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700 ﬂ‘

702
~

Generate, at a device, a resampled signal
based on a low-band excitation signal

704
~

Generate, at the device, at least a first excitation signal
corresponding to a first high-band frequency sub-range and a
second excitation signal corresponding to a second high-band

frequency sub-range based on the resampled signal, where the
first excitation signal is generated based on application of a first
function to the resampled signal, and where the second excitation
signal is generated based on application of a second function to
the resampled signal

706
~

Generate, at the device, a high-band
excitation signal based on the first excitation
signal and the second excitation signal

FIG. 7
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800 ﬂ‘

802
~

Receive, at a device, a parameter associated
with a bandwidth-extended audio stream

804
~

Select, at the device, one or more non-linear
processing functions based at least in part on
a value of the parameter

806
~

Generate, at the device, a high-band
excitation signal based on the one or more
non-linear processing functions

FIG. 8
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900 ﬂ‘

902
~

Receive, at a device, a parameter associated
with a bandwidth-extended audio stream

904
~
Determine, at the device, a value of the

parameter

906

~

Responsive to the value of the parameter, generate a high-band
excitation signal based on target gain information associated with
the bandwidth-extended audio stream or based on filter
information associated with the bandwidth-extended audio stream

FIG. 9
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1000 ﬂ‘

1002
~

Receive, at a device, filter information
associated with a bandwidth-extended audio
stream audio stream

,f_ 1004

Determine, at the device, a filter based on the
filter information

1006
~

Generate, at the device, a modified high-band
excitation signal based on application of the
filter to a first high-band excitation signal

FIG. 10



WO 2016/204956 PCT/US2016/034453

11/27
1100 ﬂ‘

f—1102

Generate, at a device, a modulated noise
signal by applying spectral shaping to a first
noise signal

f_1104

Generate, at the device, a high-band
excitation signal by combining the modulated
noise signal and a harmonically extended
signal

FIG. 11
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12/27

(— 1202

PCT/US2016/034453

Receive, at a device, a low-band voicing
factor and a mixing configuration parameter
associated with a bandwidth-extended audio

stream

1204
~

Determine, at the device, a high-band mixing
configuration based on the low-band voicing
factor and the mixing configuration parameter

1206
[~

Generate, at the device, a high-band
excitation signal based on the high-band
mixing configuration

FIG. 12
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1500ﬂ‘

Windowed Sinc function 1504
(for interpolation by N)

PCT/US2016/034453
15/27

First HB signal 242

LB pitch data 1358 (e.g., HB target or
(e.g., LB pitch, T) residual signal)

l i (—1502

Estimate autocorrelation of HB signal at lag
indices (T-L to T+L)

Auto-correlation

Coefficients 1512
(R@),i=0,1,2L)
1
— 506

» Interpolate the autocorrelation coefficients, R

(R_interp(i), i=0, 1, 2NL)

Second Auto-correlation
Coefficients 1514

1508
S

Estimate the normalized, interpolated
autocorrelation coefficients

Harmonicity Indicator 1364
(e.g., LB to HB pitch
extension measure)

FIG. 15



PCT/US2016/034453

WO 2016/204956

16/27

9L "OId

(QINOWYYH N “B-9)
| uoneinbyuod N
103[9S

¥091 ) 4

¢PIoysaiyy

SOA

e AJSijes ainseaw uoisua)xa yayd
gH 0} g7 8y} se0(

(aInsesw uoIsusxe

yoyd gH 0} g1 “69)
y9€ | J0jealpu| Ayououeq

(HLOOWS™IN
“6-3) z uone.nbyuod IN
1o918S

8091 —

¢RIoysaly} puodss

gH 03 g7 3y} se0(d

ON

oEFIV v

e AJsijes ainseaw uoisuajxa youd

(spueq ajdninw ui)
uoneinbuyuod IN
IRETEI




PCT/US2016/034453

WO 2016/204956

Ll "Old

8yC] J0jesauan)
—
¢y ubis Jjeuwe ed wesnsig 09}, (s)isjowesed g
aH Jsii4 A weaJss-jig
¢sel leubis
uoneyox3 gH
90¢}
5 JazilewioN Abssug
s10j084 XII\  AyoluouwueH 062 [eubis
_ _ papusixg
Isii4
S
N
=
v
(2% < 80¥ aINpoy uonewds( 0¥ aInpop <
Jojewns3 uoneyox3 gH pue dij4 [enoadg UOISU)XJ JlUOWLIeH 951 9pOy BUU0D) TN
vGll 0S/1
eubig pui 90.| leubis
[eudIS paiy L [eubis 1su14 pojdwesoy
¢l J01einpopy < 01y aInpoi —
adojpruz fesodwal | o)) eufig | DulueNum onndepy C0p Jojdwesay (<
0U023S ¥ [eubis
a 907 ompopy vosuang|  VOPENOA 81151
Of.) eubig asioN Uipimpueq 1oposuy
[¥E1 Jojelauan) [eubig uoneyox3 gH V( 00/1




WO 2016/204956 PCT/US2016/034453

18/27
1800 ﬂ‘

1802

—

Receive a LB to HB pitch extension measure (e.g., a HB

Coherence value)

1804

l c

Receive estimated Mix Factors based on Low Band Voicing
information

l ( 1806

Adjust estimated Mix Factors based on knowledge of HB
coherence

’/— 1820

Harmonicity Ind. 1364 | Mix Factors 1353

(e.g., HB coherence) | (e.g., basedonLB
VF 1354)

1806

1808 1812

LBV > Thr 1

LBV < Thr1

& &
HB C < Thr 2 HBC>y
Yes Yes No
1810 1816

vy ( v 1814 Ny

Attenuate Mix Boost Mix Leave Mix
Factors
Factors Factors

Unchanged

FIG. 18
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2000 “‘

20/27

— 2002

PCT/US2016/034453

Receive a high band signal and a first
extended signal

2004
f_

Estimate a filter (h(n)) which minimizes (or
reduces) energy of error

[— 2006

Quantize and transmit an index
corresponding to h(n)

f_ 2008

Use quantized h(n) and filter the first
extended signal to generate a second
extended signal

FIG. 20
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2100ﬂ‘

21727

f_2102

PCT/US2016/034453

Receive an audio signal at a first device

2104
f_

Generate, at the first device, a signal
modeling parameter based on a harmonicity
indicator, a peakiness indicator, or both, the
signal modeling parameter associated with a

high-band portion of the audio signal

f_2106

Send, from the first device to a second
device, the signal modeling parameter in
conjunction with a bandwidth-extended audio
stream corresponding to the audio signal

FIG. 21
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22/27
2200 ﬂ‘

— 2202

Receive an audio signal at a first device

[~ 2204

Generate, at the first device, a high-band
excitation signal based on a high-band
portion of the audio signal

= 2206

Generate, at the first device, a modeled high-
band excitation signal based on a low-band
portion of the audio signal

[~ 2208

Select, at the first device, a filter based on a
comparison of the modeled high-band
excitation signal and the high-band excitation
signal

f_2210

Send, from the first device to a second
device, filter information corresponding to the
filter in conjunction with a bandwidth-
extended audio stream corresponding to the
audio signal

FIG. 22
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23/27
2300 ﬂ‘

— 2302

Receive an audio signal at a first device

l — 2304

Generate, at the first device, a high-band
excitation signal based on a high-band
portion of the audio signal

l [~ 2306

Generate, at the first device, a modeled high-
band excitation signal based on a low-band
portion of the audio signal

l (~ 2308

Generate, at the first device, filter coefficients
based on a comparison of the modeled high-
band excitation signal and the high-band
excitation signal

l f_2310

Generate, at the first device, filter information
by quantizing the filter coefficients

l f_2312

Send, from the first device to a second
device, the filter information in conjunction
with a bandwidth-extended audio stream

corresponding to the audio signal

FIG. 23
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24/27

2402
~

PCT/US2016/034453

Select, at a device, a plurality of non-linear
processing functions based at least in part on
a value of a parameter, the parameter
associated with a bandwidth-extended audio
stream

l [~ 2404

Generate, at the device, a high-band
excitation signal based on the plurality of non-
linear processing functions

FIG. 24
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2500 “‘

PCT/US2016/034453

25727

2502
~

Receive, at a device, a parameter associated
with a bandwidth-extended audio stream

2504
~
Determine, at the device, a value of the

parameter

2506

~

Select, based on the value of the parameter,
one of target gain information associated with
the bandwidth-extended audio stream or filter
information associated with the bandwidth-
extended audio stream

2508
~

Generate, at the device, a high-band
excitation signal based on the one of the
target gain information or the filter information

FIG. 25
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