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ABSTRACT

Security is one of the key aspects for public safety. Packages and luggage should be examined for weapons, narcotics and explosive devices by security system to ensure safety at places like airports, parliament house, banks, etc. One such system is X-ray Baggage Inspection System (XBIS). 

Main control PCB in XBIS system controls infra-red signals, motor and power distribution circuitry. It also acts as a connector for the various interlocks in entire machine, lamps and outputs to the keyboard and computer.

This project deals with Design of Infra-red sensor PCB which contains a row of three infra-red transmitters, and the other  row of receivers with associated circuitry which senses the presence of bag on the conveyor belt and these signals are routed to computer to act according  .

1. INTRODUCTION
In olden days, the security system in the country was very liberal. There was least threat to the security of defense installation and some important places like VVIP residences. Only authorized persons had access to these places. At airports the luggage of passengers were opened and checked manually. The numbers of travelers then were less and this process of checking the luggage was easy. But with the increase of travelers, increase in smuggling of arms and narcotic products, there arose a need to modernize the security system. Thus luggage - scanning system was developed. The manual checking process is time consuming, tedious and fatigue to security personnel. In order to ease this process the X-ray Baggage Inspection System (XBIS) was introduced.

XBIS is used to screen the luggage or cargo for security defense installation. The XBIS system is compact system using X-rays for the quick and efficient examination of handbags, parcels, suitcases etc. The unit is equipped with a conveyor belt, which acts as a transport tunnel. The screening elements can be differentiated based on density and colour. If any suspicious things are detected in the luggage, then it will be manually checked. This system maintains privacy of person’s luggage. 

XBIS is optimal for the usage in a public place. Packages and luggage can be examined for weapons, narcotics, explosive devices or other illegal contents without precautionary measures. For repeated exposures, it does not 

face any radiation dosage threat to the operation personnel or the general public, which conventional system would need to ensure public safety. A simplified, yet, safe operation has been successfully mated with a highly sophisticated screening technology, which provides extremely high image quality.

PRODUCT DESCRIPTION:
XBIS is recognized as advanced security system representing the very latest concept in forming X-Ray images as the resulting television picture has more contrast and much better resolution than any other screening systems. The unit combines the considerable advantages of line scanning method with modern memory and display technology to offer the user a highly effective and reliable security tool. It has been designed to provide both high throughput and detailed examination of carry on baggage and other articles by non-technical operating personal. It is optimum for use in a public place and repeated exposures since it does not pose any radiation dosage threat to operating personal and general public. 

As a consequence of highly efficient utilization of line scanning method, the dose to the object under inspection is greatly reduced. Images generated this particular way are obtained with nearly the minimum dose needed for X-Ray exposures, which makes the system film safe. Packages and luggage are examined for narcotics, explosive devices and other illegal contents without the precautionary measures, which security systems would need to ensure public safety. XBIS provides simplified yet safe operation mated with highly sophisticated screening technology provides an extremely high image quality.

2. X-RAY BAGGAGE INSPECTION SYSTEM (XBIS)

X-ray scanning procedure works on principle of penetrating X-rays on bag or luggage to be detected. X-ray scan distinguishes objects by their atomic number and classifies by colour.   
                  Fig.1. X-ray Baggage Inspection System
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  Fig. 2(a) Baggage seen on screen                      Fig. 2(b) Baggage seen on screen

XBIS contains following major sub assemblies:

· X-ray generator

· X-ray sensor amplifier PCB

· Computer with a software

· Tunnel with a conveyor mechanism through which the baggage passes through

· Image processing software with display and keyboard.

X-Ray Generator

                    X-ray generator consists of X-ray tube, filament transformer, and high voltage multiplier stack on PCB with transformers giving +70kV and –70kV. Generator internal components are immersed in mineral transformer oil. There are bellows at one end of generator to allow for expansion of oil. A 

primary collimator is adjusted to provide a thin fan beam of X-rays. A second collimator is fitted to underside of X-ray machine conveyor belt on smaller machines. The function of this collimator is to reduce the scattering of X-rays inside the tunnel.

Conveyor belt

                    X-ray machines have flexible conveyor belt driven by drive roller at exit end of conveyor belt. The drive roller consists of a motor that rotates a drum at output end of the belt. Motor is driven by main ac supply and has two windings namely, auxiliary winding and main winding. Auxiliary winding keeps motor rotating in correct direction. Main winding supplies power. Drive roller must be in correct position because it may have no torque, run in wrong direction, blow its fuse, overheat, or simply not run if wiring is incorrect. Motor start capacitors are used to operate drive roller.

Motor

                    X-ray machine has chain driven rollers powered by three phase motors. The three phase motor is powered by three phase supply or single phase converted to three phase by inverter. Inverter has 230V ac input, so step up transformer is required if line voltage is 115V. Rollers run at 0.1m/sec or 0.2m/sec.

Power supplies

         Two types of power supplies are used in the scan system. It contains two switched mode power supplies and the X-ray head power supply, which is custom-wired. One switched mode power supply is used for X-ray Sensor Amplifier PCBs to avoid any glitches caused by motors, as boards are sensitive. Other switched mode power supply is used for motor drive circuitry on main control PCB and illuminate lights at the end of the tunnel.

Main power supply


220V a.c. input, +12V and +5V DC output

X-ray sensor amplifier power supply
: 220V a.c. input, +15V / +5V DC output

X-ray head power supply generates 65V DC unregulated, 12V DC regulated and are fed to X-ray control PCB.

Infrared sensors

          Its function is to detect presence of object at known points within the tunnel. There are three types of sensors in use.

Through beam sensors: It consists of PCB assemblies, which contains a row of three IR transmitters and other a row of receivers and associated circuitry. These are mounted one each side of tunnel. Transmitter unit has a red LED next to the cable entry, when it is illuminated it indicates that supply is present. Receiver unit also has a red LED next to the cable entry, when it is 

illuminated this indicates that supply is present and that beam is made. Breaking the beam will cause LED to extinguish.

Reflective sensors: They consist of transmitter/receiver unit and a reflector. Reflector is mounted opposite side of tunnel to transmitter/receiver unit. Device has a bi-colour LED that shows green when the beam is made and red when broken. If it is unlit, then supply is not connected.

UDT3 Through beam sensors: Units are mounted one each side of the tunnel. Transmitter unit has three clear LEDs next to cable entry. Receiver unit has three green LEDs next to cable entry; each of them, when illuminated indicates that supply is present and that beam is made.

Control panel

        The control panel consists of rectangular box containing membrane panel or push button switches and LEDs mounted on a PCB, and a cable. Its purpose is to encode key presses and transmit codes to the computer. The computer interprets the codes and acts accordingly. The control panel also receives codes from the computer to establish that the communication link is functioning correctly and to instruct the PCB to illuminate the various LED indicators.

Video Monitors

          Two video monitors are supplied with the system. One is monochrome and other is a Super Video Graphic Adapter (SVGA) monitor. Monochrome monitor is operated at 50Hz and SVGA monitor can be operated at 640*480, 800*600, 1024*786 or 1152*864 non-interlaced mode. There are controls for colour, contrast, brightness, height, vertical shift, width, horizontal shift, tilt etc.

Front Panel Controls

          There are three lamps and an emergency stop button. Lamps may be filament bulb or LED cluster type. The three lamps are:

System energized lamps: These lamps light when the system is switched on.

Search lamp: This lamp will light shortly after the operator presses search key on the console, during scanning. The function of this lamp is to alert the person performing the search of luggage that the operator of X-ray system has located. A buzzer is also connected to lamp circuit to provide audible warning.

X-rays On lamp: These lamps light when the computer has requested that X-rays to be switched on.

Emergency stop button: It is used by the external system to shut down X-ray machine.

Computer rack

          It contains a complete PC ATX computer, which runs the X-ray machine software package.
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2.1 WORKING PRINCIPLE

XBIS is a compact system utilizing X-rays for the quick and efficient examination of handbags, parcels, suitcases, letters, books, etc. The unit is equipped with conveyor belt, which transports the luggage through the inspection tunnel. An X-ray generator supplies required radiation during screening. The emitted X-rays penetrate through the object under examination, which, while passing through the unit, screen luggage piece slice by slice. The obtained picture information is then stored electronically and is processed to get a clear, informative image, which is finally reproduced on monitor screen.

Theory of operation:

All items to be inspected must be placed on the conveyor belt and the power is switched ON, then the items are transported to the inspection chamber. The items are placed flat in the center of the belt. They are so placed that even the smallest items can be inspected side by side if it is necessary. It is recommended that the leading edge of the conveyor break the sensor beam clearly. As the items reach the inspection chamber X-rays are automatically switched ON and image forming process begins and the inner objects of the luggage are displayed on the monitor.

                   In image forming process, the object is screened line by line as it moves on the conveyor belt. After the X-rays pass through the item to be inspected they strike a detector, which splits each line into more than 500 picture elements (pixels). This picture information is electronically processed, stored and finally reproduced on the monitor screen. The picture scrolls across the monitor as the item is being scanned. Image examination may be facilitated in any of 9 freely selectable image sections on the entire picture.

Imaging sequence

           While system is idle, the scan engine is always running and collecting detector signals without X-rays. This signal is called dark current. Conveyor moves and brings baggage into the tunnel. Baggage blocks LS1 and software turn on X-rays. After a delay to ensure X-ray generator is fully up, software begins to collect data for full signal. This is called light current. After light current is collected software will calculate correcting factor for each channel. This whole process of dark current, light current and correcting factor is called calibration. When baggage reaches LS2, system begins to make an image. If calibration is incomplete, system will use previous calibration. At next time, system will continue light current collection.
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Fig. 4. Imaging Sequence

After baggage passes LS2 a certain distance, software will stop generating image, but still keeps X-rays ON. If during the time X-rays are still ON, if new baggage reaches LS1, system will continue image processing without recalibration. This is done to prevent turning X-ray generator ON and OFF frequently to prolong its life. After some extra delay, if there is no other baggage-entering tunnel, system turns off X-rays. To ensure X-rays are off, system begins dark current collection.

Collimation 
           X-ray system must be collimated for a good X-ray image to be generated. The components to be adjusted include:

· The position of the generator focal point

· The primary collimator sitting on the generator

· The secondary collimator next to the tunnel on the generator side

· The X-ray Sensor Amplifier PCB carrier rails.

Good collimation is achieved when all four components sit on the same plane

Image Representation

            Automatic exposure allows the operator to totally concentrate on the representation in interpretation of X-ray image. The picture quality and clarity helps the operator in making decision of whether the contents are safe or suspicious. The success of screening operation is dependent upon interpretation of image by the operator.

The multi energy system distinguishes between materials according to their atomic numbers. The colors, which are displayed on monitor based on atomic numbers, are shown below:
	ATOMIC NUMBERS

1-10
	ATOMIC NUMBERS 

11-18
	ATOMIC NUMBERS

 19-100
	ATOMIC NUMBERS ABOVE 100

	Consists of mainly organic materials containing elements of N2, O2  & hydrocarbons.
	Consists of mainly inorganic aluminum, light metals and organic material over atomic number 10+. 
	Consists of steel and materials and any substance over an atomic number of 18+
	Item that cannot be penetrated X-ray (lead)



	Dangerous items Explosives, plastics, guns and narcotics.
	Dangerous items
Homemade bombs (chloride sugar)
	Dangerous items
Guns and knives 
	

	Non-dangerous items: leather cloth paper, food wood, drugs
	Non-dangerous items:
Light metal, combination of organic inorganic materials.
	Non-dangerous items:
Pens, batteries, keys, radio, phone. 
	

	Color: Orange
	Color: Green
	Color: Blue
	Color: Black


   2.2 ADVANTAGES OF THE XBIS SYSTEM
1. Screening the contents of the luggage without opening the bag.

2. Faster way of luggage screening.

3. The screening is done in a much-reduced amount of time as compared to that of manually.

4. The system is designed to provide both high through put and provide and detailed examination of carry on luggage and other articles by non-technical operating personal.

5. It is advantageous because it does not produce any radiation dosage threat to the operating personnel.
2.3 X-RAY PROTECTION

Considerable efforts have been made to ensure operator and equipment safety. XBIS is configured so that it provides reliable protection against hazardous radiation during operational mode.

· System employs extremely low X-ray dose and is designed in such a way that radiation is emitted only when object is transported.

· This equipment contains a set of lead-curtains on both entry and exit sides and an extensive lead shielding guarantees that radiation leakage and scatter practically zero. This way, X-rays will endanger neither passenger nor inspection personal even after numerous inspections.

   Several electronic safety circuits guarantee that radiation is immediately cut off in case inadmissible deviations from preset values are registered.

2.4 APPLICATIONS

       The major applications of this system is that it is used for public safety  

        i.e., it is used in:

All airports both domestic and international.

For checking luggage.

 In high-risk locations such as Post-Offices, Ministerial buildings, Secretariats, VIP Offices, Embassies.

2.5 PRECAUTIONS

1. The XBIS system should not be installed at places where explosive atmosphere is present & should not be operated in the presence of the flammable gases fumes or suspended dust particles. Fire or explosion could result because of ignition from electrical arcing.

2. The system should be grounded before any other connection is made to minimize the shock hazards.

3. Check the main’s voltage before switching on the apparatus.

4. Do not touch the conveyor during the belt operation.

5. Do not insert any part of the body into the inspection tunnel when  operated.

6. If liquids are spilled inside the tunnel, remove the power and call a technician.

2.6 STANDARD FEATURES
1. Crystal Clear

2. Variable Edge Enhancement

3. Variable Gamma

4.  Inverse Video

5. Pseudo Color

6. Variable Density Zoom

7. Organic/Inorganic Stripping

8. Variable Color Stripping

9. 2, 4, 6, and 8 times Zoom

10. Low & High Enhancement

11. View previous bag – two images

2.7 MACHINE SPECIFICATIONS
General:

Resolution: 

38 SWG, 42 SWG for solid copper wire

Penetration: 

27 mm steel guaranteed, 29mm typical 

Material Separation: 
Low Z, Medium Z, High Z to 0.5 Z accuracy 

Monitor: 

17-inch SVGA color, high refresh, non - flicker 

Power: 

230V a.c  10% (50 or 60Hz) 5Amps Max

Sensor: 

Folded array of diodes, 576 single array and 1152 dual array

 X-ray Generator:

Cooling


: 
Sealed Oil Bath with forced air 

Anode Voltage

: 
160kV rated, operating @ 140kV 

Tube Current

: 
0.7 mA typical

Beam Divergence

: 
60 deg

Orientation of X-rays
:        Vertically Upward 

 Dose per inspection
: 
0.15 mR (max)

Dose leakage

: 
0.1 mR per hr (max)

Computer Specifications:

Processor


:          Intel Pentium IV

Memory


: 
 512 MB RAM

Video Memory

: 
64MB  

Hard Disk Drive

: 
80GB 

CD-R/RW Drive

: 
52 X  

Floppy Disk


: 
1.44MB 

Access to keyboard port and parallel port is provided by means of a lockable access panel on the outside of the machine. 

Physical Specifications: 

Dimensions for ECR 520:

Length


: 
2570mm (101.18 in.)

Height


: 
1345mm (52.95 in.)

Width



: 
835mm (32.87 in.) 

Tunnel Size


: 
640mm (W) x 430mm (H). (25.2 x 16.93 in.) 

Approx. Weight

: 
(Net) 560 Kg (1232 lbs)

Gross



: 
760 Kg (1672 lbs) 

Conveyor Speed

: 
0.22 m/sec (44ft/min) 

Conveyor Load

: 
165Kg (365 lbs - evenly distributed) 

Unit is mounted on heavy-duty castors for ease of movement

Environmental Requirements:

Storage Temperature
:  
 -20°C to 50°C 

Operating Temperature
: 
 0°C to 40°C 

Relative Humidity

: 
 5 to 95% non-condensing 

Health and Safety

:   
All XBIS systems are certified for use in public places by AERB (Atomic Energy Regulatory Board). Maximum leakage radiation less than 0.1mR/hr (1µ Sv/hr) in contact with outer panels. Film Safety: For ISO 1600/33 DIN, guaranteed up to 10 times exposure to radiation. 

3. LINE SCANNING PRINCIPLE

There are two methods that XBIS implements in line scanning principle:

1. Conventional method 

2. Total Screening method

3.1 Conventional Method


The X-Ray TV image is generated in accordance with the line scanning principle, that is to say, the items of the luggage are routed past a linear detector line by means of a conveyor belt. The detector line consists of an array of 576 single detector switch are rowed up a 1.5mm distance center to center. The resulting detector line is positioned  transverse to the direction of motion of conveyor belt. 


The detector line is exposed to a fine fan-shaped X-Ray beam. The detector consists of a scintillater, which converts the X-radiation to visible light and a semiconductor photodiode, which converts the light into an electrical signal. The X-radiation is almost completely scintillated, thus provides good protection of a photodiode against the X-radiation. The output voltages of the 576 detector elements are measured in a fast sequence, converted into digital signal and written into a digital video memory in columns. The video memory is read out in an uninterrupted sequence line by line and after digital to analog format in which each of the 576 visible video image lines is generated by one detector element. The image structure produced by the line scanning principle is shown in the figure.
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LINE SCANNING PRINCIPLE (CONVENTIONAL METHOD)
3.2 Total screening method
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By means of new arrangement of X-ray generator and detector lines it is made possible to solve the problem of corner cutting of objects, taking entire space of the inspection chamber. The radiation emitted by X-ray generator does not penetrate the objects centrally, but diagonally, while at the same time the detector line encloses the control chamber from the two sides. The geometric distortion caused by the angular line is electronically corrected.

LINE     
COLLIMATOR
              CONVEYOR BELT

LINE SCANNING PRINCIPLE (TOTAL SCREENING MATHOD)
[image: image13.png][Normal [Color [Full'Som — [s. engineer’ [# 0000000078 [30-10-04 [15:3322





Object alignment for total screening line scanning

3.3 ADVANTAGE OF SCANNING PRINCIPLE

This scanning principle produces a luminous screen with low energy offered by a single detector in conjunction with directly coupled scintillate which results in a extremely low noise image in which gray differences can be detected, thus considerably improving both penetration as well as detection of thin wires. With X-ray generator, which generates a maximum dose of 0.1mR in the test object per sweep at an anode voltage of 140kV and anode current of 0.5mA, steel with a thickness of at least 10mm, is penetrated whereas copper wires with a maximum diameter of 0.16mm are still detected. 

4. TYPES OF XBIS SYSTEM
XBIS system can be classified into two types:

1. Single energy system (black & white system).

      
2. Multi-energy system (RGB system). 
4.1 SINGLE ENERGY SYSTEM
The old version of XBIS was the single energy system. In this, the system differentiates materials based on density. For high-density materials the black colour is displayed on the monitor screen and for low-density materials the grey or white colour is displayed on the monitor.

BLOCK DIAGRAM OF BLACK AND WHITE SYSTEM
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Fig. 5. Single Energy System

After scanning the bag X-rays fall on the cesium iodide, which converts the X - Rays into light. The light is again converted into current by a photo diode. The photo diodes are generally in number. I to V converter convert the output of the photo diode into voltage. As the current, which is fed into the I to V converter, is a fraction of Pico amperes, the amplifier amplifies the voltage by a particular voltage. As the voltage is analog, to feed into memory the analog data is converted into digital data by analog to digital converter. The output obtained is a bit ADC signal. The stored digital data in memory is converted into analog data to display the digital data on the screen with the help of the DAC. The timing circuit as shown in the block diagram consists of a synchronous time and blanking time. The blanking time is the time taken to display of each diode. The synchronous time is the time taken to display output of all diodes. 

4.2 MULTIENERGY SYSTEM

The Multi energy X-ray Baggage Inspection System is recognized as one of the best security system. The advantage of this system is that it can identify the type of material placed inside the bag based on their density and classifies them according to their color.

This system distinguishes between materials according to their atomic numbers. The colors are displayed on monitor based on atomic number.


The Multi energy system combines good penetration and high resolution providing the operator with a high level of visual information to access the content of luggage with greater vigilance. In this system the image may be enhanced by keyboard selection of different keys. 

The thin crystal and thick crystal are separated by copper filter. The copper filter allows only voltages ranging from 70-140kV. The signal low and signal high as shown in figure are fed to dual ADC where digital information obtained is stored in memory. The processor processes the digital signal and converts digital signal into analog and displays on monitor in different colors. The monitor used in Multi energy system is of SVGA (Super Video Graphics Adapter).
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Fig. 6. Multi Energy System

 The different PCB’s present in the multi energy system are as follows: 

1. Main control PCB.

2. Computer (PC).

3. Infrared sensor PCB.

4. X-ray Control PCB.

5. X-ray Sensor Amplifier PCB.
Main Control PCB

The main control PCB has two variants, one for at 230V, and other for 115V. There are a number of differences between the boards, including different voltage settings for the power supplies.

This PCB controls the motor and power distribution circuitry. It also acts as a connector for the various interlocks in entire machine, lamps and outputs to the keyboard and computer.

        The PCB contains a number of useful indicators and test points, and is the first area to observe when checking system malfunctions.

Computer (PC)


The computer rack contains a complete PC ATX computer, which runs the x-ray machine software package.

Motherboard
To have enough power to be EPX type machines this PC must be a Pentium IV with 2.8 GHz with minimum 256KB cache and 256MB DRAM. The following motherboard is tested and found compatible to the software.

· Soya motherboard with two ISA slot is used.

Graphic card

The video card plugs in to a PCI slot (or) AGP card plugs in to the AGP slot on the motherboard. The function of the card is to transfer the contents of its memory to a video display.

In order to display image in true color mode, ATI graphic card Radeon 7000 series, 64MB is used. 

Cable Adapter Board (CAB)

This board splits the signal from SXI board, where detector addresses go up to detector arrays and scan control signals looping back to Analog to Digital Card. Analog signals from detectors also go through this board to get to Analog to Digital Card. An offset current, generated by Analog to Digital Card is also added to the analog signal.

Smart X-ray Interface Card


This card is designed by Rapiscan for the purpose of interfacing to the main control PCB, diode array PCB and A to D card through the Cable Adapter Board. 

NI card


The National Instruments analog to digital card is used to convert the analog signals from the diode array PCBs to digital format, to be processed by the EPX software. This card contains no links. 
  
Infrared Sensor PCB

 
The infrared sensor PCB senses the presence of any luggage on the conveyor belt. This sensor sends signals to the computer. It processes the signals and sends the commands to the X-ray control PCB. 

X-ray Control PCB

X-ray controller is fed from the X-ray head power supply. It is supplied with two voltages of 65V DC unregulated, and 12V DC regulated. X-ray controller runs in two states: Standby and X-rays on.

Stand by mode: Components put fixed power into X-ray filament with high voltage off. This keeps filament warm ready for X-rays on transition.

Output voltage:

140kV +/- 2kV

Output current:

0.7mA +/- 0.05mA

X-ray Sensor Amplifier PCB


A Bank of diode array boards are used to convert the beam of X-rays into an electrical signal which is converted to digital data by the National Instruments A to D converter card and is thus interpreted by X-ray machine software to produce image.  

The X-ray Sensor Amplifier PCB also called as Diode array PCB, consists of photodiodes that converts X-rays into current after X-rays scan through the bag. The obtained output is in analog form. The X-ray Sensor Amplifier PCB gets the supply voltages of +15V, and +5V from linear power supply module. The X-ray Sensor Amplifier PCB also gets activated through the processor PCB by the address signals.

4.2.1 PRINCIPLE OF MULTIENERGY SYSTEM


In this system anode voltage is divided into two layers thin crystal and thick crystal layers. The operating voltage for a thin crystal layer is 0-70kV and for a thick crystal layer is 70-140kV. The copper is placed between thin crystal and thick crystal. The output of thin crystal and thick crystal is fed into memory with the help of ADC; the stored data in memory is displayed on monitor with the help of processor PCB. 

4.2.2 WORKING OF MULTIENERGY SYSTEM

When the operator presses specified monitor directional signals on the keyboard, the signals from the keyboard enter the processor PCB where the signals are processed. The processed signals are routed to power control PCB. When the power relay and head relay are energized, the motor starts rotating in specified direction. When the luggage moves on conveyor belt, the infrared sensor senses the presence of luggage and sends signals to processor PCB. The processor PCB sends commands to X-ray control PCB to switch ON detector diode array. The diode array converts X-rays into current in order of Nanoamperes. The current is converted into voltage by I to V converter. The analog voltage is routed to ADC. These analog signals are converted into 12-bit digital in ADC and are stored in processor PCB memory. This stored data is processed, converted back to analog using DAC and displayed on SVGA monitor screen. If the weight of luggage exceeds the specified value on 

conveyor belt, the encoder sends a signal to processor PCB to OFF the conveyor belt.

4.2.3 ADVANTAGES OF MULTI ENERGY SYSTEM

1. The system has high resolution and accuracy.

2. The penetration of multi energy scan system is more as compared to that of B&W system.

3. The monitor employed in multi energy scan system is SVGA, which is flicker free and has high-resolution, sharp picture clarity as compared to B&W system.

4. If different materials overlap, the color depends on the materials, which contributes most of absorption of radiation. The intensity of displayed color is measure of thickness of material. If the materials exceed their atomic number density, the image is displayed in dark black, which is unique multi energy system.

	Application
	System

Type Number
	Specifications

Tunnel size W X H (in mm)
	Generator 

orientation

	Hand Baggage
	ECR 520

ECR 522B

ECR 619
	640  X  430

750 X 550

550 X 375
	Bottom 

	Check-in Baggage
	ECR 530

ECR 526B

ECR 526A

ECR 527
	1200 X 800

950 X 850

900 X 750

1000 X 1000
	Side

Bottom

Top

Bottom

	Cargo
	ECR 532H
	1500 X 1650
	Side 

	Parcel viewer
	ECR 519/419
	500 X 300
	Bottom


                        X-Ray baggage inspection system for different applications  
OPERATING THE SYSTEM:


To successfully operate the system, follow the steps as below:

The passengers start placing their luggage on the conveyor.

To start conveyor active the pushbutton GO.

Indicator is turned on.

Make sure the indicator X-Ray ON is activated.

The picture showing the contents of the item under inspection would appear in full size on monitor and scroll across the monitor as the item is being X-Rayed.



The picture stops as soon as the picture composition process is completed, but also when push button STOP is activated. To search an item found to be suspicious, press push button SEARCH. The picture represented on the monitor will be moved on with a new X-Ray image, in other words, when another item has entered the unit.

IMAGE INTERPRETATION:


Automatic exposure allows the operator to totally concentrate on the representation and interpretation of the X-Ray image. The picture clarity helps the operator in making the decision whether the contents are safe or suspicious. The system is not an automatic weapon detecting system; hence the success in detecting the suspicious item is purely dependent on operator.

SUSPICIOUS ITEM:


Suspicious item can be identified quickly and reliably. Since the screen objects appear on the exit and right after its full representation on the monitor screen, suspicious item can be identified unmistakably. 



Suspicious items are weapons, which are identified easily, and explosive devices that are usually characterized by wires, timers, liquids, blasting caps and similar components if X-Rayed object is unidentified, call for a hand search and take other safety measure.

NOTE:


Making use of a SEARCH facility can search a suspicious item. For that purpose press push button SEARCH (keyboard) at the movement the suspicious item is completely visible on the screen. A flashlight at the output of the system will occur at the very moment the item is leaving the inspection tunnel.

ZOOM MODE:


For normal viewing distances, the standard operational mode is most appropriate, for recognition of details, however the 2X enlargement possibility of selectable image selector out of a total number of 9 selectors may considerably facilitate image examination. Image section sectors and push button ZOOM are all grouped in the middle of the control panel. To operate the system in zoom mode proceeds in the following way: Activate the push button STOP. Select one of the nine possible image sectors by pressing the respective push buttons in the image section, depress push bottom ZOOM display. To switch over to the unenlarged overall picture representation, depress push button ZOOM  once more. ZOOM indicator light ON will off.

OPERATIONAL INTERRUPTION:


Operation can be interrupted in two different ways.

Normal interruption:


To remove dirt or clear the control chamber from jammed objects, turn the key in the key switch counter clockwise (approx. 45 deg) and remove key. All functions are switched off. All indicator lights will extinguish.

EMERGENCY STOP:


To intentionally stop the operation procedure in emergency cases, momentarily press push button on the keyboard. All functions are switched off. All indicator lights will extinguish. To restart the unit activates the push button ON .

REVERSE MODE: -


If required, the conveyor can be operated in the reverse mode. Proceed as follows:

To reverse running direction of the bag activate the push button REV .Indicator lamp will light up.

TERMINATING OPERATION:

IMPORTANT NOTE:


Before terminating the operation make sure that no luggage is left inside the control chamber.

Turn key in the switch counter clockwise to switch all functions of the unit.

Main Control PCB

Function

The 99114/5 Main Control PCB has two variants, one for operation at 230V, and one for 115V. The differences between the boards are the alternative coils for the drive roller contactors and different voltage settings for the transformer.

Part Numbers:
115 VA.C. 

T99114E

                        230 VA.C.

T99115E

This PCB controls the motor and power distribution circuitry. It also acts as a connector for all of the various machine interlocks, lamps and outputs to the control panel and computer. The PCB contains a number of useful indicators and test points, and is the first area to observe when checking system malfunctions.

Circuit Description

The +12V DC generated by main PSU after routing through thermal switch contact of the motor and the trip tray switches is denoted a +12V  SW and feeds both the Foeward / Reverse relays (RF/RR). The motor is driven forward or reverse depending upon the commanding logic received at connector PL3 from the PC. Switches SWT1 (FWD), SWT2(REV), are used to ru the motor manually in FWD & REV direction respectively.

The relay RST is energised for a fraction of second every time the motor is started in either FWD or REV direction. The relay contacts include additional starting capacitor to have more torque for the motor during starting.

Motor trip logic circuit disables the FWD & REV relays permanently in case SW +12V is interrupted intermittently due to open circuit in trip tray switch or motor thermal trip. To re active the relay, the FWD or REV command from the PC has to be disabled and the fault has to be removed. Thia avoids chattering of the motor.

Standby Power

When the system is connected to the mains supply, a small standby current exists before the machine is switched on. This current feeds transformer T1 which powers a switching regulator to provide the "+12V INT" rail.

Power On Circuit

In the event of RH not pulling in before the power on switch is released, relay RM is added. RM coil is energised for a short time, which closes RM contact.

The 12VINT rail is present all the time power is supplied to the X-ray machine. When the power-on switch is pressed on the console box 0V is supplied to connector PL3 21( assuming emergency stops and key switch are good). This causes relay RP to energise and RP-A contact closes. The power-on switch can now be released since RP-A has taken over. When RP energises, this turns the external power supply on which provides +12V. Relay RH can now turn on (provided the array box micro-switches are good). In the event of RH not pulling in before the power on switch is released, relay RM is added. RM coil is energised for a short time, which closes RM contact. In the event of an array trip, RH relay will drop out. The relay can be reset by pressing the power-on switch after closing the array box micro-switches.

X-ray Lamps Relay

The machine X-ray on lamps are driven by relay RX which turns the lamps on via the machine wiring to connectors SK11 and SK12. This relay is energised by the "X-rays On" command when the X-rays are being generated. An LED LP4 illuminates to show that the feedback signal is received.

Computer X-ray On/ Off Commands

These signals from the SXI PCB enter the Main Control PCB on PL3 pins 1 and 2. These are "open collector" and drive the command to the X-ray control PCB.

The signals are complementary, i.e. PL4-2 is high when PL4-3 is low for X-rays on.

Conveyor Feed Commands

The signals on pins 10 and 11 are derived from the SXI PCB and are active low.

These inputs energise relays RR and RF for reverse and forward feeds. The relays, in turn, energise the power contactors to give motor feed. The relay supply is not fed directly from 12V but via the Trip Tray safety micro switches (12V SW). When a Trip Tray switch is activated, the relays are dropped out immediately. 

The feeds can also be activated manually by pressing switches "FOR" or "REV".

Search Function

This active low signal is derived from the computer. It is generated after pressing "Search" on the Control Panel. The computer delays the signal in order to allow the bag to be positioned at the tunnel exit. The search lamp is illuminated by 12V D.C. switched by the relay contacts connected to SK11 and SK12 pin 4, and additional socket SK15 is provided for the powering of external lamps. Pins 4 and 6 of SK15 have volt-free contacts which can be linked either to the mains (pin 1- live, pin 2 - neutral) or used for other purposes.

Indicators and Test Points

Indicators

LP2

Sensor LS2 active

LP3

Sensor LS1 active

LP4

X-rays on

LP5

X-ray head supply

LP6

Main power on

LP7

Forward conveyor feed on

LP8

Reverse conveyor feed on

LP9

Search lamp active

LP41
Sensor mid-tunnel active (reverse)

LP42
Sensor entrance tunnel active (reverse)

Test Points

TP11
X ON

TP12
NOT X ON

TP13
DO POLL

TP14
XRSYNC

TP15
+12V Switched

TP50
D0B

5. INFRARED SENSOR PCB 

The Infra-red sensors mounted on the sides of the tunnel connect to the Main Control PCB.. The Main Control PCB also connects to the drive roller and the machine loom, for the power-on switch, key-switch and lamps located on the tunnel ends.This PCB  contains a power supply, which generates the +12v internal voltage used on the board. 

Opto Sensors

The sensors on the X-ray machine FLS1 and FLS2 are connected to the connectors PL21 and PL22. The sensor signals are passed through to the computer. If the X-ray machine has bi-directional scanning, then the second set of sensors RLS1, RLS2 are also connected. The computer determines which set of sensors are used by setting the direction signal on PL3.26

Through Beam Sensors
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3-Channel Opto Transmitter
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3-Channel Opto Receiver


The through beam sensor consists of two PCB assemblies, one of which contains a row of three infra-red transmitters, and the other a row of receivers and associated circuitry. The PCBs are linked by a ribbon cable to power the transmitter LEDs (the LEDs are multiplexed to eliminate cross-talk).

The alignment of the sensors is critical; if it is out of alignment or needs cleaning then false triggering of the sensor may cause the computer to start calibration, and turn X-rays on. The Rapiscan 3-channel opto sensor has three potentiometers that are normally adjusted for maximum sensitivity. The sensors are multiplexed to give immunity to false triggering.
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The function of the FLS1 sensor is to alert the computer that an object has entered the tunnel; the computer then performs a calibration of the diode array response. When FLS2 is interrupted, the computer begins collecting data from the diode array and displaying the processed image on the monitor.
Bi-Directional Scanning

The X-ray machine can perform bi-directional scanning if an extra pair of sensors (RLS1, RLS2) is fitted to the output end of the system. Bi-directional scanning needs to be enabled in the X-ray machine software ‘User Setup Parameters’ screen.

Infrared sensor

          Its function is to detect presence of object at known points within the tunnel. There are three types of sensors in use.

Through beam sensors: 
It consists of PCB assemblies, which contains a row of three IR transmitters and other a row of receivers and associated circuitry. These are mounted one each side of tunnel. Transmitter unit has a red LED next to the cable entry, when it is illuminated it indicates that supply is present. Receiver unit also has a red LED next to the cable entry, when it is illuminated this indicates that supply is present and that beam is made. Breaking the beam will cause LED to extinguish.

Reflective sensors: 

They consist of transmitter/receiver unit and a reflector. Reflector is mounted opposite side of tunnel to transmitter/receiver unit. Device has a bi-colour LED that shows green when the beam is made and red when broken. If it is unlit, then supply is not connected.

UDT3 Through beam sensors: 

Units are mounted one each side of the tunnel. Transmitter unit has three clear LEDs next to cable entry. Receiver unit has three green LEDs next to cable entry; each of them, when illuminated indicates that supply is present and that beam is made.

Imaging Sequence
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1. While the system is idle, the scan engine is always running and collecting 
detector signals without X-ray.  This signal is called Dark Current

     2.
Conveyor moves and brings baggage into the tunnel.

     3.
Baggage blocks LS1 and software turns on X-rays.

     4.
After a delay to ensure that X-ray generator is fully up, software begins to collect  

           data for full dose signal.  This signal is called Light Current.

5. After enough Light Current is collected, software will calculate correcting factor                

for each channel.  This whole process of Dark Current, Light Current and correcting factor is called Calibration.

6. When baggage reaches LS2, the system begins to make an image.  If 
Calibration is incomplete, system will use result of previous calibration.  At the next time, system will continue the Light Current collection.

7. While the system is making an image, pressing STOP on control panel will 
STOP conveyor.  A FWD after this will result in a small reverse of the conveyor; energize X-rays, then moves the conveyor forward.  This is done to compensate for X-ray and conveyor ramping time in order to create a cut free image.

8. After baggage passes LS2 a certain distance, software will stop generating 
image but still keep X-ray ON.  

9. If during the time X-rays are still ON, if new baggage reaches LS1, system will 
continue image processing without re-calibration.  This is done to prevent turning the X-ray generator ON and OFF frequently to prolong its life.

10. After some extra delay, if there is no other baggage enters the tunnel, the 
system turns off X-rays.  After a delay to ensure X-ray is fully off, system will begin Dark Current collection.
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Thin crystal (0-70kV) I to V Converter/ Multiplexer amplifier
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Thick crystal (70-140kV) I to V converter/ Multiplexer amplifier
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