Healthg¥e GLOSSARY

Professional Certificate in Instrumentation Engineering (Egypt)

Data Acquisition Systems

Analog-to-Digital Converter (ADC)

Related terms: sampling rate, resolution, quantization

Explanation: An ADC converts a continuous analog signal into a discrete digital number. The process
involves sampling the signal at regular intervals (the sampling rate) and assigning each sample a binary
value based on the converter’s resolution. Higher resolution yields finer voltage steps, reducing
quantization error.

Example: A 12-bit ADC with a 0-10V input range can represent voltage changes of approximately 2.44 mV
per step.

Practical application: Used in temperature monitoring where the sensor output is analog, and the data must
be logged digitally for trend analysis.

Challenges: Selecting an ADC with appropriate speed and resolution to avoid aliasing and ensure accurate
representation of fast-changing signals.

Amplifier (Signal Conditioning)

Related terms: gain, offset, filtering

Explanation: An amplifier in a data acquisition system boosts low-level sensor signals to match the input
range of the ADC. Signal conditioning may also include adding an offset to shift the signal and applying
filtering to remove unwanted frequencies.

Example: A thermocouple produces millivolt signals; a low-noise instrumentation amplifier raises these to a
few volts for the ADC.

Practical application: Essential in strain-gauge measurements where the output is in the microvolt range.
Challenges: Maintaining low noise and avoiding signal distortion, especially when amplifying
high-impedance sources.

Bandwidth

Related terms: frequency response, Nyquist criterion, signal integrity

Explanation: Bandwidth defines the range of frequencies a data acquisition channel can accurately capture.
It is limited by the hardware's frequency response and must satisfy the Nyquist criterion, which states that
the sampling frequency must be at least twice the highest frequency component to avoid aliasing.
Example: A channel with a 100 kHz bandwidth requires a minimum sampling rate of 200kS/s.

Practical application: Vibration analysis of rotating machinery where high-frequency components indicate
bearing wear.

Challenges: Designing front-end circuitry that preserves signal integrity across the required bandwidth
without excessive attenuation.

Calibration
Related terms: offset error, gain error, traceability
Explanation: Calibration aligns the output of a data acquisition system with known reference standards. It
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corrects offset error (zero-point shift) and gain error (scale factor deviation). Calibration records must be
traceable to national standards for regulatory compliance.

Example: Using a precision voltage source to adjust the zero and span settings of a pressure transducer
interface.

Practical application: Periodic calibration of environmental monitoring stations to ensure accurate pollutant
concentration readings.

Challenges: Managing calibration intervals, minimizing downtime, and documenting procedures for audit
purposes.

Channel (Input)

Related terms: multiplexing, isolation, crosstalk

Explanation: A channel is a single pathway through which a sensor’s signal enters the data acquisition
hardware. In multi-channel systems, multiplexing allows sequential sampling of many inputs using a shared
ADC, while isolation protects the system from ground loops. Crosstalk refers to unwanted coupling between
adjacent channels.

Example: An 8-channel DAQ card samples temperature, pressure, and flow sensors in a process plant.
Practical application: Simultaneous monitoring of multiple process variables in a chemical reactor.
Challenges: Ensuring channel-to-channel isolation, managing the trade-off between sampling speed and
number of channels.

Digital Signal Processing (DSP)

Related terms: filter design, FFT, real-time

Explanation: DSP involves manipulating digitized data to extract useful information. Common operations
include filter design (low-pass, high-pass, band-stop), performing a Fast Fourier Transform (FFT) for spectral
analysis, and implementing real-time algorithms for control loops.

Example: Applying a moving-average filter to smooth noisy temperature data before logging.

Practical application: Real-time vibration monitoring where the FFT identifies resonant frequencies indicative
of equipment failure.

Challenges: Balancing computational load with latency constraints, especially on embedded processors.

Dynamic Range

Related terms: signal-to-noise ratio, full-scale, headroom

Explanation: Dynamic range is the ratio between the largest undistorted signal (full-scale) and the smallest
detectable signal (often defined by the signal-to-noise ratio). Adequate headroom prevents clipping of
high-amplitude transients.

Example: A 16-bit ADC with a £10V range provides a theoretical dynamic range of about 96 dB.

Practical application: Acoustic measurements where both quiet background noise and loud impulse sounds
must be captured.

Challenges: Selecting components that maintain low noise while offering sufficient range for the
application.

Electromagnetic Interference (EMI)
Related terms: shielding, grounding, filtering
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Explanation: EMI consists of unwanted electromagnetic fields that can corrupt sensor signals. Mitigation
strategies include proper shielding of cables, robust grounding schemes, and filtering at the input stage.
Example: Using twisted-pair cables with a metallic braid to reduce pickup from nearby power lines.
Practical application: Data acquisition in industrial environments with heavy motor drives and switching
power supplies.

Challenges: Identifying the dominant noise sources and implementing cost-effective protection without
degrading signal fidelity.

Ethernet/IP (Industrial Protocol)

Related terms: TCP/IP, determinism, network topology

Explanation: Ethernet/IP is a widely used protocol for communication between industrial devices, leveraging
standard TCP/IP stacks while providing real-time data exchange. Determinism—predictable timing—is
achieved through techniques such as CIP (Common Industrial Protocol) scheduling. Network topology (star,
ring) influences latency and redundancy.

Example: A PLC streams sensor data to a supervisory computer via Ethernet/IP, enabling remote monitoring.
Practical application: Large-scale plant monitoring where hundreds of acquisition nodes report to a central
SCADA system.

Challenges: Managing network traffic to avoid congestion, ensuring time-synchronization across devices.

Filter (Analog)

Related terms: low-pass, high-pass, anti-aliasing

Explanation: Analog filters shape the frequency content of a signal before digitization. A low-pass filter
attenuates frequencies above a cutoff, while a high-pass filter removes low-frequency drift. An anti-aliasing
filter is a low-pass filter specifically designed to limit the signal bandwidth to less than half the sampling
rate.

Example: A 5kHz fourth-order Butterworth low-pass filter placed before a 10kS/s ADC.

Practical application: Preventing high-frequency noise from corrupting measurements in power quality
monitoring.

Challenges: Designing filters that meet both attenuation and phase-linear requirements without introducing
excessive delay.

Floating-Point Representation

Related terms: IEEE 754, precision, dynamic range

Explanation: Floating-point numbers store a value as a sign, exponent, and mantissa, allowing a wide
dynamic range and variable precision. The IEEE 754 standard defines formats such as single (32-bit) and
double (64-bit) precision.

Example: A temperature reading of 23.456 °C can be represented in single-precision with a relative error on
the order of 107°.

Practical application: Complex calculations in DSP algorithms where integer arithmetic would overflow.
Challenges: Increased computational load compared to fixed-point, and potential rounding errors in
iterative processes.

Gain (Amplifier)
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Related terms: amplification factor, bandwidth-gain product, stability

Explanation: Gain is the ratio of output voltage to input voltage in an amplifier. The amplification factor
determines how much a sensor signal is boosted. The bandwidth-gain product limits simultaneous high
gain and wide bandwidth. Stability ensures the amplifier does not oscillate.

Example: Setting an instrumentation amplifier to a gain of 100 to scale a 10 mV sensor output to 1V.
Practical application: Scaling low-level pressure transducer signals for ADC input.

Challenges: Balancing gain against noise amplification and bandwidth constraints.

Ground Loop

Related terms: common-mode voltage, isolation, noise

Explanation: A ground loop occurs when multiple paths to ground create a circulating current, introducing a
common-mode voltage that appears as noise on measurement signals. Isolation techniques, such as
opto-couplers or transformer coupling, break the loop.

Example: Using a differential input module with built-in isolation to connect a remote sensor to a DAQ
chassis.

Practical application: Field instrumentation where sensors are powered from separate sources.

Challenges: Identifying loop sources in complex wiring layouts and implementing cost-effective isolation.

High-Speed Data Acquisition

Related terms: sampling rate, buffering, PCle

Explanation: High-speed acquisition systems capture fast transient events, requiring multi-megahertz
sampling rates and large buffering capabilities to store data before transfer. Interfaces like PCle provide the
bandwidth needed for rapid data movement to a host computer.

Example: A 100 MS/s digitizer records the waveform of a spark ignition event for analysis.

Practical application: Shock testing of automotive components where microsecond-scale events must be
captured.

Challenges: Managing data volume, ensuring synchronization across multiple channels, and preventing data
loss during transfer.

Isolation (Electrical)

Related terms: galvanic isolation, optocoupler, signal integrity

Explanation: Electrical isolation separates two circuits to prevent unwanted current flow, protecting
equipment and improving signal integrity. Galvanic isolation can be achieved with transformers, capacitive
couplers, or optocouplers.

Example: Using an isolated analog input module to connect a high-voltage sensor to a low-voltage DAQ
system.

Practical application: Measuring mains voltage where the sensor circuit operates at line potential while the
DAQ remains earth-referenced.

Challenges: Maintaining bandwidth and low latency across the isolation barrier, and managing additional
cost.

Linearization
Related terms: lookup table, curve fitting, sensor non-linearity
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Explanation: Linearization compensates for sensor non-linearity by transforming the raw output into a
proportional representation of the measured variable. Techniques include using a lookup table or applying
curve fitting equations.

Example: A thermistor’s resistance-temperature relationship is linearized using a 5-point lookup table stored
in the DAQ firmware.

Practical application: Accurate flow measurement with a vortex-shed sensor whose output varies
non-linearly with flow rate.

Challenges: Managing memory for large tables, updating tables when sensors age, and ensuring real-time
performance.

Multiplexing (Analog)

Related terms: sample-and-hold, channel switching time, crosstalk

Explanation: Multiplexing allows a single ADC to serve multiple analog inputs by rapidly switching between
them. A sample-and-hold circuit captures the voltage of each channel during its dwell time. The channel
switching time must be short enough to avoid signal distortion, and crosstalk must be minimized.
Example: An 8-channel DAQ card with a 1 ps switching time samples each channel sequentially at 125kS/s
per channel.

Practical application: Laboratory data logging where dozens of temperature probes are monitored with a
limited number of ADCs.

Challenges: Ensuring the ADC's input settles after each switch and that the multiplexed architecture does
not limit effective bandwidth.

Noise (Electronic)

Related terms: thermal noise, quantization noise, signal-to-noise ratio

Explanation: Noise is any unwanted variation in a signal. Thermal noise (Johnson-Nyquist) arises from
resistive elements, while quantization noise is introduced by the ADC's finite resolution. The signal-to-noise
ratio (SNR) quantifies the relative strength of the desired signal to the background noise.

Example: A 24-bit ADC may achieve an SNR of 110dB, but real-world noise sources often reduce this figure.
Practical application: Low-level pressure measurement where the sensor output is close to the noise floor.
Challenges: Designing low-noise front-ends, selecting proper grounding, and employing digital filtering
without sacrificing important signal content.

Offset (Signal)

Related terms: zero drift, bias, calibration

Explanation: Offset is a constant voltage added to a signal, often due to sensor bias or circuit imperfections.
Zero drift describes how this offset changes over time or temperature. Proper calibration compensates for
offset to maintain measurement accuracy.

Example: A pressure transducer exhibits a 5mV offset at zero pressure, which is subtracted during data
processing.

Practical application: Maintaining accurate baseline readings in environmental monitoring stations.
Challenges: Tracking offset changes in harsh environments and implementing automatic offset correction.

Peak-to-Peak Value
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Related terms: amplitude, RMS, dynamic range

Explanation: The peak-to-peak value measures the difference between the maximum and minimum
excursions of a waveform. It is useful for assessing signal amplitude, especially when the waveform is
non-sinusoidal. Comparisons with root-mean-square (RMS) values help determine effective power.
Example: A vibration signal with a peak-to-peak amplitude of 2 g is recorded for condition monitoring.
Practical application: Evaluating the severity of transient events such as voltage spikes in power systems.
Challenges: Ensuring the acquisition system'’s bandwidth captures the true peaks without clipping.

Programmable Logic Controller (PLC) Integration

Related terms: Modbus, OPC-UA, real-time data exchange

Explanation: PLC integration involves linking DAQ devices with control hardware. Protocols like Modbus and
OPC-UA enable real-time data exchange, allowing process variables to be monitored and used in control
loops.

Example: A DAQ module sends temperature data to a PLC via Modbus TCP, which then adjusts a heater
setpoint.

Practical application: Automated manufacturing lines where sensor data drives actuation decisions.
Challenges: Maintaining deterministic communication, handling differing data types, and ensuring system
security.

Resolution (ADC)

Related terms: bits, least significant bit, quantization step

Explanation: Resolution refers to the smallest voltage increment an ADC can distinguish, determined by the
number of bits. The size of one least significant bit (LSB) defines the quantization step. Higher resolution
reduces quantization error.

Example: A 16-bit ADC with a £5V range has an LSB of 152.6 uV.

Practical application: Precise voltage measurements in power quality analysis.

Challenges: Balancing resolution with sampling speed and managing increased data volume.

Sampling Rate (Nyquist Frequency)

Related terms: Nyquist frequency, aliasing, oversampling

Explanation: The sampling rate is how many samples per second a DAQ system captures. According to the
Nyquist frequency principle, the rate must be at least twice the highest frequency component to avoid
aliasing. Oversampling—sampling at a higher rate than required—can improve noise performance through
digital filtering.

Example: To accurately capture a 20kHz vibration signal, a minimum of 40kS/s is needed; a designer may
choose 100kS/s for oversampling.

Practical application: Audio acquisition where fidelity up to 20 kHz is required.

Challenges: Managing the trade-off between higher rates and data throughput, and ensuring the ADC's
input bandwidth matches the sampling frequency.

Sensor Interface
Related terms: signal conditioning, excitation, compatibility
Explanation: The sensor interface adapts the raw output of a transducer to the DAQ system. It includes

Read online: https://certificates.HealthCareCourses.org.uk/glossaries/ HealthCareCourses (An LSIB brand) - 21 Jun 2026
4841617/data-acquisition-systems



Healthg¥e GLOSSARY

signal conditioning (amplification, filtering), providing appropriate excitation voltage/current for active
sensors, and ensuring compatibility with the ADC's input specifications.

Example: A 4-20 mA current loop from a pressure transmitter is converted to a voltage using a 250Q
resistor before digitization.

Practical application: Integrating legacy analog sensors into modern digital acquisition platforms.
Challenges: Maintaining accuracy across temperature extremes and handling diverse sensor types within a
single system.

Signal-to-Noise Ratio (SNR)

Related terms: dynamic range, ENOB, measurement fidelity

Explanation: SNR quantifies the ratio of the desired signal power to the noise power, usually expressed in
decibels (dB). It is closely related to dynamic range and the effective number of bits (ENOB) of the ADC.
Higher SNR indicates better measurement fidelity.

Example: An ADC with an SNR of 96 dB corresponds to an ENOB of approximately 16 bits.

Practical application: High-precision voltage metrology where low noise is essential.

Challenges: Reducing environmental and electronic noise sources and selecting components that meet SNR
requirements.

Software Trigger

Related terms: hardware trigger, pre-trigger buffer, event capture

Explanation: A software trigger initiates data acquisition based on a condition evaluated in software, as
opposed to a hardware trigger which relies on external physical signals. A pre-trigger buffer stores data
preceding the trigger point, enabling full event capture.

Example: Configuring a DAQ to start recording when temperature exceeds a threshold defined in the
application software.

Practical application: Fault detection in power systems where the trigger condition is a calculated parameter
rather than a direct voltage level.

Challenges: Ensuring low latency between condition detection and data capture, and managing buffer size
to avoid data loss.

Synchronous Sampling

Related terms: clock distribution, timestamping, phase alignment

Explanation: Synchronous sampling ensures that multiple channels or devices acquire data using a common
clock, providing consistent phase alignment. Proper clock distribution and timestamping are essential for
correlating data across distributed systems.

Example: A multi-module DAQ system shares a master 10 MHz clock to guarantee simultaneous sampling of
vibration and acoustic sensors.

Practical application: Coordinated measurements in wind tunnel testing where pressure and flow data must
be temporally aligned.

Challenges: Managing clock skew, jitter, and ensuring reliable clock signals over long cable runs.

Thermocouple (Type K)
Related terms: cold junction compensation, reference junction, linearity
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Explanation: A Type K thermocouple consists of chromel-alumel wires producing a millivolt output
proportional to temperature difference. Accurate measurement requires cold junction compensation (CJC)
to reference the measured voltage to a known temperature at the reference junction. The output is
inherently non-linear, so linearity corrections are applied in software.

Example: Using an integrated CJC module that reads the board temperature and adds the appropriate
offset to the thermocouple voltage.

Practical application: High-temperature monitoring in furnace control where temperatures exceed 1000 °C.
Challenges: Maintaining CJC accuracy, handling thermoelectric noise, and ensuring proper wiring to avoid
lead-wire errors.

Time-Division Multiplexing (TDM)

Related terms: slot allocation, frame rate, bandwidth efficiency

Explanation: TDM shares a single communication channel among multiple data streams by assigning each
stream a time slot within a repeating frame. Slot allocation determines which device transmits in each slot,
while the frame rate defines how often the full set of slots repeats. This technique improves bandwidth
efficiency in multi-sensor networks.

Example: A DAQ system using TDM to collect data from eight remote temperature sensors over a single
RS-485 line.

Practical application: Distributed monitoring in oil pipelines where wiring cost must be minimized.
Challenges: Synchronizing slot timing, handling variable data rates, and preventing slot collisions.

Transducer (Sensor)

Related terms: output signal, range, accuracy

Explanation: A transducer converts a physical quantity (pressure, temperature, flow) into an electrical output
signal. Key specifications include the measurement range and accuracy, which together determine suitability
for a given application.

Example: A 0-10bar pressure transducer that outputs 4-20 mA proportional to pressure.

Practical application: Process control where pressure must be continuously monitored and logged.
Challenges: Selecting transducers with appropriate environmental ratings and ensuring proper installation
to avoid measurement errors.

UART (Universal Asynchronous Receiver/Transmitter)

Related terms: baud rate, parity, serial communication

Explanation: UART is a hardware module that facilitates serial communication by converting parallel data
from a microcontroller into asynchronous serial streams. The baud rate defines the symbol rate, while parity
bits may be used for error detection.

Example: Configuring a DAQ's UART port at 115200 bps to transmit temperature data to a handheld
terminal.

Practical application: Simple point-to-point data links in laboratory equipment where low-cost
communication is sufficient.

Challenges: Managing timing constraints, preventing buffer overruns, and ensuring reliable data integrity
over long cables.
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Voltage Reference (Vref)

Related terms: precision, temperature coefficient, stability

Explanation: The voltage reference provides a stable reference voltage for the ADC's conversion process.
High precision and low temperature coefficient are essential for stability across operating conditions.
Example: A 2.500V reference with £0.01% accuracy and 5ppm/°C drift used in a high-resolution DAQ.
Practical application: Calibration of multi-channel systems where all channels share a common Vref to
ensure uniform scaling.

Challenges: Selecting references that meet the required accuracy without excessive power consumption and
protecting them from noise.

Waveform Capture

Related terms: trigger level, record length, post-processing

Explanation: Waveform capture involves storing a sequence of sampled data points for later analysis. The
trigger level determines when acquisition starts, while the record length defines how many points are
stored. After capture, post-processing may include filtering, FFT, or statistical analysis.

Example: Capturing a 10 ms segment of a motor current waveform at 1 MS/s for harmonic analysis.
Practical application: Fault diagnosis in power electronics where transient over-currents must be examined.
Challenges: Configuring appropriate trigger conditions to avoid missing events and managing memory
constraints for long records.

Zero-Span Mode

Related terms: band-pass filter, frequency tracking, real-time monitoring

Explanation: In zero-span mode, the DAQ's internal band-pass filter is centered at a user-selected
frequency, effectively turning the system into a narrow-band detector that tracks the amplitude of that
frequency over time. This is useful for real-time monitoring of specific spectral components.

Example: Setting zero-span at 60 Hz to monitor power line interference in a sensor signal.

Practical application: Detecting mechanical resonances in rotating equipment by continuously observing a
known vibration frequency.

Challenges: Maintaining filter stability, avoiding drift of the center frequency, and ensuring the bandwidth is
narrow enough to isolate the target component without attenuating it.
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