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3-Dimensional Oral and Nasal Cavities (Original Version) Software: Blender

3-Dimensional Oral and Nasal Cavities (Simplified Version) Software: Blender

We use the open source 3D creation software Blender to complete the above model. Since wave
equations are appropriate for modeling, we are able to use a tool for developing acoustic scenes
such as Blender. [5] The model is exported as a stl. file and imported into MATLAB, where we



repeat the process explained in the previous section. (See Appendix - MATLAB — 3D Graph 3
PDE Solution) To view the difference among all frequencies at a single point near the opening of
the mouth, we made the following graphs whose x-axis represents a scaled wavelength and y-
axis represents amplitude at that frequency. The scale of the x-axis is 1:10cm.

The Relationship Betwe%n Frequencies and Their Amplitude (Graph 3)
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6. Results and Conclusion

6.1 Analysis of Results

In the 2-Dimensional Graph 1, we can see that there is only one single apparent high-
amplitude frequency at around 2 kHz. In the 2-Dimensional Graph 2, we can see that there are
two relatively apparent amplitude: a relative amplitude of 1 at around 2 kHz and a relative
amplitude of 0.2 at around 0.8 kHz. In the 3-Dimensional Graph 3, we can observe high
amplitude frequencies at around 1.7 KHz with a relative amplitude of 0.16 and a at 3 kHz with a
relative amplitude of 1. In the 3-Dimensional Graph 4, there are both visible high amplitude
frequencies at around 1.7 KHz with a relative amplitude of 0.35 and at 3 kHz with a relative
amplitude of 1.

Both sets of graphs, to certain extent, demonstrated that the observation that there exists a
weak middle frequency in Khoomei Singing. However, comparatively speaking, the 3-D model
better confirms this observation.

Through the simulations, we are able to confirm that the uniqueness of Khoomei lies in
the different positions of the tongue. The tongue changes the resonance cavity of the sound wave,
thus effecting the frequencies.

6.2 Conclusion

This research has let us come to several important conclusions. The tools that have
helped us to achieve the confirmation of our hypothesis could also be used in many other
occasions, either for future researches or for educational purposes. First, we came to see the
importance of frequency spectrums, which is the scientific way to collect audio information. For
ancient and less known singing styles such as Khoomei, the appliance of science and modern
technology to analyze and to record seem highly beneficial. The application side does not restrict
itself to music forms; frequency spectrum applies to all audio information such as languages and
musical instruments.

One of our initial motivation was to build a model that can help Khoomei learners to
better understand the singing mechanics. Our attempt at first to find existing oral and nasal cavity
templates for simulation failed as we realized that no one has done such a model before. The
originality of the model provides a new approach to the existing literatures and other researches,
which may come across similar problems in the future. The same process of frequency spectrum,
model building, and simulation to analyze and record has broad applications, such as preserving
endangered languages, fostering the learning of foreign languages, and understanding the body
structures and living habits of animals that make special sounds.

Most importantly, we have confirmed our observation and hypothesis from the very
beginning. Though there had been other attempts to do so, none of them includes a strictly
physical approach. Our take on the subject adopts the physical approach, which also contributes
to the existing research.



6.3 Discussion for Improvements

There are several places that can be improved in our experiment. The first possible
improvement concerns the accuracy of the model. As we discussed earlier, the accuracy of the 3-
Dimensional model is compromised by our limited means of solving partial differential
equations. We would receive better results if there are means to solve the equations while
retaining the accuracy of the model.

Another flaw with our current simulation is that we did not take into account the
characteristics of different biological materials of the surfaces. For the sake of simplicity, we
treat all surfaces as if they would only experience pure reflection, ignoring the fact that
depending on the material, surfaces can selectively absorb, reflect or deflect.

Last but not least, the fact that we treated the source of sound waves as a boundary
condition also deserves some thought for improvements in the future. Our choice was limited by
the knowledge on the mechanics of glottis, vocal folds and other complicated speech organs. If
we can get hold of more accurate input for the wave propagation equation, the accuracy of the
overall result can have a significant improvement.
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Appendix
1. Python for Fourier Transform
import wave
import pylab as pl
import numpy as np
from numpy import fft as fft
import matplotlib

import subprocess

# convert to wav
command = "ffmpeg -i ANote.m4a -ab 160k -ac 2 -ar 44100 -vn ANote.wav"
subprocess.call(command, shell=True)

# read the file

f= wave.open("testpiano.wav")
nframes = f.getnframes()
framerate = f.getframerate()
str_data = f.readframes(nframes)
f.close

wave_data = np.fromstring(str_data, dtype = np.short) # returns an array of data type short
if (f.getnchannels()) == 2:

wave data.shape = -1, 2

wave data = wave data.T
time = np.arange(0, nframes) * (1.0 / framerate)

#Fourior Transformation
if(f.getnchannels()==2):
fourior = np.fft.fft(wave data[0])
n = len(wave_data[0])

else:
fourior = np.fft.fft(wave data)
n = len(wave_data)

# plotting

fourior = fourior[0:(n/2)]
fourior = fourior / float(n)
freqArray = np.arange(0, (n/2), 1.0) * (44100*1.0/n)

a=abs(10*fourior)
aMax = max(a)
b=a/aMax

pl.plot(freqArray/1000, b)

axes = pl.gca()

axes.set_xlim([0,5])
pl.xlabel('Frequency (kHz)")
pl.ylabel('Relative Amplitude')
pl.title('Frequency Spetrum of Piano')
pl.show()




MATLAB

2D Graph 1

function pdemodel

[pde_fig,ax]=pdeinit;

pdetool( 'appl cb'

set(ax, 'DataAspectRatio’,[1 1 1]);
set(ax, 'PlotBoxAspectRatio',[1.5 1 1]);

set(ax, 'XLim',[-1
set(ax, 'YLim',[-1
set(ax, 'XTickMode
set(ax, 'YTickMode
pdetool( 'gridon',

/1)

.5 1.51);
11);
', 'auto');
','auto');
‘on');

% Geometry description:

. pdepoly([ -0.9943257676902536, ...

-0.93424566088117489, ...
-0.8781708945260347, ...

-0.
-0.
-0.
-0.
-0.

1
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605807743658211, ...

.56174899866488648
.41355140186915884
.38551401869158863
.45360480640854473
.56975967957276374
.68190921228304391
.72997329773030706
.72997329773030706
75, ...

.79005340453938588
.80607476635514019
.80607476635514019
.85413885180240312
.93024032042723626
.99032042723631508

S S S S s S~ S~
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.39452603471295045, ...
.3264352469959948, ...

.32242990654205617, ...
.35447263017356501, ...
.46662216288384517, ...
.21829105473965305, ...
.3985313751668893, ...

.46261682242990654, ...
.526702269692924, ...
.52269692923898559, ...
.51468624833110832, ...
.45060080106809108, ...

84212283044058744, ...
79806408544726293, ...
72997329773030706, ...

51769025367156196, ...
.3214285714285714, ...
.15120160213618128, ...
.49165554072096107, ...
.60781041388518053, ...
.72396528704939955, ...
.84813084112149584, ...
.0123497997329776, ...
.068424566088118, ...
.97630173564753031, ...
.93224299065420579, ...
.62383177570093507, ...
.65186915887850505, ...
.86014686248331129, ...
.88818424566088172, ...
.84813084112149584, ...
.82009345794392541, ...
.80006675567423269, ...
.70794392523364502, ...
.63584779706275052, ...
.75600801068090817, ...
.76802403204272407, ...
.60781041388518053, ...
.41955941255006679, . ..
.23331108144192259, ...
.58578104138851805, ...
.5937917222963951, ...



0.29439252336448618, ...
0.210280373831776, ...
0.16622162883845149, ...
-0.31441922563417868, ...
-0.34245660881174866, ...
-0.53070761014686219, ...
-0.5627503337783708, ...
-0.45861148197596768, ...
-0.27837116154873143, ...
-0.038050734312416346, ...
0.026034712950601113, ...
-0.014018691588784771, ...
-0.11415220293724948, ...
-0.20627503337783692, ...
-0.22630173564752987, ...
-0.06208277703604792, ...
.062082777036048364, ...
.21428571428571441, ...
.29038718291054755, ...
.31041388518024049, ...
.12216288384512697, ...
.030040053404539524, ...
-0.042056074766354978, ...
-0.11815754339118811, ...
-0.19025367156208262, ...
-0.20226969292389829, ...
-0.12616822429906516, ...
0.09012016021361835, ...
0.062082777036048364, ...
-0.11415220293724948, ...
-0.16622162883845104, ...
-0.16622162883845104, ...
-0.12216288384512652, ...
0.050066755674232466, ...
0.094125500667556983, ...
0.094125500667556983, ...
-0.038050734312416346, ...

Tren-
'P1');

0
0
0
0
0
0

set(findobj(get(pde_fig, 'Children'), 'Tag', 'PDEEval'), 'String', 'P1’

% Boundary conditions:
pdetool('changemode',0)
pdesetbd (49, ...

‘dir', ...

1,.
0, ...

0
pdesetbd (48, ...
‘dir', ...

1,...

"1, ...

0
pdesetbd (47, ...
'dir', ...

1,.
1, ...

0
pdesetbd (46, ...
‘dir', ...

1,...

1, ...

0y
pdesetbd (45, ...
‘dir', ...

1,...

"1, ...

"0')
pdesetbd (44, ...
'dir', ...

1,...

"1, ...

0')
pdesetbd (43, ...
‘dir', ...

1

-~

)




155. pdesetbd (42, ..

156. 'dir', ...

157. 1,...

158. 1, ...

159. "0')

160. pdesetbd (41, ...
161. 'dir', ...

162. 1,...

163. 1, ...

164. "0")

165. pdesetbd (40, ...
166. 'dir', ...

167. 1,...

168. 1, ...

169. "0")

170. pdesetbd (39, ...
171. 'dir', ...

172. 1,...

173. 1, ...

174. "0')

175. pdesetbd (38, ...
176. 'dir', ...

177. 1,...

178. 1, ...

179. '0')

180. pdesetbd (37, ...
181. 'dir', ...

182. 1,...

183. 1, ...

184. '0')

185. pdesetbd (36, ...
186. 'dir', ...

187. 1,...

188. 1, ...

189. '0')

190. pdesetbd (35, ...
191. 'dir', ...

192. 1,...

193. 1, ...

194. '0")

195. pdesetbd (34, ...
196. 'dir', ...

197. 1,...

198. 1, ...

199. '0')

200. pdesetbd (33, ...
201. 'dir',...

202. 1,...

203. 1, ...

204. '0')

205. pdesetbd (32, ...
206. 'dir', ...

207. 1,...

208. 1, ...

209. "0')

210. pdesetbd (31, ...
211. 'dir', ...

212. 1,...

213. 1, ...

214. "0")

215. pdesetbd (30, ...
216. 'dir', ...

217. 1,...

218. 1, ...

219. "0')

220. pdesetbd (29, ...
221. 'dir', ...

222. 1,...

223. 1, ...

224. "0')

225. pdesetbd (28, ...
226. 'dir', ...

227. 1,...

228. 1, ...

229. 0"y

230. pdesetbd (27, ...
231. 'dir', ...

232. 1,...



233.
234.
235.
236.
237.
238.
239.
240.
241.
242.
243.
244.
245.
246.
247.
248.
249.
250.
251.
252.
253.
254.
255.
256.
257.
258.
259.
260.
261.
262.
263.
264.
265.
266.
267.
268.
269.
270.
271.
272.
273.
274.
275.
276.
277.
278.
279.
280.
281.
282.
283.
284.
285.
286.
287.
288.
289.
290.
291.
292.
293.
294.
295.
296.
297.
298.
299.
300.
301.
302.
303.
304.
305.
306.
307.
308.
309.
310.

1, ...

"0')
pdesetbd (26, .
'dir', ...
1,...

1, ...

0

pdesetbd (25, .
'dir', ...
1,...

1, ...

0y

pdesetbd (24, .
'dir', ...
1,...

1, ...

0

pdesetbd (23, .
'dir', ...
1,...

1, ...

"0y

pdesetbd (22, .
'dir', ...
1,...

1, ...

0y

pdesetbd (21, .
'dir', ...
1,...

1, ...

0

pdesetbd (20, .
'dir', ...
1,...

1, ...

0

pdesetbd (19, .
'dir', ...
1,...

1, ...

0y

pdesetbd (18, .
'dir', ...
1,...

1, ...

1y

pdesetbd (17, .
'dir', ...
1,...

1, ...

0

pdesetbd (16, .
'dir', ...
1,...

1, ...

0

pdesetbd (15, .
'dir', ...
1,...

1, ...

0

pdesetbd (14, .
'dir', ...
1,...

1, ...

0

pdesetbd (13, .
'dir', ...
1,...

1, ...

0

pdesetbd (12, .
'dir', ...
1,...

1, ...

0
pdesetbd(11, .




311.
312.
313.
314.
315.
316.
317.
318.
319.
320.
321.
322.
323.
324.
325.
326.
327.
328.
329.
330.
331.
332.
333.
334.
335.
336.
337.
338.
339.
340.
341.
342.
343.
344.
345.
346.
347.
348.
349.
350.
351.
352.
353.
354.
355.
356.
357.
358.
359.
360.
361.
362.
363.
364.
365.
366.
367.
368.
369.
370.
371.
372.
373.
374.
375.
376.
377.
378.
379.
380.
381.
382.
383.
384.
385.
386.
387.
388.

'dir', ...
1,...

1, ...

0
pdesetbd (10, ..
'dir', ...
1,...

1, ...

0
pdesetbd (9, ...
'dir', ...
1,...

1, ...

0
pdesetbd (8, ...
'dir', ...
1,...

1, ...

0
pdesetbd (7, ...
'dir', ...
1,...

1, ...

0y
pdesetbd (6, ...
'dir', ...
1,...

1, ...

"0
pdesetbd (5, ...
'dir', ...
1,...

1, ...

0
pdesetbd (4, ...
'dir', ...
1,...

1, ...

0
pdesetbd (3, ...
'dir', ...
1,...

1, ...

0y
pdesetbd(2,...
'dir', ...
1,...

1, ...

0
pdesetbd(1,...
'dir', ...
1,...

1, ...

0

% Mesh generation:

setappdata(pde_fig, 'Hgrad',1.3);
setappdata(pde_fig, 'refinemethod', 'regular');
setappdata(pde_fig, 'jiggle',char('on', 'mean',"'"));
setappdata(pde_fig, 'MesherVersion', 'prerR2013a');
pdetool('initmesh")

pdetool( 'refine')

pdetool( 'refine')

% PDE coefficients:
pdeseteq(1l,...

S
-1',...

setappdata(pde fig, 'currparam',...
['-1";...
'5000"';...




389. 0.,

390. 1.0 ')

391. display(a)

392.

393.

394.

395.

396. % Solve parameters:

397. setappdata(pde fig, 'solveparam',...
398. char('0','5616',"'10"', 'pdeadworst', ...
399. '0.5'","'longest','0"',"1E-4",""', "fixed', 'Inf"))
400.

401. % Plotflags and user data strings:
402. setappdata(pde fig, 'plotflags',[1 1 111 11100011000017]);
403. setappdata(pde fig, 'colstring','");
404. setappdata(pde fig, 'arrowstring','');
405. setappdata(pde fig, 'deformstring','"');
406. setappdata(pde fig, 'heightstring','"');
407.

408.

409. % Solve PDE:

410. pdetool( 'solve')

411.

412. pdetool( 'exportsolution')

2D Graph 1 PDE Solution

413. for i=1:1:N;

414. j=0.05+0.05*1i;

415. output(i,l)=j;

416. specifyCoefficients(model, 'm',0,...

417. 'd',0,...

418. ‘c',-1,...

419. 'a',4*(pi/j)"2,... %this is the wavelength part
420. '£,0);

421. result = solvepde(model);

422. querypoints = [-0.95,0.2]";

423. output(i,2)=abs(interpolateSolution(result,querypoints));
424.

425.

426. end

427. outputMax = max(output(:,2));

428. scatter (output(:,1)*0.147,output(:,2)/outputMax);

3D Graph 1 PDE Solution

429. model = createpde();

430. importGeometry(model, 'cavi bend.stl")

431.

432. pdegplot (model, 'FaceLabels', 'on', 'FaceAlpha',0.1)

433. applyBoundaryCondition(model, 'dirichlet', 'Face',9,'r',100,'h',1);

434, applyBoundaryCondition(model, 'dirichlet', 'Face',10,'r',0,"'h',0); % 100% reflection; you
can make it a mix b.condition

435. applyBoundaryCondition(model, 'neumann', 'Face',1:8,'g',0,'q',0);

436. applyBoundaryCondition(model, 'neumann', 'Face',11:14,'g',0,'q',0);

437.

438. generateMesh(model) ;

439.

440. N=1000;

441. output=zeros(N,2);

442.

443. for i=1:1:N;

444. j=0.05+0.05*%1;

445. output(i,l)=j;

446. specifyCoefficients(model, 'm',0,...

447. 'd',0,...

448. 'c',-1,...

449. 'a',4*(pi/j)"2,... %this is the wavelength part

450. '£',0);

451. result = solvepde(model);

452. querypoints = [0.5,-0.5,14.5]";

453. output(i,2)=abs(interpolateSolution(result,querypoints));

454. end

455. outputMax = max(output(:,2));

456. scatter(output(:,1)*0.147,output(:,2)/outputMax);
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