
SYSTEMS AND METHODS FOR DYNAMIC NORMALIZATION TO
REDUCE LOSS IN PRECISION FOR LOW-LEVEL SIGNALS CLAIM
OF PRIORITY UNDER 35 U.S.C. 119 [0001] This present
Application for Patent claims priority to Provisional
Application No. 60/868,476 entitled "DYNAMIC
NORMALIZATION TO REDUCE LOSS IN PRECISION FOR
LOW-LEVEL SIGNALS" filed December 4, 2006, and
assigned to the assignee hereof and hereby expressly
incorporated by reference herein. TECHNICAL FIELD
[0002] The present disclosure relates generally to
signal processing technology. More specifically, the
present disclosure relates to systems and methods for
dynamic normalization to reduce loss in precision for
low-level signals. BACKGROUND [0003] The term signal
processing may refer to the processing and
interpretation of signals. Signals of interest may
include sound, images, and many others. Processing of
such signals may include storage and reconstruction,
separation of information from noise, compression, and
feature extraction. The term digital signal processing
may refer to the study of signals in a digital
representation and the processing methods of these
signals. Digital signal processing is an element of
many communications technologies such as mobile phones
and the Internet. The algorithms that are utilized for
digital signal processing may be performed using
specialized computers, which may make use of
specialized microprocessors called digital signal
processors (sometimes abbreviated as DSPs). BRIEF
DESCRIPTION OF THE DRAWINGS [0004] Figure 1
illustrates a wireless communication system; [0005]
Figure 2 illustrates a wideband encoder that may be
utilized in a wireless communication system; [0006]
Figure 3 illustrates a high band encoder from the
wideband encoder of Figure 2;[0007] Figure 4
illustrates a factor determination component from the
high band encoder of Figure 3; 



[0008] Figure 5 illustrates a wideband decoder that
may be utilized in a wireless communication system;
[0009] Figure 6 illustrates a method for dynamic
normalization to reduce loss in precision for
low-level signals; [0010] Figure 7 illustrates a
method for determining a normalization factor for a
current frame of a low band excitation signal; and
[0011] Figure 8 illustrates various components that
may be utilized in a communications device. DETAILED
DESCRIPTION [0012] An apparatus that is configured for
dynamic normalization to reduce loss in precision for
low-level signals is disclosed. The apparatus may
include a processor and memory in electronic
communication with the processor. Instructions may be
stored in the memory. The instructions may be
executable to determine a normalization factor for a
current frame of a signal. The normalization factor
may depend on an amplitude of the current frame of the
signal. The normalization factor may also depend on
values of states after one or more operations were
performed on a previous frame of a normalized signal.
The instructions may also be executable to normalize
the current frame of the signal based on the
normalization factor that is determined. The
instructions may also be executable to adjust the
states' normalization factor based on the
normalization factor that is determined. [0013] A
method for dynamic normalization to reduce loss in
precision for lowlevel signals is disclosed. The
method may involve determining a normalization factor
for a current frame of a signal. The normalization
factor may depend on an amplitude of the current frame
of the signal. The normalization factor may also
depend on values of states after one or more
operations were performed on a previous frame of a
normalized signal. The method may also involve
normalizing the current frame of the signal based on
the normalization factor that is determined. The
method may also involve adjusting the states'
normalization factor based on the normalization factor
that is determined.[0014] An apparatus that is
configured for dynamic normalization to reduce loss in



precision for low-level signals is disclosed. The
apparatus may include means for determining a
normalization factor for a current frame of a signal.
The normalization factor may depend on an amplitude of
the current frame of the signal. The normalization
factor may also depend on values of states after one
or more operations were performed on a previous frame
of a normalized signal. The apparatus may also include
means for normalizing the current frame of the signal
based on the normalization factor that is determined.
The apparatus may also include means for adjusting the
states' normalization factor based on the
normalization factor that is determined. [0015] A
computer-readable medium is also disclosed. The
computer-readable medium may be configured to store a
set of instructions. The set of instructions may be
executable to determine a normalization factor for a
current frame of a signal. The normalization factor
may depend on an amplitude of the current frame of the
signal. The normalization factor may also depend on
values of states after one or more operations were
performed on a previous frame of a normalized signal.
The set of instructions may also be executable to
normalize the current frame of the signal based on the
normalization factor that is determined. The set of
instructions may also be executable to adjust the
states' normalization factor based on the
normalization factor that is determined. [0016] A
system for dynamic normalization to reduce loss in
precision for low-level signals is also disclosed. The
system may include a factor determination component.
The factor determination component may be configured
to determine a normalization factor for a current
frame of a signal. The normalization factor may depend
on an amplitude of the current frame of the signal.
The normalization factor may also depend on values of
states after one or more operations were performed on
a previous frame of a normalized signal. The system
may also include a signal normalizer. The signal
normalizer may be configured to normalize the current
frame of the signal based on the normalization factor
that is determined. The system may also include a
states normalization factor adjuster. The states
normalization factor adjuster may be 



configured to adjust the states' normalization factor
based on the normalization factor that is
determined.[0017] As used herein, the term
"determining" (and grammatical variants thereof) is
used in an extremely broad sense. The term
"determining" encompasses a wide variety of actions
and, therefore, "determining" can include calculating,
computing, processing, deriving, investigating,
looking up (e.g., looking up in a table, a database or
another data structure), ascertaining and the like.
Also, "determining" can include receiving (e.g.,
receiving information), accessing (e.g., accessing
data in a memory) and the like. Also, "determining"
can include resolving, selecting, choosing,
establishing and the like. [0018] The phrase "based
on" does not mean "based only on," unless expressly
specified otherwise. In other words, the phrase "based
on" describes both "based only on" and "based at least
on." [0019] Figure 1 illustrates a wireless
communication system 100 that may include a plurality
of mobile stations 102, a plurality of base stations
104, a base station controller (BSC) 106 and a mobile
switching center (MSC) 108. The MSC 108 may be
configured to interface with a public switched
telephone network (PSTN) 110. The MSC 108 may also be
configured to interface with the BSC 106. There may be
more than one BSC 106 in the system 100. The mobile
stations 102 may include cellular or portable
communication system (PCS) telephones. [0020] Each
base station 104 may include at least one sector (not
shown), where each sector may have an omnidirectional
antenna or an antenna pointed in a particular
direction radially away from the base station 104.
Alternatively, each sector may include two antennas
for diversity reception. Each base station 104 may be
designed to support a plurality of frequency
assignments. The wireless communication system 100 may
be configured to implement code-division multiple
access (CDMA) techniques. In a CDMA system 100, the
intersection of a sector and a frequency assignment
may be referred to as a CDMA channel. [0021] During
operation of the wireless communication system 100,
the base stations 104 may receive sets of reverse link
signals from sets of mobile stations 102. 



The mobile stations 102 may be conducting telephone
calls or other communications. Each reverse link
signal received by a given base station 104 may be
processed within that base station 104. The resulting
data may be forwarded to the BSC 106. The BSC 106 may
provide call resource allocation and mobility
management functionalityincluding the orchestration of
soft handoffs between base stations 104. The BSC 106
may also route the received data to the MSC 108, which
may provide additional routing services for
interfacing with the PSTN 110. Similarly, the PSTN 110
may interface with the MSC 108, and the MSC 108 may
interface with the BSC 106, which in turn may control
the base stations 104 to transmit sets of forward link
signals to sets of mobile stations 102. [0022] For
purposes of example, certain systems and methods will
be described in relation to speech signals that may be
processed by a wideband vocoder. (The term "wideband
vocoder" will be discussed in greater detail below.)
However, the systems and methods disclosed herein are
applicable outside the context of speech signals. In
fact, the systems and methods disclosed herein may be
used in connection with the processing of any type of
signal (e.g., music, video, etc.) in finite precision.
[0023] The discussion that follows includes references
to filter states. However, the systems and methods
disclosed herein are applicable to other types of
states. Also, the term "states" should be construed
broadly to mean any configuration of information or
memories in a program or machine. [0024] Transmission
of voice by digital techniques has become widespread,
particularly in long distance and digital radio
telephone applications. In the past, voice
communications have been limited in bandwidth to the
frequency range of 300-3400 kHz. New networks for
voice communications, such as cellular telephony and
voice over IP, may not have the same bandwidth limits,
and it may be desirable to transmit and receive voice
communications that include a wideband frequency range
over such networks. [0025] A voice coder, or
"vocoder," is a device that facilitates the
transmission of compressed speech signals across a
communication channel. A vocoder may comprise an
encoder and a decoder. An incoming speech signal may
be divided into blocks of 



time, or analysis frames. The encoder may analyze an
incoming speech frame to extract certain relevant
parameters, and then quantize the parameters into a
binary representation. The binary representation may
be packed into transmission frames and transmitted
over a communication channel to a receiver with a
decoder. The decoder may process the transmission
frames, dequantize them to produce the parameters, and
resynthesize the speech frames using the dequantized
parameters. The encoding anddecoding of speech signals
may be performed by digital signal processors (DSPs)
running a vocoder. Because of the nature of some voice
communication applications, the encoding and decoding
of speech signals may be done in real time. [0026] A
device (e.g., a mobile station 102 or a base station
104) that is deployed in a wireless communication
system 100 may include a wideband vocoder, i.e., a
vocoder that is configured to support a wideband
frequency range. A wideband vocoder may comprise a
wideband encoder and a wideband decoder. [0027] Figure
2 illustrates a wideband encoder 212. The wideband
encoder 212 may be implemented in an apparatus that
may be utilized within a wireless communication system
100. The apparatus may be a mobile phone, a personal
digital assistant (PDA), a laptop computer, a digital
camera, a music player, a game device, or any other
device with a processor. The apparatus may function as
a mobile station 102 or a base station 104 within a
wireless communication system 100. [0028] A wideband
speech signal 214 may be provided to the wideband
encoder 212. The wideband encoder 212 may include an
analysis filter bank 216. The filter bank 216 may
filter the wideband speech signal 214 to produce a low
band signal 218 and a high band signal 220. [0029] The
low band signal 218 may be provided to a low band
encoder 222. The low band encoder 222 may encode the
low band signal 218, thereby generating an encoded low
band signal 224. The low band encoder 222 may also
output a low band excitation signal 226. [0030] The
high band signal 220 may be provided to a high band
encoder 228. The low band excitation signal 226 that
is output by the low band encoder 222 may also be
provided to the high band encoder 228. The high band
encoder 228 may encode the 



high band signal 220 according to information in the
low band excitation signal 226, thereby generating an
encoded high band signal 230. [0031] Figure 3
illustrates the high band encoder 228. As discussed
above, the low band excitation signal 226 may be
provided to the high band encoder 228. The high band
encoder 228 may include a high band excitation
generator 332. The high band excitation generator 332
may derive a high band excitation signal 334 from the
low band excitation signal 226.[0032] A finite number
of bits is available to represent the amplitude of the
signals within the wideband encoder 212, such as the
incoming wideband speech signal 214 and the low band
excitation signal 226. The precision with which these
signals may be represented may be directly
proportional to the number of bits that are used to
represent them. The term "amplitude," as used herein,
may refer to any amplitude value of an array of
amplitude values. For example, the term "amplitude"
may refer to the maximum of the absolute values of the
elements of an array of amplitude values. [0033] The
high band excitation generator 332 may perform a
number of arithmetic operations on the low band
excitation signal 226 (or, as will be explained below,
a normalized version 336 of the low band excitation
signal 226) in order to generate the high band
excitation signal 334. In performing at least some of
these arithmetic operations on the low band excitation
signal 226, the high band excitation generator 332 may
utilize the N most significant bits (MSBs) within the
low band excitation signal 226. In other words, if M
bits are used to represent the amplitude of the low
band excitation signal 226, the high band excitation
generator 332 may discard the M-N least significant
bits (LSBs) within the low band excitation signal 226
and may utilize the N MSBs of the low band excitation
signal 226 for the arithmetic operations that are
performed. [0034] Human speech may be classified in
many different ways. Some classifications of speech
may include voiced speech, unvoiced sounds, transient
speech, and silence intervals/background noise during
pauses between words. Under certain circumstances
(e.g., for unvoiced sounds, transient speech, and
silence intervals/background noise), the amplitude of
the wideband speech signal 214 may be 



relatively low. The term low-level signal may be used
herein to refer to a wideband speech signal 214 that
has a relatively low amplitude. Where the incoming
wideband speech signal 214 is a low-level signal, the
amplitude of the low band excitation signal 226 may be
fully represented, or at least mostly represented,
within the LSBs of the available bits. If the LSBs are
discarded by the high band excitation generator 332,
then there may be a significant loss in the precision
with which the low band excitation signal 226 is
represented. In an extreme case, the low band
excitation signal 226 may be approximated to zero by
the high band excitation generator 332.[0035] To
address this issue and potentially reduce the loss of
precision, the high band encoder 228 may include a
signal normalizer 338. The signal normalizer 338 may
normalize the low band excitation signal 226, thereby
obtaining the normalized low band excitation signal
336. Additional details about the operation of the
signal normalizer 338 in normalizing the low band
excitation signal 226 will be discussed below. [0036]
The low band excitation signal 226 may be normalized
based on a normalization factor 344. The normalization
factor 344 may alternatively be referred to as a Q
factor 344. The normalization factor 344 may be
selected so as to prevent saturation, as will be
discussed below. The component that determines the
normalization factor 344 may be referred to as a
factor determination component 346. [0037] The low
band excitation signal 226 may be divided into a
number of frames. The term "current frame" may refer
to the frame that is presently being processed by the
wideband encoder 212. The term "previous frame" may
refer to the frame of the low band excitation signal
226 that was processed immediately prior to the
current frame. [0038] Normalization may be performed
on a frame-by-frame basis. Thus, different
normalization factors 344 may be determined for
different frames of the low band excitation signal
226. Because the normalization factor 344 may change
over time, the type of normalization that may be
performed by the signal normalizer 338 and the filter
states normalization factor adjuster 340 may be
referred to as dynamic normalization. [0039] Once the
normalization factor 344 for the current frame of the
low band excitation signal 226 has been determined,
the signal normalizer 338 may normalize the 



current frame of the low band excitation signal 226
based on the normalization factor 344. Normalizing the
low band excitation signal 226 may comprise
left-shifting the bits of the low band excitation
signal 226 by an amount that corresponds to the
normalization factor 344. [0040] In some
implementations, the normalization factor 344 may be
negative. For example, once the normalization factor
344 is initially determined, an amount (e.g., 1) may
be subtracted from the initial value of the
normalization factor 344 as a protection to prevent
saturation. This may be referred to as providing "head
room." Where the normalization factor 344 is negative,
left-shifting by a negative normalization factor 344
may be the same as right-shifting by the corresponding
positive number.[0041] Additionally, a filter states
normalization factor adjuster 340 may be provided. The
filter states normalization factor adjuster 340 may
adjust the normalization factor of the filter states
342 based on the normalization factor 344 that is
determined. Adjusting the normalization factor of the
filter states 342 may comprise left-shifting the bits
of the filter states 342 by an amount that corresponds
to the difference between the normalization factor 344
that is determined for the current frame of the low
band excitation signal 226 and the normalization
factor 344 that was determined for the previous frame
of the low band excitation signal 226. This operation
brings the filter states 342 into the same
normalization factor 344 as the normalized low band
excitation signal 336, which may facilitate filtering
operations being performed. [0042] When the
normalization factor 344 has been determined, the
current frame of the low band excitation signal 226
has been normalized, and the normalization factor of
the filter states 342 of the high band excitation
generator 332 has been adjusted, the high band
excitation generator 332 may derive the high band
excitation signal 334 from the normalized low band
excitation signal 336. This may involve performing
filtering operations on the normalized low band
excitation signal 336 using the adjusted filter states
342, both of which have a normalization factor 344.
[0043] The normalization factor 344 for the current
frame of the low band excitation signal 226 may be
selected so that saturation does not occur. There may
be several ways that saturation may occur. For
example, saturation may occur by left-shifting the 



bits of the low band excitation signal 226 to an
extent where the low band excitation signal falls out
of range, the range given by the number of bits used
to represent the low band excitation signal. In the
example discussed above, it was assumed that M bits
are used to represent the low band excitation signal
226. In this case, the maximum value of the low band
excitation signal 226 using 2's complement signed
arithmetic may be 2 ML)_\ anc m e minimum value may be
-2M. If M = 16 (i.e., if 16 bits are used to represent
the low band excitation signal 226), the maximum value
of the low band excitation signal 226 using 2's
complement signed arithmetic may be 215-1, or 32767
and the minimum value may be -215, or -32768. In this
situation, saturation may occur if the bits of the low
band excitation signal 226 are left-shifted so that
the value of the low band excitation signal 226
exceeds 32767 (for positive numbers) or becomes less
than -32768 (for negative numbers). The normalization
factor 344 may be determinedso that this type of
saturation does not occur. Thus, the normalization
factor 344 may depend on the amplitude of the current
frame of the low band excitation signal 226.
Accordingly, the current frame of the low band
excitation signal 226 may be provided to the factor
determination component 346 and used to determine the
normalization factor 344. [0044] As another example,
saturation may occur by left-shifting the bits of the
filter states 342 of the high band excitation
generator 332 to an extent where the filter states
fall out of range. As discussed in the example above,
if M=16, this range is given by the set of numbers
which fall into the category of numbers no greater
than +32767 and no less than -32768. The normalization
factor 344 may be determined so that this does not
occur. When the normalization factor of the filter
states 342 is adjusted, the values of the filter
states 342 may depend on the filtering operations that
were performed on the previous frame of the normalized
low band excitation signal 336. Thus, the
normalization factor 344 may depend on the values of
the filter states 342 after the filtering operations
were performed on the previous frame of the normalized
low band excitation signal 336. Accordingly,
information 348 about the values of the filter states
342 after the filtering operations were performed on
the previous frame of the normalized low band
excitation signal 336 may be provided to the factor 



determination component 346 and used to determine the
normalization factor 344. [0045] Each frame of the low
band excitation signal 226 may be normalized in the
manner described above. More specifically, for each
frame of the low band excitation signal 226, a
normalization factor 344 may be determined. The
current frame of the low band excitation signal 226
may be normalized based on the normalization factor
344 that is determined for that frame. Also, the
normalization factor of the filter states 342 may be
adjusted based on the normalization factor 344 that is
determined for that frame. These steps (i.e.,
determining the normalization factor 344, normalizing
the current frame of the low band excitation signal
226, and adjusting the normalization factor of the
filter states 342) may be performed for each frame of
the low band excitation signal 226. [0046] Figure 4
illustrates the factor determination component 346. As
discussed above, the factor determination component
346 may determine the normalization factor 344a for
the current frame of the low band excitation signal
226.[0047] As discussed above, the current frame of
the low band excitation signal 226 may be provided to
the factor determination component 346. The current
frame of the low band excitation signal 226 may be
analyzed to determine an optimal value for the
normalization factor 344a for the current frame of the
low band excitation signal 226. (The optimal value is
labeled with reference number 450 in Figure 4, and
will be referred to as optimal value 450 hereinafter.)
The component that implements this functionality may
be referred to as an optimal value determination
component 452. [0048] The optimal value 450 for the
normalization factor 344 may be determined based on
the amplitude of the current frame of the low band
excitation signal 226. Since the low band excitation
signal 226 of the current frame comprises an array of
numbers, the optimal value 450 of the normalization
factor 344 may refer to the number of bits of the
maximum of the absolute value of the array of numbers
that can be leftshifted without causing saturation,
also referred to as the block normalization factor.
The optimal value 450 for the normalization factor 344
may indicate to what extent the bits of the current
frame of the low band excitation signal 226 may be
left-shifted without causing saturation. 



[0049] As discussed above, information 348 about the
values of the filter states 342 after the filtering
operations were performed on the previous frame of the
normalized low band excitation signal 336 may also be
provided to the factor determination component 346.
This information 348 may be used to determine a
scaling factor 454 for the filter states 342 of the
high band excitation generator 332. The component that
implements this functionality may be referred to as a
scaling factor determination component 456. [0050] The
scaling factor 454 may be determined based on the
filter states information 348 that is received. The
scaling factor 454 may indicate to what extent the
bits of the filter states 342 may be left-shifted
without causing saturation. The procedure for
obtaining this scaling factor 454 may be similar to
the above-mentioned procedure of determining the
optimal value 450 for the normalization factor 344,
the array of numbers in this case being the filter
states, where the filter states may be states from
different filters. [0051] In some implementations,
some filter states may be double precision (DP, 32
bits) and some filter states may be single precision
(SP, 16 bits). In suchimplementations, the block
normalization factor of the double precision filter
states may be obtained. This block normalization
factor may then be scaled down by a factor of two to
bring it to the single precision domain. It may then
be determined which is the lowest block normalization
factor between this scaled down double precision block
normalization factor and the block normalization
factor of the single precision filter states. The
lowest block normalization factor may then be
outputted as the scaling factor 454. In this specific
example the terms current frame normalization factor
344a and previous frame normalization factor 344b
refer to the normalization factor in the single
precision domain. The filter states normalization
factor adjuster 340 scales up by a factor of two the
difference between the normalization factor 344 that
is determined for the current frame of the low band
excitation signal 226 and the normalization factor 344
that was determined for the previous frame of the low
band excitation signal 226, before left-shifting the
bits of the double precision filter states 342. [0052]
A saturation condition may be evaluated. The component
that implements 



this functionality may be referred to as a condition
evaluation component 458. The saturation condition may
depend on the optimal value 450 for the normalization
factor 344a for the current frame of the low band
excitation signal 226. The saturation condition may
also depend on the scaling factor 454 for the filter
states 342 of the high band excitation generator 332.
[0053] The saturation condition may also depend on the
normalization factor 344b for the previous frame of
the low band excitation signal 226. The normalization
factor 344b for the previous frame of the low band
excitation signal 226 may indicate to what extent the
bits of the previous frame of the low band excitation
signal 226 were shifted prior to filtering operations
being performed on the previous frame of the
normalized low band excitation signal 336. [0054] The
saturation condition that is evaluated may be
expressed as: Qinp - prev Qinp > Q states (1) [0055]
In equation (1), the term Qinp may refer to the
optimal value 450 for the normalization factor 344a
for the current frame of the low band excitation
signal 226. The term prev Qinp may refer to the
normalization factor 344b for the previous frameof the
low band excitation signal 226. The term Q states may
refer to the scaling factor 454 for the filter states
342. [0056] If it is determined that the saturation
condition is not satisfied, this may be interpreted to
mean that setting the normalization factor 344a equal
to the optimal value 450 that was determined is not
going to cause saturation. In this case, determining
the normalization factor 344a for the current frame of
the low band excitation signal 226 may involve setting
the normalization factor 344a equal to the optimal
value 450 that was determined. [0057] If it is
determined that the saturation condition is satisfied,
this may be interpreted to mean that setting the
normalization factor 344a equal to the optimal value
450 that was determined is going to cause saturation.
In this case, determining the normalization factor
344a for the current frame of the low band excitation
signal 226 may involve setting the normalization
factor 344a equal to prev Qinp + Q states. In this
expression, the terms Qinp, prev Qinp and Q states may
have the same meaning as 



was discussed above in connection with equation (1).
Hence, the normalization factor 344a may be given by
the expression MIN (Q_inp, prev_Qinp + Q_states).
[0058] Figure 5 illustrates a wideband decoder 560.
The wideband decoder 560 may be implemented in an
apparatus that may be utilized within a wireless
communication system 100. The apparatus may be a
mobile phone, a personal digital assistant (PDA), a
laptop computer, a digital camera, a music player, a
game device, or any other device with a processor. The
apparatus may function as a mobile station 102 or a
base station 104 within a wireless communication
system 100. [0059] An encoded low band signal 524 (or
224) may be provided to the wideband decoder 560. The
wideband decoder 560 may include a low band decoder
562. The low band decoder 562 may decode the encoded
low band signal 524, thereby obtaining a decoded low
band signal 518. The low band decoder 562 may also
output a low band excitation signal 526. [0060] An
encoded high band signal 530 (or 230) may also be
provided to the wideband decoder 560. The wideband
decoder 560 may include a high band decoder 564. The
encoded high band signal 530 may be provided to the
high band decoder 564. The low band excitation signal
526 that is output by the low band decoder 562 may
also be provided to the high band decoder 564. The
high band decoder 564 may decode theencoded high band
signal 530 according to information in the low band
excitation signal 526, thereby obtaining a decoded
high band signal 520. [0061] The wideband decoder 560
may also include a synthesis filter bank 516. The
decoded low band signal 518 that is output by the low
band decoder 562 and the decoded high band signal 520
that is output by the high band decoder 564 may be
provided to the synthesis filter bank 516. The
synthesis filter bank 516 may combine the decoded low
band signal 518 and the decoded high band signal 520
to produce a wideband speech signal 514. [0062] The
high band decoder 564 may include some of the
identical components that were described above in
connection with the high band encoder 228. For
example, the high band decoder 564 may include the
high band excitation generator 332, the signal
normalizer 338, the filter states normalization factor
adjuster 340, and the factor 



determination component 346. (These components are not
shown in Figure 5.) The operation of these components
may be similar or identical to the operation of the
corresponding components that were described above in
relation to the high band encoder 228. Thus, the
techniques described above for dynamic normalization
of the low band excitation signal 226 in the context
of a wideband encoder 212 may also be applied to the
low band excitation signal 526 that is shown in Figure
5 in the context of a wideband decoder 560. [0063]
Figure 6 illustrates a method 600 for dynamic
normalization to reduce loss in precision for
low-level signals. The method 600 may be implemented
by a wideband encoder 212 within a mobile station 102
or a base station 104 within a wireless communication
system 100. Alternatively, the method 600 may be
implemented by a wideband decoder 560 within a mobile
station 102 or a base station 104 within a wireless
communication system 100. [0064] In accordance with
the method 600, a current frame of a low band
excitation signal 226 may be received 602. A
normalization factor 344 for the current frame of the
low band excitation signal 226 may be determined 604.
The normalization factor 344 may depend on the
amplitude of the current frame of the low band
excitation signal 226. The normalization factor 344
may also depend on the values of filter states 342 of
a high band excitation generator 332 after filtering
operations were performed on a previous frame of a
normalized low band excitation signal 336.[0065] The
current frame of the low band excitation signal 226
may be normalized 606 based on the normalization
factor 344 that is determined 604. In addition, the
normalization factor of the filter states of the high
band excitation generator 332 may be adjusted 608
based on the normalization factor 344 that is
determined 604. [0066] Figure 7 illustrates a method
700 for determining a normalization factor 344a for
the current frame of the low band excitation signal
226. (The reference number 344a refers to the
normalization factor 344a for the current frame, and
the reference number 344b refers to the normalization
factor 344b for the previous frame.) The method 700
may be implemented by a wideband encoder 212 within a
mobile station 102 or a base station 104 within a
wireless communication system 100. 



Alternatively, the method 700 may be implemented by a
wideband decoder 560 within a mobile station 102 or a
base station 104 within a wireless communication
system 100. [0067] In accordance with the method 700,
an optimal value 450 for the normalization factor 344a
for the current frame of the low band excitation
signal 226 may be determined 702. The optimal value
450 for the normalization factor 344a may indicate to
what extent the bits of the current frame of the low
band excitation signal 226 may be left-shifted without
causing saturation. [0068] A scaling factor 454 for
the filter states 342 of the high band excitation
generator 332 may be determined 704. The scaling
factor 454 may indicate to what extent the bits of the
filter states 342 may be left-shifted without causing
saturation. [0069] A saturation condition may be
evaluated 706. The saturation condition may depend on
the optimal value 450 for the normalization factor
344a for the current frame of the low band excitation
signal 226. The saturation condition may also depend
on the scaling factor 454 for the filter states 342 of
the high band excitation generator 332. The saturation
condition may also depend on the normalization factor
344b for the previous frame of the low band excitation
signal 226. [0070] If it is determined 706 that the
saturation condition is not satisfied, this may be
interpreted to mean that setting the normalization
factor 344 equal to the optimal value 450 that was
determined 702 is not going to cause saturation.
Accordingly, the normalization factor 344 for the
current frame of the low band excitation signal 226
may be set 708 equal to the optimal value 450 that was
determined 702.[0071] If it is determined 706 that the
saturation condition is satisfied, this may be
interpreted to mean that setting the normalization
factor 344 equal to the optimal value 450 that was
determined 702 is going to cause saturation.
Accordingly, the normalization factor 344a for the
current frame of the low band excitation signal 226
may be set 710 equal to prev Qinp + Q states. As
discussed above, the term prev Qinp may refer to the
normalization factor 344b for the previous frame of
the low band excitation signal 226. The term Q states
may refer to the scaling factor for the filter states
342. [0072] Figure 8 illustrates various components
that may be utilized in a 



communications device 801. The communications device
801 may include a processor 803 which controls
operation of the device 801. The processor 803 may
also be referred to as a CPU. Memory 805, which may
include both read-only memory (ROM) and random access
memory (RAM), provides instructions and data to the
processor 803. A portion of the memory 805 may also
include non-volatile random access memory (NVRAM).
[0073] The communications device 801 may also include
a housing 809 that may include a transmitter 8 11 and
a receiver 813 to allow transmission and reception of
data between the communications device 801 and a
remote location. The transmitter 8 11 and receiver 813
may be combined into a transceiver 815. An antenna 817
may be attached to the housing 809 and electrically
coupled to the transceiver 815. [0074] The
communications device 801 may also include a signal
detector 807 that may be used to detect and quantify
the level of signals received by the transceiver 815.
The signal detector 807 may detect such signals as
total energy, pilot energy per pseudonoise (PN) chips,
power spectral density, and other signals. [0075] A
state changer 819 of the communications device 801 may
control the state of the communications device 801
based on a current state and additional signals
received by the transceiver 815 and detected by the
signal detector 807. The device 801 may be capable of
operating in any one of a number of states. The
communications device 801 may also include a system
determinator 821 that may be used to control the
device 801 and to determine which service provider
system the device 801 should transfer to when it
determines the current service provider system is
inadequate.[0076] The various components of the
communications device 801 may be coupled together by a
bus system 823 which may include a power bus, a
control signal bus, and a status signal bus in
addition to a data bus. However, for the sake of
clarity, the various busses are illustrated in Figure
8 as the bus system 823. The communications device 801
may also include a digital signal processor (DSP) 825
for use in processing signals. [0077] Information and
signals may be represented using any of a variety of
different technologies and techniques. For example,
data, instructions, commands, 



information, signals and the like that may be
referenced throughout the above description may be
represented by voltages, currents, electromagnetic
waves, magnetic fields or particles, optical fields or
particles or any combination thereof. [0078] The
various illustrative logical blocks, modules,
circuits, methods, and algorithm steps disclosed
herein may be implemented in hardware, software, or
both. To clearly illustrate this interchangeability of
hardware and software, various illustrative
components, blocks, modules, circuits and steps have
been described above generally in terms of their
functionality. Whether such functionality is
implemented as hardware or software depends upon the
particular application and design constraints imposed
on the overall system. Skilled artisans may implement
the described functionality in varying ways for each
particular application, but such implementation
decisions should not be interpreted as limiting the
scope of the claims. [0079] The various illustrative
logical blocks, modules and circuits described above
may be implemented or performed with a general purpose
processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a
field programmable gate array signal (FPGA) or other
programmable logic device, discrete gate or transistor
logic, discrete hardware components or any combination
thereof designed to perform the functions described
herein. A general purpose processor may be a
microprocessor, but in the alternative, the processor
may be a controller, microcontroller or state machine.
A processor may also be implemented as a combination
of computing devices, e.g., a combination of a DSP and
a microprocessor, a plurality of microprocessors, one
or more microprocessors in conjunction with a DSP core
or any other such configuration.[0080] The methods
disclosed herein may be implemented in hardware, in
software, or both. Software may reside in any form of
storage medium that is known in the art. Some examples
of storage media that may be used include RAM memory,
flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, a hard disk, a removable disk, an optical
disk, and so forth. Software may comprise a single
instruction, or many instructions, and may be
distributed over several different code segments,
among different programs and across multiple storage
media. A storage 



medium may be coupled to a processor such that the
processor can read information from, and write
information to, the storage medium. In the
alternative, the storage medium may be integral to the
processor. [0081] The methods disclosed herein may
comprise one or more steps or actions for achieving
the described method. The method steps and/or actions
may be interchanged with one another without departing
from the scope of the claims. In other words, unless a
specific order of steps or actions is specified, the
order and/or use of specific steps and/or actions may
be modified without departing from the scope of the
claims. [0082] While specific features, aspects, and
configurations have been illustrated and described, it
is to be understood that the claims are not limited to
the precise configuration and components illustrated
above. Various modifications, changes, and variations
may be made in the arrangement, operation and details
of the features, aspects, and configurations described
above without departing from the scope of the claims.
[0083] What is claimed is:1. An apparatus that is
configured for dynamic normalization to reduce loss in
precision for low-level signals, comprising: a
processor; memory in electronic communication with the
processor; and instructions stored in the memory, the
instructions being executable to: determine a
normalization factor for a current frame of a signal,
wherein the normalization factor depends on an
amplitude of the current frame of the signal, and
wherein the normalization factor also depends on
values of states after one or more operations were
performed on a previous frame of a normalized signal;
normalize the current frame of the signal based on the
normalization factor that is determined; and adjust
the states' normalization factor based on the
normalization factor that is determined. 2. The
apparatus of claim 1, wherein the normalization factor
is selected so that 



saturation does not occur. 3. The apparatus of claim
1, wherein determining the normalization factor for
the current frame of the signal comprises: determining
an optimal value for the current frame's normalization
factor based on the amplitude of the current frame of
the signal; determining a scaling factor for the
states based on information about the values of the
states after the one or more operations were performed
on the previous frame of the normalized signal; and
evaluating a saturation condition that depends on the
optimal value for the current frame's normalization
factor, the scaling factor, and the normalization
factor for the previous frame of the signal. 4. The
apparatus of claim 3, wherein the previous frame's
normalization factor indicates to what extent bits of
the previous frame of the signal were shifted prior to
the one or more operations being performed on the
previous frame of the normalized signal.5. The
apparatus of claim 3, wherein the optimal value for
the current frame's normalization factor indicates to
what extent bits of the current frame of the signal
can be left-shifted without causing saturation. 6. The
apparatus of claim 3, wherein the scaling factor for
the states indicates to what extent bits of the states
can be left-shifted without causing saturation. 7. The
apparatus of claim 3, wherein the saturation condition
is expressed as Qinp - prev Qinp > Q states, wherein
Qinp is the optimal value for the current frame's
normalization factor, wherein prev Qinp is the
previous frame's normalization factor, and wherein Q
states is the scaling factor for the states. 8. The
apparatus of claim 3, wherein if the saturation
condition is satisfied, determining the current
frame's normalization factor further comprises setting
the current frame's normalization factor to prev Qinp
+ Q states, wherein Qinp is the optimal value for the
current frame's normalization factor, wherein prev
Qinp is the previous frame's normalization factor, and
wherein Q states is the scaling factor for the states.
9. The apparatus of claim 3, wherein if the saturation
condition is not satisfied, 



determining the current frame's normalization factor
further comprises setting the current frame's
normalization factor to the optimal value for the
current frame's normalization factor. 10. The
apparatus of claim 1, wherein normalizing the current
frame of the signal comprises left-shifting bits of
the current frame of the signal by an amount that
corresponds to the current frame's normalization
factor. 11. The apparatus of claim 1, wherein
adjusting the states comprises shifting bits of the
states by an amount that corresponds to a difference
between the current frame's normalization factor and
the previous frame's normalization factor.12. The
apparatus of claim 1, wherein determining the current
frame's normalization factor, normalizing the current
frame of the signal, and adjusting the states are
performed for each frame of the signal. 13. The
apparatus of claim 1, wherein the signal is a low band
excitation signal, wherein the normalized signal is a
normalized low band excitation signal, wherein the
states are filter states of a high band excitation
generator, and wherein the high band excitation
generator derives a high band excitation signal from
the normalized low band excitation signal. 14. The
apparatus of claim 13, wherein deriving the high band
excitation signal from the normalized low band
excitation signal comprises performing filtering
operations on the current frame of the normalized low
band excitation signal using normalized filter states.
15. The apparatus of claim 13, wherein the high band
excitation generator does not use least significant
bits from the normalized low band excitation signal to
derive the high band excitation signal. 16. The
apparatus of claim 1, wherein the apparatus is
selected from a mobile station and a base station. 17.
The apparatus of claim 1, wherein the instructions are
comprised within an implementation of a component that
is selected from a wideband encoder and a wideband
decoder.18. A method for dynamic normalization to
reduce loss in precision for low-level signals,
comprising: 



determining a normalization factor for a current frame
of a signal, wherein the normalization factor depends
on an amplitude of the current frame of the signal,
and wherein the normalization factor also depends on
values of states after one or more operations were
performed on a previous frame of a normalized signal;
normalizing the current frame of the signal based on
the normalization factor that is determined; and
adjusting the states' normalization factor based on
the normalization factor that is determined. 19. An
apparatus that is configured for dynamic normalization
to reduce loss in precision for low-level signals,
comprising: means for determining a normalization
factor for a current frame of a signal, wherein the
normalization factor depends on an amplitude of the
current frame of the signal, and wherein the
normalization factor also depends on values of states
after one or more operations were performed on a
previous frame of a normalized signal; means for
normalizing the current frame of the signal based on
the normalization factor that is determined; and means
for adjusting the states' normalization factor based
on the normalization factor that is determined.20. A
computer-readable medium configured to store a set of
instructions executable to: determine a normalization
factor for a current frame of a signal, wherein the
normalization factor depends on an amplitude of the
current frame of the signal, and wherein the
normalization factor also depends on values of states
after one or more operations were performed on a
previous frame of a normalized signal; normalize the
current frame of the signal based on the normalization
factor that is determined; and adjust the states'
normalization factor based on the normalization factor
that is 



determined. 2 1. A system for dynamic normalization to
reduce loss in precision for low-level signals,
comprising: a factor determination component that is
configured to determine a normalization factor for a
current frame of a signal, wherein the normalization
factor depends on an amplitude of the current frame of
the signal, and wherein the normalization factor also
depends on values of states after one or more
operations were performed on a previous frame of a
normalized signal; a signal normalizer that is
configured to normalize the current frame of the
signal based on the normalization factor that is
determined; and a states normalization factor adjuster
that is configured to adjust the states' normalization
factor based on the normalization factor that is
determined. 


