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SICALC — A new tool for calculating helicopter noise
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Helicopter noise is technically complex to model and typically requires a high level of domain expertise.
Existing tools are often difficult to access for non-expert users, and recent advances in modelling
methodology have increased computational demands. SICALC addresses this gap by providing a helicopter
noise modelling framework that combines state-of-the-art methodology with an accessible and structured
workflow. The helicopter module in SICALC implements the NORAH?2 methodology, enabling detailed
noise calculations with 3D source directivity and 1/3-octave spectra in the frequency range 10 Hz—10 kHz,
including the effects of terrain, shielding, and reflections. This paper presents the implementation of
NORAH2 within the SICALC platform, describing algorithmic choices such as adaptive flight path
segmentation and GPU-accelerated calculation of sound propagation. System architecture, data flow, and
initial validation and performance results are presented, showing that detailed NORAH2-based helicopter
noise assessments can be performed within practical computation times while maintaining methodological
accuracy.

1 Introduction

Tools for calculating helicopter noise have traditionally been characterized by limited availability to users outside the
expert community. This is largely due to the complexity of such tools, a high barrier to entry, and the need for detailed
knowledge of operational procedures and flight patterns. In contrast to conventional fixed-wing operations at airports,
helicopter operations are often carried out in complex environments, close to buildings, in urban areas, and with a high
degree of flight path flexibility. These characteristics require domain expertise and an understanding of both the
underlying methodology and the input data.

At the same time, societal expectations for both the accuracy of noise assessments and access to calculation tools have
increased over time. Reliable noise predictions are essential for land use planning, the design of mitigation measures, and
the assessment of environmental impacts. Recent initiatives led by the European Union Aviation Safety Agency (EASA)
resulted in the finalization of the NORAH2 methodology in 2024 [1], which provides an updated and more advanced
approach for helicopter noise assessment. Compared to previous methods, NORAH2 introduces increased physical
realism, including time-resolved 4D flight trajectories, spectral calculations over a wide frequency range, and explicit
consideration of shielding and reflection effects from terrain and buildings.

While these advances significantly improve modelling capability, they also introduce computational challenges,
particularly for urban scenarios involving complex geometry, dense receiver grids, and large numbers of flight operations.
Practical use of NORAH2 therefore requires efficient algorithms to keep calculation times within acceptable limits.

To meet the growing demand for accessible and robust tools, SINTEF has developed a new tool for helicopter noise
assessment within the SICALC (SINTEF Noise Calculator) platform. The main goal is to democratize noise calculations
by providing an intuitive user interface, without compromising scientific or methodological quality. The platform is
designed around a structured workflow that exposes only the necessary input parameters and guides users through the



calculation process, reducing the risk of user error. In addition, a dedicated desktop application has been developed for
the preparation and quality assurance of the input data required for the noise calculations.

SICALC integrates the NORAH2 methodology, enabling more detailed helicopter noise predictions than previous
methods. This includes full-spectrum results in the frequency range from 10 Hz to 10 kHz and an improved representation
of operational conditions. The methodology explicitly accounts for reflections and shielding from buildings and terrain,
which is particularly important for helicopter operations in urban areas.

This paper presents the implementation of NORAH2 within the SICALC platform, with emphasis on algorithmic choices
to enable efficient calculations. These include adaptive flight path segmentation and GPU-accelerated sound propagation
modelling. The paper also discusses how user interface design and workflow separation enable access to helicopter noise
assessments for a wider range of users, while still ensuring methodological consistency and quality of results.

2 Background

2.1 NORAH2 - A new method for calculating helicopter noise

NORAH?2 (NOise of Rotorcraft Assessed by a Hemisphere approach) is a European methodology for estimating helicopter
noise, developed under the coordination of the European Union Aviation Safety Agency (EASA) within the EU
Horizon 2020 program [1]. Building upon the initial NORAH prototype, the methodology was developed to fill gaps in
international guidance and support the requirements of the European Environmental Noise Directive (END) [2].

NORAH?2 is the first hemisphere-based noise calculation method specifically developed for helicopters. It has a clear
separation between noise source modelling and sound propagation, providing improved control of propagation effects.
The propagation module is aligned with the CNOSSOS-EU framework, accounting for uneven terrain, varying surface
impedance, and screening effects from buildings and topography. Sound emission is computed along time-resolved 4D
flight trajectories and with 3D directivity, as illustrated in Figure 1.
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Figure 1. Example of 3D directivity of NORAH?2 data

NORAH?2 supports spectral noise calculations in frequency range 10 Hz—10 kHz. The database represents approximately
80 % of the European helicopter fleet and includes modes such as hover, taxiing and turns. The methodology is designed
for complex operations in urban environments and provides a solid basis for assessing helicopters, drones and future
Urban Air Mobility (UAM).

2.2 Need for an accessible tool

Both industry and society show an increasing demand for more detailed and accurate noise assessments, as well as access
to tools that enable users to perform such calculations themselves. This requires that tools are designed in a way that
ensures reliable and accurate results also for non-expert users. Consequently, the complexity that has traditionally
characterized these analyses must be reduced and structured, allowing a broader user base to carry out noise calculations
without requiring in-depth methodological expertise.

There is also a need for a modern, easy to use tool that experts can use to gather data and prepare the necessary model
input datasets which will subsequently be used for noise assessments by non-experts.



3 A new tool for calculating helicopter noise

SINTEF has developed a new web-based tool for helicopter noise assessment based on the latest state-of-the-art
methodology, NORAH2. The tool combines advanced computational methods with a user-friendly interface without
compromising scientific accuracy. SINTEF has also developed a new desktop application for preparing input datasets.

3.1 Overview of the tool architecture

The tool consists of several components, as described below and shown in Figure 2.
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Figure 2. Components and data flow of the NORTIM Rotor / SICALC system.

NORTIM Rotor desktop application is used to prepare input datasets for noise modelling for a given helicopter landing
site. It can import relevant data from external sources and has a streamlined and automated interface to process data with
as little user input as possible. The finished dataset for a site can be uploaded to the SICALC service, and depending on
approval status from an authorized user, it will be made available for other users, or only to the uploader. The application
is further described in section 3.4.1.

SICALC web application is the main interface for end users who want to perform noise calculations for a given area or
specified points, based on previously prepared (and usually approved) input datasets. Users may add local screens or
buildings to the calculation, but by design they cannot otherwise change the input data. The web application sends
calculation tasks to the SICALC server and retrieves results and reports which can be downloaded by the user. The web
application is further described in section 3.4.2.

SICALC server is where all the actual calculations are handled. The server retrieves input datasets (approved or private)
from NORTIM Rotor and stores the data locally for use in subsequent calculations. Then, the server retrieves calculation
tasks from the web application and runs these in parallel as necessary. The stored dataset and the given calculation task
specification are processed to generate a list of sound pathways between sources and receivers. This list is sent to the
NORTIM Rotor kernel to calculate noise propagation. Finally, the resulting attenuation is combined with noise lookup
from the NORAH?2 database hemispheres, and noise is integrated for all receiver points in the task.

NORAH2 database contains substitutes and noise hemispheres for various helicopter types. See section 3.3.

NORTIM Rotor kernel is an independent implementation of the noise propagation algorithms described in the NORAH?2
rotorcraft noise modelling guidance [3]. It is implemented in the Julia language for easy access to CUDA libraries for



GPU parallelism, and to have a modern, maintainable implementation of the NORAH2 method. The implementation is
further described in section 3.2.2.

3.2 Implementation of NORAH2 in NORTIM Rotor / SICALC

Unlike traditional aircraft noise modelling, e.g. ECAC Doc 29 [4], the NORAH2 method describes the separation of
source noise emission and sound propagation. We have split these two concerns into separate code sets in our
implementation of the method, each using parallelism where applicable. NORAH?2 also proposes an algorithm for dividing
the flight path into time steps. We have implemented an alternative method for flight path segmentation.

3.2.1 Flight path segmentation

The official NORAH prototype implementation [1] uses a fixed time step (typically 0.5 seconds) for segmentation of
flight paths. This drives up computational cost, as the high density of source points is combined with numerous receiver
locations within the area of interest, resulting in a prohibitive number of source — receiver pathways.

To discover which parts of the flight path need to be sampled densely and which parts can be represented by fewer source
points, we have implemented a beam-tracing algorithm. The algorithm is guided by criteria for segment length, and
distance and angle as seen from the receiver. The algorithm can include sound reflection from one wall per pathway.
Figure 3 shows examples of segmentation by this algorithm.
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Figure 3. Flight path segmentation by beam tracing algorithm. Left: Direct sound; Right: First order reflections.

This algorithm is repeated for each receiver point, and so will be more computationally demanding than segmenting in
even time steps, once, independent of receiver position. However, the reduction in number of source points and thus
pathways is substantial, and so the total computational load is reduced.

3.2.2 Sound propagation modelling

The sound propagation method proposed by NORAH?2 [3] includes the effects of spherical spreading, atmospheric
attenuation, ground absorption, and screening. These effects are calculated for each source-receiver pathway, and can
include topography, various ground surface types, screens, and buildings.

There might be several million pathways for which to calculate sound propagation, after segmentation of all sources as
described above, and combining these with all receivers. Such large numbers of very similar calculations benefit greatly
from the massive parallelism offered by GPUs.

We have implemented the NORAH2 sound propagation method in the Julia language, as it handles matrices natively and
has a CUDA library for running calculations on Nvidia GPUs. The implementation includes the most computationally
heavy part of the method: creating a terrain section and finding the ‘rubber band’ sound path across natural and artificial
obstacles. Due to limitations of GPUs, terrain sections are limited to a fixed maximum number of points. Currently we
include up to 16 points:

e 12 equally spaced terrain elevation samples. This should be sufficient to sample the most relevant parts of the
terrain, with higher precision for sources nearby and lower precision for distant sources that contribute less to
the overall noise level.

e Up to 3 artificial obstacles (screens or buildings). The first and last obstacles are always included, and these are
the most important. Obstacles in between these contribute only to the total length of the rubber band sound path.

e Up to 1 reflection. Including more reflections will in most cases have minor effects on the final noise level but
will result in a large increase in pathways to calculate, and greater complexity in creating the final terrain section.

To avoid computational overhead where the Julia code is ‘compiled’ to run on CUDA, the Julia kernel runs as a service
on the SICALC backend server, and processes data received from the SICALC server component.



3.2.3 Noise lookup and final accumulation of results

Noise lookup from NORAH2 hemisphere data, as described in the guidance [3], is a two-step process. First, the relevant
hemisphere is selected based on flight segment pitch angle, and speed at the source point. Then, the noise level is retrieved
based on polar and azimuth angles for sound emission from the source point towards the receiver.

These algorithms have been implemented as described. The final contribution of a flight segment source point to the
sound level at a receiver is then the combination of

Hemisphere noise level spectrum for the segment’s pitch, and speed and emission angles at the source point
Sound propagation, as calculated by the Julia kernel

Absorption coefficient of a wall, if the sound pathway includes a reflection

Fresnel factor to account for relevant height of the wall

Duration represented by the flight segment source point, corrected for propagation time to receiver
A-weighting

Number of operations represented by flight, for each noise unit

As the hemisphere lookup can be computationally heavy, the accumulation of noise contribution from all source points
to all receivers has been wrapped in a parallel loop running on CPU. At a later stage, these lookups might also be moved
to the Julia GPU kernel.

3.3 NORAH2 Database of helicopter noise

The NORAH2 database currently consists of noise data for 11 helicopter types, and a substitute list adds 60+ more
helicopters. For each helicopter type there is a set of files, each file representing a certain operation type (takeoff,
approach, flyover, etc.), flight pitch angle, and flight speed. A Delaunay triangulation is made between the (pitch, speed)
points to assist with interpolation of data in the closest matching files for a given pitch angle and flight speed. Each file
has tabulated noise data, spanning polar and azimuth emission angles to form a hemisphere. In case of missing data,
algorithms are specified to locate the closest values to use [3].

The database can be extended by adding complete sets of noise hemisphere files that spans a minimum range of operation
types, pitch angles and flight speeds, together with a file specifying the Delaunay triangulation. There are guidelines for
how to measure and process noise data into the hemisphere file format required by the NORAH2 method [5].

3.4 User interface

3.4.1 NORTIM Rotor desktop application

As described in section 3.1, the NORTIM Rotor desktop application is designed to create and upload model input datasets
for the SICALC service. The application can load data from several external sources, such as traffic journal files,
topography, and municipal buildings data. Background maps can be loaded from freely available map services.

The workflow is based on editing data in a logical sequence of tables. To reduce the chance of user input errors, geographic
objects like helipads and screens are shown in real time on maps. Similarly, flight profiles are visualized in charts. For
flight profiles, there is an option to show the underlying terrain elevation along the flight path. For flight tracks, editing
can be done either graphically by clicking in the map, or by specifying sequences of straight or curved flight segments.

Figure 4 shows the main user interface of the application.

The application is made to require user input only when necessary, and tables that might require user attention are flagged
when preceding data is changed. Missing, incorrect or inconsistent values are flagged either immediately or when leaving
the current table.

When processing is completed, the user may upload the dataset to the SICALC service. When data is uploaded, approval
can be requested from an authorized user for the given site. This user will then get a notification, and they can download
and review the complete input dataset (read only) in their own NORTIM Rotor application. If approval is given, the
dataset will be made available to other users of the SICALC service. Alternatively, the dataset may be uploaded without
approval request, in which case it will be available only for the user who uploaded it.
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Figure 4. Main window of NORTIM Rotor desktop application, showing the Track table and track editing interface.

3.4.2 SICALC Web application

User interfaces for aircraft noise software have traditionally been designed for expert use, often resulting in complex
workflows with numerous configuration options and high risk of user error. SICALC addresses this challenge by placing
accessibility and robustness at the center of the user interface design. The platform is intended to support users with
varying backgrounds and levels of expertise, while ensuring that noise calculations can be carried out correctly and
consistently. To achieve this, SICALC distinguishes between three main user groups:

e Non expert user
e Acoustic consultants
e  Airports owners

Each user group is provided with an interface tailored to its typical tasks, allowing advanced functionality where needed
while maintaining a clear and guided workflow for non-expert users.

The SICALC user interface is based on an interactive map, where locations and objects are visualized. In the first version
the following features will be included:

Grid resolution of noise maps can be selected from: 1, 3,9, 27 or 81 m

Other receiver points can be imported from tables, or placed directly on the interactive map

Buildings and barriers can be imported and included in calculations

Facade receiver points can be automatically placed around buildings

If possible, calculation results are saved in a format that can be re-used by subsequent calculations by other users
Address lists with noise levels for buildings in a designated area are created

A PDF report is automatically generated, presenting all relevant information from the input data and results in
tables and on maps

Figure 5 shows the SICALC user interface, demonstrating the setup of a calculation and the resulting noise map for an
airport in Norway.

For non-expert users, access is limited to datasets that are already publicly available in the SICALC database, i.e. datasets
that have been published and approved by a representative for the airport or heliport. This is sufficient for e.g. assessing
a new building project near an existing helicopter landing site. Workflow is simplified, as users do not need to set up a
complete noise assessment from scratch. It also ensures consistency and reliability for noise calculations in the area.

Expert users and airport/heliport owners can use the NORTIM Rotor desktop application to prepare their own private
datasets, which will be accessible in SICALC only to their creators.
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Figure 5. User interface for SICALC web application.

4  Initial validation and testing

The various parts of the NORAH2 implementation in the SICALC service, like hemisphere interpolation and lookup,
ground absorption, etc., have been tested individually, and compared to similar parts of the official NORAH2 prototype.
Comparison against the official NORAH?2 prototype for simple test flights shows deviations of £0.1 dB or less. Replacing
our segmentation algorithm with the segmentation used by the NORAH?2 prototype results in deviations in the order of
+0.01 dB. Comparisons involving more complex flights will be made soon.

To assess computation time, we have run calculations with four simple flights (two departures and two arrivals) and a
2000 x 2000 m calculation grid with resolution 27 m. This gives 5625 calculation points. Figure 6 shows the preparation
and calculation times using the official NORAH?2 prototype, and our SICALC service using a CPU and a GPU kernel. It
is expected that calculation time will scale linearly with number of flights and calculation points, while preparation time
will scale linearly but with some constant overhead. For a more realistic case with ~ 280 flights, typical for a Norwegian
hospital helipad, the NORAH2 prototype is expected to take 5% hours to complete, while SICALC (on GPU) might run
for 15 minutes.
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Figure 6. Comparison of preparation and calculation times for a 75 x 75 point calculation grid and 4 flights,
using the official NORAH prototype, SICALC with a CPU kernel, and SICALC with a GPU kernel.

5 Status and future work

The first version of NORTIM Rotor is planned to be available during 2026, primarily aimed at acoustic consultants.
Although the first version of the software is tailored for the Norwegian market, it will also be available for other countries.

During 2026, there will be continuous work on validation and benchmark testing to ensure robustness.
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