapons of mass destruction (WMD)
2) Small arms and explosives smuggling 3) Stowaways
4) Smuggling activities to fund operations.

The concealment of WMD threats is the most troubling
and hence the immediate focus of authorities.
Radiological devices in sea containers become a poor
man’s missile that takes advantage of the security gaps in

the maritime transportation system to evade detection.

Radiological devices are of two types:dirty bombs and
nuclear devices. Dirty bombs are radioactive isotopes,
such as Cesium 137 or Cobalt 60, that are dispersed by
an explosion.The explosive material can be sourced
from a range of alternatives, including industrial (TNT),
military (RDX),or improvised (ammonium nitrate-fuel
oil).The inspection challenge is to identify either the
explosive material through Z® Backscatter detection or
through anomaly detection with transmission. The
second opportunity is through detection of the gamma
or neutron radiation emitted by the isotopes.

Nuclear devices in cargo represent a potentially larger
physical target.Devices could range in weight from 80
to 400 pounds and would be detected by the high
absorption of the fissile material and its packaging or
by the emission of gamma rays and neutrons. The
inspection challenge is to alert operators looking for
anomalies in cargo.

Chemical weapons represent a difficult problem because
many of the hazardous chemicals routinely shipped to
industry can potentially be used as terrorist weapons in
crowded urban environments.These toxic materials can
be especially lethal when cleverly deployed.The chem-
ical inspection problem is familiar to security profes-
sionals. It is similar to the challenge of detecting
chemical precursors used in the production of illegal
drugs such as methamphetamines.The process is cum-
bersome; it requires awareness of chemicals in the
cargo via the manifest or inspection,and confirmation
of the legitimacy of the source and the destination.

M A N U A L
INSPECTION WASTES TIME AND MONEY. IT CAN TAKE

FIVE OFFICIALS UP TO EIGHT HOURS TO THOROUGHLY

SEARCH ONE 40-FOOT CARGO CONTAINER.
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AN AS&E INSPECTION SYSTEM CAN INSPECT A

40-FOOT CONTAINER FOR WEAPONS, EXPLOSIVES,

AND CONTRABAND IN JUST THREE MINUTES.



Together, transmission and Z® Backscatter imaging aid
the operator in detecting the presence of bulk chem-
icals that are later confirmed by operators for legitimacy.

Biological weapons are the most difficult WMD to
detect because of the microscopic size of deadly bac-
teria and viruses.The relatively small amounts of con-
taminating microbes necessary for an attack make mail,
express services, and individual couriers more likely
conveyances than cargo.A
troubling exception is the
contamination of produce,
meats, and processed
foods. This requires the
diligence of agricultural
and food inspection authorities.The threat of terror-
ism is not only the risk of sickness from a contamina-
tion such as salmonella in fruit, but also the disruption
to the exports from a country and the resulting eco-
nomic loss. Z® Backscatter imaging is a tool for the
detection of unauthorized shipments of agricultural
products. Diligence is now more important on food
shipments outside regulated channels.

The other threats of terrorists, like weapons and stow-
aways, require greater focus than historically man-
dated.Weapons smuggling is a well-understood problem
and requires more intensive screening procedures for
suspect cargoes. Likewise, the smuggling of stowaways
is rampant in sea containers and trucks crossing borders
around the world. The challenge is to step up the
inspection effort. Not only do AS&E’s inspection sys-
tems routinely detect stowaways, but MobileSearch™

systems can be deployed to scan multiple containers,up
to three high, for stowaway detection at ports.

Finally, the problem of smuggling that funds terrorist
activities places an emphasis on addressing the broad
spectrum of cargo crimes.There is a premium on the
inspection technologies that will provide the most
information to operators for faster processing and
analysis. Hence, there is a high value on the supple-

mental information provided by Z® Backscatter inspec-
tion.The photo-like image is very important to oper-
ators for quick identification of cargoes against the
manifest.The prior inspection strategies that focused on
finding only large seizures are now obsolete. Even
detection of small concealments can be significant in
disrupting terrorist activities.

Given the high traffic of sea containers – 72 million
movements per year –
100% inspection is not
practical for high-volume
ports. For cargo from
secure sources, there will
be a protocol of cargo

security procedures that will create a trusted-shipper
program.This methodology will require diligence in
cargo loading, including security background checks on
staffing and visual monitoring. In addition, full docu-
mentation will be required on cargo contents, freight
forwarders, shippers, and the end recipients of the
cargo.Cargo without this information will be inspected.
All cargo would be sealed with smart electronic seals
that will indicate if tampering occurred during ship-
ment.Cargo manifests,origins, and destinations infor-
mation will be processed using computer-based
informatics screening models. Finally, the electronic
images of X-ray inspections will be attached to the elec-
tronic manifest file and forwarded to authorities at the
country of destination.The implementation requires the
cooperation of shipping companies, port operations,
various government agencies, and both the exporter
and the importer.

For an increasing number of foreign ports,however,gov-
ernments will mandate 100% inspection for detection
of trade fraud on inbound cargoes or require inspection
of outbound cargo to ensure fast-lane processing at
destination ports.For countries where terrorist activity
is suspected, 100% inspection will be a necessity.

18  THE INSPECTION PROBLEM

Z® BACKSCATTER IMAGE OF MIXED CARGO. Z® Backscatter displays organic materials with photo-like clarity. It can uniquely detect low-density, organic

materials in complex cargo.

MobileSearch™ can be deployed to scan

multiple containers up to three high, for

detection of stowaways and contraband.



Z® BACKSCATTER IMAGE OF HEROIN SEIZURE AT THE KWAI CHUNG CONTAINER PORT CUSTOMS FACILITY IN HONG KONG. A trained operator spotted an anomaly

in the lower left section of this container of durians. The anomalies appeared as rectangular shapes under the fruit.

HEROIN HIDDEN IN A CONTAINER OF DURIANS. This heroin, which was detected in the Z® Backscatter image above, was hidden in crates of durians, a fruit native to Malaysia.

Smugglers use durians, a foul-smelling fruit, to deter trained dogs from discovering the drugs.
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FIXED-SITE CARGO INSPECTION SYSTEM ON A BORDER CROSSING IN THE MIDDLE EAST. AS&E currently has 17 cargo inspection systems installed in the Middle

East, for port and border security. These systems are operated by Customs officials for the interdiction of counterfeit goods, drugs, and weapons, and to counter the

economic problem of trade fraud. 



What is Z® Backscatter Technology? Z® Backscatter
X-ray imaging captures reflected X-rays to provide a
photo-like image of the contents of a package, con-
tainer,or vehicle, including concealed organic material.
X-rays directed toward an object are either transmit-
ted, scattered,or absorbed.Z® Backscatter refers to the
portion of the X-ray beam that is scattered by an
object in a backward direction. In order to create an
image from scattered X-rays, it is necessary to link the

reflected X-rays with as small a point in the cargo as
possible.This point becomes a pixel on the video mon-
itor.The different shades of grey or color that describe
the pixel are achieved by using wide-area detectors to
obtain the high contrast necessary for a quality image.
The computer tracks the position of the pencil beam
coincident with the detected scatter as it scans.
Simultaneously, the object under inspection is moved
past the beam.The pixels appear in real time and the
lines of pixels collectively paint the image.The net result
is a striking,photo-like, two-dimensional image of the
object. Z® Backscatter acts like a reflected image, giv-
ing the appearance of peeling off the surface of the
cargo container and highlighting shape and form, and
displaying a contextual visualization of its contents.

THE COMBINATION OF Z® BACKSCATTER WITH

TRANSMISSION X-RAY TECHNOLOGY IS THE MOST

EFFECTIVE DETECTION TOOL AVAILABLE TO

SECURITY OFFICIALS.
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T E R R O R I S T S
A R E  U T I L I Z I N G  C A R G O  C O N T A I N E R S  A S  A

CONVEYANCE FOR SOPHISTICATED THREATS.

X-RAY IMAGES OF SUITCASE CONTAINING TERRORIST THREATS. The combination of traditional transmission X-ray (left) and Z® Backscatter (right) is the

most effective tool available to security officials for the identification of terrorist threats. The transmission image revealed the outline of an umbrella and com-

puter disc drives. Z® Backscatter revealed DET cord, four ounces of Semtex plastic explosive, and four ounces of C4 plastic explosive. 



FINDING TERRORIST STOWAWAYS IN PORTS REQUIRES A QUICK, EFFECTIVE SCREENING TOOL. This Z® Backscatter-Only Image of stacked sea containers reveals people

hidden in the container. MobileSearch™ inspection system drove by from 11 feet away at 5 MPH – a speed at which more than 300 containers could be inspected in one hour.

MOBILESEARCH™ SYSTEM INSPECTING STACKED SEA CONTAINERS FOR TERRORIST THREATS. In this photograph, stacked containers were screened in “Backscatter-

Only” Mode, producing the X-ray image above. The containers were effectively scanned in less than 80 seconds.



Z® Backscatter in Combination with Transmission The
transmission image creates a shadowgram of a parcel,
container, or vehicle, which is similar to a medical X-
ray.The shadowgram is a result of the combination of
the density of every object in the path of the X-ray
beam.The detection capability is based on highlight-
ing an object or an anomaly.The more objects or clut-
ter in the path of the beam, the less differentiation will
be achieved. The Z ®

Backscatter image adds sig-
nificant interpretability to a
transmission image by pro-
viding resolution of the
shape and geometry of the
contents. In addition, Z®

Backscatter supplies valu-
able material discrimination
by highlighting low atomic
number elements. These
elements are the dominant components of drugs, agri-
cultural products, explosives, and people, all of which
appear exceptionally bright and easy to identify in a Z®

Backscatter image. Conversely, these same materials
are often very difficult to observe in a transmission
image, due to their low absorption.

Z® Backscatter,AS&E’s patented technology, is a pow-
erful complement to transmission X-ray imagery.
Without Z® Backscatter, an X-ray transmission image
of a complex loaded cargo container can appear as a
jumble of superimposed shadows.Z® Backscatter helps
to deconvolve the image for fast and clear image inter-
pretation of the contents of cargo.

Z® Backscatter-Only Z® Backscatter also has the unique
ability to provide valuable imagery when only one side
of an object is exposed. In the Z® Backscatter–Only
mode a vertical,wide one-angle image can be obtained
quickly and, if required, surreptitiously. For example,
MobileSearch in a Z® Backscatter-only mode gives port
officials the ability to scan sea containers stacked three
high (over 25 feet in total) for stowaways.This appli-
cation can also be used as a pre-screen of stacked con-
tainers or a line of trucks awaiting clearance at a
checkpoint. Furthermore, the Z® Backscatter-only
mode is ideal for security officials who need to scan

unattended vehicles parked in areas where they may
constitute a threat if filled with explosives.

“X-Ray Vision” to Examine Suspicious or Unattended
Vehicles thePicture the following scenario:A truck is
parked on the street in front of a strategic federal build-
ing,a corporate headquarters,or a major pedestrian traf-
fic area, and the driver is not present. Could there be
a bomb inside? What can be done to determine quickly

whether or not there is
a real threat present?

AS&E scientists have
developed the Z ®

Backscatter Van™ to
assist author ities in
determining whether
explosives might be
contained either in the
trunk of a car or within

the body of a truck while driving past the vehicle.
Because this is a Z® Backscatter-only system, access to
the curbside of the threat vehicle is not required. No
other technology, whether based on X-rays or other
modalities, is able to accomplish this.Typical of AS&E
inspection systems, the dose to a stowaway hidden in
a truck is extremely low—a tiny fraction of the dose
from a chest X-ray. Applications for this technology
include a wide variety of U.S. government facilities
overseas,as well as domestic facilities such as federal and
state government buildings, corporate headquarters,
monuments of national importance, and universities.

The value of Z® Backscatter technology lies first in its
the photo-like images,which aid operator detection of
the contents of cargo—so critical in trade fraud and
contraband detection.The second unique benefit is Z®
Backscatter’s identification of organic materials that
could represent drugs, explosives, or stowaways.While
Z® Backscatter has unusual standalone capabilities, its
greatest value is achieved in combination with trans-
mission technology—providing the most information
possible to inspectors.These two technologies combine
as a gauntlet of technologies to achieve the highest level
of effectiveness for security professionals.
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Without Z® Backscatter, an X-ray image of a

complex loaded cargo container can appear

as a jumble of superimposed shadows.

Z® Backscatter produces a photo-like

image for a fast and clear interpretation

of the contents.



CESIUM 137, A LIVE GAMMA SOURCE; AND AMERICIUM-BERYLLIUM (AmBe), A LIVE NEUTRON SOURCE. The live sources (shielded in shipping containers) are dis-

played to an audience of government officials and the press at a technology demonstration in Washington, D.C. The heavily-shielded sources were detected by AS&E’s

Radioactive Threat Detection option during an X-ray scan. The gamma source strength was typical of that used in a dirty bomb; and the AmBe source can produce neu-

trons used in nuclear weapons. 





MOBILESEARCH™ INSPECTION SYSTEM SCREENING CONTAINERS AT THE PORT OF BOSTON. Every day, over 15 million containers are in transit or waiting to be

delivered worldwide. Of these, only 2% are inspected. The sheer volume of cargo traffic gives terrorists the chance to smuggle themselves or their weapons, with little

risk of detection. Technology must be utilized to increase the inspection rate and guarantee interdiction of terrorist threats.



Shaped Energy™ – Imaging of dense cargoes with low
radiation dose. A few years ago,AS&E scientists were
tasked with finding a solution to the imaging prob-
lem posed by dense cargoes.For port scenarios in par-
ticular, sea containers often arrive, heavily laden with
merchandise, foodstuffs, and other materials. In the
U.S. alone, more than 300 seaports handle approxi-
mately 16,000 incoming containers daily.The con-
tainer ships must be unloaded quickly in order to
maintain the flow of commerce.The ports handling

the containers are generally cramped, with little area
available for inspection systems.

The containers could be filled with homogeneous or
mixed cargo,with considerable clutter from the mer-
chandise within. Effective X-ray inspection requires
crisp,high-resolution images that can be taken quickly
and interpreted easily,with sufficient X-ray energy to
penetrate almost any reasonable cargo. Moreover, the
images must be formed by a system that requires a min-
imum footprint, so as not to add to the congestion typ-
ical at ports around the world.The space requirement
includes not only the physical footprint of the system
itself,but also the “exclusion zone”that may be required
to provide radiation safety for seaport officials.

As a result, the criteria that determine value for a sea-
port X-ray inspection system include: penetration of

ONE OF  THESE
C O N T A I N E R S  C O U L D  B E  H O L D I N G  E N O U G H

RADIOACTIVE MATERIAL TO CONTAMINATE A CITY.

AS&E ADVANCED X-RAY SYSTEMS CAN DETECT

RADIOACTIVE MATERIALS – THE COMPONENTS OF

DIRTY BOMBS AND NUCLEAR WEAPONS – EVEN

WHEN HEAVILY SHIELDED.
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COLORIZED X-RAY OF A MIXED CARGO CONTAINER This Z ® Backscatter image reveals shape and form of the contents of the cargo,

including the race car  on the top right. 



dense cargoes; material discrimination; high image
resolution for easy analysis; small footprint; high
yhroughput; and safety for both operators and nearby
port personnel.

The port inspection problem demands a creative solu-
tion,and AS&E scientists found this solution in Shaped
Energy.Protected already by two issued patents and two
additional patents pending, Shaped Energy addresses
each of the criteria listed
above, and does so in a
manner that enhances
the benefits of  AS&E’s
signature Z® Backscatter
technology.

How does Shaped Energy
work? Shaped Energy
exploits the fact that
when X-rays are gener-
ated from a source, only the highest energy X-rays in
the emitted spectrum determine the cargo penetration.
However, the radiation levels of cargo inspection sys-
tems are largely a result of the much more intense low
energy components of the spectrum. Moreover, these
low-energy components contribute significantly to
image quality for lightly loaded containers, since they
are more sensitive to slight changes in cargo composi-
tion.Simply removing these components would reduce

image quality for light cargo.

Shaped Energy can be incorporated into several dif-
ferent designs to meet the operational requirements of
any port or border crossing.The important features of
the system design include:

Safety. By shaping the energy spectrum, the shielding
requirements for safe operation are substantially

reduced.Therefore,hous-
ing in heavily shielded
buildings is unnecessary.
The cargo is scanned in
an “open tunnel” envi-
ronment, thereby speed-
ing cargo throughput.

Flexibility. Z® Backscatter
images can be constructed
from both sides of the
cargo with either 220

KeV or 450 KeV X-ray sources.Z® Backscatter sub-sys-
tems can also be operated in a Backscatter-only mode.

Versatility.The ability to incorporate a “top-down”
Z® Backscatter view provides an additional perspective
on the cargo contents.

Customization. Multiple transport options are available
for scanning cargo by either moving the cargo through

AS&E’S SHAPED ENERGY SYSTEM OFFERS FLEXIBLE MODULARITY AND CUSTOM CONFIGURATION. The Shaped Energy™ Gantry

System (pictured above) travels on rails past stationary cargo, does not require a cargo transport system, and has a very small footprint.
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AS&E’s Shaped Energy™ system features:

can penetrate dense cargoes with high

throughput; small footprint; easy image

interpretability and material discrimination;

high-resolution images; safety for both oper-

ators and nearby port personnel; reliability.



AS&E’S SHAPED ENERGY™ TECHNOLOGY. This drawing by David Macaulay, author of The Way Things Work, illustrates the mechanics behind Shaped Energy™. Shaped

Energy filters out intense low-energy X-rays that create dangerous radiation, as illustrated above. Traditional high-energy systems require heavy shielding for operators and cargo.

SHAPED ENERGY™ X-RAY SCAN OF A CAR. Shaped Energy is a 3.5 MeV high-energy, patented X-ray inspection technology that provides high-penetration for dense

cargo with minimal external radiation. This scan clearly displays the details of the contents of the car. Inside this vehicle are rifles, a handgun, and hand grenades. 
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TRANSMISSION AND Z® BACKSCATTER X-RAY IMAGE DISPLAY THE PRESENCE OF RADIOACTIVE MATERIALS IN CARGO. In Z® Backscatter image, a text box alerts

the operator and an audible alarm sounds when radiation is detected. The colored bars under the transmission image (top) give the operator information about the loca-

tion of the radiation source in the cargo. 
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the system or moving the system on rails or wheels over
the stationary cargo.

Shaped Energy combines high-energy transmission
with Z® Backscatter dual-sided imaging to provide
penetration and material discrimination without any
radiation risk to operators and cargo – even without
heavy shielding or large exclusion zones.

Detection of radioactive materials – X-ray imaging with
simultaneous Radiation
Threat Detection. Since
September 11, there has
been increased awareness
of a new terrorist threat,
based on the use of
radioactive, or “dirty”
bombs. These devices
contain enough radioac-
tive material to contami-
nate a wide area within a city,and potentially render that
area uninhabitable until a cleanup can be completed –
a process that could take months, or even years.There
are a variety of potentially dangerous radioactive mate-
rials available for this purpose, and it has become
increasingly important to detect such materials as they
are transported across key checkpoints.These check-
points include ports, land borders, and tollbooths on

roads leading to cities.

AS&E scientists have discovered a way to detect, with
high sensitivity, either neutrons or gamma rays ema-
nating from cargo containers, vehicles or pallets while
they are being inspected using both Z® Backscatter and
transmission X-rays.The ability to do this simultane-
ously while imaging is unique, and is possible only
because of the manner in which AS&E generates its

scanning X-ray beam.As
a result,additional inspec-
tion time is not required
to detect radioactive
threats if AS&E equip-
ment is used, thus mini-
mizing any effect of this
new detection modality
on the stream of com-
merce. X-ray or gamma
ray imaging systems from

other vendors must have their sources turned off in
order to detect gamma radiation from radioactive
materials, and are generally incapable of detecting neu-
trons.Neutron detection is particularly important if the
goal is to detect certain fissionable materials that could
indicate the presence of a nuclear device – a threat that
could have catastrophic consequences if smuggled into

AS&E scientists have discovered a way

to detect both neutrons and gamma rays

emanating from cargo containers, vehicles,

or pallets – while they are being inspected

– using both Z® Backscatter and trans-

mission X-rays.

THE CESIUM 137 RADIOACTIVE GAMMA SOURCE INSIDE THIS SHIELDED CONTAINER IS THE SIZE OF AN ASPIRIN TABLET. The heavily-shielded

source was detected by AS&E’s Radioactive Threat Detection option during an X-ray scan of this densely-packed container. Radiation threat detection

is particularly important in light of the potential terrorist threat of “dirty bombs.”



an urban area.

On July 23, 2002,AS&E scientists and engineers per-
formed successful demonstrations of this capability for
the press, and for a variety of U.S. government per-
sonnel.Two heavily shielded sources were used; first, a
gamma ray source and second, a neutron source were
placed in a cargo-filled sea container.The sources were
alternately scanned with an AS&E MobileSearch™ sys-
tem that had been retro-
fitted with the Radiation
Threat Detection capabil-
ity. In every case, the scans
were able to clearly iden-
tify the threat, providing
both an audio and visual
alarm to the operator,and even highlighted the region
of the container where the threat was hidden.
Radioactive sources chosen for the demonstration
were similar to an aspirin in size and were scanned in
their shielded containers.The unshielded sources,with
smaller X-ray image profiles, would also be detected
with Radiation Threat Detection, as their radiation
emissions would be higher.

The ability to perform Radiation Threat Detection
while simultaneously providing X-ray imagery is a
powerful tool in the counter-terrorism battle and can
be retrofitted to all AS&E cargo systems.

Conclusions Shaped Energy and Radiation Threat
Detection strengthen the effectiveness of security pro-
fessionals in identifying terrorist threats and reducing
cargo crime.These technologies work synergistically,

to inspect cargo in one
pass to ascertain the pres-
ence of a threat. A radi-
ological WMD threat
will be highlighted visu-
ally and audibly by
AS&E’s new RTD capa-

bility.The transmission image will simultaneously indi-
cate the presence of its shielded container, and the Z®

Backscatter image will highlight the explosive charge,
necessary to disperse its dangerous cargo.

Our value commitment to our clients is to provide a
continued stream of detection and operational improve-
ments —so that their investment in AS&E technology
never becomes obsolete.
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The ability to perform radioactive threat

detection while simultaneously providing

X-ray imagery is a powerful tool in the

counter-terrorism battle.

SHAPED ENERGY™ X-RAY OF OBJECTS IN AN ISO CONTAINER. Shaped Energy combines high-energy transmission with Z ® Backscatter

imaging capability to provide penetration, while maintaining material discrimination. The lead brick behind ten inches of steel is visible in

this high-energy transmission X-ray and even the 0.08" diameter bicycle spokes are discernible.
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