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Abstract 
 
CNESTEN designed and developed a modular Laboratory Information Management System (LIMS) for 

the NAA Laboratory using open-source developing tools. This LIMS ensures a personalized management web 
space for sample acquisition and preparation, spectra processing and for final analysis of the sample. The system 
helps also dematerializing process for irradiation requests and for the acquisition of new equipments and 
samples. It allows managing circulating documents between different actors of the LIMS. Modules for 
concentration determination, facilities characterization are also included in this LIMS. New modules such as 
spectra fitting, true coincidence and attenuation corrections can be developed and integrated individually in this 
system. All data, including nuclear data libraries, are stored in a unique distant database via intranet network to 
allow instantaneous multi-user access. 
 
1. INTRODUCTION  
 
CNESTEN’s NAA Laboratory participated in the IAEA Coordinated Research Project 
(CRP1888) on Development of an Integrated Approach to Routine Automation of Neutron 
Activation Analysis by a contribution on Integrated Systems Approach (Modular Software). 
Under this framework, CNESTEN developed a Laboratory Information Management System 
(LIMS) managing all the activities within the NAA Laboratory. It is a multi-user web 
interface making a direct user-server communication. This multi-user web interface helps 
managing sample and data linked to every step of sample treatment (preparation, irradiation, 
counting, facilities characterization, spectra fitting and reporting). It helps also managing data 
linked to equipments, materials, certificates and irradiation facilities for NAA technique. In 
addition for QC, RSM section was added in data base in order to control calculation results. 
 
For QA we developed workflow processes for sample delivery, irradiation requests (towards 
the reactor operator) and samples irradiation (within the laboratory from reception, 
preparation to irradiation and counting). This workflow process is dotted with database for 
document management and for traceability. 
 
In this work we present all open source tools used to achieve objectives above mentioned. We 
also present graphical interfaces for: 
 

 Workflow processes, equipments and samples management modules, 
 Sample analysis module, 
 Facilities characterization module. 

 
2. WORK TOOLS  
 
Technologies and tools used to implement the LIMS are shown in Fig. 1 and are described 
below. 
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  FIG. 1. Tools and technologies used. 
 
2.1. ECLIPSE  
 
In computer programming Eclipse is an integrated development environment (IDE). It 
contains a base workspace and an extensible plug-in system for customizing the environment. 
Written mostly in Java, Eclipse can be used to develop applications. By means of various 
plug-ins, Eclipse may also be used to develop applications in other programming languages: 
Ada, ABAP, C, C++, COBOL, Fortran, Haskell, JavaScript, Lasso, Natural, Perl, PHP, 
Prolog, Python, R, Ruby (including Ruby on Rails framework), Scala, Clojure, Groovy, 
Scheme, and Erlang. It can also be used to develop packages for the software Mathematica. 
Development environments include the Eclipse Java development tools (JDT) for Java and 
Scala, Eclipse CDT for C/C++ and Eclipse PDT for PHP, among others [1]. 
 
2.2. APACHE TOMCAT  
 
Apache Tomcat (or simply Tomcat, formerly also Jakarta Tomcat) is an open source web 
server and servlet container developed by the Apache Software Foundation (ASF). Tomcat 
implements the Java Servlet and the Java Server Pages (JSP) specifications from Sun 
Microsystems, and provides a "pure Java" HTTP web server environment for Java code to run 
in. In the simplest config Tomcat runs in a single operating system process. The process runs 
a Java virtual machine (JVM). Every single HTTP request from a browser to Tomcat is 
processed in the Tomcat process in a separate thread [2].   
 
2.3. MYSQL  
 
MySQL is the world's second most widely used open-source relational database management 
system (RDBMS). It is named after co-founder Michael Widenius's daughter, while MySQL 
phrase stands for Structured Query Language. The MySQL development project has made its 
source code available under the terms of the GNU General Public License, as well as under a 
variety of proprietary agreements. MySQL was owned and sponsored by a single for-profit 
firm, the Swedish company MySQL AB, now owned by Oracle Corporation.  
 
MySQL is a popular choice of database for use in web applications, and is a central 
component of the widely used LAMP open source web application software stack (and other 
'AMP' stacks). LAMP is an acronym for "Linux, Apache, MySQL, Perl/PHP/Python". Free-
software-open source projects that require a full-featured database management system often 
use MySQL [3]. 



123 
 

 
2.4. PROCESSMAKER  
 
Process Maker is a management tool simplified workflow. It makes it possible to achieve 
process diagrams directly by the mouse, by linking blocks representing tasks. Each task is 
then assigned to a particular user or group of users. The affection of tasks during the course of 
the process can be done in three ways: Cyclic, Manual and Variable [4]. 
 
3. ACHIEVEMENTS  
 
The objective of this section is to give a glimpse of the human / machine interface of the 
different features of the LIMS. These interfaces are intended to describe the set of use cases of 
the LIMS. The different use cases are modeled via either printed screens or diagram cases. 
The user can access the functionality only after authentication by entering his user name and 
password, while specifying his profile (Analyst, Preparer, Installation Manager, Responsible 
for the management of experimentation, RSO or Logger) (preparer, analyst), (Fig. 2). 
 

 
FIG. 2. Authentication page. 

 
After successful authentication, the user is redirected to the home page according to his 
profile/role. We will divide the presentation of human-machine interfaces in four modules:  
 

a. Module related to document management interface and paperless business 
processes, 

b. Module related to the automation of sample management interface, 
c. Module related to the automation of sample analysis, 
d. Module related to facilities characterization. 

 
3.1. MANAGEMENT OF MODULE INTERFACES 
 
3.1.1. Document Management  
 
The business process is divided into three workflows that are interrelated. These workflows 
manage flows between all the actors of the experiment and all documents used within these 
processes. They treat the following actions: 
 

a. Samples delivery workflow: Represents different tasks from the reception of samples 
to the approval or rejection of samples.  

b. Irradiation request workflow: Represents steps between the irradiation request and the 
rejection or acceptance of this request by the reactor manager (Fig. 3).  
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c. Sample irradiation Workflow: Represents different tasks performed by different users 
from the irradiation to the generation of the final report summarizing the results of the 
sample irradiation. 

 
After running the startup task workflow (Fig. 4), the next task is activated when the logger 
performs and sends the analysis request to the facility manager to perform the initial tasks 
"filling the exposure record" and "treatment of the sample". Then it sends the notification for 
the next task to the sample preparer. 
 
After starting the task of processing the sample, the NAA laboratory manager has the choice 
to move to the next task in the workflow or stop (Fig. 5). If the facility manager chooses to 
continue the ongoing process at the stage of "initial filling of the irradiation listing", the 
preparer completes DYNAFORM "Filling the initial exposure records of the sample" and 
sends the notification to the analyst who will perform the "Second filling of the exposure 
records". 

 
FIG. 3. Workflow for irradiation request between the analyst, reactor operator, radioprotection agent 
and the reactor manager. 
 

 
FIG. 4. Performing "treatment sample" task. 
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FIG. 5. Sample management workflow. 

 
3.1.2. Sample Management 
 
This module allows preparers and analysts to manage the analysis phase for all samples of a 
series from its creation to the generation of analysis report. 
 
3.2. SPECTRA ANALYSIS 
 
This section covers the analysis and processing of the resulting gamma spectra of an 
experiment; the analyst is required to choose either the analysis and processing of spectra 
from the emulation software available within the laboratory (under .spe, chn extension), or the 
treatment of those analyzed and generated by another software (under .rpt, .txt extension) [5]. 
 
3.2.1. Analysis of spectra files 
 
By choosing the spectral analysis, the analyst is required to specify the type and code of the 
experiment (Fig. 6). From this information the system checks the status of the chosen 
experiment. Three experiments are available: Sample characterization (Fig. 7), 
Characterization of the reactor (Fig. 8),  and Detectors Characterization (Fig. 9). 
 
3.2.2. Sample analysis 
 
In this section, the analyst is required to enter the data of the first sample spectrum and 
secondly those of the monitor used (Fig. 10). After this step, the system allows the user to 
view the information extracted and filtered from spectrum files (Fig. 11). In this context, the 
system first checks the existence of the spectrum in database, and then extracts the parameters 
of each peak of the spectrum. 
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FIG. 6. Spectral Analysis Page. 
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FIG. 7. Inserting data page for sample characterization. 
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FIG. 8. Inserting data page for the characterization of the detector. 

 
 

 
FIG.9. Inserting data page for the characterization of the reactor. 
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FIG. 10. Inserting data page of the sample spectrum. 

 
 

 
FIG. 11. Sample selection for concentration calculation. 
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3.3. FACILITIES CHARACTERIZATION 
 
3.3.1. Reactor 
 
The reactor characterization consists of the calculation of characteristic parameters of the 
reactor [6]. In this context the analyst must specify the desired factor (α, f, Φth, Φep) and 
position of the reactor to characterize (Fig. 12). 
 

 
FIG. 12. Reactor characterization page. 

 
If the user has chosen the factor "α"; the system displays the N irradiated monitors and their 
spectra. Thus the analyst is required to select some specific data needed to perform the 
calculation such as spectrum for the used monitor, calculation method among the four 
available, α calculation accuracy and the reference monitor. 
 
Regarding the f factor, the system displays the spectra of all irradiated three monitors so that 
the user can select those useful to calculate this factor. When the user selects the three spectra, 
the system displays the value of f and the value of f (a, b) for every combination of two 
monitors (a, b) [6] [7] [8]. In order to optimize the resources (time, material), the system uses 
the same experience to calculate the thermal flux and epithermal flux. 
 
As for the flux calculation, the system allows to recall the analysis of the monitor used in the 
last flux calculation experience and the corresponding spectra. 
 
3.3.2. Detector 
 
The system proceeds in the same manner explained above by asking the analyst to include the 
information of the spectrum resulting from experiment (Fig. 13). In this case, the system 
extracts only the peaks corresponding to gamma rays of the radioactive source used. 



131 
 

 
FIG. 13. Spectrum data insertion page for radioactive source. 

 
4. CONCLUSION 
 
During the period of the CRP on Development of an Integrated Approach to Routine 
Automation of Neutron Activation Analysis, CNESTEN developed a Laboratory Information 
Management System (LIMS) managing all the activities within the NAA Laboratory. Multi-
user web interface insure increasing analytical capabilities, document dematerialization and 
decreasing data treatment time consuming. The following modules were developed: 
 

a. Workflow processes module, 
b. Sample analysis module, 
c. Facilities characterization (Detector and Reactor irradiation positions) module, 
d. Reporting module for reactor parameters. 

 
Remaining improvement to be performed based on achievements: 

a. Extend  the range of types of spectrum to be treated by the LIMS, 
b. Finalise spectra fitting, 
c. Finalise reporting for samples analysis, 
d. Develop matrix effect and COI modules, 
e. Develop QC for sample analysis. 

 
Remaining tasks to be performed based on technical point of view: 

a. Propose experimental benchmarks for software validation (Sample analysis, Facilities 
characterization), 

b. Manage trades and technical exceptions of the software, 
c. Create trace logs to facilitate the maintenance of the LIMS, 
d. Improve safety and stability of the LIMS. 
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