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• Instrument in Merriam-Webster dictionary:
1. A tool or device used for a particular purpose; especially : a tool or device 

designed to do careful and exact work
2. A device that measures something (such as temperature or distance)

• Bioinstrumentation in Merriam-Webster dictionary: 
• The development and use of instruments for recording and transmitting 

physiological data (as from astronauts in flight); also : the instruments 
themselves

Definition

Basic Objectives of the Bioinstrumentation 

• Information Gathering
• Diagnosis
• Evaluation 
• Monitoring
• Control
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• INFORMATION GATHERING
– In this system, machine is used to measure natural 

phenomena & other variables to aid man in his search for 
the knowledge about himself and the universe in which he 
lives. 

– In this setting, the characteristic of the measurements may 
not be known in advance. 

• DIAGNOSIS
– Measurements are made to help in the detection  & the 

correction of some malfunction of the system being 
measured. 

– In some applications, this type of instrumentation may be 
classed as – “ Trouble shooting equipments.”

Basic Objectives of the Bioinstrumentation 
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• EVALUATION
– Measurements are used to determine the ability of a 

system to meet its functional requirements. 
– These could be classified as “ Proof – of – performance” or 

“ Quality control” tests. 
• MONITORING

– Instrumentation is used to monitor some process or 
operation in order to obtain continuous or periodic 
information about the state of the system being measured. 

• CONTROL
– Instrumentation is sometimes used to automatically 

control the operation of a system based on changes in one 
or more of the internal parameters or in the output of the 
system. 

Basic Objectives of the Bioinstrumentation 
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Generalized Instrumentation System

•MEASURAND
•SENSOR
•SIGNAL CONDITIONING
•OUTPUT DISPLAY
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Generalized Instrumentation System

MEASURAND:
The physical quantity, property, or condition that the system measures is
called the measurand.
Accessibility of the measurand
•internal (blood pressure)
•Surface (ECG)
•Emanate (IR)
•Tissue Sample
Most medically important measurands:
•Biopotential
•Pressure
•Flow
•Dimensions (imaging)
•Displacement (velocity, acceleration, and force)
•Temperature, 
•Chemical concentrations. The measurand may be localized to a 

specific organ or anatomical structure
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Generalized Instrumentation System

SENSOR:

Transducer is defined as a device that converts one form of energy to another. 

Sensor converts a physical measurand to an electric output.

Actuator  converts a electrical input to a physical output.

• The sensor responds to the form of energy present in the measurand

• The sensor interfaces with the living system in a way that minimizes the energy
extracted, while being minimally invasive. 

• Many sensors have a primary sensing element such as a diaphragm, which converts 
pressure to displacement

• A variable conversion element, such as a strain gage,
then converts displacement to an electric voltage.

• Many variable conversion elements need external 
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Generalized Instrumentation System
SIGNAL CONDITIONING:
• Usually the sensor output cannot be directly coupled to the display device.
• Amplifiers and Filters Simple signal conditioners:
• Match the impedance of the sensor to the display. 
• Often sensor outputs are converted to digital form and then processed by 

specialized digital circuits or a microcomputer

OUTPUT DISPLAY:
The results of the measurement process must be displayed in a form that
the human operator can perceive. 
The best form for the display :
 Numerical or graphical, 
 Discrete or continuous, 
 Permanent or temporary

• Depending on the particular measurand and how the operator will use the information.  
Although most displays rely on our visual sense, some information (Doppler ultrasonic 
signals, for example) is best perceived by other senses (here, the auditory sense)
• User controls and the output display should conform to the Human factors engineering 
guidelines and preferred practices for the design of medical devices (AAMI, 1993)
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Generalized Instrumentation System

ALTERNATIVE OPERATIONAL MODES:

•DIRECT-INDIRECT MODES
•SAMPLING AND CONTINUOUS MODES
•GENERATING AND MODULATING SENSORS
•ANALOG AND DIGITAL MODES
•REAL-TIME AND DELAYED-TIME MODES
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• The principal measurements and frequency ranges are the 
major factors that affects the components of the 
instrumentation system.

MEDICAL MEASUREMENT CONSTRAINTS?
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Characteristics of instrument performance

STATIC CHARACTERISTICS:
Static characteristics describe the performance of instruments for dc or
very low frequency inputs. 

DYNAMIC CHARACTERISTICS:
Dynamic characteristics require the use of differential and/or integral
equations to describe the quality of the measurements.

Included:  Accuracy, Precision, Resolution, Reproducibility, Statistical Control, 
Static Sensitivity, Zero Drift, Sensitivity Drift, Linearity, Input Ranges, Input 
Impedance.

Characteristics of instrument performance are usually 
subdivided into two classes on the basis of the frequency 
of the inputs.
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Characteristics of instrument performance
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ACCURACY
The accuracy of a single measured quantity is the difference between the
true value and the measured value divided by the true value.

PRECISION
The precision of a measurement expresses 
the number of distinguishable alternatives 
from which a given result is selected.

Another point of view:
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CHARACTERISTICS OF INSTRUMENT PERFORMANCE

RESOLUTION
The smallest incremental quantity that can be measured with certainty is
the resolution.

REPRODUCIBILITY
The ability of an instrument to give the same output for equal inputs applied
over some period of time is called reproducibility or repeatability.

LINEARITY
A system or element is linear if it has properties such that, if yl is the
response to XI, and y2 is the response to x2, then yl + y2 is the response to
xl + x2, and Kyl is the response to Kxl (Jay, 1988). These two requirements
for system linearity are restated in Figure 1.6(a).
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SENSITIVITY
The ratio of the incremental output 
quantity to the incremental input 
quantity, under static conditions, within 
the operating range of the instrument, 
e.g. 5V / mm Hg  or  0.5V / mm Hg.

Sensituvity Drift

Zero Drift

Characteristics of instrument performance
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GENERALIZED DYNAMIC CHARACTERISTICS

Most medical instruments must process signals that are functions of time.

It is this time-varying property of medical signals that requires us to consider 
dynamic instrument characteristics. 

Differential or integral equations are required to relate dynamic inputs to 
dynamic outputs for continuous systems. 

Fortunately, many engineering instruments can be described by ordinary linear 
differential equations with constant coefficients.

Zero order
First Order
Second Order
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DESIGN CRITERIA
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• Medical devices are classified in two ways:
1. Based on the principle that devices that pose greater potential 

hazards should be subjected to more regulatory requirements.

Medical Device Classification
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2. Seven categories were established: Preamendment, Postamendment, 
Substantially, Equivalent, Implant, Custom, Investigational ,and transitional
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