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Table 1.1: Nomenclature

Notation  Description

R" The set of real vectors of size n

R The set of real matrices of size m X n

cr The set of complex vectors of size n

cmn The set of complex matrices of size m X n

STy The set of positive definite matrices of size n X n
0,51 Zero matrix of size m X n

I, Identity matrix of size n

Z Any complex number working as phase shift in the z-domain
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Table 1.2: Important abbreviations

Abbreviation  Full name

ANC Active Noise Control

ARIB Association of Radio Industries and Businesses
FPD Flat Panel Display

FIR Finite Impulse Response

HATS Head and Torso Simulator

HRIR Head-Related Impulse Response

HRTF Head-Related Transfer Function

1D Interaural Intensity Difference

ILD Interaural Level Difference

IPD Interaural Phase Difference

ITD Interaural Time Difference

ITU-R International Telecommunication Union - Radiocommunication Sector
LFE Low Frequency Effects

LMI Linear Matrix Inequality

Log-TSP Logarithmic Time-Stretched Pulse

MIMO Multi Input Multi Output

MISO Multi Input Single Output

MLS Maximum Length Sequence

OATSP Optimized Aoshima’s Time-Stretched Pulse
SD Spectral Distortion

SDP Semidefinite Programming Problem

SMPTE Society of Motion Picture and Television Engineers
TSP Time-Stretched Pulse

TSVD Truncated Singular Value Decomposition
YALMIP Yet Another LMI Parser
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(a) Whole picture (b) Enlarged picture

Fig. 2.3: Binaural microphone
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Fig. 2.4: HATS (Head and Torso Simulator)

gobobboooouobbbooogouobbooooobbbbbboboooobboboo
ggoboboooobboooobobboooobobbuoooooboooobbooon
o0 10oboooooogoon

222 0000

O0O0D0D0OO0OO0000000DSignal toNoise Ratio: SNR,SNOOOOOOOOOOO
ooooooooooOooooMOOOOOoUOOOOO0OOOOO0ODOOODODOOOO
O Time-Stretched Pulse: TSPO [18] 0 000000000 OOOOOOTSPOOOOOO
ooooooOooOoooooooooooOoOOCOOOOOoOo0oooooooooooo
000*000000000O0ATSPO Optimized Aoshima’s Time-Stretched Pulse [20] O
OO0000 Fig. 2.6 00O Log-TSPO Logarithmic Time-Stretched PulseC [21] 00O 00O O
Fig.270000 000000 (@O TSPO()OOOOODODOODO FIROOOOOOOO
OATSPOLog-TSPO OO TSPOOOOO0O -2dBOFull ScaleD 0 0000000000
OO0COATSPOOODOODODOOOOCOODOOOOO2000000000O0O0TSPOO
goooooooOoOoOooooOoOooooOoUooooooooooooooooOoooo

20000000 TSPOO0OOOOODODO0O0OON Swept-sine 000000000000 O0O
O000oooo TSPOODOOOCOOO [19]O



14 020 0OO0OO0OO

Fig. 2.5: Measurement of impulse responses in an acoustic anechoic chamber of the NHK
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Fig. 2.6: Optimized Aoshima’s Time-Stretched Pulse
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Fig. 2.8: Schematic diagram illustrating binaural reproduction
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Fig. 2.9: Schematic diagram illustrating transaural reproduction
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Fig. 3.1: Schematic diagram illustrating simultaneous estimation of HRTFs
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Fig. 3.3: Measurement of impulse responses for simultaneous estimation in a sound proof

room of the NHK Science and Technology Research Laboratories

Table 3.1: Experimental conditions in experiment 1

Site Soundproof room at NHK STRL
Reverberation time (s) 0.18 at 500 Hz
Number of estimation directions 57 directions
Number of subjects 20 human subjects and HATS (KEMAR Type 45BA)
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Table 3.2: Input signals in experiment 1
MLS  OATSP
Sampling frequency (kHz) 48 48
Bit depth (bits) 24 24
Signal length (sample) 215 -1 216
Cyclic shift length (sample) 520 -
Model order 128 -
Sound pressure level (dB, A-weighted) 67 65
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Fig. 3.5: Frequency characteristics of estimated HRIRs (horizontal plane, red solid line:

direction-by-direction measurement, blue solid line: simultaneous estimation)
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Fig. 3.5: Frequency characteristics of estimated HRIRs (horizontal plane, red solid line:

direction-by-direction measurement, blue solid line: simultaneous estimation)
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direction-by-direction measurement, blue solid line: simultaneous estimation)
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Table 3.3: Experimental conditions in experiment 2

Site Soundproof room at NHK STRL
Reverberation time (s) 0.18 at 500 Hz
Number of estimation directions | 24 directions on the horizontal plane
Subjects HATS (KEMAR Type 45BA)

Table 3.4: Input signals in experiment 2

MLS (8,640) MLS (520) OATSP
Sampling frequency (kHz) 48 48 48
Bit depth (bits) 24 24 24
Signal length (sample) 218 1 218 1 218
Cyclic shift length (sample) 8,640 520 -
Model order 128 128 -
Sound pressure level (dB, A-weighted) 65 65 65
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Fig. 3.10: Frequency characteristics of estimated HRIRs (red dashed line: direction-by-

direction measurement, red solid line: simultaneous estimation with 520 sample shift, blue

line: simultaneous estimation with 8,640 sample shift)
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35 00000

10 T T T T 10

2(

alaals s
ALSESEISE SN
NV AVAY. VAV AVAVAW.

(a) Left ear (b) Right ear

Fig. 3.11: SDs of estimated HRTFs (red solid line: simultaneous estimation with 520 sample

shift, blue solid line: simultaneous estimation with 8,640 sample shift)

O003sO0000000000017MsO000D0O000000DODODOO0O0O 0.68s
O~2%-1/48,0000 000 000000000O0O0O0D000O0O0O0O00O0

oo0oQ0oO0oOoOoODODO HRTFOODODOOOOOOOOODODDODODDODODOOOOOO
00000000000 DODOODODO SNODOOOoOoOooOoOoODbOoooobooooo
Log-TSPO OO0 10000000O00OO SNOOOODOODODOOOODOOoDOoOooOOooO
goboooboooobooobobooobbooobooboboooMUuboDboonoo
go0ooboooobooloooboobooboobooooboobDbooboobooo
ggoboboooobbboooobobbooobbbouooobobbuoooobbooon
ggoboboooobbooooboboboooobbobouoooooboooobobooon
gooboboooooboooo







(1 4[]

Joobobobobobobooddd
Jogoboobooddd

0000000000000 0OHRTFOODODDODODODOODOOODDOODODDOODODOODOO
ggoboboooobobooooboboboooobbobooooooboooobobooon
goobbobboboooooobbboooobbbooouoobbboooooobn
goobobbboooouoobbooooobb bbb boooobLb oo
ugn

ggoboboooooboooobobooooobboooobboooobbooon
gooboboodoobbboooobbtbooobbbdooobboooubbboooo
0H.00DOODO0O0O00oooooooooooooood

41 DO0OO0ODODO0OOO0OO0OOOOOOOOODOOOO

Fig.41 00000000000 OODOOOOODOODOOO0ODO200D00000
ooob0ooboOobOobOobOobfPlanttD 000000000 DOODOODODODODOD
O0TargetU DD O0ODO 2000000000000 00O000O000DO0OODODOOODO
ggoboboooobobooooboobbooobbbouooobobbuoooobLbooon
O00b00OFg 4100000000000 00DO0DODODOODOOOODODOODOD
goobooooooo

gogobboooobobuoooobboooobbboooobbboooobbboooon
ggoboboooobboooobboboooobbobooooooboooobobooon
obobooobooboobooboooboo T1TSsvbobooooooboooobooooo
gooboboooobbboooobbbooobbbdoobobboooubbboooo
ggoboboooobboooobbboooobbbuoooooboooobbooon

47



48

040 00O0O0OODOOOOODODOOOODODOODOODOD

5 é Secondary

sound source

Plant

VoAl
Control point
A =T

Target

/Viual sound source

Fig. 4.1: Schematic diagram illustrating transaural reproduction

ggoboboooooboboooobooboooa
00 Fig41000000000000D0 20000000000D00D0DbDOOOO
goobboooobboooobobboooobbbooobDbboouobboooo
ugoboobodoooobobooooobobboooobbboooobLbboooLnbLbooon
ggoboobdooooobooooooobobboooobbboooobobboooooobobooon
gooo
ggobbdooobobobdoooobbuoooobbooobobboooobLboooo
ooooooMMOOODOODOODOODOODOODOODOODODODODOO
ooool10olooboooobooooboooobooboobooogobooooo
0000000000 DOO00DO00ODO0DODOO0ODODbODODO0ODODOOD0ODbDODDO [75-80]0
00000 810000000 @ubooboboobooboogob [83-85]0
0200000000000 0D00000O0O0ODOOOHRTFOODOOOOODODOO
gooboboooobbuoooobobboooobbboooobDbboooobboooo
ugoboobodoooobobooooobobboooobbbooobLDbboooLobLbooon
ggoboboooooboooooobobboooobbbooooboboboooooobobooon
gooboboooobobooooboboooobbboooobobbooooobobooon
ggobbbodoouoobboobooouobobbooooobbboooLooboboo
ggobobdoooobooooobobbooobbboooobobboooonobobooon
gogobobooooboboood
ggobbooobobbooobobbuoodobbuooobobboooobLboooo
0000000000000 HoODODDOOODODODODODOODODODDODDODDODOOOoOooo



42 00O0O0OODOO

49

H,.O0OOODOOODOOoOooooooooooooooooooooooooooooo
ggoboboooobboooobbbooobbbuooooobooooobobooon
goobboooobboooobbbooobbbdooobboooubbboooo
ggoboboooobbboooobobbooobbbouooobobbuoooobLbooon
ggoboboooobboooobboboooobbobouoooooboooobobooon
gooboboooobobboooobobbooobobbooooooboooubobooon
0000000000000 00000000H, O DDODOD0ODOD0O0OD0OUooooDoOO
ggoboboooobboooobbboooobbbooooboboooobobooon
gogbobboooobboooobbbooobbboooboobobooooobbooon
goobobuoodoobbboooobbbooobbbdooob bbb boooo
gogobobooooboboooobobbooobobboooooboboooobbooon

42 000O0O0OOO

OO00000DOOO0OD0O0OO0O00O0DOOOOLinear Matrix Inequality: LMIDO OO0 O
IMIOODOODODOOOOOODOOOOOOOoDOOoOoOoO eeg710LMIODODOOOOn
oooooooooogooob0 x5 G=142,--- o mO0000 LMIOODODO

m
F(x):= Fo+ ) xF;>0 4.1)
i=1

0000000000000F;(=0,1---,m)0000000000x = [x1,%, %]

goooooooood
IMIOOOOODOOO @HoOooooooOoodo xdoooooooooooaoao
dooddoxboooooooooooo oo oo LMIO OO oooo
000000000000 0000D00D000D00O00OdO Semidefinite Programming

Problem: SDPO O OO OOSDPOODOO0O
inf ¢'x subjectto F(x)>0 4.2)

O00000O0ODOO0ODbO0ODOeceeR"OODOOOOOODOOOOOOODOOO 88]ODO
gogoboboooobboooobbboooobbbooooobooooobobooon
ggoboboooobobboooobbbooobobobooon

43 OD0O0O0O0OD0ODOO0OO0OO0OOOOOOOO

ggoboboooooboooobobooooobboooobboooobbooon
oooobooooooooo [78,80]0



50

040 00O0O0OODOOOOODODOOOODODOODOODOD

O0000mOD0 pO000m>pd0000000O0O00ODO0O0OD G(»OOODO0OG(2)
Ol0oo00o0oooboOoboooooboboboobogooOobooooboboboobooooDoo
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x(k+1) = Ax(k) + Bu(k) 4.3)
y(k) = Cx(k) (4.4)
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oo0o00DoOoo k+p, 00000
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Step 1: Identify the plant and target system, and separate

time delays

!

Step 2: Derive a delayed inverse by employing

system decoupling

!

Step 3: Construct an output tracking controller

!

Step 4: Derive the LMI condition that minimizes

the H-infinity norm of the controller

!

Step 5: Compensate the time delays separated in Step 1

Fig. 4.2: Design procedure of a tracking controller
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Fig. 4.3: Parallel structured system for system identification
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oo000oooooooood
Bw :[Bwl BW2 te Bw(mp+ml) ] ) Bwi € RnX] (432)
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0000
G,(2) = 0,,(2)Gp(2)Ry(2)

A, | B,
=0, |—= R,(2) (4.39)
Cy
G(2) = 0, (20G ()R (2)
A, | B,
=0,@|= R\(2) (4.40)
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RP(Z) — dlag [Z—a1+1,z—a2+1, e Z—Otmp+1] (4.41)
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Step3 JO0DOOOOOOOO
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x(k+1) = Ax(k) + Bu(k) (4.53)
y(k) = Cx(k) (4.54)

O000O0DbO0ObO0O0O0OD0 GxUoOoooooboboboboy>00O0DbDODO
gogobooooooo

.00 AD0DDO0DOODO0NGR)|e.<yO0D0O0000
2. 00 LMIOOOOO XeS*,0OODODODO

_X+AC§§T+BBT C,?C{iz /<0 (4.55)
N Y,
000l 0 He DO0DOOODODO

0041000Gkr0 H,0O0OO

_ T T T
X+AXA"+BB AXC ] 0 456)

CXAT CXC"—y I

inf 7y, subject to
XGSL

D00000D00000000 SDPOODOO ¥, 00000/G@le = ¥u000.
0 @550 LMIO0O00O0OO0O0 [86]00

-X * * *
0 I = *
XAT XCT -X =«

BT 0 0 -1

<0 (4.57)

000000000000000000000000000000000000 %« 00
ooooQ
000 45700 (4500000000000

-X % ok %
0 I+ x

X(-A,B,®+A,)TX® X « | <0 (4.58)
B/ 0 0 -1

0000000 45800 XO0OO0O00O é00000000000000000000
O00Y:=®dXecR™»" 00000000000 000OO0

-X % %k %
0 — % %
(~-AuB,Y + 4,07 YT -X » |V (4.59)

T

B, 0 0 -1



60

040 00O0O0OODOOOOODODOOOODODOODOODOD

go0OobOoobOOooOobooboOoooboboboooo @sHooyoooo
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R.(z) =diag[z7", 777, ,77"] (4.62)
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—— R(2) H(z) R(z) ——r

Fig. 4.4: Output tracking controlller as a transaural reproduction controller
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1. The sound image should be reproduced in all directions around the listener, including
the elevation direction, within reasonable limits of stability.
g000ooOo0OO00O0OoooooooooooooOOCOOoOObOOoOoOoOoooo
2. The sensation of a three-dimensional spatial impression that augments a sense of re-
ality, which is related to ambience and envelopment, should be significantly enhanced
over established sound formats in Recommendation ITU-R BS.775.
Oo0ooOopoooOoOoOooooOoOooooooOooooooOo3oooogoooo
O000o0o0oO0o00oOooooooooooOobObooobOoOod
3. For applications with accompanying picture, the directional stability of the frontal
sound image should be maintained over the entire area of high-resolution large-screen
digital imagery. The coincidence of position between sound images and video images
should also be maintained over a wide image and listening area.
Oo00o0oOooO0U00oOopOoU0OoOooO00UooooDO0UoooOooOooooooooo
O000o00O0cO00ooO0DooO0oo0o0oo0ooo0oooooooDoooooo
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4. Excellent sound quality should be maintained over a wide viewing/listening area.
go00oOOoOoOoOoOoOoooooooooooo
5. For the coding parameters of sound signals, see Recommendation ITU-R BS.646.
0000000000000 0000000000ITU-RBS.646 0000000
6. For the relative timing of sound and vision, see Recommendation ITU-R BT.1359.
Implementers should note that in large venues where sound and vision timing varies
relative to seating location, other adjustments may need to be taken into account.
0000000000000 0000DO0OOITU-RBT.I35900000000
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ggoo

1. Backward compatibility with the 5.1 channel sound system and conventional two-
channel sound system should be ensured to an acceptable degree.
obOo0OSs100b00b0ob00o0ob0o20000b0ooooboobooooboo
gogoooood
2. Appropriate rendering of the sound format should be ensured for loudspeaker configu-
rations suitable for the range of typical listening environments, to provide an optimum
sound field and maintain excellent sound quality at least within a limited area, or al-
ternatively for headphone reproduction.
oo LOUoLoOon
ggobobooooboboooobobooooboboooobbbooooobooboa
gogooboooobobooooon
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1. Live recording, mixing and transmission should be possible, if required.
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Fig. 5.1: Audio channel arrangement of 22.2 multichannel sound system
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Table 5.1: Channel number, label, and name of 22.2 multichannel sound system

No. | Label Channel name No. | Label Channel name
1 FL Front Left 13 | TpFL Top Front Left
2 FR Front Right 14 | TpFR Top Front Right
3 FC Front Centre 15 | TpFC Top Front Centre
4 | LFE-1 | Low Frequency Effects-1 16 TpC Top Centre
5 BL Back Left 17 | TpBL Top Back Left
6 BR Back Right 18 | TpBR Top Back Right
7 FLc Front Left centre 19 | TpSiL Top Side Left
8 FRc Front Right centre 20 | TpSiR Top Side Right
9 BC Back Centre 21 | TpBC Top Back Centre
10 | LFE-2 | Low Frequency Effects-2 | 22 | BtFC | Bottom Front Centre
11 SiL Side Left 23 | BtFL Bottom Front Left
12 SiR Side Right 24 | BtFR | Bottom Front Right
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(a) Theater room (b) Living room

(c) Private room

Fig. 5.2: Concept images of viewing the 8K SHV in home
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(a) Mobile terminal (b) Mobile terminal

Fig. 5.3: Concept images of viewing the 8K SHV with mobile terminals

Fig. 5.4: 72-loudspeaker frame jointly developed by NHK and Foster Electric Company, Ltd.
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Fig. 5.5: 12-loudspeaker frame integrated into an 85-inch LCD jointly developed by NHK
and Foster Electric Company, Ltd.

Fig. 5.6: Corrugated design of diaphragm
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Fig. 5.7: Digital loudspeaker frame jointly developed by NHK and Sharp Corp.
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Fig. 5.8: Digital line array loudspeaker jointly developed by NHK and Sharp Corp.
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Fig. 5.9: Layout of sound sources and listening position

Table 5.2: Measurement signals in experiment 1

MLS  Log-TSP
Sampling frequency (kHz) 48 48
Bit depth (bits) 24 24
Signal length (sample) 217 -1 217
Cyclic shift length (sample) 1,200 -
Model order 1,024 -
Sound pressure level (dB, A-weighted) 70 70
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SIPERLVISION

Fig. 5.10: Measurement of the reproduced sound field in an acoustic anechoic chmamber of

the NHK Science and Technology Research Laboratories

100000000000002Y00000 Log-TSPOOODODOOOOOOOOO
OoooboOoboooooMOODOO 48kHzO24a0000000200000000
0000000000000 DbO000O0DO0DO0O0O0OHATSODODODODODOOODOooDOoo
000 Log-TSPOOOODOODOOOOOD 20HzODO 20kHzOOOOOOODOOODO
gogboboooobbooooboboooobbooon

00000 HATSOODOOOOOOOOODODO 70dBO A-weightedd OO DO 10000
O000DbO00O0O00 1,0240000000000DO0bOO00DOO0ODOobODOoOobDOoDOD



53 00 1:000000DO00DO00bO0bOoOoboOoDOooo

75

Loudspeaker unit

Fig. 5.11: Layout of the loudspeaker units in experiment 1
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Table 5.3: SDs generated by modeling error (simultaneous estimation, dB)

Control point 1 2 3 4 5
Left ear 1.35 1.55 1.81 3.07 3.4l
Right ear 7.88 261 244 195 1.82

532 OOODO

Fig. 5900 4000000000000 00000O00OO0OO0OOOOOOOOOO
goobboooobboooobobboooobbbooobDbboouobboooo
ddddoooooooooooboobooboboboboobobobbbbobbooboboboboooaoa
g0oo00ooOooOooDooobO0obO0bOoboboooooboooooooDooDOoo1DOoD
goo0bo00ooOoob0ooooboboob0ooDoOobO 1boDoobooboOoboooo
ggoboooaon

0000000 O00oo

ggobbdooobobboooobbuoodobbuoodbobboooobLboooo
O00000D0O0000O0DO0O0DbDOb00O0Dn Figs.5.12-5.130000Fig. 5.1200
OObo000obO0o0obO0o0obO0o0ObOobObO0obDO0o0bDO0OkRg s 130 10000000
goobboooobboooobobboooobbboooobDb bbb boooo
ugoboobodooooboooooobboooobbboooobLbboooLbLbooon
g obbooooboobooooboboooobbooobobbooooboboooobobooon
000000000000 0D00D0Oo260000000000000 14kHzOODO
ugobobooobobbuooooboboooobbbuooobobog

o0o0O00O SbOooOooOOobOOoO0OOOoOOobOOobDOoOoOoOobOOobODOobOoboooboooo
O Tables5.3-540000Table 5.3 0000000000000 00O0COOTable540 1
ggobbdoooobboooobbboooobbbooobbbooULobboooo
ggobboooooboooooobboooobbboooobobboooobobooon
O0oobOOoob0o0obDOoooooobOobDobobOoboobobooOo sSbg 279dBO100O0ODO
O000DO0000D0O00OO0 SDO 218dBOOO0ODO



53 00 1:0000O000o0oOoOoo0bbo0oooboooooo 77

20 20
g of g
[«B) ¢}
S S
‘E 'E
=y &
S =
-60 :
5 10 15 20
3 2
x 10 . . . 5 X 10
o4
°
g 0
s
4 : : : -5 : : :
5 10 15 20 5 10 15 20
Frequency (kHz) Frequency (kHz)
(a) Left ear (b) Right ear

Fig. 5.12: Comparison of frequency characteristics (simultaneous estimation, red solid line:

measured impulse responses, blue solid line: target model)

Table 5.4: SDs generated by modeling error (direction-by-direction measurement, dB)

Control point 1 2 3 4 5
Left ear 1.28 1.11 1.57 235 3.29
Right ear 392 147 244 286 147
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Fig. 5.13: Comparison of frequency characteristics (direction-by-direction measurement, red

solid line: measured impulse responses, blue solid line: target model)
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Fig. 5.14: Comparison of frequency characteristics (simultaneous estimation, red solid line:

target model, blue solid line: cascade structured system)

Table 5.5: H., norm of the tracking controllers (simultaneous estimation)

Method 1 2 3 4 5
Proposed 3.01 5.81 2.55 6.30  4.37
Moore-Penrose 7.88 60.85 6.32 24.50 30.07
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Fig. 5.15: Comparison of frequency characteristics (direction-by-direction measurement, red

solid line: target model, blue solid line: cascade structured system)

Table 5.6: H., norm of the tracking controllers (direction-by-direction measurement)

Method 1

2 3 4 5

Proposed 3.49
Moore-Penrose 12.35 7

791 334 145 3.62
6.99 6.87 16.67 29.16
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Table 5.7: SDs at control points (simultaneous estimation, dB)

Control point 1 2 3 4 5
Left ear 6.10 287 297 494 7.2
Right ear 10.09 4.12 288 475 594
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Fig. 5.17: Comparison of frequency characteristics (direction-by-direction measurement, red

solid line: measured, blue solid line: convolved)

Table 5.8: SDs at control points (direction-by-direction measurement, dB)

Control point

1

2 3 4 5

Left ear
Right ear

6.20 228 229 411 6.63

8.67

345 294 3.64 4.55
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Table 5.9: Measurement signals in experiment 2

Log-TSP
Sampling frequency (kHz) 48
Bit depth (bits) 24
Signal length (sample) 217
Sound pressure level (dB, A-weighted) 70
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Fig. 5.18: Layout of the loudspeaker units in experiment 2
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Fig. 5.19: Comparison of frequency characteristics (red solid line: measured, blue solid line:

target model)

Table 5.10: SDs generated by modeling error (dB)

Control point 1

2

3 4 5

Left ear 1.34 222 213 242 5.56
Right ear 447 148

276 125 1.03
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Fig. 5.20: Comparison of frequency characteristics (red solidline: target model, blue solid

line: cascade structured system)

Table 5.11: ‘H,, norm of the tracking controllers

Method 1 2 3 4 5
Proposed 346 245 085 280 6.75
Moore-Penrose 71.99 70.98 65.72 28.92 31.35
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Table 5.12: Increase of SDs (dB)

(a) Left ear

Distance (cm) 1 2 3 4 5
0.0 0.00 0.00 0.00 0.00 0.00
3.0 455 921 556 11.56 14.08
6.0 6.71 12.60 7.26 15.23 20.14
9.0 5.66 10.62 7.66 15.28 17.39
(b) Right ear
Distance (cm) 1 2 3 4 5
0.0 0.00 0.00 0.00 0.00 0.00
3.0 12.31 1278  5.21 742 6.23
6.0 1441 1488 10.01 11.06 7.11
9.0 1496 14.70 10.03 12.72 8.31
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Fig. 5.21: Comparison of frequency characteristics (red solid line: measured, blue solid line:

synthesized)

Table 5.13: SDs at control points (dB)

Control point 1 2 3 4 5
Left ear 210 3.61 3.64 562 7.68
Right ear 5.10 5.19 444 3.18 3.00
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