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Physical Layer - Encoding


Intro to Data Communications

Physical Layer - Encoding

Text:

Data and Computer Communications, William Stallings

Chapter 5

Objectives:
The student shall be able to:

· Define voltage, current, resistance.  Define Ohm's Law.

· Describe the advantages of digital versus analog communications.

· Describe the characteristics that are desirable in a digital-digital interface.

· Define codec, modem.

· Define PCM, voice predictor.
· Encode samples using delta modulation.
· Define the uses of JPEG, MPEG-1, MPEG-2.
· Describe the types of frames used by MPEG-1.
· Briefly describe the encoding of JPEG pixels.
· Define modulation, demodulation, data rate.

· Be able to code a sequence using ASK, FSK, PSK, QAM assuming 1 or 2 bits/symbol.

Class Time:
The class shall be conducted as follows:


Intro




¼ hour


Digital-Digital



¼ hour


Digital-Analog


½ hour


Analog-Digital


1 hour


Total




2 hours
Elementary Electronics

Ohms Law: V = IR     R=V/I

·    V = Voltage measured in Volts

·    I = Current measured in Amps

·    R = Resistance measured in Ohms. Draw horseshoe.

Voltage: Charge of electrons or electron pressure.

Current: Rate of flow of electrons or rate of charge flow.

Resistance: electron pressure / electron flow = Opposition to a steady current or voltage.  Has the ability to dissipate electrical energy.

Example: Water in a river:

· Voltage: depth

· Current: Speed of the water

· Resistance: Anything in the river that slows down the water: e.g. watermill collects energy and slows down the water.

Frequencies:


S(t) = A sin (2( f t + p)


where: 
A = Amplitude: related to the power or loudness



f = frequency: measured in Hertz



p = angle: measured in radians (2( radians = 360 degrees)

Definitions

· Hz: Hertz: Cycle.  Megahertz: MHz: Cycles per second.   `

· Symbols per second:  The rate of possible signal changes in one second

· Measured in symbols per second or baud
· Data Rate: carrying capacity.  Speed of data transmission.

· Measured in bps or b/s: Bits per second.

· Attenuation: Signal is reduced in size due to loss of energy.

· Distortion:  Different frequencies propagate and attenuate at different rates

· Noise: Unwanted energy due to crosstalk, spikes or impulse noises, and thermal noise
· Signal-to-Noise Ratio (SNR or S/N):  Ratio of (desired) signal power to noise power

· Quoted in decibels (dB): 10 log10
Analog transmission: wide range of pitches or frequencies.

· high pitch = high frequency.  Low pitched = low frequency. 

· Frequency: When pitch and volume is maintained the frequency looks like a sine wave.

· Cycle: Draw one cycle.

· The height of the sine wave is its amplitude, and is equal to the depth of each valley.

· Frequency is measured in cycles per second or Hz.

Digital transmission:  only 1s or 0s are sent.

Advantages over analog:

· Digital Technology: Cheaper

· Data integrity: repeaters vs. amplifiers, error correcting codes or CRC

· Capacity utilization: multiplexing

· Security & privacy: encryption

· Integration: speech, video & data.

Disadvantages of digital:

· Good only for slow speeds and short distances

Data can be analog (e.g. voice) or digital (e.g. data)

Signal can be analog (for RF) or digital (for cable)

Digital to Digital Conversions

Techniques

· Signal Spectrum: Concentrate power in middle of transmission bandwidth

· Preferred: No DC offset

· Example:  Bipolar encoding or Manchester encoding

· Clocking: Determine beginning/end of bit

· Problem if no clock: long string of 0s => wrong count

· Implicit or explicit clocking 
· Example: Manchester encoding

· Error Detection: Ability to detect errors

· E.g. method: Alternating positive / negative pulses

· Example: Bipolar encoding

· Noise immunity: Signal to Noise Ratio

· Polar NRZ outperforms Bipolar encoding

· Cost & Complexity

· Manchester Encoding more expensive than Polar NRZ (twice the clock)

Example Implementations: See Figure 4.16 in book

· NRZ-L: RS-232

· NRZI: Digital Magnetic Recording

· Pseudoternary: ISDN

· Manchester: Ethernet = IEEE 802.3 coax & twisted pair
· Differential Manchester: IEEE 802.5 Token Ring

Digital Modem or DSU/CSU: Data Service Unit / Channel Service Unit

· Ensures digital signal is properly shaped into square pulses that are precisely timed.

· CSU: Protects telephone network from excessive voltage from customer equipment.

· Less complex, less expensive than modems

Operates at 56 kbps or higher: e.g. 128 kbps

Analog to Digital Conversion: 

Voice digitization

Codec: Device that converts analog voice to digital voice

Pulse Code Modulation (PCM)

· Used with traditional landline telephone networks.

· Pulse Amplitude Modulation (PAM) sampling: Speech is sampled at 8000 samples/sec. (125usec)  

· Quantizer: Assigns an 8 bit value to each sample amplitude resulting in a quantization error.

· Companding: Compression technique minimizes error by giving more steps to smaller amplitudes (since we hear in decibels)

· u law: (Mu law) used in U.S. and Japan

· A law: used in Europe

· 8000 samples/second * 8 bits/sample = 64 kbps.  

· At the destination, the reverse operation is performed using a Digital to Analog Converter (DAC).
Delta Modulation:

· Each sample value is given relative to the previous sample value: +1 or –1

Adaptive Differential Pulse Code Modulation (ADPCM):

· Used in ISDN, cordless.

· Compresses speech to 24 kbps, 32 kbps, and 40 kbps.

· Sends differences only between speech samples.

· Uses adaptive predictor and adaptive quantizer.

Predictors / Vocoders:

· Used in (e.g.) cellular.

· Reduce speech rates to 4 - 13 kbps.

· May encode frequency components instead of trying to reproduce signal

· Speech has similar frequency and amplitude characteristics but may differ in phase from original.

· Channel coding adds 50% bits (used to reduce error rate on speech).

Multimedia

Multimedia: Combination of 2 or more continuous media: voice and image

Audio CDs: sampled 44,100 times per second @ 16 bits, linear range of amplitudes

MP3: MPEG Audio 3: Popular audio compression algorithm.

Frequency Masking:  Do not encode frequencies that cannot be heard due to existence of other frequencies.

Buffer 10-15 seconds of data to avoid jitter

Voice over IP:

ITU H.323 Recommendation: architectural overflow of Internet telephony

· G.711: Encodes single voice channel into 8000 samples of 8 bits

· Compression algorithms (E.g. G.723.1: reduces 30 msec speech to 20-24 bytes of data)

·  H.245: Negotiates the speech compression algorithm

· Q.931: Defines the signaling protocol

· H.225: Protocol between PC and gatekeeper for RAS channel: defines protocol for bandwidth allocation

· Widely used
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SIP: Session Initiation Protocol

· Defined by IETF

· Simpler implementation, supports two-party, muticast, and multiparty connections

· Addressing provided as URLs, as IPv4 or IPv6 addresses or phone numbers

· May have interoperability problems with telco

· Up-and-coming standard

Video

Analog: Scan lines

· Defined by NTSC: National Television Standards Committee

· US: 525 scan lines, 30 frames/sec.

· Interlacing: odd scan lines and even ones are alternately displayed: 50 fields per second

· Color TV: luminance signal sent on black-and-white signal, two chrominance signals sent at higher frequencies.

Digital: Pixels

· Black and White:  8 bits/pixel represents 256 gray levels

· Color: Red (R), Blue (B), Green (G) at 8 bits each = 24 bits/pixel

· Smoothness of motion: depends on number of different images per second: e.g. 25 frames/sec.

· Flicker: depends on number of times the screen is painted per second: e.g. Painted twice per frame

· 24 bits/pixel * 25 frames/sec = 472 Mbps

· Compression is necessary

Compression

· Lossy: Some loss of original input

· Lossless: input and output are identical

JPEG: Joint Photographic Experts Group: Encodes one picture

· Assume 640x480 RGB with 24 bits/pixel

· Luminance: Y = 0.30R + 0.59G + 0.11B

· Block Preparation: Chrominance (I,Q) is averaged over 4 pixels: 320x240

· Other compression techniques: DCT, quantization, differential quantization, run-length encoding, statistical output encoding, often achieves 20:1 compression

Motion Pictures Experts Group (MPEG)

· MPEG-1: Stores movies on CD-ROM

· MPEG-2: Transmission of broadcast-quality video at 4-6 Mbps, and HDTV

MPEG-1 Output consists of:

· I (Intracoded) frames: JPEG frames

· P (Predictive) frames: Block by block differences with last frame

· B (Bi-directional) frames: Differences between last and next frames: Allow images to pass in front of or behind other images

· D (DC-coded) frames: Low-resolution block averages used for fast-forward, reverse

M-bone: Internet television

· Uses a muticasting protocol

Digital to Analog Conversions:

Modulation: converts digital signals to analog form.

Demodulation: converts analog signal to digital form.

· Compares the received sinusoid from a reference carrier.

Modem: Device which performs modulation / demodulation.

Examples of the following will be shown in class:

Amplitude Shift Keying (ASK)

· Varies the amplitude or height of the sine wave to transmit 1s or 0s.

· Sine wave amplitude is high when TX is 1 and null when TX is 0.

· Associated with Amplitude Modulation (AM).

Frequency Shift Keying (FSK)

· Varies the frequency of the sine wave while amplitude remains constant.

· Used by Frequency Modulation (FM).

· For example: 300 bps modem Bell 103/113/108 specification:

· Originating modem: 1=1270 Hz;  0=1070 Hz.

· Answering modem: 1=2225 Hz; 0=2025 Hz.

· Full duplex.

Phase Shift Keying (PSK)

· Changes the phase of a sine wave to represent one or more bits.

· Example: 0 degrees = 0; 180 degrees = 1.

· Used in Phase Modulation (PM).

Lowpass filter:  Passes low frequencies up until the cutoff frequency.

Highpass filter:  Passes high frequencies above certain cutoff frequency.

Bandpass filter:  Passes frequencies between frequency A and B.

Conversion from Data Rate to Baud Rate:


2(#bits/symbol) = #constellations


D = R / b   or



BaudRate = DataRate / (#bits/symbol)   ...or...



BaudRate = DataRate / (log2( #constellations))

Quadrature Phase Shift Keying (QPSK)
· 0 degrees:00   90 degrees: 01   180 degrees:10   270 degrees: 11.     Draw in necessary:

· Actual may use 45, 135, 225, 315 degrees

Quadrature Amplitude Modulation (QAM): combines changes in phase and amplitude.

· 16QAM: uses quadbits: 16 combinations of phase & amplitude or 16 constellations

· Provides 4 bits per baud.

· Can provide 9600 bps over 2400 baud line

Echo Cancellation: Uses Digital Signal Processing (DSP) 

· Tests the echo characteristics of the phone line

· Subtracts transmitted signal from received signal.

Trellis Coded Modulation (TCM): Adds 1-bit parity to achieve an error-correcting code

V.32 bis: 6 data bits + 1 parity @ 2400 bps = 14.4 kbps (Fax)

V.34: 12 data bits/symbol @ 2400 bps = 28.8 kbps

V.34 bis: 14 data bits/symbol @ 2400 bps = 33.6 kbps

V.90 Modem = 56 kbps modems:

· 56 kbps downstream only (to home phone)

· Uses PCM to generate 128 possible tones

· Sends 7 bits 8000 times per second

· Can't use 8 bits due to m-law, A-law & bit-stealing in network

· Requires digital connection at sending side.

· 33.6 or 28.8 kbps upstream (from home phone to network)

· Uses analog methods: QAM/TCM

Summary of Conversions - Analog (( Digital

	Data Type   \   Signaling
	Analog
	Digital

	Analog (Voice Application)
	Phone
	Codec

	Digital (Data Application)
	Modem
	DSU/CSU





