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Abstract

Air Data and Inertial Reference Systems (ADIRS) consist of pitot tubes, static ports, angle-
of-attack (AoA) sensors, sometimes total air temperature (TAT) sensors, and strapdown inertial
sensors to estimate airspeed, altitude, attitude, and acceleration. During maneuvers, turbulence,
icing, or vibration, inertial effects distort (i) the aerometric channel (pressures, AoA) and (ii) the
inertial channel itself (accelerometers, gyroscopes). This paper explains the main error
mechanisms in simple terms, shows how engineers detect and separate them in data, and
summarizes practical hardware and algorithmic mitigations that fit within certification
constraints.
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Hava molumatlar1 vo inersial sistemlordo (ADIRS) oatalat sahvlori: Praktiki
identifikasiya va tasirlarin azaldilmasi

R.R. Quliyev
Azarbaycan Milli Aviasiya Akademiyasi (Baki, Azarbaycan)

Xiilasa

Hava Molumati vo Inersial Istinad Sistemlori (ADIRS) hava siirotini, hiindiirliiyiinii,
movgeyini va tacilini giymatlondirmok ti¢iin pitot borulari, statik portlar, hiicum bucagi (AoA)
sensorlari, bazon timumi hava temperaturu (TAT) sensorlar1 vo inersial sensorlardan ibaratdir.
Manevrlar, turbulentlik, buzlanma va ya vibrasiya zamani inersial tasirlor (i) aecrometrik kanali
(tozyiglar, A0A) va (ii) otalot kanalinin 6ziinii (akselerometrlar, giroskoplar) tohrif edir. Bu is
asas sohv mexanizmlorini sads dillo izah edir, miithandislorin onlar1 molumatlarda neco askar
etdiyini vo ayirdigin1 gostorir vo sertifikatlasdirma mohdudiyyatlorine uygun golon praktiki
aparat vo alqoritmik azaldilmalar1 imumilosdirir.

Acar sozlar: ADIRS; pitot-statik; otalot sohvlori; pnevmatik sohvlor; g-hassasliq; vibrasiya;
sinxronizasiya; monitoring; agilli hava malumat zondu.

NuepunaabHbie OIMOKY B BO3AYIIHBIX JAaHHBIX H MHEPUHAJBHBIX CHCTEMAX
orcyera (ADIRS): npakTuyeckoe BbIsIBJICHHE U YCTPAHEHHE
P.P. I'yiiueB

Aszepbatiorcanckas Hayuonanvnan Akademus Asuayuu (baxy, Azepbatiosrcan)

AHHOTaNUA

CucteMbl BO3AYIIHBIX JaHHBIX M MHepLUanbHbIX KoopauHaT (ADIRS) coctosaT u3 Tpybok
[TuTo, CTaTM4yecKUX NPUEMHMKOB, JAaTYMKOB yria ataku (AoA), MHOIJA AATYMKOB ITOJIHOM
temneparypsl Bo3ayxa (TAT) m OecrmaTpOpPMEHHBIX HMHEPLUUATbHBIX JATUYUKOB JUIS OLIEHKH
BO3YIIHOM CKOPOCTHU, BBICOTHI, MOJIOKEHHS B IPOCTPAHCTBE U YCKOpeHus. Bo BpeMs MaHeBpOB,
TypOyJneHTHOCTH, OOJeleHeHUuss WU BUOpaluud HHEpHHalbHble 3(PQeKThl HcKaxaoT (1)
a’pomeTpuueckuil kaHan (gaBieHue, AoA) u (il) caM MHEPIHMAIbHBIN KaHal (aKcelepoMeTphl,
TUpOCKOMNbl). B 1aHHOM cTaTbe MNPOCTHIMU CJIOBAMHU OOBSCHSIOTCS OCHOBHBIE MEXaHU3MBI
BO3HHUKHOBEHHUS OIIMOOK, TMOKa3bIBaeTCs, Kak WMH)XEHEpPhl OOHApYXHUBAIOT M pa3feiisiioT UX B
JAHHBIX, @ TakXe O00OOINAIOTCS MPAKTUYECKHE allapaTHble U aJTOPUTMHUYECKHE METOMAbI UX
yCTpaHEHUs], COOTBETCTBYIOIME TPEOOBAHUAM CEPTHUPHUKAIIHH.

KiaroueBbie ciaoBa: ADIRS; muTo-cTaTH4eckwii; WHEPUHUOHHBIC OMIMOKH, MHEBMaTHYeCKas
3a/IepKKa; YyBCTBUTEIBHOCTD K TIEpPETpy3KaM; BUOPAIIHS; CHHXPOHU3AIHS;
KOHTPOJIb LIETOCTHOCTH; MHTEIJICKTYAIbHBINA JATYNK BO3TYIIHBIX TAHHBIX.
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Introduction

Modern aircraft use an Air Data and
Inertial Reference System (ADIRS) to provide
the core flight variables for displays, flight
control, and navigation. ADIRS integrates:

Air-data (aerometric) path - The pitot
probe measures total (stagnation) pressure and
static ports measure static pressure; together
these yield calibrated airspeed, Mach (with
temperature), barometric altitude, and vertical
speed. Angle-of-attack (AoA) is measured by
a vane or differential ports, and total air
temperature (TAT) is sensed by a dedicated
probe. Pressures are conveyed to Air Data

Modules (ADMs) via tubing; ADMs convert
pressure to electrical signals [1].

Inertial path - The Inertial Reference
Unit (IRU) contains a strapdown IMU with
three orthogonal accelerometers (longitudinal,
lateral, vertical) and three orthogonal
gyroscopes (roll, pitch, yaw), from these, the
system computes attitude and angular rates
and supports short-term motion estimation [2].

Fusion and integrity - A central
estimator (within the ADIRU) time-aligns and
fuses air-data and inertial signals, applies
reasonableness checks (residual tests), and
outputs validated states and health flags to
avionics and standby instruments [1].
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Figure 1 — Typical ADIRS/air-data architecture (A320 family). Triplex ADIRUs each combine an Inertial
Reference (IR) and an Air Data Reference (ADR). Air Data Modules (ADMs) digitize pressures from pitot
probes (total) and static ports (static); AoA and TAT sensors provide additional inputs; a standby chain

feeds standby instruments [3].

Background and Definitions
An Air Data Inertial Reference System
(ADIRS) combines two parts:

Aerometric part (air data): pitot-static
pressure, total air temperature, and angle of
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attack (AoA), from these we get indicated
airspeed (1AS), altitude, and vertical speed.

Inertial part (IMU): gyroscopes and
accelerometers, from these we get attitude
(pitch/roll/yaw), angular rates, and specific
force [4].

Before the system shares values with
other avionics (auto-flight, FMS, displays), the
two parts are time-aligned and fused. If the
inertial part has errors, those errors can appear
in air-data outputs because the fusion
compares and combines both parts [5].

Key terms used in this paper

Residual: the difference between what
the inertial part predicts for a quantity and
what the air-data part measures.

Coherence: how similar two signals are
in the frequency sense.

Latency: delay from sensing to output.

Integrity monitoring: simple checks that
say “use / do not use” a signal (with clear
rules).

The main idea is inertial errors do not
stay inside the IMU. They show up as patterns
in air-data values when the two parts interact.

Sensors removes lag bounded latency

Aerometric
Outputs

(Pitot-Static, TAT, AsA) [“p— Time Alignment _.‘ Fusion
B
1 Attitude

Integrity Checks

Aux Signals (e.g.. Config)

Figure 2 — ADIRS with Aerometric and Inertial
inputs, Time Alignment, Fusion, and Integrity
Checks. Alignment removes lag; outputs maintain
bounded latency (The figure is author-generated).

Scope
This article focuses on transport-
category aircraft that use standard pitot—static

installations together with navigation-grade
inertial measurement units (IMUs) typical of
airline service. The operating context is
normal  flight—take-off, climb, cruise,
descent, and approach—where the ADIRS
must provide stable and timely data to other
avionics, within this setting, the paper explains
which inertial error sources are most relevant
for air-data functions, how these errors appear
in observable signals (time traces, simple
spectra, and context bins such as angle of
attack), and which basic checks can reveal
them [9].

The intent is descriptive rather than
experimental, and paper consolidates practical
engineering knowledge, and emphasizes
methods that are deterministic, explainable,
and compatible with certification constraints
on latency and complexity. New simulations,
quantitative performance claims, and detailed
mathematical derivations are outside the

scope.
How inertial errors appear in air-data
outputs

In the ADIRS, the aerometric and

inertial parts are compared and fused, because
of this interaction, imperfections in the inertial
measurements can be observed inside air-data
quantities such as indicated airspeed, altitude,

and vertical speed. The most important
mechanisms  are  vibration  coupling,
acceleration (g-sensitivity) during

manoeuvres, angle-of-attack and sideslip
effects, timing and synchronization issues, and
temperature or icing effects. Each mechanism
leaves a characteristic pattern that can be
recognized without heavy mathematics.
Vibration - Structural and engine
vibration can couple into the IMU and, in
some cases, into air-data sensors and
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plumbing. In practice this produces small
ripples or occasional spikes in the difference
between an inertial prediction and the
aerometric measurement (the residual). If the
residual is viewed in the frequency domain,
narrow peaks often appear near known engine
or structural orders. These peaks can bias
simple integrity checks or force unnecessary
smoothing. The key point is that the
contamination is narrowband and repeatable,
not random.

Acceleration and g-sensitivity - During
turns, pull-ups, or other manoeuvres, specific-
force levels change and a small part of this
change appears as bias in accelerometers and,
indirectly, in gyros. At the same time, the
pneumatic path responds more slowly than the
inertial prediction because of transport delay.
The observable result is a residual that grows
with g-level and changes sign with the
direction of the manoeuvre. This can be
misinterpreted as an air-data problem unless
the acceleration context is considered.

Angle of attack and sideslip - Local
airflow around the fuselage and static ports
varies with angle of attack (AoA) and sideslip
(B). Although this is usually framed as an “air-

data” issue, its signature becomes visible
when compared against inertial predictions.
The error typically follows a smooth, stable
curve of indicated airspeed (or altitude) error
versus AoA or 3, sometimes with dependence
on configuration such as flaps or gear. The
stability of this curve means it is predictable
and therefore correctable once identified [8].

Timing and synchronization - The
aerometric and inertial signals are sampled
and buffered separately, and the air-data path
adds physical delay. When timestamps are not
aligned, the signals agree best only after a
small time shift; this appears as a correlation
peak at a non-zero lag and reduced agreement
in some frequency bands. Correcting the
timing often removes several other symptoms,
so it should be treated first.

Temperature and icing - Sensor outputs
drift with temperature, and ice can change port
geometry or partially block lines. In practice
this causes slow residual drift with outside-air
temperature and, during icing onset or
shedding, short spikes or temporary loss of
sensitivity [6,7]. These cases call for heating,
drainage, and brief inhibits rather than
algorithm changes.
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Figure 3. Canonical residual fingerprints: (A) manoeuvre—residual increases in the manoeuvre window;
(B) vibration—narrowband ripple in the residual; (C) icing—slow drift with short spikes. Schematic
illustration by the author for explanatory purposes. The figure is author-generated schematic illustration
created to explain typical error patterns in an ADIRS. They were produced in Python (Matplotlib) with
simple synthetic signals chosen to mimic three situations.

Simple diagnostics
e Timing first

Estimate the relative delay between an
inertial-predicted rate (e.g., vertical dynamics
from the IMU) and the corresponding air-data
rate. A simple correlation-versus-lag scan is
sufficient. If the correlation peaks at a non-
zero lag and coherence improves after shifting
one signal, the dominant issue is timing rather
than physics.

e Time-domain residuals
Form a residual as “inertial prediction minus
air-data measurement.” In short windows,
look for (i) sustained bias (installation or
temperature), (ii) bursty excursions (vibration
or contamination), and (iii) offsets that change
sign with manoeuvres (g-sensitivity).

e Narrowband screening
Compute a one-sided spectrum of the residual.
Stable, narrow peaks near engine/structural
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orders indicate vibration imprint and justify
targeted - not blanket - filtering.

e Context binning
Bin the residual by angle of attack (or ) and,
if available, by configuration (flaps/gear). A
smooth monotone trend indicates a position-
error curve that can be scheduled or corrected.

Mitigation principles

Mitigation begins with time alignment
[10]. The aerometric and inertial channels
must be placed on the same clock using a
fixed delay equal to the measured lag; this
keeps latency predictable and prevents timing
errors from appearing as false physics. The
estimated lag and its short-term variation
should be recorded as a health metric so that
maintenance teams can see whether timing is
stable across phases of flight [11, 12].

Once timing is correct, noise control
should be applied in a targeted way. When the
residual spectrum shows the same narrow
peaks at engine or structural orders, a linear-
phase notch with documented group delay is
appropriate. Wide, aggressive smoothing
should be avoided; instead, air-data rates can
be smoothed with short, fixed windows
chosen from observed stability so that genuine
aircraft dynamics are preserved and latency
budgets are respected [10].

The system should include simple
integrity logic that is easy to audit. Residual
thresholds, together with clear inhibit and
restore conditions, allow the system to
suppress obviously unreliable data without
complex adaptation. Where redundancy exists,
straightforward voting and reversion rules are
preferred over opaque heuristics, and any rule

changes must be traceable in the software
configuration [10].

Finally, mitigation depends on good
hardware practice and configuration control.
Pneumatic lines should remain short and
drained; probe heating and AO0A vane
condition must be verified; and all filter
coefficients and alignment values should be
kept under versioned control. With these
measures in place - deterministic alignment,
selective filtering, bounded smoothing, simple
integrity, and disciplined maintenance — the
ADIRS remains explainable, certifiable, and
robust to the inertial-origin effects described
in the previous sections.

Conclusion

Inertial imperfections - vibration, g-
sensitivity in manoeuvres, AoA/p-dependent
position effects, timing/synchronization, and
temperature/icing -can appear inside air-data
outputs because the aerometric and inertial
channels interact in the ADIRS. A light-
weight workflow - timing check — residual
statistics — narrowband screening — Ao0A/B
context bins—separates mechanisms without
heavy mathematics. Corresponding actions
(fixed alignment, targeted linear-phase
filtering, bounded smoothing, and simple
integrity logic) are deterministic, auditable,
and compatible with certification constraints
on latency and complexity.
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