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1 2
AUDIO RECOGNITION PERIPHERAL and methods for implementing audio recognition.
SYSTEM Specifically, the present invention provides an audio recog-

BACKGROUND OF THE INVENTION

The field of the present invention is integrated circuits for
implementing audio recognition. More particularly, the
present invention includes an apparatus and method of
providing an audio recognition peripheral system allowing

nition peripheral and audio recognition peripheral system.
The present invention allows system designers to easily add
audio recognition functionality into a system by simply
adding a low cost audio recognition peripheral to operate in
conjunction with a processor.

In one embodiment the present invention includes an
audio recognition peripheral system comprising a first inte-

for a highly efficient implementation of an audio recognition 1o grated circuit having a programmable processing unit, the
Process. N ] . programmable processing unit loading an audio recognition
Audio recognition systems are widely 115?‘ for pro_v_ldmg algorithm to pertonp an audio recognition operation, and a
computers 3{1‘ other electronic szstemﬁ with the ability to second integrated circuit having a feature extractor coupled
receive audio input signals and perform operations in to the first integrated circuit, the second integrated circuit
response to the particular characteristics of the audio input 15 receiving an audio signal and extracting audio recognition
signal. One common application of audio recognition is features from the audio signal to prosuce feature extraction
speech recognition, for example. Usm_g aspeech recognition data, wherein the programmable processing unit receives the
SYSICn‘l3 a computer (l)r other ele?romc syslemh mady recelv: feature extraction data and executes the audio recognition
an audio mput signal corresponding to speech and respon algorithm on the feature extraction data.
to the 1npl'1151gnal in accordance with the specific §peech l?al 20 In another embodiment, the second integrated circuit of
was received. For example, a user may provide SPF’I‘F“ the audio recognition peripheral system includes an interface
C;’m“?l;ndslﬁo a com}ljuter and usm[g 3;?660{];“(;5“1“9“ controller coupled to the feature extractor and to the first
algonthm the compuler may exccule dilterent tunchions 1n integrated circuit, the interface controller operating in
resllil?)ls::v:iﬁzr:ilc)cr()eil:;ﬁ;cs);l systems are problematic to 25 response to control signals received from the first integrated
> circuit.
realize t')ecalllsc'the%/ lyplc;ali:y require leirge'amoums (,)f dati In another embodiment, the second integrated circuit of
processing 10 impiement. For exampic, In one prior ar the audio recognition peripheral system includes a vector
;n[:%emuf?éar?;]i’cig Ti)ileos:cl)%n?l‘lhf ::?;:;ziijg:sgo‘;df:;: processor coupled_ lo_lhe ﬁ}'sl inlegrale.d circuit, wherein
the speech reco nitli)on sin 'so fware alporithms lﬁal oper. 30 mterface mfopnallon is received by the interface controller
ate opn the digi%ize d au diogsignal Thisgapproach hasplhe and includes mformal'lon for coqﬁgurmg the vector proces-
disadvantage of consuming large e;mounls resources and/or sor to perform a spemﬁedhopcgratlon during execbutlon of the
5% 2 . ) audio recognition algorithm by the programmable process-
processor time in the microprocessor, thereby slowing down ing unit g g v prog P
the performance of the overall system. 1 ' bodiment. th i tion includ
In another prior art implementation of an audio recogni- 35 ‘r.l one embo 1mer1.,h ¢ present menton mc‘u ©s an
tion system, an application specific audio recognition inte- audio recognition perip cral on a smgle integrated circut
rated circu’il is used that incorporates a dedicated micro- comprising a tea?ure_extraclor, having an audio input f or
g ith ial h ;p d soft R receiving an audio signal, the feature extractor extracting
P;C:fco erf;(: vtvlie alslgf:OCI;leco anrili\zsri) :Falioilz V:Ié(l)r\;ev:rr audio recognil.ion features from the audio signal to produce
E licati g ecific audi ge i P te ) have lhe’ 4o [eature extraction data, and an interface controller coupled to
d}i)gif/a:l?; eSI()) fcilnccreazir:O 1{1:2%2:;22 1;?0\:2;11 svstem the feature extractor, the interface controller having an
Moreover, ga lication s, %ciﬁc audio recognition systems' %nterface .inpul foF receiving external conFrol signal§ and
are difﬁc{lll plg integralg) into larger syslegm < becaise of interface information, wherein the control signals and inter-
T . A . face information configure the feature extractor to operate in
compatibility issues between the operating characteristics of accordance with an exgllernal audio recognition al (I))rilhm
the different devices in the system. Additionally, an appli- 45 I th bodi t when th & di & 't"
cation specific audio recognition integrated circuit will often [ another cmboeiment, when he auglo recogmtion
- . . . peripheral is in an extraction mode a filter unit receives an
be integrated into an electronic system controlled by a main A .
processor. However, as the applications on the main proces- audio signal to generate feature extraction data, and when
N A n . the audio recognition peripheral is in a synthesis mode the
sor are modificd, additional modifications and adaptations f . > . . .
on the application specific audio recognition integrated 50 _l;er unll_l receives an excitation signal to generate audio
circuit may be required to conform to software changes in Intormation. . . . .
the main processor. Such modifications can be difficult, In another embodiment, the audio recognition peripheral
costly, and time consuming, and can make the overall _further comprises a syn_thesuer for receiving dlgl?al audio
electronic system costly and inflexible. Finally, application 1r'1forma110n and producing an external analog audio output
specific audio recognition systems typically have their own 55 Signal ) ) N )
programming environments that users must learn in order to In another embodiment, the audio recognition peripheral
implement audio recognition functionality. Therefore, ~ further comprises a vector processor coupled to the interface
design cycles are increased in the development of new coqlroller. In yet anolher.embodlmem, the audio recognition
systems with a corresponding increase in cost. peripheral further comprises a memory coupled to the vector
Therefore, what is needed is an audio recognition system 60 Processor. . . . .
that allows users to efficiently implement audio recognition In one empgdlmenl, the present mvention includes an
functionality into larger systems at reduced costs with both audio recognition method comprising loading an audio
ease and flexibility of use. recognition algorithm in a first integrated circuit, the first
integrated circuit having a programmable processing unit,
SUMMARY OF THE INVENTION 65 transmitting control signals and interface information from

Embodiments of the present invention solve the problems
described above with respect to previously known systems

the first integrated circuit to a second integrated circuit
having a feature extractor, and in accordance therewith,

Amazon / Zentian Limited
Exhibit 1046
Page 6



US 6,832,194 B1

3

configuring the second integrated circuit to extract audio
recognition features, receiving an audio signal in the feature
extractor of the second integrated circuit, extracting audio
recognition features from the audio signal to produce feature
extraction data, transmitting the feature extraction data from
the second integrated circuit to the first integrated circuit,
and executing the audio recognition algorithm on the feature
extraction data in the first integrated circuit.

In one embodiment, the present invention includes a
method of processing an audio signal on a single integrated
circuit for audio recognition comprising receiving external
control signals and interface information in a interface
controller corresponding to the external execution of an
audio recognition algorithm, and in accordance therewith,
configuring a feature extractor, receiving the audio signal in
the feature extractor, extracting audio recognition features
from the audio signal to produce feature extraction data, and
transmitting the feature extraction data external to the inte-
grated circuit.

These and other embodiments of the present invention, as
well as its advantages and features, are describe in more
detail in conjunction with the text below and attached
figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a block diagram of an audio recognition
peripheral system according to one embodiment of the
present invention.

FIG. 2 illustrates an example of an audio recognition
peripheral system utilizing an interface controller and vector
processor coupled to a central processing unit via a control
bus, an address bus, and a data bus according to another
embodiment of the present invention.

FIG. 3 illustrates an architectural diagram of an audio
recognition peripheral on a single integrated circuit accord-
ing to one embodiment of the present invention.

FIG. 4 illustrates an example of an audio recognition
peripheral according to another embodiment of the present
invention.

FIG. § illustrates decode logic utilized in an interface
controller according to one embodiment of the present
invention.

DESCRIPTION OF THE SPECIFIC
EMBODIMENTS

FIG. 1 shows a block diagram of an audio recognition
peripheral system 100 according to one embodiment of the
present invention. Audio recognition peripheral system 100
includes a programmable processing unit 110 on a first
integrated circuit coupled to an audio recognition peripheral
120 on a second integrated circuit through a bus 130. The
bus 130 may be any bus included on the particular program-
mable processing unit 110 chosen by the system designer.
An audio signal 125 is input to the recognition peripheral
120 and received by a feature extractor 122 residing on the
recognition peripheral 120.

The audio recognition peripheral system 100 of FIG. 1 is
highly advantageous to system designers because it allows
system designers to add audio recognition functionality into
any system having a general purpose programmable
processor, such as a microprocessor or microcontroller,
without severely loading down the processor’s resources and
without drastically increasing the final system cost or design
time cost. Accordingly, in one embodiment, the functionality
and/or features of a particular product may be implemented
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by a general purpose programmable processor, and audio
recognition functionality partitioned between the processor
and the audio recognition peripheral. For example, a micro-
processor may implement some or all of the functional (i.e.
operational) flow for a particular product. In other words, the
microprocessor controls the flow of how the features and/or
functions of the product are implemented. The designer of
the product can add audio recognition functionality simply
by coupling the microprocessor to the audio recognition
peripheral over the microprocessor’s bus, and then accessing
and/or executing an audio recognition algorithm as required
during execution of the products functional flow to incor-
porate audio recognition.

To execute an audio recognition operation, audio recog-
nition peripheral system 100 loads an audio recognition
algorithm 101 into the programmable processing unit 110
from an external memory (not shown). As part of an audio
recognition operation, the programmable processing unit
110 also transmits control signals and interface information
to the audio recognition peripheral 120 over the general
purpose bus 130. The general purpose bus 130 may com-
prise control, address, and data information. The bus 130
may include either distinct control, address, and data lines or
parallel lines carrying the combination of control/address/
data. Additionally, the bus 130 may be comprised of parti-
tioned combinations thereof such as distinct control lines
and combined address/data lines. Of course, a serial bus may
also be employed. The control signals and interface infor-
mation are received by the audio recognition peripheral 120,
and in accordance therewith, the feature extractor 122 can be
configured to extract audio recognition features from the
audio signal 125.

During execution of an audio recognition operation, the
audio signal 125 is input to the feature extractor 122 on the
audio recognition peripheral 120. The feature extractor 122
receives the audio signal 125 and extracts audio recognition
features to produce feature extraction data. The feature
extraction data is transmitted over the general purpose bus
130 from the audio recognition peripheral 120 to the pro-
grammable processing unit 110 for use in the audio recog-
nition algorithm 101. Once the feature extraction data has
been received by the processing unit 110, the audio recog-
nition algorithm is executed on the feature extraction data.

Therefore, in accordance with one embodiment of the
present invention, the feature extraction portion of the audio
recognition operation is removed from the programmable
processing unit 110 and implemented on the audio recog-
nition peripheral 120, thereby drastically reducing the
resource loading on the programmable processing unit 110.
Moreover, by coupling the audio recognition peripheral 120
to a programmable processing unit 110 through a bus 130
included on the particular processing unit chosen by the
system designer, the present invention allows system design-
ers to add audio recognition functionality to their systems
simply by adding a low cost audio recognition peripheral
integrated circuit to run alongside the processing unit.
Finally, by loading and executing the audio recognition
algorithm on a programmable processing unit 110, the need
for application specific integrated circuits that incorporate a
dedicated microprocessor for performing the audio recog-
nition functions is eliminated.

FIG. 2 shows a block diagram of an audio recognition
peripheral system 200 according to another embodiment of
the present invention. Audio recognition peripheral system
200 includes a central processing unit (CPU) 210 on a first
integrated circuit coupled to an audio recognition peripheral
220 on a second integrated circuit through a bus 230. The
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bus 230 of FIG. 2 comprises an address bus 231, a data bus
232, and control lines 233. An audio signal 225 is input to
the recognition peripheral integrated circuit 220 and
received by a feature extractor 222 residing on the recog-
nition peripheral 220. In the embodiment of FIG. 2, the
recognition peripheral 220 also includes an interface con-
troller 221 and a vector processor 223 coupled to the bus
230.

To execute an audio recognition operation, the CPU 210
transmits control signals and interface information to the
audio recognition peripheral 220 over the bus 230. The
control signal and interface information are received at the
interface controller 221. The interface controller 221 oper-
ates in response the control signals on the control lines 233
and the interface information on the address and data buses
231 and 232. For example, the interface controller 221 may
be a state machine or programmable logic array which
receives the control signals, address, and data information
from the CPU 210 indicating that a feature extractor con-
figuration operation is to occur. The interface controller 221
then generates peripheral configuration signals for config-
uring the feature extractor in accordance with the particular
address and data information that was transmitted by the
CPU 210. The control signals input to the interface control-
ler allow the CPU to control the types of operations that are
executed by the recognition peripheral. Interface informa-
tion typically may include address and/or data information
for accessing control registers residing on the recognition
peripheral and loading such registers with data as will be
described in more detail below, for example.

At the beginning of an audio recognition operation, the
CPU transmits control signals and interface information for
configuring the feature extractor 222 to extract audio rec-
ognition features from the audio signal 225. Thereafter,
when the audio signal 225 is received by the feature
extractor, audio recognition features are extracted to produce
feature extraction data. The recognition peripheral then
transmits the feature extraction data to the CPU, and the
CPU executes the audio recognition algorithm 201 on the
feature extraction data.

The audio recognition peripheral 220 of FIG. 2 also
includes a vector processor 223 coupled to the interface
controller 221 and the central processing unit 210. During
execution of the audio recognition algorithm 201 on the
feature extraction data, the CPU may send control signals
and interface information on the bus 230 to the interface
controller 221 indicating that the vector processor is to
perform a vector operation. For example, if the audio
recognition algorithm 201 is a template based recognition
algorithm (e.g. a pattern matching algorithm), the CPU may

send control signals, address, and data information on the 5

bus 230 to program the vector processor to calculate the
vector distance between two vectors as will be described in
more detail below. In another embodiment, the audio rec-
ognition algorithm 201 is a neural network based recogni-
tion algorithm. In that embodiment the CPU may send
control signals, address, and data information on the bus 230
to program the vector processor to perform a multiply-
accumulate operation on a plurality of pattern values and
neural network weights as will also be described in more
detail below. Therefore, in accordance with thisembodiment
of the present invention, the addition of a vector processor
on the audio recognition peripheral 220 further reduces the
loading on the CPU 210 during execution of an audio
recognition algorithm 201, and thereby improves the ability
of a system designer to add highly effective audio recogni-
tion functionality simply by adding an audio recognition
peripheral 210 to run alongside a processor.
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FIG. 3 shows an architectural diagram of an audio rec-
ognition peripheral 300 on a single integrated circuit accord-
ing to one embodiment of the present invention. The audio
recognition peripheral 300 includes a pre-amplifier 301
receiving an audio signal 325. The output of the pre-
amplifier 301 is coupled to an analog-to-digital converter
302. The analog-to-digital converter 302 receives the pre-
amplified audio signal and converts the signal to a digital
audio signal. The digital audio signal is then transmitted to
the input of a feature extractor 322. Of course, in other
embodiments the audio signal 325 can be received by the
audio recognition peripheral 300 as a digital audio signal
and input directly into the feature extractor. The feature
extractor 322 receives the digital audio signal and extracts
audio recognition features to produce feature extraction
data. The feature extractor 322 is coupled to an external
programmable processing unit (not shown) such as a micro-
processor or microcontroller through an interface controller
321. The interface controller 321 of the present embodiment
is coupled to a bus 330 comprised of an address bus 331, a
data bus 332, and a control bus 333 to allow the audio
recognition peripheral 300 to be controlled by an external
processing unit. Also included on the audio recognition
peripheral 300 of the present embodiment is a vector pro-
cessor 323 and a memory 360 that are coupled together and
to the interface controller for communicating with an exter-
nal processing unit.

The interface controller 321 also includes configuration
signal lines 350 for transmitting peripheral configuration
signals between the interface controller 321 and the different
elements included on the audio recognition peripheral 300.
The peripheral configuration signals on the configuration
signal lines 350 may include information from the external
processing unit for configuring and/or controlling the pre-
amplifier, the digital-to-analog converter, the feature
extractor, or the vector processor. For example, during an
audio recognition operation, an external processor may
configure the audio recognition peripheral 320 by transmit-
ting control, address, and data signals on the bus 330. The
interface controller 321 may receive the signals on the bus
330 and generate corresponding peripheral configuration
signals on the configuration signal lines to configure the
pre-amplifier, the digital-to-analog converter, or the feature
extractor. For another example, when the feature extractor is
generating feature extraction data in response to an audio
signal 325, an external processor may send control, address,
and data information on the bus 330 to signal the audio
recognition peripheral 300 to transmit the feature extraction
data back to the external processor. The interface controller
321 may receive the transmitted signals from the external
processor and generate corresponding peripheral configura-
tion signals on the configuration signal lines 350 to cause the
feature extractor to transmit the feature extraction data to the
data bus over feature extractor output lines 340.

Atfter the feature extraction data has been transmitted to
the external processor, an audio recognition algorithm is run
on the feature extraction data. As part of the audio recog-
nition algorithm, the external processor may send control,
address, and data information over the bus to configure the
vector processor to perform a vector operation in accordance
with the particular audio recognition algorithm being
executed. In one embodiment, the external processor trans-
mits a first input of the vector processor over the bus 330 and
directly into the memory 360 on memory input lines 342.
The external processor may then configure the vector pro-
cessor to access the first input directly from the memory 360
into the vector processor using memory interface lines 344.
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The vector processor may also be configured to access a
second input stored in an external memory (not shown)
using vector processor interface lines 346. During a vector
operation, the vector processor may signal the external
processor to enter a hold state while the vector processor
takes control of the bus 330 to access the second input in the
external memory. The vector processor will then perform the
vector operation by accessing the first input on memory
input lines 344 and the second input on vector processor
interface lines 346. After performing the vector operation,

8

representation of the speech input signal is transferred from
the analog-to-digital converter 425 to a feature extractor 422
on digital lines 403. A system clock 495 is also included in
audio recognition peripheral 400, and may be either inter-
nally or externally generated. The clock may further be
divided by divider 496 prior to clocking analog-to-digital
converter 402. The feature extractor 422 receives the digital
signal and extracts audio recognition features from the
digital audio signal to produce feature extraction data.

For the embodiment of FIG. 4, feature extractor 422

the vector processor may signal the external processor to 1 receives the digital audio signal in a feature extractor filter
exit the hold state and transmit a result back to the external unit 478. In one embodiment, the feature extractor filter unit
processor for use in the audio recognition algorithm. 478 is an arithmetic logic unit (ALU) for receiving the
In another embodiment, both the first and second inputs to digital input and calculating a plurality of filtered outputs.
the vector processor are loaded into memory 360 on memory 5 The present embodiment of feature extractor 422 also
input lines 342. In this case, the external processor config- includes a filter controller 471, a block generator 480, a
ures the vector processor 323 to access both the first input ~ control memory 475, and an intermediate storage memory
and second input directly from memory 360 over memory 476.
interface lines 344. Accordingly, when the vector processor Prior to the execution of an audio recognition operation,
performs a vector operation on the first and second inputs, ,q the external processor configures the feature extractor by
there is no need to access an external memory. Therefore, in transmitting control signals and interface information on a
this case the vector processor does not signal the external bus to the interface controller. For the embodiment of FIG.
processor to enter a hold state. This technique has the 4, the interface controller 421 is coupled to an address bus
advantage of allowing the external processor to maintain 431, data bus 432, and control bus 433. To configure the
control of the bus during a vector operation, which allows ,s feature extractor, interface information including filter coef-
the external processor to carry out other operations as may ficients and control information is received and decoded by
be required. the interface controller and transmitted to the feature extrac-
It is important to point out that the inputs to the vector tor by peripheral configuration signals on configuration
processor, as well as the specific vector operation performed signal lines 450. The filter coefficients and a portion of the
by the vector processor, will vary depending upon the type 30 control information are stored in the control memory 475.
of audio recognition algorithm running on the external Additionally, a portion of the control information is further
processor. For example, in one embodiment, the external loaded into filter control registers 472 in the filter controller
processor executes a [empla[e based, or pattern ma[ching, 471. The filter controller 471 also includes address genera-
audio recognition a]gon'[hm, In that case, the input vectors tors 473 and 474 to allow the filter controller to access the
to the vector processor are vector representations of audio 35 control memory 475 and intermediate storage memory 476.
signals also referred to as pattern vectors, which are based During execution of an audio recognition operation, the
on the audio recognition features extracted by the feature digital audio signal is filtered in the ALU under the control
extractor. Additionally, the vector operation carried out by of the filter controller 471. In one embodiment, a stream of
the vector processor may be a vector distance calculation. In sampled data is received from the analog-to-digital con-
another embodiment, the external processor executes aneu- 40 verter 402 in the feature extractor filter 478 at a rate of 18.6
ral network based audio recognition algorithm. In that case, KHz. The stream of sampled data is applied to six different
one of the input vectors to the vector processor is a vector digital filters implemented in the feature extractor filter 478
representation of an audio signal, or pattern vector, based on to produce six different filtered digital waveform streams
the audio recognition features, and the other input to the also at a rate of 18.6 KHz. The six filtered waveforms are
vector processor is a neural network. However, is to be 45 then transmitted to the block generator 480 from the filter
understood that different types of audio recognition algo- result registers 479. Block generator 480 receives the six
rithms executing on the processor may call for variations in filtered waveforms and performs a running calculation of
the feature extractor, the vector processor inputs, and the average power and zero crossings. When 250 outputs have
vector operation. Nevertheless, the features and advantages been accumulated, the results are loaded into block registers
of executing an audio recognition algorithm on a processor 50 481 as feature data blocks, and a block interrupt signal 482
coupled to a audio recognition peripheral according to the is transmitted to the external processor to indicate that a
present invention are intended to cover such variations. feature data block is ready to be transmitted by the audio
FIG. 4 shows an example of an audio recognition periph- recognition peripheral. In response to the block interrupt
eral integrated circuit 400 according to another embodiment ~ signal 482, the external processor transmits control signals
of the present invention. Audio recognition peripheral 400 55 and interface information to read the feature data blocks
includes a pre-amplifier 401, an analog-to-digital converter from the block registers 481 over feature extractor output
402, a feature extractor 422, an interface controller 421, a lines 440.
vector processor 423, and a memory 460. The pre-amplifier It is important to note that the average power and zero
401 receives an audio signal 425, which may be a speech crossings are the parameters that comprise the audio recog-
signal as shown in FIG. 4. Accordingly, in one embodiment 60 nition features for this particular embodiment. These param-
of the present invention a speech signal is input to the audio eters are used by the audio recognition algorithm running on
recognition peripheral 400 and the audio recognition periph- the external processor to characterize the audio signal 425.
eral system, which includes the peripheral 400 and an Moreover, the power values and zero crossing values gen-
external programmable processing unit (not shown), per- erated by the feature extractor 422 in response to the audio
forms speech recognition. After pre-amplifier 401 amplifies 65 signal 425 comprise the feature extraction data for the

the audio signal 425, the signal is converted into a digital
audio signal in analog-to-digital converter 402. A digital

present embodiment. The particular parameters used for
audio recognition features will depend on the particular
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audio recognition algorithm that is executed on the external
processor. For the present embodiment, the audio recogni-
tion algorithm that is executed on the external processor
operates in accordance with audio recognition features of
average power and zero crossings. Additionally, for a par-

10

Once the vector processor has control of the bus, it
accesses the vector representation of the audio signal 425 in
memory 460 beginning at the memory location previously
programmed into one of the address generators 427. It also
accesses the template vector in external memory beginning

5

ticular algorithm the feature extraction data will comprise at the memory location programmed into another one of the
values corresponding to the parameters for a particular input address generators 427. Thereafter, the vector processor 423
signal. The feature extraction data is then applied as an input calculates the vector distance between the two vectors. Once
to the audio recognition algorithm on the external processor. the vector processor has completed the vector distance
It should be understood however that different techniques of | - calculation, it deactivates the CPU HOLD control line,
feature extraction may be implemented on the audio recog- " thereby signaling the external processor that the operation is
nition peripheral 400 Wlthf’“l departing from_ the spirit and complete and that the bus is now available. The external
scope qflhe present 1nventhn.Accord.11}gly, dlffegem featur.e processor then sends control signals and interface informa-
extraction techniques may involve different audio recogni- tion to the interface controller 421 to access the registers in
tion features and feature extraction .data.. Therefure,' the the vector processor to read out the result of the vector
feature extractor may require alternative implementations. 15 .
However, the embodiments described herein are illustrative operation. .
of the advantages of providing a recognition peripheral In yet another embodiment, the external processor loads
system on one integrated circuit, and executing an audio both a first vector representation of the aud}o signal 425 and
recognition algorithm on an external processor. Therefore, ~ @ sccond vector representing a template into the memory
the above embodiment is to be understood as illustrative and 20 460. For this embodiment, the memory 460 may be an 4K
not limiting. SRAM, for example. The external processor then sends

One embodiment of the audio recognition peripheral 400 control signals and interface information to configure the
of FIG. 4 may also includes a vector processor 423 and/or vector processor’s configuration registers and address gen-
memory 460. For audio recognition peripheral 400, the erators 427 to access the first vector in memory 460 at a first
vector processor is designed to calculate the vector distance ,5 vector processor input and the second vector in memory 460
between two vectors, and is referred to as an “L1 Unit.” at a second vector processor input. However, in this
Additionally, the memory of the presentembodiment is a 2K embodiment, the vector processor does not generate a CPU
SRAM. During an audio recognition operation, an audio ~ HOLD signal on control line 428 to carry out the vector
recognition algorithm loaded on the external processor is operation because both vector inputs are accessed from
executed on the fealure extracli_o.n data. In one f:mbodiment, 30 peripheral memory 460. Rather, the external processor
for example, the audio recognition algorithm is a template maintains control of the bus while the vector operation is
matching algorithm. During execution of the algorithm on performed. This embodiment is advantageous because exter-
the t“““fe extracuop data, the. exlema.I processor lrapsmlls nal processor is allowed to access the bus to perform other
congrpl mgne}ls and }ntgrfac;e information to the aqilo Tec- functions during a vector operation.
ognition peripheral indicating that a vector operation is to .. . Lo
occur in the vector processor. For the template matching 3° IF 1s important (o note Ihfa[ the present invention 1s not
algorithm, the external processor loads a vector representa. ~ Limitesl to the above embodiment utilizing the vector pro-
tion of the audio signal 425 into the memory 460. cessor for carrying out a distance .calculatlo'n‘ belween.two
Additionally, the external processor sends control signals vectors. For example, if the audio recognition algorithm
and interface information to configure the vector processor’s running on the external processor was a neural network
configuration registers and address generators 427 to access 40 recognition algorithm, the vector operation executed by a
the vector in memory 460 at one of the vector processor’s ~ Vector processor may include, for example, loading pattern
inputs. The vector processor’s configuration registers and ~ values and neural network weights into the memory 460.
address generators 427 are also programmcd to access a The vector operalion in that case would be to perform a
second vector representing a template that is stored in an ~ multiply-accumulate operation on the pattern values and
external memory (not shown) at a second vector processor 45 neural network weights as is well known by those skilled in
input. After the external processor has configured the vector the art. Accordingly, as further illustrated by the embodi-
processor 423 to access the required input data, the vector ~ ment of FIG. 4, embodiments of the present invention have
processor generates a CPU HOLD signal on control line the advantage of allowing the system designer to offload
428. This signals the external processor that the vector burdensome vector processing operations associated with
processor is ready to take control of the bus in order to carry 50 audio recognition from the programmable processing unit to
out the vector operation. In response to the CPU HOLD the audio recognition peripheral during the execution of the
signal, the external processor transmits a CPU ACK signal audio recognition algorithm.
acknowledging that the external processor is ready to give Referring again to FIG. 4, the audio recognition periph-
up control of the bus during the vector operation. The vector eral 400 is coupled to an external processor (not shown)
processor accesses the vector stored in memory 460 over 55 through interface controller 421. Interface controller 421 is
memory input lines 444. The vector processor also accesses coupled to an address bus 431 and a data bus 432 for
the template vector in external memory over vector proces- receiving interface information from the external processor.
sor interface lines 446, which are coupled to the address bus Additionally, the audio recognition system 400 of the
431 and data bus 432 through the interface controller 421. It embodiment of FIG. 4 includes a control bus comprised of
is important to note, however, that in some embodiments the 60 control signal lines 433 coupled to the interface controller

address bus 431 and/or data bus 432 may flow through the
interface controller directly to the vector processor 423
and/or memory 460. This would allow either the vector
processor 423 and/or the memory 460 to receive and/or
transmit on the address bus and/or data bus directly, con-
trolled by the control signals received at the interface
controller 421.

421 and to the vector processor 427. The interface controller
is operable in response to the control signals and interface
information received from the external processor. In one
embodiment of the present invention, the interface controller
is coupled to the external processor using an address bus and
data bus that are already included as part of the particular
external processor selected by the system designer. In other
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words, the audio recognition peripheral includes an interface
controller specifically designed to interface with the bus of
a particular microprocessor or microcontroller. Therefore,
the audio recognition peripheral 400 may simply be coupled
to a standard control, address bus, and data bus of a
particular microprocessor or microcontroller thereby easily
adding efficient low cost audio recognition functionality.

Referring now to FIG. S5, the operability of interface
controller 421 according to one embodiment of the present
invention can be understood. FIG. § illustrates decode logic
510 utilized in an interface controller S00. Decode logic 510
receives control signals on control signal lines 533 and
interface information on address bus 531 and data bus 532,
all from an external processor (not shown). These inputs
from the external processor are received and evaluated by
the decode logic 510 to generate configuration signals on
configuration signal lines 550. The configuration signals, in
turn, are used to communicate the control signals and
interface information from the external processor to different
resources in the audio recognition peripheral, such as the
feature extractor or vector processor. The decode logic may
be a state machine that produces a specific output in
response to a given input as provided by the external
processor, for example. In one embodiment, the decode
logic is implemented using a programmable logic array
(PLA). Decode logic 510 also may pass through the address
bus and data bus as shown at 560 and 570. This is because
some portions of the audio peripheral system may need to
directly transmit or receive information to or from the
address or data bus during certain operations, such as when
the vector processor accesses an external memory directly,
for example.

Referring to FIGS. 4-5 and Table 1, control signaling
according to one embodiment is illustrated. In this
embodiment, the external processor may access and/or con-
figure different resources of the audio recognition peripheral
400 by transmitting control information to the decode logic
510 on the control signal lines 533. For example, Table 1
below illustrates which resource is accessed in response to
different control signals on the Select A line 552 and Select
B line 551.

20

25

30

12

Referring again to FIG. 4, one exemplary operation
occurring under the control of the external processor is a
feature extraction configuration operation. To configure the
feature extractor 422 for an audio recognition operation, the
external processor must load the feature extractor with the
necessary control information. This is done by accessing
filter control registers 472 inside the feature extractor and
loading them with the necessary data. The external processor
accesses the filter control registers by first sending control
signals on the control signal lines Select A and Select B. As
mentioned above, the Select A and Select B signal lines of
audio recognition peripheral 400 are used to indicate to the
interface controller 422 which portion of the peripheral is to
be accessed by the external processor. For example, an
external processor transmission of {A, B}={1, @} may
indicate to the interface controller 421 that the external
processor is going to configure one of the registers in the
feature extractor. The external processor then places the
address of one of the feature extraction registers on the
address bus, and places the corresponding data to be pro-
grammed into the register on the data bus. Additionally, the
external processor will transmit a control signal on the CPU
WR control signal line to indicate that the operation to be
performed on the particular register is a write operation. The
interface controller receives the control signals {A, B}={1,
0} and will know that the address on the address bus
corresponds to the address of a register in the feature
extractor, rather than some other register residing in another
portion of the audio recognition peripheral with the same
address (i.c. a register in the vector processor with the same
address for example). Therefore, the interface controller 421
decodes the signals Select A, Select B, CPU WR, and
address on the address bus 431 to produce peripheral con-
figuration signals on configuration signal line 450 for pro-
gramming a register in the feature extractor with data on the
data bus 432. According to the same technique, the interface
controller 421 can be used to interface the audio recognition
peripheral 400 with an external processor to access other
registers in the pre-amplifier, the analog-to-digital converter,
or the vector processor for configuring the system to perform

40
an audio recognition operation.

TABLE 1 & P , ,
As another example of the operation of the interface
Select A Select B Peripheral Resource controller 421, the external processor can also signal the
interface controller to transmit feature extraction data from

0 0 External Resource .
0 1 Memory (SRAM) 45 the feature extractor to the external processor as an input to
1 0 Feature Extractor the audio recognition algorithm running on the external
1 1 Vector Processor processor. In response to a block interrupt signal 482 from

Therefore, with reference to Table 1, when the external
processor transmits control signals Select A and Select B {A,
B}={1, 0}, the decode logic 550 will produce an output on
configuration signal lines 550 to communicate with the
feature extractor 422. Additionally, when the external pro-
cessor transmits {A, B}={1, 1}, the decode logic 550 will
produce an output on configuration signal line 550 to
communicate with the vector processor 423. Moreover,
when the external processor transmits {A, B}={0, 1}, the
decode logic 550 will produce an output on configuration
signal line 550 to communicate with the memory 460.
Finally, when the external processor transmits {A, B}={®,
0}, the decode logic 550 produce an output that prevents the
audio recognition peripheral resources from accessing the
address and/or data buses so the external processor can
access another system residing on the bus. Of course, table
1 and the particular choice of control signals are illustrative
only, and other variations or modifications could be imple-
mented.

60

65

the feature extractor, the external processor transmits {A,
B}={1, 8} control signals on control signal lines 551 and
§52. Additionally, the external processor can place the
addressof each of the block registers 480 on the address bus.
Finally, the external processor transmits a signal on the CPU
RD control signal line. These signals are received by the
decode logic 510 in the interface controller to produce a
configuration signal on the configuration signal lines
coupled to the feature extractor. As a result, each of the block
registers 480 are accessed and the feature extraction data
stored therein is transmitted onto the data bus 432 and into
the external processor.

As previously disclosed, during execution of the audio
recognition algorithm on the feature extracted data, the
external processor may configure the vector processor to
perform a vector operation. To perform a vector processor
configuration operation, the external processor transmits {A,
B}={1, 1} control signals on contro]l signal lines 551 and
552. Additionally, the external processor places the address
of one of vector processor configuration registers 427 on the
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address bus 431 and configuration data to be programmed
into the register on the data bus 432. Finally, the external
processor transmits a signal on the CPU WR control signal
line. These signals are received by the decode logic 510 in
the interface controller to produce an configuration signal on
the configuration signal lines coupled to the vector proces-
sor. As a result, the vector processor configuration register
427 is accessed and the configuration data on the data bus is
transmitted therein. The process is repeated for all registers
in the vector processor as required for configuration.

wn

14

function provided at the filter input. The feature extractor
may also include a synthesis interrupt signal 491 to signal
the external processor that synthesis mode filter results are
ready to be transmitted.

The filtered excitation signal may be output directly to the
interface controller for transmission to the external proces-
sor on signal lines 483, which interface with feature extrac-
tor output lines 440. The filtered excitation signal is then
transmitted back to the external processor for additional

In one embodiment of the present invention, the memory 10 operalions.v Thereafl'er, a digital representation of an au'dio
460 is loaded with data directly by the external processor. To wavefm_'m s transrmtted f}'om the external processor bac].i\ 0
load the memory 460, the external processor transmits {A, thebau:10 recog;nl}llon perlphef al. qu a synlh;mi c;peratlon,
B}={0, 1} control signals on control signal lines 551 and eﬁn 2 t1)11ne111{154;0 the plrc‘senl tl]nV;nhc;n may mcﬁl e‘élsy;n-
552. Additionally, the external processor places the address 5 :ezzli?/inofh di 'colup cd lo the mle; ace C;).n trotler f ?r
information on the address bus 431 and data to be pro- g the digital representation of an audio wavelorm. In

- one embodiment, the synthesis block is a pulse width
grammed into the memory on the data bus 432. These dulati di tor. 1 ther techni i
signals are received by the decode logic 510 and, in response moeulalion audio generalor. However, other lechniques for
to a memory access command {A, B}={0, 1}, the informa- feceving an d11g;ta1 vslzavefodrm an: lgc'neratmg' an a;ldfo
tion on the address bus 431 and data bus 432 pass through ,, s;l[ll}:,lgrsrir:)any ;E(r: :X:rrllmlese code modulation, or sigma-aelia
the interface controller to the memory 460 for storage. ’ K pic. . . .

In another embodiment, the external processor accesses In anp_lher em_b O‘lme‘?‘ of the pres_em invention, an audio
an external memory (not shown). To access an external recognition per.lpheral 15 ‘%5“" to.lmplement record aqd
memory, the external processor transmits {A, B}={0, 8} p'layback functions. Rf:fcrrmg again to FIG. 4, an al{dlo
control signals on control signal lines 551 and 552. ,5 51gqa1 (cg. a‘s'peech §1gnal) 1 ICCCIV?J at the Input of an
Additionally, the external processor places the address infor- audio recognition peripheral. The audio §1gnal is then pro-
mation on the address bus 431 and data to be programmed cc-:ssed by the_tealurfz extractor ﬁh?r unit and transmitted
into the external memory on the data bus 432. These signals directly over signal lines 483 to the ml_crface controller and
are received by the decode logic 510 and, in response to a external processor. The recorded audio data may ‘lhen be
external resource access command {A, B}={0, 8}, the 1 qomprcssed by the external processor and stored in some
decode logic will pass the CPU RD signal 554 and/or CPU form of memory suph as a flash memory on the external
WR signal 553 through the system on signal lines EXT RD processor or In an internal or external SRAM or DRAM.
580 or EXT WR 590. As a result, the external processor may Later, the audio signal may be decompressed l?y the CXIC.l'flal
access other memory on the bus. Similarly, it is to be processor and transmitted back to the a}ldlo recognition
understood that other additional resources on the bus may be 35 perlphé?ral for playbacjk through a synthesmer..
accessed by the external processor. Havmg fully described at least one emqulmem of the

In yet another embodiment of the present invention, the ~ Present invention, other equivalent or alternative methods of
audio recognition peripheral optionally includes resources 1mplemenllpg the 'audlo. recognition peripheral ac'cordl'ng to
for synthesizing audio signals, as well as for recognition. ~ the present invention will be apparent to those skilled in the
The synthesis technique of the present embodiment allows 40 art. Th? invention has l?een descr_lbed abgve by way of
for the addition of synthesis functionality using the same }llustrallon, an.d l_he spec_lﬁc erpbodlmenls dlSCI_OSCd are not
resources as provided for audio recognition. Therefore, as ~ intended to limit the invention to the particular forms
shown below, a system designer can obtain both audio disclosed. For example, the parllcule{r implementation Qflhe
recognition and audio synthesis at a very low cost and with ~ Lealure extractor may vary depending upon the particular
a drastic reduction on processor loading by utilizing an 45 type of audio recognition algorithm running on .lhe program-
audio recognition peripheral. _mable processing unit. Moreover, the control 51ng12}15 allow-

Referring to FIG. 4, in one embodiment, the audio rec- ng the external processor to control th? operability (.)f the
ognition peripheral 400 can be configured into a synthesis %nlcrtace conlroller may %150 vary acc?ordmg to the particular
mode. To configure the peripheral into synthesis mode, the 1mpl'emer.1la110n. Thc lnvention 1s lhus to_cover a}l
external processor transmits control signals and interface 50 mOdlﬁ,C ations, equivalents, and a.l lernalives falling within
information to configure the feature extractor 422 for a Ihe\;ﬁlny anld .SCOI;C.O_f the following claims.
synthesis operation. The control signals and interface infor- 1 :[ 15 :alme 1S ivheral S
mation include filter coefficients and control information for - An flu 10 recogl'nllo.n per.1p cral system comprising:
the feature extractor. Then, an excitation function is trans- a first integrated circuit having a programmable process-
mitted to the input of the feature extractor. The excitation 55 ing unit, the programmable processing unit loading an
function is transmitted from an external processor to the audio recognition algorithm; and
interface controller of the audio recognition peripheral over a second integrated circuit having a feature extractor and
a bus. The interface controller then transmits the excitation a vector processor coupled to the first integrated circuit,
function to the input of the feature extractor over synthesis the feature extractor comprising a feature extractor
excitation lines 457. The synthesis excitation lines 457 are 60 filter unit coupled to receive an audio signal, a filter
coupled to digital lines 403 at the input of the feature controller, and a block generator, the second integrated
extractor 422. During a synthesis operation, the coefficients circuit extracting audio recognition features from the
for the filter are downloaded from the control memory 475 audio signal to produce feature extraction data;
into the feature extractor filter unit 478 to operate on the wherein the programmable processing unit receives the
excitation function. The filter coefficients are programmed 65 feature extraction data and executes the audio recog-

according to a linear predictive coding (“LPC”) technique to
generate an audio output in response to the excitation

nition algorithm on the feature extraction data and the
vector processor performs a specified operation on a
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plurality of vectors during execution of the audio
recognition algorithm.

2. The audio recognition peripheral system of claim 1,

wherein the second integrated circuit includes a interface

16

produce feature extraction data, the feature extraction
means comprising a feature extractor filter unit coupled
to receive the audio signal, a filter controller, and a
block generator, and vector processor means for per-

controller coupled to the feature extractor and to the first 5 forming a vector operation during execution of the
integrated circuit, t.hc mterta_cc controller opgratlng n audio recognition algorithm;

response to control signals received from the first integrated wherein the processing means receives the feature extrac-
01r§u1]t;h di . heral ¢ claim 2 tion data and executes the audio recognition algorithm

. T ehau‘ io rfecogmtlonl}l)erlp eral system of claim 2, on the feature extraction data.

w cr;m L ehmtcfi ace contro ::r receves mdlertacc 1nf(;rma- 10 18. The audio recognition peripheral system of claim 17,
111]0n r?’hm t eﬁ st mLI:grale ilr.cun, ane 1n accoreance wherein the second integrated circuit further comprises
;crew&t i c:)p gures the secon }ntcgrated cireult to per- controller means for receiving control signals from the
OT] "}he au dlo recogml‘l(‘)n operglilon.l ¢ claim 3 processor means, the controller means being operable in
h. [ ehal{ ) {ccognfltlon peripheral system of ¢ aim 3, response to the control signals.
w erelln.I fe interface information includes feature extraction 15 {9 The audio recognition peripheral system of claim 17,
corsnrc%hm org'latlon. . heral ¢ claim 4 wherein the second integrated circuit further comprises

boces ¢ Su ;_0 recognition periphera lsys;em ol claumn %, memory means, coupled to the processor means and to the
wherein the feature extraction control nformation com- vector processor means, for storing an input to the vector
prises filter coefficients. processor means.

6. The aud}o recognition perlpheral' system of Cla,lm 3,20 20.0na single integrated circuit, an audio recognition
wherein the interface controller receives control signals inheral fSing

. o . ; peripheral comprising:
from the first integrated circuit, and in accordance therewith, . .. ..
. . . . . . a feature extractor having an audio input for receiving an
transmits the interface information to a designated portion of S ..
- S audio signal, the feature extractor comprising a feature
the second integrated circuit. . . S
. " . . extractor filter unit coupled to receive the audio signal,
7. The audio recognition peripheral system of claim 6, 55
. . ; N . = a filter controller, and a block generator, the feature
wherein the interface information includes address informa- . . o, .
. . . . - extractor extracting audio recognition features from the
tion and data information, and wherein the address infor- S .
. . . . audio signal to produce feature extraction data;
mation and the control signals designate a register on the
second integrated circuit for receiving the data information. a v.cctor processor; and ‘

8. The audio recognition peripheral system of claim 3, 5,  aninterfacecontrollercoupled to the feature extractor and
wherein the interface information includes information for Fhe Vector processor, the‘lqterface controller hav1‘ng an
configuring the vector processor to perform a specified interface input for receiving external control signals
operation during execution of the audio recognition algo- and interface information;
rithm by the programmable processing unit. wherein the control signals and interface information

9. The audio recognition peripheral system of claim 1, 35 configure the vector processor to perform a vector
wherein the specified operation includes determining a vec- operation on a plurality of vectors during execution of
tor distance between two vectors. an audio recognition algorithm on an external proces-

10. The audio recognition peripheral system of claim 8§, SOT.
wherein the interface information includes a first and second 21. The audio recognition peripheral of claim 20, the
address, wherein the first address corresponds to a memory 4 feature extractor further comprising a block generator, the
location of a first vector and the second address corresponds block generator generating feature extraction data and trans-
to a memory location of a second vector. mitting the feature extraction data external to the integrated

11. The audio recognition peripheral system of claim 1, circuit.
wherein the second integrated circuit further includes a 22. The audio recognition peripheral of claim 20, wherein
memory coupled to the first integrated circuit and to the 45 during execution of an audio recognition algorithm the
vector processor. interface controller receives an external control signal, and

12. The audio recognition peripheral system of claim 1, in accordance therewith, the interface controller signals the
wherein the first and second integrated circuit are coupled feature extractor to transmit a portion of the feature extrac-
together by a bus. tion data external to the integrated circuit.

13. The audio recognition peripheral system of claim 1, 55  23. The audio recognition peripheral of claim 20, wherein
wherein the programmable processing unit is a micropro- the interface information includes address and data
Cessor. information, and prior to the execution of an audio recog-

14. The audio recognition peripheral system of claim 1, nition algorithm the interface controller receives an external
wherein the programmable processing unit is a microcon- control signal, and in accordance therewith, loads a feature
troller. 55 extractor register at the indicated address with the data

15. The audio recognition peripheral system of claim 1, information.
wherein the audio signal is a speech signal. 24. The audio recognition peripheral of claim 23, wherein

16. The audio recognition peripheral system of claim 1, the data information corresponds to filter coefficients.
wherein the audio recognition algorithm is executed during 25. The audio recognition peripheral of claim 20, wherein
execution of a products functional flow by the program- 4, the feature extractor further comprises a plurality of registers
mable processing unit. coupled to the interface controller for configuring the feature

17. An audio recognition peripheral system comprising: extractor.

on first integrated circuit, processor means for loading an 26. The audio recognition peripheral of claim 20, wherein

audio recognition algorithm; the feature extractor further comprises:

on a second integrated circuit, feature extraction means 65  a filter unit for filtering the audio signal; and

for receiving an audio input signal and extracting audio
recognition features from the audio input signal to

a block generator for generating the feature extraction
data.
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27. The audio recognition peripheral of claim 26, wherein
when the peripheral is in an extraction mode the filter unit
receives an audio signal to generate feature extraction data,
and when the peripheral is in a synthesis mode the filter unit

18

coupled to the interface controller means for receiving
control and interface information, and in accordance
therewith, configuring the feature extractor.

40. The audio recognition peripheral of claim 37, wherein

receives an excitation signal to generate audio information. 5 the feature extractor means further comprises filter means

28. The audio recognition peripheral of claim 27, further for receiving the audio signal and producing a filtered
comprising a synthesizer for receiving digital audio infor- waveform.
mation and producing an external analog audio output 41. The audio recognition peripheral of claim 37, wherein
signal. the interface controller means further comprises decode

29. The audio recognition peripheral of claim 26, wherein 10 means for decoding external control signals and interface
the feature extraction data comprises power information and information.
zero crossing information. 42. The audio recognition peripheral of claim 37, further

30. The audio recognition peripheral of claim 26, wherein comprising memory means, coupled to the vector processor
the feature extractor further comprises: means, for storing inputs to the vector processor.

a filter memory; and 15 43. An audio recognition method comprising:

wherein the filter controller is coupled to the filter loading an audio recognition algorithm in a first integrated

memory, the filter unit, and the interface controller. circuit, the ﬁr§l integrated circuit having a program-

31. The audio recognition peripheral of claim 30, wherein mable processing unit;
the filter memory comprises a control memory coupled to receiving an audio signal in a feature extractor on a
the filter unit and an intermediate storage memory for 20 second integrated circuit the feature extractor compris-
storing temporary filter results. ing a feature extractor filter unit coupled to receive the

32. The audio recognition peripheral of claim 20, wherein audio signal, a filter controller, and a block generator;
the interface controller further comprises decode logic for transmitting the feature extraction data from the second
i.ccoding the external control signals and interface informa- ) integrated circuit to the first integrated circuit program-
ton. ) . ) ) ) mable processing unit;

3:.;' The audio recognition peripheral of claim 32, wherein on the first integrated circuit, executing the audio recog-
the interface coqlroller is coupled to an address pus and a nition algorithm on the feature extraction data to pro-
data bus, wherein the address bus and control signals are duce a first vector:
decoded by the decode logic to interface data on the data bus . ’ N . .
with the feature extractor. 30  transmitting the first vector from the ﬁrsl' integrated circuit

34. The audio recognition peripheral of claim 33, wherein to a vector processor on the second integrated circuit;
the interface controller, in response to a first control signal, transmitting a second vector to the vector processor;
removes the audio recognition peripheral from the address performing a vector operation on at least the first and
bus and the data bus. second vectors, and in accordance therewith, generat-

35. The audio recognition peripheral of claim 20, further = ing a result;
comprising a memory coupled to the vector processor. transmitting the result to the programmable processing

36. The audio recognitionperipheral of claim 35, wherein unit on the first integrated circuit for use in the audio
the vector operation includes, during execution of an audio recognition algorithm.
recognition algorithm, programming the memory with a first 4 44 The method of claim 43, wherein the second inte-
vector representation of an audio signal, and the vector ™ grated circuit includes a block generator, the method further
processor calculating the vector distance between the first comprising generating the feature extraction data in the
vector and a second vector. block generator.

37. On a single integrated circuit, an audio recognition 45. The method of claim 43, wherein the second inte-
peripheral comprising: 45 Srated circuit includes a interface controller, the method

feature extractor means for extracting audio information =~ further comprising:

from an audio input signal to produce feature extraction receiving the control signals and interface information in

data, the feature extractor means comprising a feature the interface controller;

extractor filter unit coupled to receive the audio signal, decoding the control signals and interface information in

a filter controller, and a block generator; 50 the interface controller to produce peripheral configu-
vector processor means for performing a vector operation; ration signals; and

and transmitting the peripheral configuration signals to the
interface controller means for receiving external control feature extractor to configure the feature extractor.

signals and interface information, the interface control- 46. The method of claim 43, wherein the second inte-

ler means configuring the feature extractor means 55 grated circuit includes a memory, the method further com-

according to the control signals and interface informa- prising:

tion and conﬁguring the vector processor (o p erform a storing the first vector and the second vector in the

vector operation on a plurality of vectors during execu- memory: and

tion of an audio recognition algorithm on an external L ¥ .

performing the vector operation on the first vector and the

processor - . . A second vector.

38. The audio recognition peripheral of claim 37, wherein : . . .
the feature extractor I%]eans fILJlrlh}::r comprises block genera- 47. T,he 1}1§thod of claim 43, wherein the segond inte-
tor means for generating the feature extraction data and g_rale_d cireutt includes a first memory and the first integrated
transmitting the feature extraction data external to the inte- cireutt 1s coupled to a second memory, the method further
grated circuit. g5 COMPrISING:

39. The audio recognition peripheral of claim 37, wherein
the feature extractor means further comprises register means

storing the first vector in the first memory; and
storing the second vector in the second memory.
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48. The method of claim 43, wherein the vector processor
on the second integrated circuit loads a plurality of pattern
values and neural network weights and performs a multiply-
accumulate operation.
49. The method of claim 43, wherein audio recognition
algorithm is executed in accordance with the execution of a
products functional flow by the programmable processing
unit.
50. On a single integrated circuit, a method of processing
an audio signal for audio recognition comprising:
receiving external control signals and interface informa-
tion in a interface controller corresponding to the
external execution of an audio recognition algorithm,
and in accordance therewith, configuring a feature
extractor, the feature extractor comprising a feature
extractor filter unit coupled to receive the audio signals
a filter controller, and a block generator;

receiving said audio signal in the feature extractor;

extracting audio recognition features from the audio sig-

nal to produce feature extraction data;

transmitting the feature extraction data external to the

integrated circuit;

receiving a first vector from the external integrated circuit

in a vector processor;

receiving a second vector in the vector processor;

performing a vector operation on at least the first and

second vectors, and in accordance therewith, generat-
ing a result; and

transmitting the result to external to the integrated circuit

for use in the audio recognition algorithm.

51. The method of claim 50, wherein the integrated circuit
includes a block generator, the method further comprising
generating the feature extraction data in the block generator.

52. The method of claim 50, further comprising:

decoding the control signals and interface information in

the interface controller to produce peripheral configu-
ration signals;

20

transmitting the peripheral configuration signals to the

feature extractor to configure the feature extractor.

53. The method of claim 50, further comprising receiving
control signals and interface information in the interface
controller, and in accordance therewith, configuring a vector
processor to perform the vector operation.

54. The method of claim 53, wherein a first register of the
vector processor is configured to hold a first address and a
second register of the vector processor is configured to hold
a second address, the method further comprising:

receiving a first vector representation of the audio signal

in a first memory on the integrated circuit, the first
address indicating the location of the first vector in the
first memory;

calculating the vector distance between the first vector
and a second vector stored in a second memory, the
second address indicating the location of the second
vector in the second memory.

55. The method of claim 53, wherein a first register of the
vector processor is configured to hold a first address and a
second register of the vector processor is configured to hold
a second address, the method further comprising:

receiving a first vector representation of the audio signal

in a memory on the integrated circuit, the first address
indicating the location of the first vector in the first
memory;

calculating the vector distance between the first vector

and a second vector stored in the memory, the second
address indicating the location of the second vector in
the memory.

56. The method of claim 53, wherein the vector operation
55 comprises loading a plurality of pattern values and neural

network weights and performing a multiply-accumulate
operation.
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