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FIGURE 3.16 Power spectra of line codes: (a) Unipolar NRZ signal. (b) Polar NRZ signal.
{¢) Unipolar RZ signal. () Bipolar RZ signal. () Manchester-encoded signal. The frequency is
normalized with respect to the bit rate 1/T,, and the average power is normalized to unity.
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Differential Pulse Code Modulation
(DPCM)

In order to take advantage of the correlation between the consecutive sam-
ples of the signal, one could, instead of quantizing the samples themselves,
quantize the difference between the consecutive samples.
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Delta Modulation: The implementation can be drastically simplified by
using a single bit quantizer (just a comparator),
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Adaptive Differential Pulse Code

Modulation (ADPCM)

Extra improvement in performance or, equivalently, reduction in rate for the
same performance could be achieved by making the prediction filter adaptive,
i.e., changing the filter taps according to the source statistics.

AGC
d{n) d( n) a
X(n) Quantizer —I—' X(n}
M-sample N-tap ? 1_ N-I_:ap
register predictor predictor
Predlctxon Prediction Jr
filter filter
coefficients coefficients
A
Statistics
estimator
RX (n}
L J
Coeffigient
COMPUATICNs| cide information — S
Encoder Decoder
Forward adaptive prediction and quantization coding.
AGC AGC
, din)  din} N
X{n) Quantizer — = { @ Xin)
> + ¥
N"Eap M-sample M-sarmple N-tap
predictor register register predictor
} Prediction Prediction
filter filter
1 coefficiants y {r coefficients
Statistics Statistics 1
estimator estimator
Ry(a) Rgln)
Y
- Coefficient Coefficient
computations| [computations

—f——e
Encoder

——
Decoder

Backward adaptive prediction znd quantization coding.



MOTOROLA

%r&?

Crder this document
by MC14LC5540TS/D

SEMICONDUCTOR TECHNICAL DATA

Technical Summary
ADPCM Codec

This technical summary provides a brief description of the MC14LC5540
ADPCM Codec. A complete data book for the MC14LC5540 is available and
can be ordered from your local Motorola sales office. The data book number is
MC145540/D.

The MC14LC5540 ADPCM Codec is a single chip implementation of a PCM
Godec-Filter and an ADPCM encoder/decoder, and therefore provides an
efficient solution for applications requiring the digitization and compression of
voiceband signals. This device is designed to operate over a wide voltage
range, 2.7 to 5.25V and, as such, is ideal for battery powered as well ag ac
powered appiications. The MC14LC5540 ADPCM Codec also includes a serial
control port and intemal control and status registers that permit a microcom-
puter to exercise many built—in features.

The ADPCM Cedec is designed to meet the 32 kbps ADPCM conformance
requirements of CCITT Recommendation G.721—1988 ard ANSI T1.301. It
also meets ANS| T1.303 and CCITT Recommendation G.723—1988 for 24 kbps
ADPCM operation, and the 16 kbps ADPCM standard, CCITT Recommen-
dation G.726. This device also meets the PCM conformance specification of the
CCITT G.714 Recommendation.

Singte 2.7 to 5.25 V Power Supply

Typical 2.7 V Power Dissipation of 43 mW, Power—-Down of 15 uW

Differential Analog Circuit Design for Lowest Noise

Complete Mu-Law and A—Law Companding PCM Codec—Filter

ADPCM Transcoder for 64, 32, 24, and 16 kbps Data Rates

Universal Programimable Dual Tone Generator

Programmable Transmit Gain, Receive Gain, and Sidetone Gain

Low Neise, High Gain, Three Terminal Input Operational Amplifier for

Microphone Interface

+ Push-Pull, 300 Q Power Drivers with External Gain Adjust for Receiver
Interface

+ Push—Puil, 300 Q Auxiliary Output Drivers for Ringer Interface

*» Voltage Regulated Charge Pump to Power the Analog Circuitry in Low
Voltage Applications

* Heceive Noise Burst Detect Algorithm

» Order Complete Document as MC145540/D

» Device Supported by MC145537EVK ADPCM Cadec Evaluation Kit

MC14LC5540

P SUFFIX
PLASTIC DIP
CASE 710

3.  DW SUFFIX
" SOG PACKAGE
CASE751F

FU SUFFIX
TQFP
CASE 873A

ORDERING INFORMATION

MGC14LC5540P  Plastic DIP
MC14LC5540DW SOG Package
MC14LC5540FU  TQFP '

This document cortains information on a product under development. Motorola reserves the right to changs or discontinue this product without notice.
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Linear Predictive Coding (LPC)

Taken from Digital Communications by B. Sklar

The adaptive predictors, described in Section 11.3.4, were designed to predict or
form good estimates of an input speech signal. In the adaptive form, the prediction
coefficients are recomputed as side information from periodic examination of the
input data. Then the difference between the input and the prediction is transmitted
to the receiver to resolve the prediction error. Linear predictive coders (LPCs)
are the natural extension of N-tap predictive coders. When the filter coefficients
are periodically computed with an optimal algorithm, the prediction is so good
that there is (essentially) no prediction error information worth transmitting to
the receiver. Rather than transmit these low-level prediction errors, the LPC
system transmits the filter coefficients and the voiced/unvoiced excitation decision
for the model. Thus the only data sent in LPC is the high-quality side information
of the classic adaptive algorithm. An LPC model for voice synthesis is shown in
Figure 11.34. The Texas Instruments Speak and Spell learning games use a 12-
tap LPC speech synthesizer implemented by a single microchip.

Encoder Decoder
J{ N 7 e
N-tap ~ ‘ Excitation .| Ntap I Speech
Xin) ' LPC fiiter [~ rin) control LPC filter cutput
Xi{n) :
| - i A
Y
LPC Excitation LPC
coefficients calculator coefficients
L ’ i
Y
Coefficient Y 7
caicul y .
hator © Transmit N-LPC coefficients

and exgitation parameters
every 20 ms

Linear predictive coefficient (LPC) speech modeling.
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Q4401 -~

VARIABLE RATE VOCODER

~ BY"% M“W o%?f—b

GENERAL DESCRIPTION

The QUALCOMM Q4401 Variable Rate Vocoder is a
full-duplex speech Encoder and Decoder that produces
near toll-quality speech at compressed data rates of
under 9.6 kilobits per second (kbps). The Q4401
provides a single-chip solution to the speech
compression requiremnents for digital telephone,
wireless communications, voice storage, and speech
synthesis systems. The Q4401 uses the proprietary
QUALCOMM Codebook Excited Linear Predictive
(QCELP) speech coding algorithm to achieve high
speech quality at low data rates.

The Q4401 can encode speech at fixed or variable
data rates. In Fixed Rate Mode, the Q4401 can code
speech at rates of 4 kbps, 4.8 kbps, 8 kbps or 9.6 Kbps.
In Variable Rate Mode, the Q4401 automatically adjusts

QUALCOMM Incorporated, ASIC Products

6455 Lusk Boulevard, San Diego, CA 92121-2779, USA
Vocoder Data Book

Data Subject to Changs Without Notice

AAUW a-’d Vanab (s
(ai?—{dﬁaspuz(ﬁ e, ou(af”ﬂf/o;/r‘é df'ﬁz'r Channs X

quaﬂ%,pwﬁ“‘“ﬁ“"‘% Pov COMA .

the data rate from 800 bps to 8 kbps (Normal Variable
Rate Mode) or from 800 bps to 9.6 kbps (Enhanced-
Variable Rate Mode) every 20 milliseconds (ms). When
in Variable Rate Mode, the Q4401 codes speech at
under 7 kbps in continuous speech applications and at
under 3.5 kbps in typical two-way telephone
conversations, without degrading the speech quality,

- The Q4401 is 2 masked ROM version of a digital
signal processor (DSP) device. Digitized speech is
transferred to and from the Q4401 via a digital serial
interface that connects to a 64 kbps p-law or A-law
speech codec. Compressed speech packets are
transferred to and from the Q4401 via an 8-bit parallel
data bus interface that connects to standard
microprocessor buses. The Q4401 is also controiled via
this processor interface.

31
http://www.qualcomm.com/PradTech/asic
E-mail:- asic-products@qualcomm.com
Telephone: {819) 658-5005

Fax: (619) 658-1556
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Various PCM Waveforms
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R

Spectral Densities of Various PCM

Spectral density (W/Hz)

Waveforms

Delay
modulation

0 0.2 0.4 0.6 0.8 1.0 127 14 1.6
fT (normalized bandwidth, where T is the signal pulse width)
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Digital Hierarchy
DS0: Single Voice Channel

Sampling speech at a rate of 8000 samples/sec. and
quantizing each sample with an 8 bit PCM -> 64 kbps.

DS1 or T1: Equivalent of 24 PCM (DS0) channels.

Framing Signaiing

} Channelll
mi -

AL

‘- - 1255 !

Channel 13| Channe! 2 | Channe! 14 anne

Ch i3
il Fruming

There are 8x24+1 bits in a 125 usec frame -> 1.544
Mbps. One bit out of every 193 bit is spent for syn-
chronization. So, the actual rate is 1.536 Mbps. Fur-
thermore, every sixth frame, the least significant bit of
- each channel is used for signaling. That is each sample
is actually encoded with 7 5/6 bits instead of 8 bits.

El (European Standard): Equivalen‘t of 32 PCM chan-
nels: 31 information channels+1 signaling channels. The
total rate is 64 kbpsx32 = 2.048 Mbps.

- DS2 or T2: Equivalent of four T1 or 96 PCM channels
-> 6.312Mbps.

DS3 or T3: Equivalent of 28 T1 or 672 PCM channels
-> 44736 Mbps.

D54 or T4: Equivalent of 4032 PCM channels -> 274.176
Mbps.
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JPEG Image Compression Algorithm

JPEG Developed by Joint Photographic Expert 'Group
15 the result of collaboration between CCITT and ISO.

TJPEG is a Transform Coding Technique cons1st1ng of
the following steps:

1- Segmenting the image into 8x8 blocks,

- 2- Taking Discrete Cosine Transform (DCT) of each
block resulting in 63 AC and 1 DC coefficient,
3- Quantizing the DCT' coefficients using step sizes
that depend on the required performance, to utilize
the inter-block correlation, the DC (mean)
coefficients are quantized using DPCM,
4- Compressing the output of quantizer using
entropy coding (Hufmann Coding). That is assigning
smaller number of bits to more likely (usually small
magnitude) values.
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MPEG Video Compression

In Video Compression in addition to removing spatial
(intra-frame) redundancy, one tries to also remove tem-
poral (inter-frame) redundancy using motion compen-
sated interpolation.

" In MPEG, temporal redundancy removal is achieved us-
ing three types of pictures:

[ or Intra-pictures: these are quite high resolution
pictures (low compression) and are used for random ac-
cess and reference for predicted pictures,

P or Predicted pictures: these are encoded with ref-
erence to a previous picture (either Intra- or Predicted)
and are used as reference for future Predicted pictures.

B or Bidirectional predicted pictures: these are most
compressed images and require both a past and a future
- picture for prediction. The B pictures are never used as
reference for other pictures.
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