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This study proposes a practical technique to identify surface material and dimensions for
simulating room acoustics parameters e.g. reverberation time. The surface materials and dimensions are
obtained from System 1 and System 2, each of which uses photographic images.

The study on System 1 uses a Gray Level Co-occurrence Matrix (GLCM) and a Feed Forward
Neural Network (FFNN) to identify material surfaces. By identifying material surfaces, absorption
coefficients of materials are also determined. Six types of material surfaces such as a wall, a door, a
floor, a window, a ceiling and a carpet taken from Oita University rooms are employed. They are
captured by using an ordinary camera which is a digital single-lens reflex (DSLR) with 50 mm and 2.8
lens. The total number of images captured are 36 with the proportions of images are as follows; surface
wall = 69 images, surface door = 71 images, surface floor = 66 images, surface window = 56 images,
surface ceiling = 67 images, and surface carpet = 40 images. Subsequently, all the images are computed
in GLCM to obtain four Haralick coefficients; contrast (cont), correlation (corr), angular second
moment (ASM) and homogeneity (hom). Haralick coefficients are referred to as coefficient values in
this study are too wide to be processed because of variations of brightness and texture features. To
overcome this problem, a limitation for each coefficient value is made (x - o) and (x + o) respectively,
for a low limitation and a high limitation. The limitations of these coefficient values are represented in
FFNN as input neurons and for the output neuron they are type of material surfaces. By identifying the
material surfaces, we are able to ascertain the absorption coefficients of surfaces simultaneously, The
results indicate that a good correlation coefficient R > 0.90 with MSE < 0.07 are provided by System 1
to identify material surfaces.

System 2 uses a Dimension Vision Predictor (DVP) with the author’s “ruler methods” to
identify the dimensions of objects. With similar camera used in System 1, two images are necessary to
capture one view. The view of the images displays the ruler and objects to be measured. A ruler is used
for standardizing the scale of the objects in the images. Subsequently, both images are fed into DVP to
identify the object dimensions. The objects that need to be measured are marked with the corresponding
points. To measure one dimension, two corresponding points are connected to make a single line, From
the line, DVP identifies the dimension. To investigate the repeatability of System 2, examinations are
conducted using 100 objects. The results reveal that the System 2 is highly capable of identifying object
dimensions with correlation coefficient R > 0.90 and MSE < 0.07. From the results, System 2 shows
that it has the potential to identify object dimensions.
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A FFNN technique for estimating room reverberation times is developed. 700 samples of
reverberation times obtained using Finite Element Analysis (FEA) are used for FFNN learning
processes. In addition 35 unseen data are implemented to confirm the capability of FFNN
estimation performance. The results indicate FFNN provides high correlation coefficient R > 0.90
with MSE < 0.0004 s. To investigate the reliability of FFNN, three conditions in an actual room are
created. Reverberation time estimation by FFNN is compared with reverberation time by FEA and
reverberation time by measurement, Irom analysis, MSE between reverberation times using
measurement with reverberation times using FFNN are more than 0.002 s, On the other hand, MSE
between reverberation times using measurement with reverberation times using FEA are more than
0.005 s,

A series of measurement in four practical rooms using both systems are conducted fo
investigate identification capability are conducted capability of the systems. An examination of
System 1 verified a good correlation coefficient R > 0.90 with MSE < 0.07 s, Meanwhile, System 2
yields a high correlation coefficient R > 0.90 with MSE < 0.2 s, Finally, reverberation times for four
practical rooms were conducted by using FEA with the important parameters obtained from System
1 and System 2. Sufficient agreements were exhibited by comparing the reverberation times
obtained by FEA using both Systems (RTppa system) with reverberation times obtained by FEA
using actual absorption coefficients and dimensions (RTrga actual). They yielded practical results
with correlation coefficient R > 0.85 with MSE <0.008 s.

In conclusion, a practical technique to identify surface materials and dimensions using
photographic images yielded practical results. With some improvements such as adding more
Haralick coefficients and standardize room illumination, the techniques will be more accurate,
effective and practical when applied in the actual rooms. Furthermore, it is useful for simulating
room acoustics parameters such as FEA, BEA, Ray tracing and so on.
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