WO 2015/175981 PCT/US2015/031156

1125

Positive extends
Negative extends

M
o=
L/

9
&

~
/TN
{ 3

FIG. 1

S

TN
IAY
k @
N
3}
N

- — @\
I I I
= < =




PCT/US2015/031156

WO 2015/175981

2125

ol

¢ '9Old

~N

NV3I¥L1Slig

(

\
ve
30IA3d ONIdOOd3a olanv

!

J1
ﬁ $44309 VOH

i

44
ﬁ SH34IAN3Y oldnv é
W H H ~G¢

0-0>

91
_ W3LSAS MOvEAvid olanv
vl
JOIA3A YINNSNOID LNILNOD

KFN

TANNVHO NOISSINSNVY L

AI
Hm—.

i

0C
v

rm_o_>m_o 9NIJOIN3I OIdN

q

ﬁ

1
$44309 VOH

J

q

ﬁ

8l
IW31SAS ONLLIA3 olanv

J

G

cl

JOIA3A JOLVI™ID LNILNOD




PCT/US2015/031156

WO 2015/175981

3/25

.................................. Ve ‘Ol bre I
| —
— < | 1INN NOILISOdNO93d
tm_ﬂ: - _ 43SV TYNOLLOIMIG .: J| LINN SISATYNV LNILNOD
lNn¥3gQO%O0MNCNY [V
NOILVHINII OILSNODVOHOASd —
WYIdLSLIE | Iz
L1INN NOILISOdINOJ3Aa @3Sva-d40103A .\
65 A ) b
ﬂh# ?Nm < A" m
_ €9 _ 8¢ 8P
s W[ ) ) 1INN 1INN
LINN ONIQOD NOILVSN3dINOD NOILD313S
YOLOIA-A ADYIN3 og
? .G\ [ N S ?
Gg L b
- S“
5 < 27
1INN L) LND |
NOILONA3Y ) ] op— SISATYNY
1N3I0144309 § d1314aNnos
Gg
05 - Aq o= (3
LINN 6 hw_m: 73 6 tm_m: LINA (L17)
NOILVI1Od¥LNI 1INN INJOASNVYL [«4—
IV3OdNaL onmhuhmmmu_m__m_w 4 €| | yaauoay z%m__ww.“,_@w_.ﬁo 379ILY3ANI
-0lLVdS ﬁ AQ.. q ANT.. HVINIT
g g€ a e e |7 02 |

I 3JIA3A DNIAOJN3 olanv



PCT/US2015/031156

WO 2015/175981

4/25

.................................. a¢ "ol bre I
| —
— < | 1INN NOILISOdINOD3d
tm_ﬂ: - _ 43SV TYNOLLOIMIG .: J| LINN SISATYNV LNILNOD
1IN ¥3goooW Ny | Lo
NOILVHINIS OILSNODVOHOASd -
WvINLISLIE | Iz
L1INN NOILISOdINOJ3Aa @3Sva-d40103A .\
ﬂh# ?Nm < A" m
@ ¢ ¢ T3 o
e \\J|_ ) ) 1INN 1INN
LINN ONIQOD NOILVSN3dINOD NOILD313S
YOLIAA-A . AD¥3N3 o8
? .G\ MAA ?
GS L
1L~ v 4 SU
17 < 7
1INN ) L) LND |
NOILONA3Y ) ] ] op— SISATYNY
1N3I9144309 ; 3 d1314aNnos
;
G¢
05 or Aq o= (3
LINN 6 hw_m: 73 6 tm_m: LINA (L17)
NOILVI1Od¥LNI 1INN INYOASNVYL [eb—
IV3OdNaL onmhuhmmw_m__m_w 4 €| | yaauoay z%m__ww.“,_@w_.ﬁo 379ILY3ANI
-0ILVdS ﬁ AQ.. q ANT.. HVINIT
g ee a e ee’ | |7 o T |

I 3JIA3A DNIAOJN3 olanv



V¥ 'OId

PCT/US2015/031156

5/25

WO 2015/175981

173
- « 1INN
LINN hwh: 6¥ 08 N 19 n__>_oo|m_o A
NOILYINWHOA Aq NOLLYININNO4 AL 1INN ONIQ0O23a :17
IN3I214430D 69 NONSINO JILSNOIVOHOAS LINN
VOH ANNOYO3HOA ~C 9NISHVd
...xmm/ﬁ 65
_ _ 4 N\
o =
Gk __tz: aqav4dl G\ S3IAON
..«mm/um I+ 957
L g L1INN 914NOD
oL 57 (©9 L4 SELY
1INN 1nn \AD
=<
_ NOLLVIOJEILINI ==~ \oj1onuisnooay [© U 77
76 IVOdNTL GG NOLOIAA 1S
LINN NOILDNYISNODIY -0lLvdS LINN NOILOVYH.LX3
a3SVE-4O1D3A o
16
EmmL
D 08
L1INN NOILONYLSNODIY
ve Adl
i a3svg-1vNolLOINId




PCT/US2015/031156

WO 2015/175981

6/25

.—.—.u.

av "Old

144

i

bl

L1INN NOILONYLSNOO3Y
d3sva-1vNoIlLOFNIa

GGL
= — — = ’ 1INN
8z 08 I dINO23a A
1INN LINA BV~ LINA 1INN 19 —
| NOULVINIWHOL =7 511 vinwao4 LNIWNDISSYIY [ /| 2N19023d 1INN
IN2IDI44300 {897 | e S ENNYH |18 | d1Lsnoov
VOH "OHOASd [*_ ONIsyvd
GG 65
_ _ (" )
7 =
Gk __tz: aav4 |l G\ S3AON
..«mmd»” + 95/
L Ny 1INN 914NOD
oL 57 (©9 L1 SELY
1INN unn A9
— g
_ NOLLV10da3LNI vee_’ | NOILONYLSNOOTY [+ U 77
6 TVHOdINEL 59 YOL123AA 4
LINN NOILDNYLISNODIY -OlLvdS 1IN NOILOVH.IXS
a3SVE-4O13A -
_,.xmrk 16
06




WO 2015/175981 PCT/US2015/031156

7125

RECEIVE HOA COEFFICIENTS (COEFFS)

v

APPLY LIT WITH RESPECT TO HOA COEFFS TO OUTPUT
TRANSFORMED HOA COEFFS

v

DETERMINE PARAMETER BASED ON ANALYSIS OF TRANSFORMED
(TRANS) HOA COEFFS

v

REORDER TRANS HOA COEFFS BASED ON PARAMETER TO
GENERATE REORDERED TRANS HOA COEFFS

y

PERFORM SOUNDFIELD ANALYSIS WITH RESPECT TO ORIGINAL

AND TRANS HOA COEFFS TO DETERMINE nFG AND BACKGROUND |~

CHANNEL INFORMATION (BCl)

110

v

DETERMINE AMBIENT HOA COEFFS BASED ON THE BClI

v

SELECT FOREGROUND TRANS HOA COEFFS BASED ON nFG

y

PERFORM ENERGY COMPENSATION WITH RESPECT TO AMBIENT
HOA COEFFS TO GENERATE ENERGY COMPENSATED AMBIENT
HOA COEFFS

K114

y

PERFORM INTERPOLATION WITH RESPECT TO REORDERED
TRANS HOA COEFFS TO OBTAIN INTERPOLATED nFG SIGNALS
AND REMAINING FOREGROUND DIRECTIONAL INFO

/116

Y

PERFORM COEFFICIENT REDUCTION WITH RESPECT TO
REMAINING FOREGROUND DIRECTIONAL INFO BASED ON BCI TO
OBTAIN REDUCED FOREGROUND DIRECTIONAL INFO

v

COMPRESS REDUCED FOREGROUND DIRECTIONAL INFO AND
GENERATE CODED FOREGROUND DIRECTIONAL INFO

Y

PSYCHOACOUSTIC ENCODE ENERGY COMPENSATED AMBIENT
HOA COEFFS AND INTERPOLATED FOREGROUND SIGNALS TO
GENERATE CODED AMBIENT HOA COEFFS AND CODED
FOREGROUND SIGNALS

y

GENERATE BITSTREAM BASED ON CODED FOREGROUND
DIRECTIONAL INFO, CODED AMBIENT HOA COEFFS, CODED
FOREGROUND SIGNALS, AND BCI

124
/‘

FIG. 5



WO 2015/175981 PCT/US2015/031156

8/25

RECEIVE BITSTREAM

v

EXTRACT CODED FOREGROUND DIRECTIONAL INFORMATION
(INFO), CODED AMBIENT HOA COEFFICIENTS (COEFFS) AND THE
CODED FOREGROUND SIGNALS FROM THE BITSTREAM

v

DEQUANTIZE AND ENTROPY DECODE CODED FOREGROUND
DIRECTIONAL INFORMATION (INFO) TO OBTAIN REDUCED
FOREGROUND DIRECTIONAL INFO

v

DECODE ENCODED AMBIENT HOA COEFFS AND THE ENCODED
FOREGROUND SIGNALS TO OBTAIN ENERGY COMPENSATED
AMBIENT HOA COEFFS AND INTERPOLATED FOREGROUND
SIGNALS

v

PERFORMING INTERPOLATION WITH RESPECT TO REORDERED
FOREGROUND DIRECTIONAL INFO TO OBTAIN INTERPOLATED
FOREGROUND DIRECTIONAL INFO

v

FADE-IN/FADE-OUT ENERGY COMPENSATED AMBIENT HOA
COEFFICIENTS AN FADE-OUT/FADE-IN THE INTERPOLATED
FOREGROUND DIRECTIONAL INFO TO OBTAIN ADJUSTED AMBIENT
HOA COEFFICIENTS AND ADJUSTED FOREGROUND DIRECTION
INFO

v

PERFORM MATRIX MULTIPLICATION OF ADJUSTED FOREGROUND
SIGNALS BY THE INTERPOLATED FOREGROUND DIRECTIONAL
INFORMATION TO OBTAIN FOREGROUND HOA COEFFS

v

ADD FOREGROUND HOA COEFFS TO ADJUSTED AMBIENT HOA
COEFFS TO OBTAIN HOW COEFFICIENTS

FIG. 6



WO 2015/175981 PCT/US2015/031156
9/25

V-VECTOR CODING UNIT
52

63 55
\ | DECOMP%ﬁIZTION UNIT < [

506\i

41
\ QUANTIZATION UNIT
504

57

FIG. 7

V-VECTOR CODING UNIT
52

63 55
\ |, DECOMPOSITION UNIT < [
502

514\i

WEIGHT SELECTION
UNIT
510

516&

41
\ QUANTIZATION UNIT
504

)
574

FIG. 8



PCT/US2015/031156

10 /25

| Vg

igina

Or

WO 2015/175981

/ ¥ ¥ 4 .
III\-III\PIIQIII]\lllﬁr

/ ’ / ’

.

FIG.9



PCT/US2015/031156

WO 2015/175981

11/25

25

25th order model Y w;o;

1

j:

|||.I|||c||||<|||l1|||ﬂ~(

/ / /

/

FIG. 10



WO 2015/175981 PCT/US2015/031156
12725

weighting/each order
0.4 T T ; T

|

0.2 -

01F -

0.2F -

:0.3 - v _

FIG. 11



PCT/US2015/031156

WO 2015/175981

13/25

5th order model ;a0

1

j:

[ VI, W,
\ \
\ \

-
\

L VR v 4
\ \
\ \

FIG. 12



WO 2015/175981

04

0.3

0.2

0.1

-0.1

-0.2

-0.3

-0.4

14/ 25

weighting/each order

PCT/US2015/031156

'W

-

-+

-+

25



~

11111111111111111



PCT/US2015/031156

WO 2015/175981

16/ 25

sdgy G291
ST'6
8/ T
781
€801
TL+T
98'tT
9L T
€LYT
0L+T
SE61

68'T¢

9t'0¢

poylaw
19410

sdq) §£°C
00°€
ST'€
ST'€
0£'T
0£'T
ST'€
ST'€
ST'€
ST'€
0£'T
ST'€

Or'T

(sdopy)
ajel Jg

qS
09=Gx(8+
G9=Gx(8+
G9=Gx(8+
G9=Gx(8+
9 =Cx@8+
G9=Gx(8+
S9=Gx(8+
S9=Gx(8+
S9=6x(8+
9 =Cx@+
S9=6x(8+

Gl 'Old

abelany
colpey ZT H
aouslpnybuiNoys 1T H
Zeisayd2iQ 0T H
DISNADIUOIID3|FUIBPOIN 60 H
192U0DVYIOBUIUUIBag g0 H
T|e20A L0 H
191dodileH ™90 H
1918 S0 H
ZunipeIs 40 H
UIBPOIN" €0 H
Tswnig zo H

Q7 = SIO19A 7 (3uend

bunybiem - 1q g +

99g9|quiNgyIuAS 10 H

uond9Ids YOH - 19 9)

aweu}/sHg

SWwIa) 1S9

o =
- —d

N o < N W I~ 00 O

#
wa)j 359



PCT/US2015/031156

WO 2015/175981

17 125

GE 0 G 0C GlL Ol G

(6)

cccegecccpeccageccans

4%

91 "OId

)

GE 0€Gc0c GOl G O

4%
€0
A0y
L0
0O~
10
c0
€0
14V

(®)
GE 0€ G2 02 Gl O} §

0

4%

- MOI
{zo
{10
10
1.0
120
1€0

¥0

-




WO 2015/175981 PCT/US2015/031156
181725

B L T
7

N KR

3B
3J
3N

RS
wroeN
<o

3A
3E

¥ * e
<

S R
ACIE WO R

FIG. 17

j-th directional vector

j-th weighting value



PCT/US2015/031156

WO 2015/175981

19/25

I P P
4 b % £ i
%
L S AL RS ot = ok Foodk

s

W
o

s
<O

N

oSO

o

SIXV-Z

8L 'Old

» i P o 7

7 % i
Gy

3 EXH v

e 1y
3% x5
¥ 7
Z L




PCT/US2015/031156

WO 2015/175981

20/25

g6l 'Old

GGz
Gl VA 000 0 VA X3aNI
o
o
o
Gl VA 000 0 VA Z X3AaNI
Gl VA 000 0 VA L X3ANI
Gl VA 000 0 VA 0 X3AaNI

V6l 9l
GGZ

6 VA 000 0 VA X3ANI

Y

®

Y
6 VA 00 0 VA Z X3AaNI
6 VA 00 0 VA L X3ANI
6 VA 00 0 VA 0 X3ANI




PCT/US2015/031156

WO 2015/175981

21/25

xX

dTOHS3YHL

00.

-

0¢ 'Old

b-[02-}-E |



WO 2015/175981

FIG. 21

22125

PCT/US2015/031156

63L

41L

VECTOR QUANTIZATION
UNIT
520

DECOMPOSITION UNIT
522

528\i

WEIGHT SELECTION
AND ORDERING UNIT
524

530&

VECTOR SELECTION
UNIT
526

_[55

532
e

v
574



WO 2015/175981 PCT/US2015/031156
23 /25

DECOMPOSE V-VECTORS INTO
WEIGHTED SUM OF CODE
VECTORS

752
l b
OBTAIN WEIGHT VALUES

l /754

SELECT SUBSET OF WEIGHT
VALUES

¢ 5

REORDER SUBSET OF WEIGHT
VALUES

] 158

SELECT COMPONENT FROM
CODEBOOK TO REPRESENT
REORDERED SUBSET OF WEIGHT
VALUES

FIG. 22

OBTAIN WEIGHT VALUES
REPRESENTATIVE OF V-VECTOR

l /762
OBTAIN CODE VECTORS

l (764

RECONSTRUCT V-VECTOR BASED
ON WEIGHT VALUES AND CODE
VECTORS

FIG. 23



WO 2015/175981

PCT/US2015/031156
2425

f770

OBTAIN TARGET BITRATE

l /772

NO

YES

TARGET BITRATE > 256 KBPS?

776\

APPLY VECTOR QUANTZATION
TO V-VECTORS

774
s

APPLY SCALAR QUANTIZATION
TO V-VECTORS

778
s

SIGNAL IN BITSTREAM
WHETHER VECTOR OR SCALAR
QUANTIZATION WAS
PERFORMED

FIG. 24

OBTAIN INDICATION OF WHETHER
SCALAR OR VECTOR
QUANTIZATION WAS PERFORMED

l /782

NO

YES

SCALAR QUANTIZATION?

784\

PERFORM VECTOR
DEQUANTIZATION TO
RECONSTRUCT V-VECTORS

786
/

APPLY SCALAR
DEQUANTIZATION TO
RECONSTRUCT V-VECTORS

FIG. 25



WO 2015/175981

25125

PCT/US2015/031156

SELECT ONE OF TWO OR MORE CODEBOOKS TO USE
WHEN VECTOR QUANTIZING V-VECTOR

:

PERFORM VECTOR QUANTIZATION WITH RESPECT TO V-
VECTOR USING SELECTED ONE OF TWO OR MORE
CODEBOOKS

l

INDICATE THAT SELECTED ONE OF TWO OR MORE
CODEBOOKS WAS USED IN QUANTIZING V-VECTOR IN
THE BITSTREAM

FIG. 26

OBTAIN INDICATION OF ONE OF TWO OR MORE
CODEBOOKS USED WHEN VECTOR QUANTIZING V-
VECTOR

:

PERFORM VECTOR DEQUANTIZATION TO RECONSTRUCT
V-VECTOR USING SELECTED ONE OF TWO OR MORE
CODEBOOKS

FIG. 27



