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Abstract 

Automated capturing of room models for acoustic 

simulation might reduce time when acquiring room 

geometries for acoustic simulations. Additionally, 

ecologically valid representations of rooms in terms of 

both modalities, audio and visuals, are required for a 

qualitative evaluation of sound in architectural 

contexts. Those requirements might be achieved with 

the support of photogrammetry techniques. However, 

traditional ways of acoustic simulation are based on 

CAD models, thus estimating the original geometries 

of rooms. In those processes, the time effort and the 

chances to geometrically differ from the original 

rooms are not small. For this reason, a new method is 

presented based on photographies from various 

camera angles using 3D triangulation techniques. The 

potentials and applications of this automated method 

are discussed. 

1. Introduction 

When examining the room acoustics of architectural 

design, it can be helpful to auralize the effects of the 

room on the listener in this room. In this sense, the 

auralized result is meant to reproduce the sound as it 

would be audible in the corresponding real room. 

Auralizations have been traditionally achieved using 

recorded Binaural Room Impulse Responses (BRIRs) 

and convolving them with anechoic signals in 

laboratory conditions (Kuttruff, 2017). But in the last 

decades, also simulated BRIRs have been developed 

using different algorithms, such as ray tracing, image 

sources or hybrid approaches (Vorländer, 2022), to be 

later also convolved with anechoic signals. This 

approach opened the door to predict how a room 

which is not yet built will sound like, as well as 

calculate Room Impulse Responses (RIRs) without 

the time and effort limitation of measuring them in real 

rooms. Room acoustic simulations have already 

achieved plausible results compared to the equivalent 

real acoustic measurements during the last decades 

(Brinkmann et al. 2019). However, those auralizations 

require a sound propagation model, which emulates 

the real physical room as would be measured in the 

traditional recording approaches. The sound 

propagation model in room acoustics should include 

all the relevant effects for the simluation of the sound 

paths from the source to the receiver, such as 

propagation of waves through the air, reflection from 

surfaces, absorption from materials and air, and 

scattering and diffraction due to geometries. In order 

to simulate the impulse responses considering such 

effects, a geometrical model with material definitions 

is required.  

3D photogrammetry techniques present an attractive 

way to achieve such geometrical models from existing 

rooms in an automated way, compared to hand-crafted 

CAD models. However, some features from the latest 

need to be considered to achieve efficient acoustic 

models, in particular:  

1) they can be easily handled by the geometrical 

sound propagation algorithms, due to their 

reduced number of polygons, which makes them 

computationally efficient; this means that: 

2) the geometries of the room have to be represented 

in a level of detail that matches the dimensions of 

wavelengths of relevant sound frequencies; 

3) the definition of acoustic material properties: 

location and reduced number of them must be 

defined as close as possible to the real room; 

These three objectives aim to minize the mismatch 

between the real room and the CAD models. We 

consider these three pre-requisites to be achieved, too, 

when using 3D photogrammetry techniques. In this 

sense, the present study proposes an approach to 

simplificate geometries and categorize materials from 

photograph-based information taken in the real room. 

1.1. 3D modelling photogrammetry 

Photogrammetry is the technology of obtaining 

reliable information about physical objects and the 

environment through the process of recording, 

measuring and interpreting photographic images and 

patterns of electromagnetic radiant imagery and other 

phenomena (Meydenbauer, 1867, Bascom, 1941). 

Photogrammetry uses ditigal image capturing and 

processing methods. 3D modelling is one of the 

applications of photogrammetry, thus scanning of 

objects to automatically generate 3D models of them. 

The technique has been used in architectural 

visualization and archeology extensively and provides 

a robust method of architecture captures.  
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1.2. Previous studies 

The question of automatic reduction of geometry in 

3D models has been explored by several authors, 

especially in the computer vision field. Andújar and 

his colleagues (1999) presented two simplification 

algorithms based on a volumetric approach, which 

could be applicable to acoustic modeling. Later, they 

improved the algorithms (Andújar et al. 2002), but it 

was not clear how to adjust them for preservation of 

acoustic properties. Another work was done by He et 

al. (1995). They developed a method for object 

simplification for applications where gradual 

elimination of high frequeny details is desired. This is 

accomplished by sampling and low-pas filtering the 

object. A similar idea came from Nooruddin and Turk 

(2003), implementing a comparable volume grid 

structure in their algorithm which can be applied for 

repairing and simplifying polygonal models.  

Siltanen et al. (2008) presented an automatic geometry 

reduction method that can convert a complex 3D room 

model to a simple model while guaranteeing accuracy 

of the simulation. The geometry reduction method of 

3D models presented by them consists of two phases, 

topology simplification, and surface simplification. In 

the topology simplification phase, the model is 

decomposed into a volumetric structure, after the 

algorithm presented by Glassner (1984). The 

marching cubes algorithm (Lorensen and Cline, 1987) 

is implemented for creating a polygonial surface 

representation of iso-surfaces. By using marching 

cubes, a voxel can be defined by pixel values at the 

eight corners of the cube. If one or more pixels of a 

cube have values lower than the given iso-values, the 

voxel must contribute some component of the iso-

surface, and vice-versa. By determining which edges 

of the cube are intersected by the iso-surface, 

triangular patches can be created, which divide the 

cube into regions within and outside the iso-surface. 

By connecting the patches, a polygonial surface is 

constructed. After topology simplification, there is a 

large number of small and equally sized polygons, 

which must still be reduced in the next phase. In the 

second phase, small polygons that are in flat regions 

of the model should be merged into one polygon. This 

is done by removing the edges shared by any two 

polygons, leaving edge segments that form a border of 

large polygons.  

Siltanen et al. achieved reliable results with the 

described method. In our study we use the same 

approach and complement it with a material 

categorization approach, in continuation with previous 

studies from the authors (Llorca-Bofí et al. 2018; 

Llorca-Bofí and Vorländer, 2021). 

2. Simulation 

The study presents one study case at the Eurogress 

multipurpose hall in Aachen. Agisoft Metashape 

Professional Edition was used for the photogrammetry 

production. The simulation workflow includes the 

creation of the photogrammetric model from raw 

photographs, the mesh reduction algorithm and the 

material categorization algorithm. The output of the 

simulation are three different room models generated 

from the same data, showing three levels of 

automatization. Finally, RIRs are simulated using 

those three room models in order to compare them in 

frequency and time domain. 

2.2. Photography capture 

1011 photographs where taken using a Canon EOS R5 

camera, with 24-105 Canon objective. All 

photographs were taken using shutter time of 1/13sec. 

aperture of  f/5.6 and ISO-1600, and a focal length of 

24mm. The photographs were postprocessed for lens 

correction, usign Adobe LightRoom and aligned using 

Aigsoft Photoscan. Figure 1 shows the aligned 

posistion of the photographs projected to the floor 

plane. 

 

Figure 1: Photograph positions 

2.3. Sparse cloud generation 

This model contains the basic point cloud. After photo 

alignment is finished, refined bounding box positions 

and orientations are set. The linking points between 

each pair of photographs are extracted with 

coordinates and color information. This sparse cloud 

is cleaned, removing noise from photographs which 

have been aligned incorrectly.  

 

Figure 2: Sparse cloud 



                                                                                                                                                   

 

 

Based on the estimated camera positions, and the 

sparse cloud, the algorithm calaculates depth 

information for each camera to be combined into a 

single dense point cloud. 

2.5. Meshing 

After the dense point cloud has been reconstructed, it 

is possible to generate a polygonal mesh predifining  

the total number of trianges and the accuracy distnace 

between the dense point cloud and the future triangles. 

The result is a closed triangulated mesh. 

 

Figure 3: Mesh 

2.6. Texturing 

The final texturing step projects each photograph 

information over the mesh geometry to produce a 

textured model. However, the texture is finally not 

used in the presented simulation. 

 

Figure 4: Mesh textured 

2.7. Mesh reduction 

The reducepatch algorithm in MATLAB is used to 

perform the geometry reduction in different 

percentages of reduction. This algorithm reduces the 

number of faces of the geometry, while attempting to 

preserve the overall shape of the original object. The 

algorithm computes shared vertices before reducing 

the number of faces, which allows for independent 

meshes not to be attached among them. This is of 

special importance when keeping the geometry of the 

room as a single mesh. Therefore, individal objects 

inside of the room, such as hanging loudspeakers and 

lamps are easy to isolate and removed. The algorithm 

performs a vertex removal mesh decimation, which 

calculates the shortest edge in the mesh, and removes 

one of both vertices. All triangles attached to the 

removed vertex are also removed and the resulting 

hole is retriangulated. This operation is iterated until a 

reduction of 0.01% of the original number of faces 

was achieved, resulting in a final mesh with 184 

polygons. 

2.8. Material categorization 

Of considerable importance to the acoustics of a room 

are the loss mechanisms that reduce the energy of 

sound waves when they are reflected from its 

boundary.  The effects which describe this loss by the 

boundaries are mainly the absorbtion and the diffusion 

of sound waves (Kuttruff, 2017). Practically used 

sound absorbers contain some porous material which 

is exposed in one or another way to the arriving sound 

wave. Additionally, each geometrical element in the 

room difusses the sound waves in specific degrees. For 

this reason, the boundaries of the room can be 

categorized under materials, which are defined by 

absorption and diffusion coefficients. Those 

coefficients vary according the frequency and they can 

be described, for example, in frequency bands. In this 

study, the absorption and diffusion coefficients are 

described for each of the materials in third-octave 

bands, from 20Hz to 20kHz. 

In the hall, three main materials can be distinguished: 

those located in the ceiling, the walls and the floor. 

The categorization presented aims to distinguish those 

three areas in the 3D model. This is calculated using 

the face normals of the mesh, and classifying them in 

predifined ranges of orientations, as can be seein in 

Figure 5. Three regions have been categorized and 

assigned to the correspondent materials: ceiling, walls 

and floor.  

 

Figure 5: Face normal classified according to their 

orientations. Green vectors are clustered as the 

ceiling face normal corresponding to the room 

ceiling. Red vectors correspond to the walls. Blue 

vectors correspond to the floor. 

 

  



                                                                                                                                                   

 

 

2.9. Three final models and simulations 

The following table shows the three different models 

representing the room. Each model has been generated 

after the collected data from the photogrammetry. The 

manual and automatic reduction of both geometry and 

materials are included in the table.  

Table 1: The three models with different geometry 

and material features. Sound source, S and receiver 

positions R0 and R1 are at the same position in the 

three models. 
 

 Geometry Materials Axonometric view 

Model 

A 

Manual 

reduction 

Manual 

assignment 

 

Model 

B 

Automatic 

reduction  

Manual 

assignment 

 

Model 

C 

Automatic 

reduction  

Automatic 

assignment 

 

The CAD Software SketchUp was used to prepare the 

3D room model A and to assign acoustic materials, for 

models A and B. MATLAB has been used to perform 

the automatic geometry reduction in models B and C, 

and the material categorization in model C. Acoustical 

simulations were executed using the room simulation 

software RAVEN (Schröder and Vorländer, 2011), 

developed at RWTH Aachen University. All 

simulations were done in one-third octave band 

resolution, with the hybrid simulation algorithm using 

image sources up to third order and ray tracing using 

200000 rays. Every room model features one source 

and two receiver positions. The acoustic materials 

assigned to the room models are the same for the three 

room models. The acoustic materials are defined by 

absorption and scattering coefficients, given in one-

third octave bands for a frequency range from 20 Hz 

to 20 kHz. The geometry from Model A and the three 

acoustic materials used in all models are defined using 

the  the GRAP database (Ackermann et al. 2018). 

3. Analysis and discussion of the results 

The results show characteristic similarities among the 

room models. In the following results, the transfer 

functions calculated for two receiver positions and for 

each room are compared in frequency domain and 

time domain. Since the simulations have been 

produced combining 3rd order image sources and 

artificial reverberation (hybrid algorithm), we can 

distinguish two aspects under analysis.   

The first aspect corresponds to the relation between 

the receiver position and orientation of the reduced 

polygons. The polygons have direct influence on the 

early reflections that arrive at the receiver. For the  

simulated RIRs, they are directly calculated by the 3rd 

order image source algorithm. These are compared in 

section 3.1 and are in line of the manuscript’s 

objectives 1 and 2.  

The second aspect corresponds to the simulated room 

volume. This has direct influence on the total energy 

over frequency contained in the RIRs, and it is 

calculated combining the image source and the 

artificial reverberation algorithm. These are compared 

in section 3.2 and take into consideration objectives 2 

and 3 of the present manuscript. 

3.1. Time analysis  

From the time domain, the early reflections coming to 

the receiver from the different walls, ceiling and floor 

can be compared considering Figure 7. There, the time 

differences between the early reflections (at least until 

the 3rd early reflection) in the three room models are 

in the range of 0.1 seconds after the arrival of the direct 

sound. This can be recognized for both receiver 

positions 0 and 1. A noticable feature observed, 

especially when focusing on models B and C and 

receiver 1, is the appearance of additional early 

reflections, in comparison with the reference model A. 

Those reflection-like components might be caused due 

to the differences between the scattering properties of 

the floor in each model, which triggers the question on 

the presented technique regarding scattering 

properties for future contributions. 

Another topic to be considered in future developments 

of the geometry reduction algorithm is the 

consideration of flat surfaces as a collection of several 

triangles. A flat wall represented as a collection of 

several triangle will be computed by the image-source 

acoustic algorithms as several surfaces to reflect on. 

This is specially critical when those triangles are not 

coplanar. Assuming they are, the acoustic image 

source algorithm will be able to compute a single 

reflection for that wall, whereas for not coplanar 

triangles, different reflections are computed for each 

triangle. This effect is assumed to have a big impact 

on the early reflections calculation and the percpetion 

of the auralizations. Further development of the 

algorithm in this direction is also required. 

 

 



                                                                                                                                                   

 

 

 

 

Figure 6: The first 12 milliseconds of the room 

impulse responses for the three models and both 

receivers. From up down: Model A, B, C. 

3.2 Frequency analysis 

 

Figure 7: Smoothed transfer functions (sliding 1 

octave band) of the three room models and for both 

receivers. 

As can be seen in Figure 7, the variations between the 

three models are within the range of 8-10 dB 

difference along the frequency domain. Model A can 

be differenciated clearly from models B and C from its 

decrease of level in all frequencies, especially for low 

and middle frequencies. On the contrary, models B 

and C perform similarly in terms of levels for those 

frequency ranges. The peaks and notches in Models B 

and C  are shifted 500 kHz in frequency domain, 

specially in the mid frequencies. Finally, the two 

receiver positions can be distinguished for all models 

in the high frequency range.  

The approach presents some limiations which are 

derived from the method itself. Firstly, the application 

of the same materials to the three derived models, 

introduces different equivalent abosrption areas for 

each of the models. The simulated results, thus, have 

notable differences in terms of reverberation time in 

different frequency bands. This yealds on different 

colorations along the frequency spectrum, as it can be 

observed in Figure 7. Further investigation on the 

application of absorption and scattering properties of 

acoustic materials is needed in this respect.  

Summary 

This research proposes an approach to automatically 

simplify geometries and categorize materials of 3D 

photogrammetry models, and shows the results of 

simulated room impulse responses, comparing them to 

manually designed 3D models, which indicates that 

the method can be used for specific acoustic 

simulation purposes. Further work will consist in 

refining the geometry simplification algorithms, 

especially for complex geometries; and further 

development of the material categorization algorithm. 
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