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An Advance Gradient Optimization Method to

Optimize Sound Distraction Levels of a

Passenger Vehicle’ s Interior Stationary Noise
Samples with Active Noise Equalization

XU Haiging' 2, ZHOU Hong* %, JIN Chang" 2

(1. School of Automotive Studies, Tongji University, Shanghai,
201804, China; 2. Clean Energy Automotive Engineering Center,
Tongji University, Shanghai, 201804, China)

Abstract: In order to quickly optimize a passenger vehicle’s
interior stationary noise samples’ sound distraction levels with
active noise equalization, the traditional enumeration method
used to search for optimal gain coefficient vector of active
noise equalization system and to optimize sound quality was
analyzed; subjective evaluation was used to evaluate the
distraction levels of the passenger vehicle’s interior stationary
noise samples within 20-500 Hz; Back Propagation (BP)
neural network using the barks’ total sound pressure linear
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amplitudes within 20-500 Hz as inputs was used to fit the
noise samples” sound distraction levels; the trained BP neural
network’s weights were used to deduce the network’s inputs’
sensitivities and contributions to the sound distraction levels;
an equation was deduced to predict the total sound pressure
linear amplitude of a bark after active noise equalization with a
given gain coefficient, the original sound pressure amplitude
spectrum and the reference signal of the active equalization
system; based on this equation, the sound distraction levels’
sensitivities and contributions, an advance gradient
optimization method was designed to search for optimal gain
coefficient vector and to optimize sound distraction levels of
the noise samples. The time consumption of the optimization
process is low. Active noise equalization using the gain
coefficient vectors acquired by the advance gradient
optimization method was executed and the equalized noise
samples’ sound distraction levels were evaluated with
subjective evaluation. The result shows good accuracy and the

sound distraction levels are improved significantly.
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Fig.1 Flow chart of enumeration method to search for

optimal gain coefficient vector B,
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Tab.1 Noise Samples Conditions

gfl; TH gf’g TH *zﬁfg T™H
1 0GI250_80 | 15 0GI750_81 || 29  4G2000_8.0
2 OG125Oﬁ70. 5 16 OGZOOOHB?O 30 4G2000<ﬂ70. 5
3 OG125OJ?71. 5 17 OGZOOOH[LO. 5 31 4G2000<ﬂ71. 5
4 0G1250_82 | 18 0G2000 g 1.5( 32  4G2000_g 1
5 OG1250_‘B_1 19 OGZOOO_‘B_Z 33 5G2200_‘B_O
6 OG15OOH87() 20 OGZOOOHB71 34 5G2200<ﬂ70. 5
7 OG15OOJ?7(). 5 21 OG25OOH870 35 5G2200<ﬂ71. 5
§ 0GI500_g 1.5 22 0G2500_8.0.5| 36  5G2200_8 1
9 0GI500_82 || 23 0G2500 g 1.5| 37  0G800_B.0
10 OG15OOH871 24 OG25OOH872 38 OGSOOJLO. 5
11 OG1750_ﬂ_O 25 OGZSOO_ﬂ_l 39 OGSOO_ﬂ_l. 5
12 0G1750_8.0.5| 26  4G1500_80 || 40  0G800_8 2
13 0GI750_g 1.5 27 4G1500 8 1.5| 41  0G800_8 1
14 0G1750 82 | 28  4G1500_8 1
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Fig.2 Noise samples’ sound distraction levels
of subjective evaluation
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Fig.3 Amplitude spectrums of sound pressure of noise
sample 0G1750 at 57 Hz under equalization with
different gain coefficients
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Fig.4 Advance gradient method to search for optimal gain coefficient vector
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Tab.3 Results of advance gradient optimization method based on sound distraction level
sensitivity and the validation
kA RS TR BRI ME 7S T?‘?’EE oy JF%JE aixﬁhi
Rz & Bop T FWIEAH{E IRIERs T =
1 0G1250 (0. 95,0,1.5,1,0,1.0) 4.12 4,13 1,01
2 0G1500 (0. 88,0,1.5,0,1.0) 4. 62 4. 57 1. 68
3 0G1750 (1.5,0,1.5,0,1.0) 3.51 3.55 0.79
4 0G2000 (0,0, 25,1.5,0,0) 3.50 3.48 0. 70
5 0G2500 (0,0.12,1.5,1.5,1. ) 4,09 4, 08 1.76
6 4G1500 (0.71,0,1.5,0,1.0) 3.97 3.97 2.25
7 4G2000 (1.5,1.5,1.5,1.0,0) 3.85 3. 83 1,27
8 5G2200 (0,0,0,1,0,1.0) 3. 38 3.41 1.78
9 0G800 (0.51,0,1.0,1.0,1. ) 4,94 4. 94 0.70
4 RERFTHERSHENRIWEERLTEHNRLERRERIE
Tab.4 Results of advance gradient optimization method based on sound distraction
level contribution and the validation
kA RS TR BRI ME 7S T?‘?’EE oy JF%JE aixﬁhi
Rz & Bop T FWIEAH{E IRIERs T =
1 0G1250 (0. 98,0,1.5,1.0,1. ) 4.15 4,12 1. 00
2 0G1500 (0. 90,0,1.5,0,1.0) 4,59 4. 57 1. 68
3 0G1750 (1.5,0,1.5,0,1.0 3.57 3.55 0.79
4 0G2000 (0,0. 28,1.5,0,0) 3.50 3. 47 0. 69
5 0G2500 (0,0.11,1.5,1.5,1. ) 4,09 4, 08 1.76
6 4G1500 0.72,0,1.5,0,1.0) 3.97 3.97 2.25
7 4G2000 (1.5,1.5,1.5,1.0,0) 3.85 3. 83 1,27
8 5G2200 (0,0,0,1,0,1.0) 3. 38 3.41 1.78
9 0G800 (0.56,0,1.0,1.0,1. ) 4. 91 4. 94 0.70

RO HESRASERLTEHEMBIRRE

Tab.5 Number of iterations of enumeration and two
advance gradient optimization methods
% ‘ =<3 ‘
7 & s R4 AR
1 0G1250 40 96 13 5
2 0G1500 65 536 32 31
3 0G1750 65 536 10 5
4 0G2000 4 096 12 25
5 0G2500 65 536 7 27
6 4G1500 65 535 30 23
7 4G2000 65 535 11 10
8 5G2200 4 096 68 87
9 0G800 256 92 93
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