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Drone Repair and Maintenance

Sensor Calibration and Firmware Updates

Accelerometer Calibration — related terms: gyro calibration, sensor alignment. A process that adjusts the
accelerometer’s output to match known reference accelerations, usually by placing the drone on a level
surface and recording zero-g offsets. Example: after a hard landing, the accelerometer may drift, requiring
re-calibration to ensure accurate altitude hold. Challenges include temperature-induced bias and vibration
interference.

Altitude Hold Firmware — related terms: flight controller software, barometric sensor. Firmware code that
interprets barometer data to maintain a constant flight altitude. Updating this firmware can improve
response time and reduce oscillations. Example: installing the latest altitude hold patch resolves "bouncing”
during hover. Challenges involve ensuring barometer calibration matches firmware expectations.

Barometer Bias — related terms: pressure offset, sensor drift. The systematic error in pressure readings
caused by sensor aging or temperature changes. Calibration involves measuring static pressure at known
altitude and applying a correction factor. Example: a drone that climbs unexpectedly may have a positive
barometer bias. Challenges include compensating for rapid temperature shifts during flight.

Battery Management System (BMS) Firmware — related terms: power monitoring, firmware update. Software
embedded in the BMS that monitors cell voltage, temperature, and charge cycles. Updating the BMS
firmware can add features such as predictive health alerts. Example: a new BMS firmware version adds a
low-temperature shutdown threshold. Challenges include ensuring the update does not interrupt power
delivery.

Bootloader — related terms: firmware flashing, firmware recovery. A small program that runs before the main
flight controller firmware, allowing new firmware images to be uploaded via USB or UART. Example: using
DFU mode to flash a revised navigation stack. Challenges include avoiding bricking the controller if the
bootloader is corrupted.

Compass (Magnetometer) Calibration — related terms: magnetic declination, interference. Aligns the
magnetometer’s output with true north by rotating the drone through multiple orientations and recording
magnetic field vectors. Example: after installing a metal payload, a full compass calibration prevents heading
errors. Challenges include electromagnetic interference from nearby metal structures and GPS/compass
coupling.

Compensation Matrix — related terms: sensor fusion, calibration coefficients. A set of numerical values
applied to raw sensor data to correct systematic errors such as scale factor, misalignment, and cross-axis
coupling. Example: the gyroscope compensation matrix reduces drift during aggressive maneuvers.
Challenges lie in deriving accurate coefficients without specialized equipment.

Controller Firmware — related terms: flight controller, software version. The primary software that runs on
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the drone’s flight controller, handling sensor input, control loops, and motor commands. Example: updating
to firmware version 4.2 adds support for new GPS modules. Challenges include compatibility with existing
hardware peripherals and ensuring the update process is interruption-free.

Digital Signal Processing (DSP) Firmware — related terms: filter algorithms, sensor data smoothing. Firmware
routines that filter raw sensor signals to reduce noise and improve stability. Example: a DSP update
introduces a Kalman filter for smoother accelerometer readings. Challenges involve balancing latency with
noise reduction.

Drone Firmware Update Procedure — related terms: flashing, recovery mode. A step-by-step protocol for
safely installing new firmware, typically involving connecting the drone to a PC, selecting the correct
firmware file, and verifying checksum integrity. Example: using the manufacturer’'s companion app to
perform an OTA (over-the-air) update. Challenges include loss of connection during OTA, leading to
corrupted firmware.

EEPROM (Electrically Erasable Programmable Read-Only Memory) — related terms: non-volatile storage,

calibration data. Memory area where sensor offsets, scale factors, and firmware configuration are stored.
Example: after calibrating the gyroscope, the offsets are written to EEPROM for persistence across power
cycles. Challenges include limited write cycles and potential data corruption if power is lost during write.

Factory Calibration — related terms: out-of-the-box settings, baseline offsets. The initial calibration
performed by the manufacturer before shipping, establishing reference values for sensors. Example: a new
drone arrives with factory-calibrated gyroscope bias of 0.02 deg/s. Challenges arise when field conditions
differ significantly from factory test environments, necessitating re-calibration.

Firmware Compatibility Matrix — related terms: hardware revisions, software versioning. A documented table
that maps specific hardware revisions to supported firmware releases. Example: revision B of the flight
controller requires firmware 3.5 or later. Challenges include tracking matrix updates when multiple hardware
variants exist.

Gyroscope Bias Calibration — related terms: drift correction, sensor zeroing. The process of determining and
compensating for the gyroscope’s constant offset when the drone is stationary. Example: a stationary
calibration routine that records 0.05deg/s bias on each axis. Challenges include temperature-dependent
bias changes that require periodic recalibration.

Gyroscope Scale Factor — related terms: sensitivity, calibration coefficient. The ratio that converts raw
gyroscope counts to angular velocity units (deg/s). Example: adjusting the scale factor from 131LSB/(deg/s)
to 135LSB/(deg/s) improves accuracy. Challenges include ensuring linearity across the full measurement
range.

Hardware Abstraction Layer (HAL) — related terms: firmware architecture, driver interface. A software layer
that isolates the core flight control logic from specific hardware details, allowing the same firmware to run
on different sensor boards. Example: updating the HAL enables support for a newer barometer model.
Challenges include maintaining backward compatibility and avoiding performance penalties.
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IMU (Inertial Measurement Unit) Calibration — related terms: accelerometer, gyroscope, sensor fusion. A
comprehensive calibration that aligns accelerometer, gyroscope, and sometimes magnetometer data to a
common reference frame. Example: a six-position calibration routine that simultaneously refines
accelerometer scale and gyroscope bias. Challenges include the need for a stable, vibration-free
environment.

In-Flight Firmware Update (IFWU) — related terms: OTA update, live patching. Updating the drone’s firmware
while it remains airborne, typically used for minor bug fixes or parameter changes. Example: applying a
security patch to the autopilot during a long-duration survey mission. Challenges involve ensuring the
update does not interrupt critical control loops and that a fallback exists if the update fails.

Laser Rangefinder Calibration — related terms: Lidar, altitude sensor, offset adjustment. Adjusting the
measured distance to account for mounting angle and sensor-to-center offsets, ensuring accurate ground
distance readings. Example: after relocating the Lidar module, a calibration adds a 5cm offset to
compensate for the new position. Challenges include dealing with surface reflectivity variations.

Linearization Firmware — related terms: sensor non-linearity correction, lookup table. Firmware that applies a
correction curve to raw sensor data to compensate for non-linear response characteristics. Example: a
linearization routine for a pressure sensor improves altitude accuracy at high elevations. Challenges include
generating accurate curves for each sensor batch.

Load Cell Firmware — related terms: payload sensor, weight measurement. Software that interprets voltage
changes from a load cell to determine the weight of a payload. Example: a firmware update adds
temperature compensation for more stable load measurements. Challenges include calibrating the cell
under varying temperature and vibration conditions.

Magnetometer Hard-Iron Calibration — related terms: offset correction, magnetic interference. Identifies and
removes constant magnetic fields caused by permanent magnets or ferrous components attached to the
drone. Example: after installing a camera gimbal, a hard-iron calibration eliminates the resulting heading
bias. Challenges involve isolating the drone from external magnetic fields during calibration.

Magnetometer Soft-Iron Calibration — related terms: scale distortion, field deformation. Compensates for
magnetic field distortion caused by nearby conductive materials that alter field shape. Example: a soft-iron
calibration matrix reduces heading error from 12° to under 2°. Challenges include the need for 3-axis
rotation and precise measurements.

Motor ESC (Electronic Speed Controller) Firmware — related terms: throttle response, firmware flash. The
embedded software that controls motor speed based on PWM or digital signals from the flight controller.
Example: flashing ESC firmware adds support for bidirectional thrust for a VTOL drone. Challenges include
ensuring the ESC firmware matches the motor’s voltage and current ratings.

Noise Floor — related terms: sensor noise, SNR. The baseline level of random fluctuations in sensor output
when no true signal is present. Example: a gyroscope with a noise floor of 0.01deg/s provides smoother
attitude estimation. Challenges involve minimizing noise through hardware shielding and firmware filtering.
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OTA (Over-The-Air) Firmware Update — related terms: wireless update, remote flashing. Updating the
drone’s firmware via Wi-Fi, LTE, or proprietary radio link without physical connection. Example: a fleet
manager pushes a security patch to all drones via OTA. Challenges include ensuring reliable data
transmission, handling partial downloads, and maintaining encryption.

PID (Proportional-Integral-Derivative) Tuning Firmware — related terms: control loop, auto-tune. Firmware
modules that allow adjustment of PID coefficients to achieve stable flight characteristics. Example: using the
auto-tune feature to derive optimal roll, pitch, and yaw gains after a new payload is installed. Challenges
include avoiding oscillations during the tuning process and accounting for changing payload dynamics.

Pixel Calibration (Camera Sensor) — related terms: visual odometry, image correction. Adjusting the camera
sensor’'s response to ensure accurate color balance and geometric distortion correction. Example:
calibrating a 4K camera’s lens parameters improves photogrammetry results. Challenges include
temperature-dependent lens distortion and the need for calibrated targets.

Power Distribution Board (PDB) Firmware — related terms: voltage monitoring, load shedding. Firmware that
monitors power rails, balances load, and can trigger protective shutdowns. Example: a firmware update adds
real-time current logging to the PDB. Challenges involve ensuring the firmware does not interfere with the
primary flight controller’s timing.

Pre-Flight Checklist Firmware Verification — related terms: diagnostic routine, health check. A firmware
routine that runs self-diagnostics on sensors and components before flight. Example: the checklist reports
“Compass calibrated: PASS” and “Barometer offset: 0.2 hPa". Challenges include false positives and the need
for rapid execution.

Pressure Sensor Calibration — related terms: barometer, altitude accuracy. Determining the relationship
between raw pressure readings and actual atmospheric pressure at known elevations. Example: calibrating
the pressure sensor at sea level and at 500 m altitude yields a linear correction factor. Challenges include
temperature compensation and sensor aging.

Propeller Vibration Compensation Firmware — related terms: vibration isolation, sensor filtering. Firmware
that uses vibration data to adjust motor commands, reducing the impact of propeller-induced vibration on
sensor readings. Example: a compensation algorithm reduces gyroscope noise during high-speed flight.
Challenges include distinguishing between true motion and vibration artifacts.

Quaternion Representation — related terms: attitude estimation, rotation vector. A four-component
mathematical format used by firmware to represent drone orientation without gimbal lock. Example: the
flight controller outputs quaternion data to the ground station for smooth 3-D visualization. Challenges
include converting between quaternion and Euler angles for user-friendly displays.

Radio Frequency (RF) Firmware — related terms: telemetry, link protocol. The software that manages
communication between the drone and ground control, handling packet framing, error correction, and
channel hopping. Example: updating RF firmware adds support for the latest 5.8 GHz video link. Challenges
include maintaining regulatory compliance and avoiding interference.
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Real-Time Clock (RTC) Firmware — related terms: timestamping, logging. Firmware that maintains accurate
time for data logging and mission scheduling, often synchronized via GPS. Example: after an RTC firmware
update, log files include millisecond-precision timestamps. Challenges involve drift over long periods and
power loss protection.

Reboot Loader - related terms: firmware reset, safe mode. A minimal program that can re-initialize the main
firmware after a crash, often providing a fallback mode for recovery. Example: invoking the reboot loader
after a failed update allows re-flashing the original firmware. Challenges include ensuring the loader itself is
robust and not exploitable.

Remote Firmware Validation — related terms: checksum, digital signature. The process of verifying that a
downloaded firmware image matches the expected cryptographic hash before installation. Example: the
OTA system aborts the update if the SHA-256 checksum does not match. Challenges include managing key
distribution and protecting against man-in-the-middle attacks.

Resistance Temperature Detector (RTD) Calibration — related terms: thermal sensor, temperature
compensation. Calibrating the RTD sensor that monitors motor and battery temperature to ensure accurate
readings. Example: a two-point calibration at 0°C and 50 °C improves thermal protection thresholds.
Challenges include sensor self-heating and wiring resistance errors.

Reverse Engineering Firmware — related terms: binary analysis, custom firmware. Analyzing compiled
firmware to understand its operation, often to develop third-party extensions. Example: reverse-engineered
firmware enables integration of a proprietary GPS module. Challenges include legal considerations, lack of
documentation, and risk of bricking devices.

RGB Sensor Calibration — related terms: color balance, image processing. Adjusting the camera’s color
channels to match known reference colors, ensuring accurate visual data for mapping. Example: calibrating
the RGB sensor using a ColorChecker chart reduces color deviation from 15% to under 3%. Challenges
involve variable lighting conditions and sensor aging.

Safety-Critical Firmware — related terms: fail-safe, watchdog timer. Firmware components that govern
emergency behaviors such as return-to-home, geofence breach response, and motor shutdown. Example: a
safety-critical firmware update adds a dual-layer watchdog to prevent lock-ups. Challenges include rigorous
testing and certification requirements.

Sensor Fusion Algorithm Firmware — related terms: EKF, complementary filter. Firmware that combines data
from accelerometer, gyroscope, magnetometer, and barometer to produce a unified state estimate.
Example: upgrading to an EKF-2 algorithm improves attitude accuracy during aggressive maneuvers.
Challenges involve tuning noise covariance matrices for optimal performance.

Signal Integrity Firmware — related terms: error detection, data corruption. Firmware that monitors
communication lines for parity errors, CRC failures, and timing violations. Example: the firmware logs a
“Signal integrity warning” when UART parity errors exceed a threshold. Challenges include distinguishing
transient glitches from persistent faults.
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Software Development Kit (SDK) Firmware Integration — related terms: API, custom modules. The process of
incorporating custom code into the drone’s firmware using the manufacturer’'s SDK. Example: developers
use the SDK to add a custom obstacle avoidance routine. Challenges include adhering to memory
constraints and maintaining real-time performance.

Static Calibration — related terms: stationary test, bias measurement. Calibration performed while the drone
is immobile, usually to determine zero offsets for accelerometers and gyroscopes. Example: a static
calibration routine records accelerometer bias over 30 seconds. Challenges include ambient vibrations that
can corrupt measurements.

System-on-Chip (SoC) Firmware — related terms: integrated processor, boot code. Firmware that runs on the
main processor integrating CPU, GPU, and sensor interfaces. Example: updating the SoC firmware adds
support for a new Al inference engine. Challenges involve ensuring compatibility with peripheral drivers.

Telemetry Data Encryption Firmware — related terms: secure link, AES. Firmware that encrypts outgoing
telemetry packets to protect mission data. Example: a firmware update enables AES-256 encryption for all
downlink traffic. Challenges include key management and increased latency.

Temperature Compensation Firmware — related terms: drift correction, thermal model. Firmware that adjusts
sensor outputs based on measured temperature to mitigate thermally induced errors. Example: applying
temperature compensation reduces gyroscope bias drift from 0.1 deg/s°C to 0.02 deg/s°C. Challenges
include accurate temperature sensing and modeling non-linear effects.

Thrust-to-Weight Ratio (TWR) Firmware — related terms: performance metric, motor mapping. Firmware
calculations that use TWR to set safe throttle limits and acceleration profiles. Example: after installing a
heavier battery, the firmware recalculates TWR and limits maximum climb rate. Challenges include dynamic
payload changes during flight.

Trim Calibration — related terms: hover offset, control bias. Adjusting the flight controller’s internal bias
values to achieve a level hover without manual stick input. Example: a trim calibration after a propeller
change eliminates a persistent roll drift. Challenges include ensuring the trim does not mask underlying
Sensor errors.

UAV Firmware Versioning Scheme — related terms: semantic versioning, release notes. The naming
convention that indicates major, minor, and patch updates for drone firmware. Example: version 5.3.2
indicates the fifth major release, third minor improvement, and second bug-fix patch. Challenges include
tracking dependencies between firmware modules and hardware revisions.

Unified Sensor Calibration (USC) — related terms: multi-sensor alignment, cross-axis. A calibration method
that simultaneously solves for biases, scale factors, and misalignments across all inertial sensors. Example:
the USC routine reduces overall sensor error by 40 % compared to individual calibrations. Challenges
include computational intensity and the need for a highly stable environment.

Update Rollback Mechanism — related terms: firmware revert, safe state. A feature that allows the drone to
revert to the previous firmware version if the new update fails verification. Example: after a corrupted OTA

Read online: https://certificates.HealthCareCourses.org.uk/glossaries/ HealthCareCourses (An LSIB brand) - 07 Jul 2026
16527734/sensor-calibration-and-firmware-updates



Healthg¥e GLOSSARY

flash, the rollback mechanism restores firmware 3.9 automatically. Challenges include preserving user
settings and ensuring the rollback image is not also corrupted.

USB DFU (Device Firmware Upgrade) Mode - related terms: USB boot, firmware flashing. A mode that
enables firmware upload over a USB connection using the DFU protocol. Example: connecting the flight
controller to a PC and entering DFU mode allows a manual firmware flash. Challenges include driver
compatibility across operating systems.

Voltage Reference Calibration — related terms: ADC scaling, power measurement. Adjusting the
analog-to-digital converter’s reference voltage to ensure accurate voltage readings from battery and sensor
inputs. Example: calibrating the voltage reference reduces battery voltage error from 0.2V to 0.02V.
Challenges involve temperature drift and supply noise.

Vibration Isolation Mount Firmware — related terms: mechanical damping, sensor stability. Firmware that
interprets vibration sensor data to control active isolation systems, such as motor-mounted dampers.
Example: the isolation firmware reduces gyroscope vibration peaks by 70% during high-RPM operation.
Challenges include latency and power consumption of active damping.

Wi-Fi Firmware Update — related terms: wireless flash, network security. Updating the drone’s Wi-Fi module
firmware to improve connectivity, range, and security protocols. Example: a Wi-Fi firmware update adds
WPA3 support for enhanced encryption. Challenges include ensuring the update does not disrupt ongoing
telemetry sessions.

Yaw Rate Sensor Calibration — related terms: gyroscope Z-axis, heading stability. Specific calibration of the
gyroscope's Z-axis to accurately measure rotational speed around the vertical axis. Example: a yaw rate
calibration reduces heading drift from 2 °/min to 0.3 °/min. Challenges involve isolating yaw bias from
cross-coupling with roll and pitch.

Z-Axis Accelerometer Bias — related terms: vertical acceleration, static offset. The constant error present in
the accelerometer’s vertical measurement when the drone is at rest. Example: correcting a +0.02 g bias
improves altitude hold precision. Challenges include temperature dependence and the need for periodic
verification.
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