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Development of Sound Quality Evaluation System for a Printer Noise
Based on Human Sensibility
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ABSTRACT

The printer sound has many aspects which define its quality because the printer has lots of
components and its operation is very complicated. These sound qualities are related to the
international competition in printer markets. Recordings inside anechoic chamber were analyzed and a
large number of sounds were stimulated using digital signal processing technique. First subjective
tests of the printer sound were conducted using semantic different method. By applying factor
analysis to the subjective response, two important factors of sound quality were extracted. Second
subjective tests were conducted to evaluate the quietness and the impulsiveness of the printer sounds.
On the other hand, sound metrics are calculated applying psychoacoustic theories. In this paper, the
nonlinear relation between subjective evaluation and sound metrics was identified using artificial
neural network and the printer sound quality index was developed. Later, subjective sound quality
evaluation will be estimated and evaluated using this index.
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Fig. 2 The printer specified in ISO 11201:1995

Table 1 The information of 9 printers

Type Maximum print speed Remark
A Up to 20 ppm color/monochrome
B Up to 20 ppm color/monochrome
C Up to 17 ppm color/monochrome
D Up to 24 ppm color/monochrome
E Up to 20 ppm color/monochrome
F Up to 24 ppm color/monochrome
G Up to 22 ppm color/monochrome
H Up to 20 ppm color/32 ppm
monochrome
1 Up to 20 ppm monochrome Mono

Table 2 The pairs of opposite attribute

No. The pairs of opposite attribute
1 Clamorous(A718]%) | Quiet(Z-23h)
2 | Unpleasant(&#3h) Pleasant(+-3] 3
3 Impulsive Not impulsive
(F40] = o] §lE)
4 | Rough(A%) Smooth("112]%)
5 i\f)?;*igniimgglcy Consistency(¥ ¥4 9+)
=110 HAL-
6 | Cheap(#t%sh Expensive(2192])
7 | shrill(d7h29) Calm(F-=8] &
8 Thick(E}3h Clear(¥}2)
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Sensory Profile — Mono Print
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Fig. 4 Sensory profile for 9 mono print signals
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Table 3 Factor analysis for 17 print signals

F;C;f)r Factor 1 Factor 2 Factor 3
A color 3 Quiet Impulsive Soft
B color 3 Quiet Pleasant Impulsive
C color 3 Pleasant Impulsive Quiet
D color 3 Quiet Soft Pleasant
E color 3 Quiet Pleasant Impulsive
F color 3 Quiet Bright Pleasant
G color 3 Quiet Soft Impulsive
H color 3 Soft Quiet Bright
A mono 3 Soft Quiet Impulsive
B mono 3 Quiet Bright Impulsive
C mono 3 Soft Impulsive Quiet
D mono 3 Quiet Impulsive | Pleasant
E mono 3 Impulsive | Pleasant Quiet
F mono 3 Pleasant Impulsive Quiet
G mono 3 Impulsive Soft Quiet
H mono 3 Pleasant Impulsive Quiet
I mono 3 Quiet Bright Soft
Overall 3 Quiet Impulsive | Pleasant
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Table 4 The amplitude variation of time band
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8 -6 dB 4 -6 dB
9 -6 dB 5 -6 dB
10 -9dB 6 -6 dB
1 -9 dB 7 -12dB
12 -9 dB 3 -12dB
13 -12dB 9 12dB
14 -12dB
s 12dB 10 Delete Delete Delete
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subjective
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Table 9 Highly correlated sound metrics.

Attributes First Second Third
Loudness Al Flutctuatlt?ln
Quietness streng
-86.67 % 79.89 % -51.22 %
Loudness Al Flu::tuatltﬁn
Impulsiveness streng
-85.24 % 80.80 % -59.62 %
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X Input value 2x1
w' Hidden Layer Weighting Matrix 9x2
w Output Layer Weighting Matrix 1x9
b' Hidden Layer Bias Vector 9x1
b’ Output Layer Bias Vector 1x1
f ' Hyperbolic Tangent Sigmoid Function Tansig
fZ Linear Function Purelin
Fig. 6 Schematic drawing of multilayer neural
network

Table 10 Weight matrix and bias vector for sound

quality index of print signal in quiet
attributes
Hidden unit Output unit | priden | Output
. . weight . .
weight function functi bias 1 bias 2
unction
w' w b' b’
1.39863 0.70376 0.691074 5.57117 | -1.75107
1.00750 | -0.35343 -0.77808 0.304004
-2.02304 | -0.28476 0.464318 -8.84029
-1.02902 | -0.47390 -0.51074 -0.57795
-1.22026 | -0.13878 0.974528 -0.18292
-0.84515 | 1.99946 0.376097 -1.90253
-2.58946 | 1.85614 -0.69568 -1.32958
1.44948 | 0.58869 -0.51502 2.571486
1.08909 | -1.22994 1.531753 5.85962
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Table 11 Weight matrix and bias vector for sound
quality index of print signal in impulse

attributes
Hidden unit Quitattt Wt || i | @i
weight function ﬁvﬁétgll;tn bias 1 bias 2
% w b' b’
-1.52160 | -0.37399 1.193107 3.02065 0.19199
-0.77941 | -0.02226 1.338531 -0.16115
-0.84015 | 1.04780 -0.419645 0.50771
0.67725 | -1.00210 0.147853 1.86338
-0.95789 | 1.88700 1.186685 -2.26936

3k Zlo|t}. Fig. 79 Fig. 8914 AAe H&H7 2
o gk A AT 32 FHgke] FAAS YE
W3l 3t} Fig. 9+ loudness®} fluctuation strength
= olgslel ZaH 447 94 A
29 S8 YERA Aol thAH 2.2 loudness
9} fluctuation strength’} <45 H7} d47) =

Al 2

7.2 2% 8% elya
ZAE FA%0 Ui 24 Ae%sh Aol 4

Correlation = 0.95087

© data point
subject rating
8 — —network output

Network Qutput

4 5 6 7 8 ]
Subject Rating

Fig. 8 Validation of print sound quality index using
11 random signals in quiet attributes
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Fig. 11 Validation of print sound quality index using
11 random signals in impulse attributes
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Table 12 Improvement test for the validation of print
sound quality index

Articulation | Fluctuation
No. | Improvement | Loudness index strength
old | Reference g 147535| 09686335 | 0.2235
signal
Test 1| Reverse unit | 8.212665| 0.9523805 0.1600
Test 2| SMelding 15 g336751 09504485 | 0.1805
material use
Test 3 [Back cover use 7.779285 | 0.9582475 0.2145
Test 4 | Vent shielding| 7.577280 | 0.9638295 0.200
Test 5 T3+T4 7.662140 | 0.9602495 0.2005
Print Index
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;E 7 » s} 0(?(%0@
s o 0
P " g
3 6 e o
E
55 °
5
»H
45
4 5 6 7 8 8

Quiet (A =2
Fig. 13 Validation of print sound quality index using

improved signal in quiet and impulse
attributes
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