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Abstract. In life science laboratories the sub-process automation of methods 
with semi- or full automated, isolated solutions called islands of automation and 
several IT systems dominate. There are deficits in networking of these sub-
processes. The R&D processes in the life sciences research are complex, 
flexible, unstructured, knowledge-intensive, distributed, and parallel; they use 
heterogeneous resources, and combine automated, semi-automated, and manual 
activities in high-variable process chains with a high number of control 
structures. This characteristic of LSA-processes makes high demands on an 
integrated process management that contains an interdisciplinary collaborative 
process control and the documentation of the global process from for example 
purchasing, sample storage, method development to analytics and interpretation 
of results as well as the extraction of knowledge.  

Using methods, techniques, and tools of business process management 
(BPM) in the life science automation offers the potential to improve the 
automation level, the networking and the quality of the life science applications. 
The authors investigate the suitability of the standard based methods and 
techniques of BPM for the introduction of a flexible, integrated, and automated 
process management in the heterogeneous and hybrid systems in life sciences. 
This article will be focusing on the advances made in distributed workflow 
automation in highly variable system and application environments of research 
projects by use of BPM methods and tools. 
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1   Introduction 

The aim of use of BPM method and tools in the life science automation is an effective 
automation of the overall processes in fast changing heterogeneous R&D environments 
and to reduce the developer effort significant. The topic of this paper is to present the 
idea, the concept, the challenges and the advantages of using business process 
management methods and tools in the life science automation as well as first results 
and experiences. 
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1.1   Challenges in Life Science Automation 

Flexible laboratory automation is essential in the most research projects in life 
sciences. In addition to time constraints and economic reasons, a further goal of auto-
mation in pharmaceutical and biotech companies or institutes is the improvement of 
experimental results and workflow [1]. Research and development in the life science 
automation have been working with semi- and fully automated islands of automation 
systems (laboratory robot systems, chemical parallel reactors, biological high 
throughput screening systems,…) and methods to increase the throughput in the 
specific sub-processes (high throughput screening / high content screening / high 
throughput analytics,…) over the last few years [2]-[5]. However complex automation 
demands on wide-ranging process chains have often met their limits in integration. 
Isolated solutions for specialized operations such as synthesis and analytics still often 
dominate in lab automation. There are also complex automation systems, usually 
robot-assisted, that support more wide-ranging functionalities. Results include 
complex screening systems for biological testing of potential active agents. The 
systems available have often only covered a limited part of a continuous and 
interdependent workflow in lab applications up to now; processes such as synthesis, 
analysis and biological testing of new potential active agents require different systems 
that need to be adapted to the application requirements that apply.  

Automated systems are usually controlled and monitored via a largely self-
contained process control system (PCS) that provides users with specific control 
panels for process definition and control. Local process control by PCS for heteroge-
neous components in a robotic system and, increasingly, dynamic local optimization 
of procedure has become the state of the art [6]-[10]. Process modeling and notation 
as well as execution languages are only locally valid for certain robotic systems, as 
they are usually proprietary and manufacturer-dependent.  

Several IT-solutions are established for specific parts of data management. These 
are used parallel for different activities: instrument-specific PCS capture data from 
analytical measurements (e. g. chromatography, mass spectrometry, optical methods 
like fluorescence or absorption spectroscopy et al.), bioinformatics systems deal with 
biological data (genome analysis, sequence analysis, structural bioinformatics), LIMS 
(Laboratory Information Management Systems) serve the sample, order, research 
study, and project management, CIMS (Chemical Information Management Systems) 
register chemical structures and their features, and DMS (Document Management 
Systems) manage operating procedures (SOP’s) [11]. The standardized data exchange 
between these manifold systems together and with tools for data analysis, statistics, 
and visualization (like MS Excel, TIBCO Spotfire, MathWorks Matlab etc.) is still 
insufficiently. The handling of the exponentially growing of data and information 
flood is often a weakness in the laboratory workflow. Alternative algorithms and 
calculation rules with a low automation level are used for the evaluation of the data. 
Data driven decisions are often integrated. The results are available as specific files or 
reports or in databases. Personal undocumented knowledge reduces the traceability 
and the reproducibility. The comprehensive obligatory documentation requirement – 
in sub-processes is taken for granted - cannot be fulfilled [12]. For these reason the 
process of knowledge extraction in research projects is delayed. 
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1.2   Previous Works 

The authors have been working successfully in several innovation levels of 
information systems over the past years. One of the first fully web based laboratory 
information management system (LIMS) with online automation networking was 
developed and was successfully integrated in a research center of the chemical 
industry [13] in addition to the use in the center for life science automation (celisca). 
This LIMS is application-independent by a user-defined parameter library and a 
method repository. Currently chemical, biological, and preventive medical research 
groups work with this system. Core functionalities are the administration, the 
organization and documentation of the laboratory workflows and research projects on 
user-defined abstraction level and with any structuring. An electronically laboratory 
notebook (ELN) is integrated for the unstructured process documentation in the 
development as well as operation phase. The progressive technical automation 
inclusive the generated data amounts requires an automation of data management, 
data manipulation and knowledge extraction. Therefore the basic LIMS are expanded 
from a pure measurement management system to an integration platform. This is a 
framework solution for a user-defined process description, a configurable process 
communication for the automated exchange of process data, the process visualization 
as well as a template based process data manipulation [14],[15]. Additional parts 
support the compound library management and the document management. In 
summary it is a data warehouse for all relevant data and information in life sciences 
applications (raw data, related meta data, derived data, process descriptions, 
information about chemical structures, storage information,…) expanded by facilities 
for data manipulation, visualization and communication. Using such system is a basic 
necessity without that a data interpretation and knowledge extraction is not effective 
practicable by reason of the enormous data amount in the environment of high 
throughput screening and high content applications (HTS/HCS). 

The limits of this system are in consequence of its interactivity. For example, the 
detail level of the process description is user-defined. The user has many possibilities 
to integrate freestyle text, graphics, photos, documents. But it is the decision of the 
users, in which degree they use this possibilities in a specific process description. 
Because of this the user has the responsibility for the completeness and the 
traceability of a process description. However a complete process documentation is 
very important for the quality assurance and the quality assessment.  

A networking of process descriptions is possible but the users apply this across 
working groups and across applications only rarely. The LIMS is an information and 
management system for measurements and experiment results. There are two ways of 
assignment to each other. The manual allocation by import or capture requires a high 
accuracy of the user to assign the measurements to the correct process instance. The 
automated way by the process communication uses for example the barcode identifi-
cation. The configurable process communication allows the data exchange by files, 
databases and XML. These interfaces offer only the indirect way of device controlling 
with manual intervention due to a lack of integration facilities on side of devices. 
Connected to that, a timer-controlled collecting of data from lab instruments and an 
user-initiated visualization of this data provide only a limited monitoring. 
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2   BPM-Approach in LSA 

Automation is established for the execution of the actual experiment. Preparatory and 
accompanying sub-processes (storage, maintenance, method development), are 
mostly time-consuming manual workflows with insufficient process integration. The 
use of methods, techniques and tools of BPM for agile processes in life sciences 
moves the overall process into the center of attention. The final goal is to develop an 
overall system with a comprehensive reproducible process control and process moni-
toring from the established autonomous automated sub systems (pipetting robot, multi 
parallel reactors,…) or islands of automation (robot lines that automate complex, high 
level sub-processes). In addition to these fully-automated sub-processes, manual pro-
cess steps and activities, which are generating decisions and knowledge, will be inte-
grated. The comprehensive automation of the overall workflow, which covers all  
involved, any structured automation components across the application fields is the 
logical further development of the automation of individual working steps. BPMS 
takes over the role of a systems integrator or rather the role of an integration platform 
for the process control and support so the interoperability. Means and methods of the 
library-based process definition and process documentation are needed. 

In the interdisciplinary area of life science automation several disciplines cooperate 
in a common project. It is a major advantage to speak the same language. A documen-
ted process description in BPMN provides a uniform basis for the implementation of 
an automated process and its execution. 

The direct controlling of laboratory instruments and a central resource management 
are realizable based on a service-oriented architecture (SOA). The overall process 
controlling reduces the down times. Further advantages are accrued for the quality 
assurance: the kind and the form of the documentation are defined once and are 
applied for all instances in the same manner. Therefore the reproducibility is 
guaranteed: there is a detailed process description in form of an executable model and 
the personal knowledge is integrated in this model. The integration of data analysis 
tools reduces the need for time-consuming and cost-intensive manual intervention. 

2.1   Requirements on BPM in LSA 

For an automation of the overall process are required:  

• Integration of laboratory instruments by several technical interfaces 
• Agile R&D processes with short life cycles require a high flexibility; there are 

unstructured sub-processes 
• The process models are understandable for the process experts and adequate 

detailed for an process control 
• Common repository for process models allows a reusing of sub-process models 

by adaption and parameterization 
• Support of the business process life cycle: process analysis, modeling, execution 

with resources scheduling (instruments, lab personnel, services, software), 
monitoring, optimization based on analysis of results 
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• Integration of the human workflow (user task management) and external partners 
(e.g. e-mail or SMS to initiate manual intervention in error case or as status 
information) 

• Data-driven decisions  
• Rule management (easy to edit business rules, that control process activities, 

allow a fast adaption of the process und support data-driven decisions) 
• Integration of several software products (data acquisition, data analysis, 

visualization) 
• Data manipulation across the instances (common evaluation of experimental 

series) 
• Integration of the document management including document generation, editing 

and exchange integrated in the message flow 
• Support of quality assurance. 

2.2   The Concept of BPM Integration 

The approach of figure 1 shows an open BPMS, which communicates with any 
heterogeneous and hybrid components. The displayed SOA-components cover 
reprehensive important IT-solutions of the hierarchical laboratory automation. A set of 
adapter and connectors to the several systems is needed to control and exchange data. 
Sub-processes with integrated connectors, which are stored in the repositories, can easy 
be combined in new process models by the expert staff. Personal knowledge will be 
generally available. A BPMS integrates all stakeholder of the process. Thereby the 
advantages of the BPMS are opened up for the research processes, that are very 
flexible, unstructured, previously not completely defined, and often data driven. A 
major challenge is the handling of large data amounts integrated in the message flow of 
the overall process.  

 

Fig. 1. General view of BPMS as integration platform in life science automation 

(Laboratory information management systems - LIMS, Chromatography Data System – CDS,  Instrument 
Control System - ICS, Scientific Data Management – SDM, Process Control Systems – PCS, Enterprise 

Resource Planning – ERP, Customer Relationship Management - CRM) 
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2.3   First Results and Future Works - An Example R&D Process 

The in the following described models are developed in an evaluation study that 
investigates the applicability of BPM methods in the life science automation. Work-
flows of chemical, biological and medical applications are analyzed within this study. 

First results are related to a project of the preventive medicine. This following 
example (Figure 2) describes a telematics platform solution for the fitness and stress 
monitoring applications based on mobile data acquisition with wireless personal area 
networks [16]. This system is used in preventive medicine studies, that investigate for 
example the consequences of the automation for the laboratory staff. 

 

Fig. 2. Model of the overall process of the example telematics application for stress and fitness 
monitoring 

The patient is continuously monitored in the every-day-activities. Patients use their 
usual mobile phone and a wireless sensor system for the acquisition of several 
physiological parameters. In addition, test persons are able to add parameters descri-
bing subjective assessments during the executed activities, e.g., to document their 
current physical and psychical state to get an according subjective strain rating. All 
these data are transferred by wireless communication to a communication server that 
stores this data in a raw database [17]. Fully-automated, intelligent data processing 
modules derive secondary information about stress and fitness in in-time calculations 
(Figure 3). As result for the patient a graphical classification of the calculated value is 
available on a web-based portal. In a parallel research study the captured and derived 
data is investigated relating to influences on the physiological parameters, and 
develop algorithms and models for the calculation of further secondary information. 
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For the data management within this research study the medical information system 
(1.2) are used. A first part of this workflow is shown in Figure 4. Manual and user 
tasks dominate this sub-process now. An increased automation level is preferable. 

For the modeling of this processes BPMN are used with the goal to execute. With 
BPMN 2.0, there is a standard that provides a modeling notation as well as a process 
execution language. 

 

Fig. 3. Model of the sub-process of data processing executed by web services  

 

Fig. 4. Model of a part of the scientific study using the information system 

In a first step of the study several BPMS are evaluated. Two basically different id-
eologies are to cite: BPMS based on zero-code-programming and developer-friendly 
BPMS. For the evaluation study at first the community version of intalio|BPMS [18] 
and the open source collaboration platform Activiti [19] are used. The modeling with 
the intalio Designer is intuitive. Simple processes with user task (a dialog editor is 
integrated), database access, integration of web services and sending of e-mails are 
implemented comfortable by process experts with few IT skills (SQL and XML is 
useful). Data structures can be defined and filled with content by mapping. The 
current version of intalio|BPMS does not support BPMN 2.0 specification. Our inves-
tigations will be continued, if intalio|Cloud is ready to use [18]. Activiti is a BPM –
platform targeted at business people, developers, and system admins. It is open-source 
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and distributed under the Apache license. Activiti offers many possibilities for use: 
the engine runs in any Java application, on a server or in the cloud. The tooling 
around Activiti facilitates an innovative and practical collaboration between business 
people and developers. Its core is a BPMN 2.0 process engine that has the focus on 
being light weight and easy to use for Java developers. The components of Activiti 
support the process modeling, the human task management, the administration, the 
running, the monitoring, and the collaboration between business people, developers 
and IT operational people. Thus Activiti is a complete BPMS but also a framework 
for developer, with that an own application can be realized [19]. In the future works, 
further life science applications are realized with the focus on scheduling of lab 
instruments and lab robots, aspects of quality assurance, and knowledge-intensive 
sub-processes.  
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