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Abstract 
 

This paper describes hardware and software 

interfacing in order to create control and 

monitoring applications. It is software dependent 

but depends very little on dedicated hardwares. It 

can basically be used in biomedical measurements 

and its other increasing applications. 
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1. Introduction 
 

Virtual instrumentation is an interdisciplinary field 

that merges sensing, hardware and software 

technologies in order to create flexible and 

sophisticated instruments for control and monitoring 

applications. There are basic properties of a virtual 

instrument its ability to change form through 

software, enabling a user to modify its function at 

will to suit a wide range of applications. The 

flexibility is possible as the capabilities of a virtual 

instrument depend very little on dedicated hardware 

- commonly, only application-specific signal 

conditioning module and the analog-to-digital 

converter used as interface to the external world. 

Increasing number of biomedical applications use 

virtual instrumentation to improve insights into the 

underlying nature of complex phenomena and reduce 

costs of medical equipment and procedures. 

Although many of the general virtual 

instrumentation concepts may be directly used in 

biomedical measurements, the measurements in the 

medical field are peculiar as ―they deal with a 

terribly complex object the patient and are performed 

and managed by another terribly complex instrument 

the physician‖. 

 

2. Phases of Virtual Instrumentation 
 

Instrumentation had the following phases: 
a) Analog measurement devices, 

b) Data Acquisition and Processing devices, 

c) Digital Processing based on general purpose 

computing platform, and 

d) Distributed Virtual Instrumentation. 

 

3. Virtual Instrument Architecture 
 

A virtual instrument is composed of the following 

blocks: 

a) Sensor Module, 

b) Sensor Interface, 

c) Medical Information Systems Interface, 

d) Processing Module, 

e) Database Interface, and 

f) User Interface. 

 

 
 

Figure 1: Architecture of a virtual instrument 

 

The sensor module detects physical signal and 

transforms it into electrical form, conditions the 

signal, and transforms it into a digital form for 

further manipulation. Through a sensor interface, the 

sensor module communicates with a computer. Once 

the data are in a digital form on a computer, they can 

be processed, mixed, compared, and otherwise 

manipulated, or stored in a database. Then, the data 

may be displayed, or converted back to analog form 

for further process control. Biomedical virtual 

instruments are often integrated with some other 

medical information systems such as hospital 

information systems. In this way the configuration 

settings and the data measured may be stored and 

associated with patient records. In following sections 

we describe in more details each of the virtual 

instruments modules. 

 

A. Sensor module 

The sensor module performs signal conditioning and 

transforms it into a digital form for further 

manipulation. Once the data are in a digital form on 

a computer, they can be displayed, processed, mixed, 

compared, stored in a database, or converted back to 

analog form for further process control. The database 

can also store configuration settings and signal 

records. The sensor module interfaces a virtual 
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instrument to the external, mostly analog world 

transforming measured signals into computer 

readable form. 

A. sensor module principally consists of three 

main parts: 

1. the sensor, 

2. the signal conditioning part, and 

3. the A/D converter 

The sensor detects physical signals from the 

environment. If the parameter being measured is not 

electrical, the sensor must include a transducer to 

convert the information to an electrical signal, for 

example, when measuring blood pressure. According 

to their position, biomedical sensors can be classified 

as: 

1. Implanted sensors, where the sensor is 

located inside the user’s body, for example, 

intracranial stimulation. 

2. On-the-body sensors are the most 

commonly used biomedical sensors. Some 

of those sensors, such as EEG or ECG 

electrodes, require additional gel to 

decrease contact resistance. 

3. Noncontact sensors, such as optical sensors 

and cameras that do not require any 

physical contact with an object.  The signal-

conditioning module performs (usually 

analog) signal conditioning prior to AD 

conversion, such as . This module usually 

does the amplification, transducer 

excitation, linearization, isolation, or 

filtering of detected signals. The A/D 

converter changes the detected and 

conditioned voltage into a digital value. The 

converter is defined by its resolution and 

sampling frequency. The converted data 

must be precisely time -stamped to allow 

later sophisticated analyses. Although most 

biomedical sensors are specialized in 

processing of certain signals, it is possible 

to use generic measurement components, 

such as data acquisition (DAQ), or image 

acquisition (IMAQ) boards, which may be 

applied to broader class of signals. Creating 

generic measuring board, and incorporating 

the most important components of different 

sensors into one unit, it is possible to 

perform the functions of many medical 

instruments on the same computer. 

B. Sensor interface 

There are many interfaces used for communication 

between sensors modules and the computer 

[Arpia01]. According to the type of connection, 

sensor interfaces can be classified as wired and 

wireless.  

1. Wired Interfaces are usually standard 

parallel interfaces, such as General Purpose 

Interface Bus (GPIB), Small Computer 

Systems Interface (SCSI), system buses 

(PCI eXtension for Instrumentation PXI or 

VME Extensions for Instrumentation 

(VXI), or serial buses (RS232 or USB 

interfaces). 

2. Wireless Interfaces are increasingly used 

because of convenience. Typical interfaces 

include 802.11 family of standards, 

Bluetooth, or GPRS/GSM interface. 

Wireless communication is especially 

important for implanted sensors where 

cable connection is impractical or not 

possible. In addition, standards, such as 

Bluetooth, define a self identification 

protocol, allowing the network to configure 

dynamically and describe itself. In this way, 

it is possible to reduce installation cost and 

create plug-and-play like networks of 

sensors. Device miniaturization allowed 

development of Personal Area Networks 

(PANs) of intelligent sensors. 

Communication with medical devices is 

also standardized with the IEEE 1073 

family of standards. This interface is 

intended to be highly robust in an 

environment where devices are frequently 

connected to and disconnected from the 

network [IEEE00, IEEE98]. 

C. Processing Module 

Integration of the general purpose                                            

microprocessors/microcontrollers allowed flexible 

implementation of sophisticated processing 

functions. As the functionality of a virtual instrument 

depends very little on dedicated hardware, which 

principally does not perform any complex 

processing, functionality and appearance of the 

virtual instrument may be completely changed 

utilizing different processing functions. Broadly 

speaking, processing function used in virtual 

instrumentation may be classified as analytic 

processing and artificial intelligence techniques. 

 

1. Analytic processing 

Analytic functions define clear functional 

relations among input parameters. Some of 

the common analyses used in virtual 

instrumentation include spectral analysis, 

filtering, windowing, transforms, peak 

detection, or curve fitting. Virtual 

instruments often use various statistics 

function, such as, random assignment and 

biostatistical analyses. Most of those 

functions can nowadays be performed in 

real-time. 

2. Artificial intelligence techniques 

Artificial intelligence technologies could be 

used to enhance and improve the efficiency, 

the capability, and the features of 
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instrumentation in application areas related 

to measurement, system identification, and 

control. These techniques exploit the 

advanced computational capabilities of 

modern computing systems to manipulate 

the sampled input signals and extract the 

desired measurements. Artificial 

intelligence technologies, such as neural 

networks, fuzzy logic and expert systems, 

were applied in various applications, 

including sensor fusion to high-level 

sensors, system identification, prediction, 

system control, complex measurement 

procedures, calibration, and instrument fault 

detection and isolation. Various nonlinear 

signal processing, including fuzzy logic and 

neural networks, are also common tools in 

analysis of biomedical signals. Using 

artificial intelligence it is even possible to 

add medical intelligence to ordinary user 

interface devices. For example, several 

artificial intelligence techniques, such as 

pattern recognition and machine learning, 

were used in a software-based visual-field 

testing system. 

 D. Database interface 

Computerized instrumentation allows measured data 

to be stored for off-line processing, or to keep 

records as a part of the patient record.  

 

1. Database interface Description: File System 

Random writing and reading of files. 

eXtensible Markup Language (XML) 

Standardized markup files. Open Database 

Connectivity (ODBC) SQL based interface 

for relation databases. Java Database 

Connectivity (JDBC) Java programs’ SQL 

based object-oriented interface for relation 

databases. ActiveX Data Objects (ADO) 

Windows programs’ object-based interface 

for various data sources including relational 

databases and XML files. Data Access 

Objects (DAO) Windows programs’ object-

based interface for relation databases. 

Simple usage of file systems interface leads 

to creation of many proprietary formats, so 

the interoperability may be a problem. The 

eXtensible Markup Language (XML) may 

be used to solve interoperability problem by 

providing universal syntax. The XML is a 

standard for describing document structure 

and content. It organizes data using markup 

tags, creating self-describing documents, as 

tags describe the information it contains. 

Contemporary database management 

systems such SQL Server and Oracle 

support XML import and export of data. 

Many virtual instruments use DataBase 

Management Systems (DBMSs). They 

provide efficient management of data and 

standardized insertion, update, deletion and 

selection. Most of these DBMSs provided 

Structured Query Language (SQL) 

interface, enabling transparent execution of 

the same programs over database from 

different vendors. Virtual instruments use 

these DMBSs using some of programming 

interfaces, such as ODBC, JDBC, ADO, 

and DAO. 

E. Medical information system interface 

Virtual instruments are increasingly integrated with 

other medical information systems, such as hospital 

information systems. They can be used to create 

executive dashboards, supporting decision support, 

real-time alerts and predictive warnings. Some 

virtual interfaces toolkits, such as Lab View, provide 

mechanisms for customized components, such as 

ActiveX objects. That allows communication with 

other information system, hiding details of the 

communication from virtual interface code. In Web 

based telemedical applications this integration is 

usually implemented using Unified Resource 

Locators (URLs). Each virtual instrument is 

identified with its URL, receiving configuration 

settings via parameters. The virtual instrument then  

 

Figure 2: EEG VMDs in DIMEDAS information 

system; two VMDs are associated with every EEG 

recording. 

 

can store the results of the processing into a database 

identified with its URL. In addition to described 

integration mechanisms, there are standard for 

communications among medical applications. For 

example, OMG Healthcare DTF is defining 

standards and interfaces for healthcare objects, such 

as CORBAmed standard, in order to develop 

interoperability technologies for the global 

healthcare community. Although these standards are 

still not widely used, they have potential to ensure 

interoperability among virtual instruments and 

medical information systems on various platforms. 

 

F. Presentation and control 

An effective user interface for presentation and 

control of a virtual instrument affects efficiency and 

precision of an operator do the measurements and 
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facilitates result interpretation. Since computer’s 

user interfaces are much easier shaped and changed 

than conventional instrument’s user interfaces, it is 

possible to employ more presentation effects and to 

customize the interface for each user. According to 

presentation and interaction capabilities, we can 

classify interfaces used in virtual instrumentation in 

four groups: 

 

1) terminal user interfaces, 

2) graphical user interfaces, 

3) multimodal user interfaces, and 

4) Virtual and augmented reality interfaces. 

Terminal User Interfaces: First programs for 

instrumentation control and data acquisition had 

character-oriented terminal user interfaces. This was 

necessary as earlier general-purpose computers were 

not capable of presenting complex graphics. As 

terminal user interfaces require little of system 

resources, they were implemented on many 

platforms. In this interfaces, communication between 

a user and a computer is purely textual. The user 

sends requests to the computer typing commands, 

and receives response in a form of textual messages. 

Presentation is usually done on a screen with fixed 

resolution, for example 25 rows and 80 columns on 

ordinary PC, where each cell presents one of the 

characters from a fixed character set, such as the 

ASCII set. Additional effects, such as text and 

background color or blinking, are possible on most 

terminal user interfaces. Even with the limited set of 

characters, more sophisticated effects in a form of 

character graphics are possible. Although terminal 

user interfaces are not any more widely use on 

desktop PCs, they have again become important in a 

wide range of new pervasive devices, such as 

cellular phones or low-end personal digital assistants 

(PDAs). As textual services, such as SMS, require 

small presentation and network resources they are 

broadly supported and available on almost all 

cellular phone devices. These services may be very 

important in distributed virtual instrumentation, and 

for emergency alerts. 

 

1) Graphical User Interfaces (GUI): Graphical 

user interfaces (GUIs) enabled more 

intuitive human-computer interaction, 

making virtual instrumentation more 

accessible. Simplicity of interaction and 

high intuitiveness of graphical user 

interface operations made possible creation 

of user-friendlier virtual instruments. GUIs 

allowed creation of many sophisticated 

graphical widgets such as graphs, charts, 

tables, gauges, or meters, which can easily 

be created with many user interface tools 

(Figure #). In addition, improvements in 

presentation capabilities of personal 

computers allowed for development of 

various sophisticated 2-D and 3-D medical 

imaging technologies  

 

 
 

Figure 3: An example virtual instrument 

graphical user interface. 

 

2) Computer graphics extended the 

functionality of conventional medical 

diagnostic imaging in many ways, for 

example, by adding the visual tool of color. 

For instance, interpretation of radiographs, 

which are black-and white images, requires 

lots of training, but, with color, it is possible 

to highlight problems clearly. In addition, 

improvements in presentation capabilities 

of personal computers allowed for 

development of various sophisticated 2-D 

and 3-D medical imaging technologies. 

Multimodal presentation: In addition to 

graphical user interfaces that improve 

visualization, contemporary personal 

computers are capable of presenting other 

modalities such as sonification or haptic 

rendering. Multimodal combinations of 

complementary modalities can greatly 

improve the perceptual quality of user 

interfaces. Sonification is the second most 

important presentation modality. 

Relationship between visualization and 

sonification is itself a complex design 

problem, due to the nature of the cognitive 

information processing. Efficiency of 

sonification, as acoustic presentation 

modality, depends on other presentation 

modalities. Sonification is effectively used 

in various biomedical applications, for 

example, in virtual instruments for EEG 

analysis. Although not widely available, 

haptic rendering may be very important 

upcoming presentation modality for virtual 

instruments, as the physical contact 

between a physician and a patient is part of 

standard examination procedures. There are 

commercially available haptic interfaces 

that can relay resistance at about 1000 Hz, 

and that were used in various surgical 

simulations. 

3) Virtual and augmented reality: Virtual 

environments will most likely pervade the 

medical practice of the future. Many of the 

goals of virtual reality technology 
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developers actually mirror those involved in 

virtual instrumentation work. Although 

virtual reality systems do not necessarily 

involve the use of virtual instrumentation, 

they nonetheless drive the development of 

new conditions under which physicians will 

need access to data in radically different 

forms. A combination of virtual 

presentation with real world objects creates 

augment reality interfaces. For example, 

augmented reality may allow computer 

generated tumor image from MRI recording 

to be superimposed on the real view of the 

patient during surgery. 

 

G. Functional Integration 

Functional integration of modules governs flexibility 

of a virtual instrument. The simplest, and the least 

flexible way, is to create a virtual instrument as a 

single, monolithic application with all software 

modules of the virtual instruments logically and 

physically integrated. This approach can achieve the 

best performance, but makes difficult maintenance 

and customization. Therefore, it is more convenient 

to use modular organization. An object-oriented 

method  was identified as natural approach in 

modeling and design of instruments. Each module of 

a virtual instrument is then implemented as an object 

with clearly defined interface, integrated with other 

objects using message interchange. Similar approach 

is component-oriented approach, where, in addition 

to logical separation of components into objects, 

they are physically placed into different unit to allow 

reuse. Another approach, similar in its basic idea to 

the object-oriented approach, is a structural coupling 

paradigm for non-conventional controllers that 

defines layered approach to functional integration of 

sensor modules. This sensor model was applied in 

many domains, including electrophysiological 

interaction systems with sensors for human 

physiological signals. In this sensor interaction 

model, a stream of raw data from the sensing 

hardware, for example electroencephalogram (EEG) 

data, passes through up to two levels of signal 

preprocessing before it is either passed to an 

application or presented directly to a subject (Figure 

#). Second command layer, which is optional, allows 

more flexible organization of data processing and 

plug-and-play like integration of complex processing 

mechanisms into a virtual instrument solution.  

 

 
 

Figure 4: Sensory model. 

4. Distributed Virtual Instrumentation 
 

Advances in telecommunications and network 

technologies made possible physical distribution of 

virtual instrument components into telemedical 

systems to provide medical information and services 

at a distance. Distributed virtual instruments are 

naturally integrated into telemedical systems.  Figure 

# illustrates possible infrastructure for distributed 

virtual instrumentation, where the interface between 

the components can be balanced for price and 

performance. 

 

 
 

Figure 5: Infrastructure for distributed virtual 

instrumentation. 

 

A. Medical Information System Networks and 

Private Networks 

Medical information systems, such as hospital 

information systems, are usually integrated as 

Intranets using Local Area Network (LAN). 

Historically, medical information systems were 

firstly interconnected using various private networks, 

starting from point-to-point communication with fax 

and modems connected to analog telephone lines 

operating at speeds up to 56Kbps, ISDN lines of up 

to 128Kbps, T-1 lines having a capacity of 

1.544Mbps, and satellite links of 100Mbps. 

Advanced virtual instrumentation solutions could be 

implemented using existing local and private 

networks. For example, the EVAC project 

demonstrated a prototype system for using virtual 

environments to control remote instrumentation, 

illustrating the potential of a virtual laboratory over 

high speed networks. Although private networks 

improve the performance, reliability and security, 

they are usually very expensive to develop and 

maintain. 

 

B. The Internet 

The Internet has enormous potential for distributed 

biomedical virtual instrumentation. Various remote 

devices, such as telerobots or remote experimental 

apparatus, can be directly controlled from the 

Internet. There are a great number of research 

activities that explore how the Internet can be 

applied to medicine. In addition, many of virtual 

instrumentation development tools, such as 

LabVIEW, directly support integration of virtual 

instruments in the Internet environment. The Web 
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technologies make possible creation of sophisticated 

client-server applications on various platforms, using 

interoperable technologies such as HTML, Java 

applets, Virtual Reality Modeling Language, and 

multimedia support. Although the Internet is already 

enabling technology for many biomedical 

applications, a recent United States study of health-

care applications in relation to Internet capabilities 

found clear requirements for the Internet’s 

evolutionary development. More serious use of the 

Internet in clinical applications could be achieved 

only if the level of service can be guaranteed, 

including a consistent level of bandwidth end-to-end 

as well as high reliability and security. However, the 

rapid progress of the Internet will probably very 

soon enable its usage in complex real-time 

applications. 

 

C. Cellular Networks 

Various mobile devices, such as mobile phones or 

PDAs, are commonplace today. Moreover, the 

underlying telecommunication infrastructure of these 

devices, primarily cellular networks, provides 

sophisticated data services that can be exploited for 

distributed applications.  The most common data 

service on cellular networks is exchange of simple 

textual message. Most of mobile phone devices 

support simple data communication using standard 

Short Message System (SMS). Although simple, this 

system allows the various modes of communication 

for medical applications. Wireless Access Protocol 

(WAP) is platform independent wireless technology, 

which enables mobile devices to effectively access 

Internet content and services, as well as to 

communicate with each other. WAP manages 

communication by exchanging messages written in 

Wireless Markup Language (WML). The WAP and 

the Internet can support new kinds of applications, 

such as remote monitoring using a wireless personal 

monitor and cellular phone link connected on request 

in the case of medical emergencies. The interface 

allows the following modes of communications. 

 

1. Emergency WAP push, which sends WML 

messages to physicians or medical call 

center in case of medical emergency; 

2. WML browsing, which allows a participant 

to browse through information in medical 

information systems or in monitoring 

system; 

3. Data distribution WAP, which periodically 

sends messages to physicians. These data 

could be simple text or some 2D graphics 

with wireless bitmap (WBMP). 

 

D. Distributed Integration 

When the components are distributed, efficient 

communication mechanisms are needed. According 

to a conceptual model and abstractions they utilize, 

we can identify four approaches to distributed 

communication: 

1. Message passing systems, 

2. Remote procedure calling (RPC) systems, 

3. Distributed object systems, and 

4. Agent-based systems. 

The message passing model allows communication 

between programs by exchange of messages or 

packets over the network. It supports a variety of 

communication patterns, such as pier-to-pier, group, 

broadcast and collective communication. For 

example, in virtual instrumentation application the 

data acquisition part could be a server for other units, 

sending messages with measured data at request or 

periodically to processing clients. Data processing 

clients may themselves be servers for data 

presentation devices. In a distributed environment 

there may be many interconnected servers and 

clients, each dedicated to one of the virtual 

instrument functions. Remote procedure call (RPC) 

is an abstraction on top of message passing 

architectures. RPC brings procedural programming 

paradigm to network programming, adding the 

abstraction of the function call to distributed 

systems. In RPC, communication between programs 

is accomplished by calling a function on that other 

computer’s machine creating the illusion that 

communication with a remote program is not 

different than communication with a local program. 

Distributed object systems extend the idea of RPC 

with the object-oriented abstraction on top of 

procedure calls. Distributed object systems supply 

programs with references to remote objects, allowing 

the program to control, call methods, and store the 

remote object in the same way as a local object. The 

major standard in distributed objects is OMG 

CORBA, a language-neutral specification for 

communicating object systems. Many standards have 

been defined on top of CORBA, such as 

CORBAmed that defines standardized interfaces for 

healthcare objects [CORBAmed]. Competitors to 

CORBA include Microsoft’s DCOM architecture  

and the various distributed object systems layered on 

top of Java. Agent based integration is potentially 

very effective distributed virtual instrument 

integration mechanism. Agent based systems add 

concepts of autonomity and proactivity to distributed 

object systems. Agentoriented approach is well 

suited for developing complex, distributed systems. 

Agents can react asynchronously and autonomously 

to unexpected situations, increasing robustness and 

fault-tolerance that is very important in the case of 

fragile network connections, and for mobile devices . 

As an example of an agent-based distributed 

integration, we can present a Virtual Medical Device 

(VMD) agent framework with four types of agents: 

data agents, processing agents, presentation agents, 
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and monitoring agents for distributed EEG 

monitoring. In this framework, data agents abstract 

data source, creating uniform view on different types 

of data, independent of data acquisition device. 

Processing agents produce derived data, such us 

power spectrum from raw data provided by the data 

agents. Presentation agents supply user interface 

components using a variety of user data views. User 

interface components are based on HTTP, SMS and 

WAP protocols. Monitoring agents collaborate with 

data and processing agents providing support for 

data mining operations, and search for relevant 

patterns. 

 

5. Biomedical Applications of 

Virtual Instrumentation 
 

Virtual instrumentation is being increasingly 

accepted in biomedical field. In relation to the role of 

a virtual instrument, we may broadly classify 

biomedical applications of virtual instrumentation in 

four categories 

a) Examination, where a physician does online 

or off-line examination of patient 

measurements, 

b) Monitoring, which can be used as a basis 

for real-time alerts and interactive alarms, 

c) Biofeedback, where measured signals are 

presented back to a patient in real-time, and 

d) Training and education, where a virtual 

instrument may simulate or playback earlier 

measured signals. 

 

 
 

Figure6. Types of biomedical applications of 

virtual instrumentation. 

 

A. Examination 

Examination systems are open-loop systems that 

detect biomedical information from a patient and 

present it to a physician. During examination a 

physician performs various online or offline analysis 

of measured patient data in order to make a diagnosis 

[Parvis02]. Examination can be made locally, in 

direct contact with a patient, or remotely, where a 

sensor part is on the patient side connected with a 

physician through a telecommunication network 

[Starcevic00]. Nowadays, virtual instrumentation 

solutions are becoming a part of standard medical 

examination procedures, with medical systems 

implemented as virtual instruments. Many active 

research projects explore biomedical applications of 

virtual instrumentation , such as canine 

cardiovascular pressure measurements, 

cardiopulmonary dynamics measurements or 

examination of spontaneous cardiac arrhythmia. 

Advances in cardiology also make possible design of 

novel analysis and visualization tools . Some other 

examples include a virtual instrumentation 

evaluation system for fiberoptic endoscopes, PC-

based noninvasive measurement of the autonomic 

nervous system used to detect the onset of diabetic 

autonomic neuropathy, or 3D posture measurement 

in dental applications. 

 

B. Monitoring 

Monitoring is a task in which some process 

continually tracks the measured data, do some 

analysis and act upon detection of some pattern. 

Monitoring systems are also open-loop systems, as 

the patient is just an object of monitoring. But in 

contrast to examination systems they are more 

autonomous. Design of monitoring systems is by 

itself a complex process, as many real-time 

requirements have to be fulfilled. Integrated with a 

hospital information system, monitoring can be used 

as a basis for real-time alerts and interactive alarms. 

Monitoring and pattern recognition of biomedical 

signals may be used outside biomedical field, for 

example, in affective computing. Physiological 

parameters that are good indicators of excitement, 

such as skin conductance and heart rate, are integral 

data sources for emotional-state-related interactive 

computer systems. 

 

C. Training and education 

Virtual instrumentation offers great possibilities for 

education and improving the skills of physicians. 

Computer generated models allow education and 

training of operator without actual sensors, which 

can greatly reduce cost and duration of training. As 

the same virtual instrument can work online, 

playback earlier measured data, or simulate any 

clinical situation, the training experience may not 

differ significantly from the real-world 

measurements. Virtual instrumentation may also be 

integrated with many virtual reality based 

applications for education and training. For example, 

Hofman et al. developed VisualizeR, a virtual 

environment designed to support the teaching and 

learning of subjects that require understanding of 

complex 3D structures, such as human anatomy. 

 

D. Biofeedback 

Biofeedback systems are closed-loop systems that 

detect biomedical changes and presented them back 

to the patient in real time to facilitate change of 
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user’s state. For example, physical rehabilitation 

biofeedback systems can amplify weak muscle 

signals, encouraging patients to persist when there is 

a physical response to therapy that is generally not 

visible. Interfaces in existing biofeedback 

applications range from interactive 2D graphical 

tasks—in which muscle signals, for example, are 

amplified and transformed into control tasks such as 

lifting a virtual object or typing, to real-world 

physical tasks such as manipulating radio-controlled 

toys . Figure # shows a multimodal interface for 

simple EEG-based biofeedback system 

[Obrenovic00]. A position of the pointer on a display 

is a function of subject’s EEG signals. Prior to a 

training session, a physician records patient’s EEG 

that represents the referential state. Later on, the 

difference between patient’s current state and the 

pre-recorded state is shown on a display as a pointer 

deviation. The subjects are trained to move the 

needle or to keep it on some value. Healthcare 

providers are increasingly using brain-wave 

biofeedback or neuro feedback as part of the 

treatment of a growing range of psycho 

physiological disorders such attention 

deficit/hyperactivity disorder (ADHD), post-

traumatic stress disorder, addictions, anxiety, and 

depression. In these applications, surface mounted 

electrodes detect the brain’s electrical activity, and 

the resulting electroencephalogram (EEG) is 

presented in real time as abstract images. Using this 

data in reward/response-based control tasks 

generates increased or reduced activity in different 

aspects of the EEG spectrum to help ameliorate these 

psycho physiological disorders. 

 

6. Conclusion 
 

Virtual instrumentation brings many advantages over 

―conventional‖ instrumentation. Virtual instruments 

are realized using industry-standard multipurpose 

components, and they depend very little on dedicated 

hardware. Generally, virtual instruments are more 

flexible and scalable as they can be easily 

reconfigured in software. Moreover, standard 

interfaces allow seamless integration of virtual 

instruments in distributed system. Virtual 

instrumentation significantly decreases the price of 

an instrument based on mass-produced general-

purpose computing platforms and dedicated sensors 

for a given application. We expect an increased 

number of hardware and software modules designed 

for the virtual instrumentation market. They will 

provide building blocks for the next generation of 

instrumentation and measurement. It would not be 

surprise if the prefix virtual soon disappear, as 

virtual instrumentation becomes commonplace. 

Virtual instrumentation is rapidly entering 

biomedical field. Many of the general virtual 

instrumentation concepts may be directly used in 

biomedical measurements, but biomedical 

measurements have their own specific features that 

must be taken into account. Therefore, although it is 

widely used in many biomedical solutions, the 

virtual instrumentation is not common in critical 

clinical applications. Having in mind complexity of 

biomedical phenomena, bringing virtual 

instrumentation closer to critical biomedical 

applications will require more testing and more 

extensive list of developed solutions. However, 

according to the current trend, we will not be waiting 

long for this to happen.  

 

References 
 

[1] Hoffman01 H. Hoffman, M. Murray, R. Curlee, 

and A. Fritchle, ―Anatomic VisualizeR: 

Teaching and Learning Anatomy with Virtual 

Reality‖, in M. Akay, A. Marsh (Eds.), 

Information Technologies in Medicine, Volume 

1, Medical Simulation and Education, Wiley-

IEEE Press, 2001, pp. 205-218. 

[2] Antony97 R.T. Antony, "Database support to 

data fusion automation", Proceedings of the 

IEEE 85(1), 39 -53 (1997). 

[3] Bruse00 E.N. Bruce, Biomedical Signal 

Processing and Signal Modeling, 2000. 

[4] Caldwell98 N.H.M. Caldwell, B.C. Breton, and 

D.M. Holburn, "Remote Instrument Diagnosis 

on the Internet", IEEE Intelligent Systems 2(3), 

70-76 (1998). 

[5] Charles99 J. Charles, "Neural Interfaces Link 

the Mind and the Machine", Computer 32(1), 16-

18 (1999). 

[6] CORBA Object Management Group (OMG). 

The Common Object Request Broker: 

Architecture and Specification (CORBA), 

revision 2.0. Object Management Group (OMG), 

2.0 edition. 

[7] Daponte92 P. Daponte, L. Nigro, and F. Tisato, 

―Object oriented design of measurement 

systems‖,IEEE Instrumentation & Measurement 

Magazine 41(6), 874–880 (1992). 

[8] Davie01 B. Davie, V. Florance, A. Friede, J. 

Sheehan, J.E. Sisk, "Bringing Health-Care 

Applications to the Internet", IEEE Internet 

Computing 5(3), 42-48 (2001). 

[9] Denning01 P.J. Denning, "Origin of Virtual 

Machines and Other Virtualities", IEEE Annals 

of the History of Computing 23(3), 73 (2001). 

and artificial intelligence tools", IEEE 

Engineering in Medicine and Biology Magazine 

21(1), 36-41 (2002). 

[10] Ertugrul02 N. Ertugrul, LabVIEW for Electric 

Circuits, Machines, Drives, and Laboratories, 

Prentice Hall PTR, 2002. 

[11] Ferrigno02 L.Ferrigno, A.Pietrosanto, "A 

Bluetooth-based proposal of instrument wireless 

interface", IEEE International Symposium on 

Virtual Environments and Measurement Systems 

VIMS'02, May 2002, paper VM-2003. 1384, 

also http://www.fftw.org/. 


