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Abstract 

Over the past seven years, Los Alamos National Laboratory developed several generations of com- 
puterized nuclear materials control and accountability (MC&A) systems for tracking and reporting 
the storage, movement, and management of nuclear materials at domestic and international facili- 
ties. During the same period, Oak Ridge National Laboratory was involved with automated data 
acquisition (ADA) equipment, including installation of numerous bar-code scanning stations at 
various facilities to serve as input devices to computerized systems. Bar-code readers, as well as 
other ADA devices, reduce input errors, provide faster input, and allow the capture of data in 
remote areas where workstations do not exist. Los Alamos National Laboratory and Oak Ridge 
National Laboratory teamed together to implement the integration of bar-code hardware technology 
with computerized MC&A systems. With the expertise of both sites, the two technologies were 
successfully merged with little difficulty. Bar-code input is now available with several functions of 
the MC&A systems: material movements within material balance areas (MBAs), material move- 
ments between MBAs, and physical inventory verification. This paper describes the various com- 
ponents required for the integration of these MC&A systems with the installed bar-code reader 
devices and the future directions for these technologies. 

Background 

Since 1991, the Safeguards Systems Group at Los Alamos National Laboratory has been involved 
with the development of numerous computerized materials control and accountability (MC&A) 
systems that automate the tracking and reporting of nuclear material for domestic and international 
facilities. Several of these applications were collaborative efforts with individual sites, providing 
site-specific requirements. Other developments include several full-functioning universal systems 
that can be installed to meet the core MC&A needs at nuclear material facilities, in particular, those 
in the Former Soviet Union (FSU). 

One universal MC&A system developed by Los Alamos National Laboratory for the FSU is 
CoreMAS (Figure l), which uses Windows NT clienvserver architecture and an MS SQL Server 
database management system. CoreMAS tracks all site activity affecting the status of nuclear mate- 
rials. Twelve person-years went into the development of this software, which was released to FSU 
facilities in late 1995. CoreMAS has been used as the foundation for meeting FSU-required MC&A 
needs. 
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Figure 1. CoreMAS MC&A system. 

The original requirements of the CoreMAS system resulted in a fully functional and robust MC&A 
software system that addressed the needs of medium to large nuclear facilities. In 1997, a more 
streamlined product was requested. As a result, E/Z MAS (Figure 2) was developed, providing a 
web-based, MC&A system that required minimal software support. E/Z MAS provides all of the 
functionality of CoreMAS, plus several additional advantages. It has a modem, friendly web-based 
look and feel. Facilities have the choice of using the MS SQL Server or the Access database man- 
agement system. No special software packages are needed other than Microsoft Windows NT, 
Internet Information Server, and the Internet Explorer browser. E/Z MAS can also be configured to 
display Cyrillic fonts. Overall, it is a smaller, more refined system that is much easier for the system 
administrator at the implementing site to learn and for the end-user to use. 
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Figure 2. E/Z MAS MC&A system. 

The Robotics and Process Systems Division at Oak Ridge National Laboratory has been involved 
with automated data acquisition (ADA) equipment, including bar-code readers, for the past 15 
years. Bar-code readers, as well as other ADA devices, reduce input errors, provide faster input, and 
allow the capture of data in remote areas where workstations do not exist. Numerous barcoding 
systems have been installed at more than 16 Russian facilities including VNIIEF, Mayak, Luch, 
IPPE, Tomsk-7, and Krasnoyarsk-26 and -45 to enhance data collection. Each of these facilities is 



using or implementing this equipment to perform rapid inventories. IPPE and other sites are using 
barcoding to track material movement within the facility. Luch, among others, is connecting scales 
to industrialized bar-code terminals to input process data. 

MC&A and Barcoding Integration Development 

As with most computer applications, data entry errors are a major concern. Although CoreMAS and 
E/Z MAS both provide data integrity through the design of the relational database, they still cannot 
guarantee that erroneous data will not be entered. A valid container ID may be entered for a trans- 
action, but it may not be the one that was measured for the transaction being recorded. To reduce 
the incidence of data-entry errors, the decision was made to incorporate barcoding into the MC&A 
applications. 

Because of its expertise in ADA equipment, Oak Ridge National Laboratory was asked to team with 
Los Alamos National Laboratory to integrate barcoding systems with Los Alamos National Labo- 
ratory’s MC&A applications. Initial development by the team resulted in the adaptation of several 
major CoreMAS functions so that they could receive transaction input from bar-code devices. These 
functions were movements within materials balance areas (MBAs), movements between MBAs , 
and physical inventory verification. A working prototype was developed after two months. Later 
development included similar interfaces for E/Z MAS. 

Components for Integration 

The integration of barcoding devices with MC&A applications resulted in five primary components: 
(1) bar-code reader hardware, (2) bar-code reader software, (3) data transfer software, (4) an 
MC&A bar-code application, and (5) an MC&A database. Los Alamos and Oak Ridge laboratories 
had already developed the first and last components. The team then built the intermediate compo- 
nents to complete the integration. The following describes each of the components. 

The bar-code hardware (Figure 3) consists of Intermec portable bar-code readers (Model 9445) and 
fixed bar-code readers (Model 9560) connected through a controller (Model 9154) to a workstation 
on the MC&A local area network. Up to 30 bar-code readers can be attached through a multi-drop 
network line to the controller unit. The portable units have function keys that can handle up to eight 
menu operations, although several of the function keys are generally reserved for functions such as 
transmitting data. The fixed unit can handle ten functions and has a serial connection for attaching 
devices such as scales. The controller is connected to the C o r n  Port of a PC workstation that has 
authorized access to the database on the server. 

The previously developed MC&A databases have different designs for each application. The 170 
relational tables used for the CoreMAS database are designed with MS SQL Server. Data access is 
accomplished through approximately 300 stored procedures. The CoreMAS application uses Visual 
Basic as the application language for the user interface and calls the stored procedures to query and 
update the database tables. The database for E/Z MAS consists of 35 relational tables developed 
with MS Access or MS SQL Server. In order to simplify the maintainability, data access from the 
web interface is performed through SQL statements constructed by the Active Server Pages appli- 
cation on the web server, instead of calling an Access query or an SQL Server stored procedure, 
each of which have different formats. 



Figure 3. Intermec bar-code readers. 

The bar-code reader software was developed with PictoRL from MSS Software, which produces an 
assembly-like language program. The programmer creates a bar-code application definition with an 
easy-to-use object-oriented program on the PC (Figure 4) where the compiled program, called the 
IFU (Interactive Reader Language), is then downloaded to the bar-code reader. The programmer 
uses PictoRL to create the menu structure, functions, data elements, and program logic for the bar- 
code readers. 

Figure 4. Example PictoRL screen. 



The data transfer software, ICW (Intermec Controller for Windows), is a sister product that comes 
with Pictom. It also runs on the PC workstation. It provides DDE-compliant database applications 
with real-time access to the reader data. It also supports downloading of IRL programs to the 
readers. 

The MC&A bar-code application that receives the data transmission from the bar-code reader and 
updates the MC&A database resides on the PC workstation. The application is a Visual Basic pro- 
gram that runs independently of CoreMAS or E/Z MAS but accesses the same database. The 
MC&A bar-code application normally runs continuously in conjunction with ICW to poll the con- 
troller for data transmitted by the bar-code readers. When data are encountered, the Visual Basic 
application parses the data received, determines the barcoding operation, validates the data just as 
the regular application does, and then performs database updates. All errors are immediately 
reported to the user on the PC terminal as well as being recorded in an error table. 

Transition to New Hardware 

The Intermec bar-code reader models used for the MC&A bar-code systems are currently being 
replaced with new models. Intermec has released the new Antares portable readers and wall units. 
The new features will require changes in the MC&A bar-code system, mostly in the bar-code reader 
software and the software for communication to the PC workstation. One worthwhile new feature is 
that both readers are capable of displaying a Cyrillic font. 

Among other changes, both Antares units will no longer use a multi-drop network line through a 
controller to connect to the PC. Instead, there will be a direct serial connection to the PC for the 
portable model. The fixed unit will use a twisted-pair Ethernet connection. Pictom can still be used 
to build the bar-code reader program for the readers; however, C code is generated instead of an 
IRL program. The ICW controller software will still work with the portable readers. However, 
another package, EZComms, also by MSS Software, is required for the fixed reader to accommo- 
date the TCP/IP change and will also support the portable readers. Few changes will need to be 
made to the Visual Basic MC&A bar-code application as a result of the new bar code equipment. 

Conclusion 

The integration of barcoding devices with existing MC&A applications was a straightforward 
process. Programming the first barcoding equipment was an uncomplicated operation. However, 
providing compatibility with the new bar-code readers will require additional effort. Transmitted 
data from the readers were easily validated and inserted into the existing database tables using the 
existing stored procedures and SQL statements. The equipment proved to be very reliable, and no 
software bugs were encountered during development and implementation. Altogether, the resulting 
product, with the latest MC&A and barcoding technologies incorporated into one package, will 
serve the FSU facilities very well. 


