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FIG. 5

Syntax No.of bits | Data format
directivitybonfig{num sound_types_id}
{
fs 32 unsigned int
aun_point_indices; // NUMBER OF DATA POINTS 32 unsigned int
for (i=0; i<nup_point_indices; i++) |[
azimuth_tabie[i] /7 AIMUTHANGLE 32 float
elevation_table[i} // ELEVATION ANGLE 32 float
distance[i] (radius) // DISTANCE [meter] 32 float
i
bin_count // NUMBER OF FREQUENGY PQINTS 16 unsignad short
for (i_bin=0; i binchin_count; i biner) [
freqli bin] // FREQUENGY [Hz) XY, unsigned ing
i
/7 WMF/went digtribution parameter
band, courst // WUVBER OF bands TO BE MODELED 16 i fgned short
For (_band @ 0 7 band<band count; i bandgs) |
mix_countii band} // WUMBER OF MIXTURES INEACH band 16 Lng ignad short
Bin, range_psr bargd[§_band} 7/ binINFORMATION ABOUT ORIGINAL DATA INCLUDED INEACHband | 16 ek igned short
For (omigw fosiaimin, court (i bend] oniges) |
we lght [ bangd] [1_mind a2 flost
Keasgama (1 bwrwdd [ nix] g2 et
gamea] [0 pavat] [_ni 53 {x] 32 float
gl [0 band] [ nizd {y] 32 T Lot
diwt flay // Kent DISTRIBUTION/ v MF DISTRIBUTION SELECTION f lag 8 uni baned char
if (dist flages=1)1
betali_band3Li_mix] 32 flogt
pemmaZ[i_band] [i_mix][x] 32 fioat
gammaZ[ i _band][i_mix1[y] 32 float
gammad[i_band] [i_mix][x] 32 float
gammad[i_band] [i_mix}[y] 32 float
1//ftag
o /mix
1/ /band
for (i_bkin=0; i_bin < bin_count; i_bin++}{
scale_factor [i_bin] /7 DYNAMGRANGE OF DIRECTIVITY DATA INEACH biin
a2 float
offset[i_kin] // DIRECTIVITY DATA MINMUMVALUEIN BACH bin 32 float
1/ /Min
for (_peint=0; i_point<um_point) §
diff_datali_peint} / / DIFFERENCE INFORMATION TBD
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FIG. 10

('START OF ENCODING PROCESS )

MODEL DIRECTIVITY DATA

GENERATE MODEL DATA

ENCODE AUDIO DATA

\

OUTPUT ENCODED BIT STREAM

END

S11

512

513

S14
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FIG. 12

( START OF DIRECTIVITY DATA
GENERATION PROCESS

¥

PERFORM UNPACKING

¥

CALCULATE DIRECTIVITY DATA

DIFFERENCE CODE DATA
IS PRESENT?

YES
1

DECODE DIFFERENCE CODE DATA

4

ADD DIRECTIVITY DATA RESIDUAL

So1

352

NO

554

S55

o
']

PERFORM INTERPOLATION PROCESS
IN FREQUENCY DIRECTION

END

SH6
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FIG. 13

(START OF OUTPUT AUDIO DATA)

GENERATION PROCESS

;

DECODE ENCODED AUDIO DATA |98

l

PERFORM INTERPOLATION PROCESS  |©82
IN TEMPORAL DIRECTION

l

CONVOLVE DIRECTIVITY DATA  [S83

i
CONVOLVE HRTF S84

FIG. 14

APPEARANCE
PROBABILITY

—

=
DIFFERENCE DATA VALUE (dB)
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FIG. 15

Syntax

Mo, of bita

Data format

direct ivityConf ig(num_sound_types_id)

i
fs

num_point_indices;

for (i =0;

1

bin_count

for (i_brins(

1
£ OWF fkent
bard_nount

for (i_band

1A/ 1 bard

i <num_point_indices; i++) {
azimuth table[i]
elevation_tableli]

distanceli] (radius)

0; i bindhin_count; i bine+) ]

freqli bin]

distribution parameter

= 0; i_band < band_count; i_band++){

mix_count[i_band]

bin ranze per band[i band]

// NUMBER OF DATA PCINTS

/¢ ELEVATION ANGLE

/7 BZIMJTH ANGLE

// DISTANCE [meter]

// WUNMBER OF FREQUENCY POINTS

/7 FREQUENCY [Hz]

// NUMBER OF bands TO BE MODELED

7/ NUMBER OF MXTURES IN EACH band

/11 INFORMATION ABOUT CRIGINAL DATA INCLUDED

INEACHband

For (iomix = 0; i_mix<mix_count[i_band]; i_mix++){

weight[i_band][i_mix]

kappal i band (i _mix]

zammal[ i band]1[i mix][x]

gammal [1_band 11 _mix](y)

dist_flag

Pfleigt flag == 1){
betali_band][i_mix]
gamma2[i_band][i_mix][x]
gamma2[i_band]li_mix1[y]
garma3[i_band][i_mix][x]
gamma3[i_band][i mix][v]

1//flag

/i mix

/¢ Kent DISTRIBUTION/vMF DISTRIBUTION SELECTION flag

3z

3z

32

32
37

32

3

3z

32

32

3z

32

uns i gned

uns i gned

uns i gned
ung i gned

float

uns i gned

uns i gned

1IN | gredl

uns i gned

uns i gned

float
float
float
float

boo |

float
flnat
float
float

float

nt

int

short

shart

shart

nt

char

char

short

CONTINUED ON NEXT PAGE
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FIG. 16

CONTINUED FROM PREVIQUS PAGE

for (i bin=0; i bin < bin count; i bin++){

scale_factor[i_bin]

offget[i_bin]

Hbin

mode

table_index

int db_resolution

for (i_bin=0;

i bin <bin_count; i bin++){

for (i point=0; | point <num point){

diff datali hinlli_paint]

// DYNAMC RANGE OF DIRECTRTY
DATAINEACHDin

// DIRECTIVITY DATA MIN MM VALUE
INEACHDIn

// HYBRID MODE 1D USED FOR
ENCODING

//table index USED FOR ENCODING
// DESIGNATE QUANTIZATION step SIZE
SUCHAS QUANTIZATION FOR EACH1.0dB
3% EXAMPLE

0: NO QUANTIZATION, 1: 0.01dB,
2:0.2¢B, 3:0.4aB, -

278=756:25.6dB

// huf fman CODE WITHDIFFERENCE
INFORMATION ENCODED

32

32

o0

1 TOnbi ts_res, data

float

float

Unsigned char

Unzigned char

Urss i gred  char
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FIG. 18

const unsigned charg_a_res_model_decthl [NCODES_RES_MODE1_DEGTBL] = |

. 100,

100,

100,

100

83,

100,

83,

100

83,

100, 2,
36, 16
50, 50
81, 81,
22, 20
99, 15,
11, 37
18, I8
52, b2
53, B3
51, 51,
38, 109
80, 80
%, 79
58, b8
a7
56, b6
98, 25
54, 54
61, 61,
97, 39,
59, 5%
57, 57
60, 60
55, 55
T4, 74
62, 62
63, 63
64, 64
%, 76
40, 12%
65, 65
7,75
24, 28
3,01
66, 66
69, 69
10, 70
68, 68
95, 96
67, 67
1z, 12
n,o n
29, 4
93, 124
42, 92
91, 43
121, 30
94, 32
45, 31
90, 102
44, 89
46, 34
47, 33
88, 114
85, 86
0, 0
0. 0
0. 0
0. 0
48, 49
.13, 84
87, 117,

83, 82

}:

2

0
49,

84

117,

82

4

49
584,
14
82,

4

16
50
81,
20
15
37,
78,
52,
53,

51,

. 109,

80
19
58
17,

0
49

84

14

82

12
108,

49,
84
17,
82

12, 12,
108, 108
50, 50
. 81, 81,
. 110, 110
. 112, M2
37, %
18, 18,
52, 52,
53, 53
51, 51,
6. 8
80, &0
19, 79,
58, 58
7T
56, b6
107, 107
b4, 54
61, 61,
39, 39
59, 59
57, 57
60, 60
55, 55
14, 14,
62, 62
63, 63
64, 64
16, 176,
1,127
65, 65
1,75
106, 106
13, 13
66, 66
69, 69
10, 70,
68, 68
96, 96
67, 67
12, 12
n n
41, 4
123, 122
92, 92
43, 43
3. 120
104, 104
10, N
16, 19
89, 89
103, 103
118, 18
35, 35
86, 86
0 0
0 0
0 0
0. ¢
49, 49
84, 84,
17, 19,
82, &

0
49,
84,
19,
82
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FIG. 20

START OF DIRECTIVITY DATA
GENERATION PROCESS

¥

PERFORM UNPACKING

S111

MODEL PARAMETER
IS PRESENT?

YES

S113

CALCULATE DATA BASED
ON MODEL PARAMETER

DIFFERENCE CODE

DATA IS PRESENT?

ACQUIRE ENCODING MODE INFORMATION

DECODE DIFFERENCE ENCODED DATA

e

S115

3116

1

CALCULATE DIRECTIVITY DATA

f

PERFORM INTERPOLATION PROCESS
IN FREQUENCY DIRECTION

S117

S118

3
( END )
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( START OF MODEL DATA )
GENERATION PROCESS
PERFORM MODELING BY MIXING METHOD [S191
CALCULATE INTERMEDIATE 5152
DIFFERENCE INFORMATION

PERFORM MODELING BY HOAMETHOD  [S193
¥

CALCULATE DIFFERENCE INFORMATION [S194
¥

PERFORM DIFFERENCE ENCODING ~ [S199

GENERATE MODEL DATA 5156

END
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FIG. 25

Syntax Mnemonic Modified No. of bits
DirectivityReproduction() |
bin_count; uimshf 12
for (i =0: i <bin_count; i++) |
bin _fregl[i]: bsibf 18
}
band_count; uimsbf 12
for (j =0; j <band_count; j++) {
mix_count[j]; uimshf 8
bin_range per band[j}; uimsbf 12
for (k=0; k <{mix_count[k]: k++) |
kappa[j] [k uimsbf 1
weight[j][k]: uimsbf 10
gamma_x[j][kl; uimsbf 9
gamma_y[j] [k} uimsbf 9
gamma_z[j][kl; uimshf 9
dist_flag boal 1
if (dist_flag ==1) |
betalj] [k]: uimshf 11
gamma?_x[ji[k]; uimsbf 9
gamma?_y[ji[Kk]; uimshf a9
gamma?_z [ji[k]: uimsbf 9
gammal3 x[j1[k]: uimsbf 9
gamma3_y[ji[Kk]; uimshf g
gamma3_z[ji[k]; uimshf 9
}//flag
}//mix_count
} //band_count
for (i=0; i <bin_count; i+ {
scale factor[il; uimshf 7
offset[i]; uimsbf 7
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FIG. 26
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FIG. 31

Syntax No. of bits Mnemonic
SymmetricDir () {
mix_count[j]; 12 uimsbf
hin_range_per band[j]: 12 uimshf
for (k=0; k <{mix_count[K]; k++) {
kappal[j] [K]; 11 uimshf
weight[j][k]: 10 uimsbf
gamma_x[j] [K] : 9 uimsbf
gamma_y[j][k]; 8 uimshf
gamma_z[j][K]; 8 uimshf
dist_flag[j][k]; 1 uimsbf
if(dist_flag ==1) |
betalj] [k]; 1 uimsbf
gamma?_x[j][Kk]; 8 uimshf
gamma2_y[j][k]: 9 uimsbf
gammaZ_z[j][Kk]: 9 uimsbf
gamma3d_x[j] [K]; 8 uimshf
gamma3_y[j][k]: 9 uimsbf
gamma3_z[j][k]: 9 uimsbf
}//flag
sym_operation_count; 2 uimsbf
for (j=0: j {sym_operation_count; j++) |
sym_operation_flag; 1 uimsbf
Switch (sym_operation_flag)
Case 1://rotation
sym_azi; 9 uimshf
sym_elev; 9 uimsbf
sym_rotation; 9 uimshf
Default://line symmetry
sSym_yaw,; 9 uimsbf
sym_pitch; 8 uimshf
sym_roll; uimsbf
}
]
}
for (i =0; i <bin_count; i++) |
scale_factor[i]; 7 uimsbf
of fset[i]; ¥ uimsbf

J
J
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FIG. 32
V81
V81 Vg2 “‘ V82
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FIG. 33

SP11

SYMMETRY
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FIG. 34

Syntax No. of bits Mnemonic
NonSymmetricDir () {
mix_count[j]; 12 uimshf
bin_range per_band[j]; 12 uimsbf
for (k=0; k <{mix_count[K]; k++) {
kappa[j] [K]; 11 uimsbf
weight[j][k]; 10 uimsbf
gamma_x[j][Kk]; 8 uimshf
gamma_vy[j][k]: 8 uimshf
gamma_z [j][k]; 9 uimshf
dist_flag[j][k]: 1 uimsbf
if(dist_flag ==1) |
betalj][k]: 11 uimghf
gamma?_x[j] [k]; 9 uimshf
gamma2_y[ j][k]: 9 uimghf
gamma2_z [ j] (k] : 9 uimsbf
gamma3_x[j] [K]; 9 uimshf
gamma3_y[j] [k]: 9 uimsbf
gamma3_z[j][k]: 9 uimsbf
}//flag
}
for (i =0; i <bin_count;i++) {
scale factor[i]: 1 uimsbf
offset[i]; 7 uimshf
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FIG. 35

Syntax Mnemonic Modified No. of bits
DirestivityReproduction() {
bin_count; uimsbf 12
for (i =0; i <bin_count; i++) |
bin_freqli]: bs|bf 18
}
band_count; uimsbf 12
for (j=0; j <band_count; j++) {
mix_count[j]; uimshf 8
bin_range_per_band[j]; uimshf 12
fade _flag; uimsbf 1
if(fade_flag & j>0) |
bin_range_per_band_fadein[j] uimshf 12
}
for (k=0; k <{mix_count[k]: k++) {
kappa[j][k]: uimsbf 11
weight[j][Kk]; uimshf 10
gamma_x[j] [k]; uimsbf 9
gamma_y [ j] [k]; uimsbf 9
gamma_z [j] [K] ; uimsbf 9
dist_flag bool 1
if(dist_flag ==1) {
beta[j][k]: uimsbf 9
gamma?_x[j][k]: uimsbf 9
gamma?_vy[j] [k]: uimsbf 9
gamma?_z [j] [k]; uimsbf a9
gammad_x[j] [k]; uimshf g
gamma3_v[j][k]: uimsbf 9
gamma3_z [j] [k]: uimsbf 4]
}//flag
}//mix_count
}//band_count
for (i =0; i <bin_count; i++) {
scale factor[i]; uimshf
offset[i]; u imshf
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FIG. 37

Syntax No. of bits iMnenonic
DirectivityReproduction( {
bin_count; 12 uimsbf
for (i =0; i <bin_count; i++){
bin_freqlil: 32 hs|bf
i
band_count; 12 uimsbf
for (j=0: j<band_count: j++) |
use_symmetryij] gimsbf
mix_count[j]: uimsbf
bin_range_per _bandli]; 12 dimghf
if(j>0(
fade flag: 1 uimsbf
if{fade flag) (
bin_range_per_band_Tadein[j] 12 uimshf
}
telse |
start bin 4 uimsbf

!
switch (use_symmetry{jl)

case 7:

FrontBackVertica!SymmetricDir () // UP-AND-DOWN AND FRONT-AND-BACK SYMMETRY
case 6:

FrontBacklLeftRightSymmetr icDir () // FRONT-AND-BACK AND LEFT-AND-RIGHT SYMMETRY
case b

FrontBackSymmetricDir (3 // FRONT-AND-BACK SYMMETRY
case 4:

LeftRightVerticallineSymmetricDir {3 // UP-AND-DOWN AND LEFT-AND-RIGHT SYMMETRY
case 3!

LeftRightlineSymmetricDir (0 // LEFT-AND-RIGHT SYMMETRY
case 2.

VerticalLineSymmetricDir ()// UP-AND-DOWN SYMMETRY
case |:

SymmetricDir () // ANY SYMMETRY, ROTATION
case 0:

KonSymmetr icDir (// WITHOUT SYMMETRY, ROTATION (DESCRIBE ENTIRE vmf/Kent DISTRIBUTION)
1 //use_symmetry[j]
}// i band_count
DynamicRangeForDir

}
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