EXPERIMENT 14: PCM Encoding and Decoding
New Modules: PCM ENCODER, PCM DECODER
Pre-Lab: 
1) Advanced Modules Manual pages: 38-45.

2) Student Text Vol-D1 pages: 97-101, 109-113.

Background:

PCM Encoder: this module generates a PCM output signal from an analog input message.

The amplitude range must be held within the ± 2.0 volts range of the TIMS ANALOG REFERENCE LEVEL. This is in keeping with the input amplitude limits set for all analog modules.
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TECHNICAL DETAILS

1. TIMING DIAGRAMS

The following timing diagram describes PCM ENCODER operation.
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TIMING DIAGRAM DESCRIPTIONS:

INPUT Vin is the input voltage applied at input Vin. The waveform is shown as presented to the
analog-to-digital converter by the PCM ENCODER module’s internal sample-and-hold circuit

CLK is the applied bit clock at input CLK.

PCM is the serial data signal at the PCM DATA output. Note that each frame's LSB, bit 0, is
shown as carrying the embedded "0 - 1 - 0 - 1" frame synchronisation sequence.

FS s the frame synchronisation signal as provided at the FS output

2. TIMS PCM CODE WORD RANGES

7-bit LINEAR Frame 0000000X =-25V to 1111111X = +2.5V

4-bit LINEAR Frame 0000000X = -2.5V to 0001111X = +2.5V

4-bit COMPANDED Frame 0000000X =-25V to 0001111X = +2.5V
Notes:

(i) The Least Significant Bit, "X", is the frame synchronisation bit
(ii) In 4-bit schemes, "bit 5" becomes the data's Most Significant Bit.

3. TIMS 4-bit As-Law, & TIMS 4-bit |14-Law
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otherwise considered a "disallowed" state.

SYNCHRONISED SINUOUS-TYPE MESSAGE
A variable frequency output signal, MESSAGE, synchronized to the input bit clock, CLK, is also
provided to allow detailed observation of the input signal and resulting digital code words.

The frequency of this MESSAGE signal may be varied by setting the PCB mounted switch,
SW2, as follows,

SYNCHRONISED MESSAGE
FREQUENCY SETTINGS
Ratio of MESSAGE frequency
Sw2b to bit clock, CLK
OFF 3
ON 64
OFF 128
ON 256
Available MESSAGE frequency options

TDM MODE
Two PCM ENCODER modules may be connected in parallel, with the appropriate control
signal, to establish a two channel Time Division Multiplexing system. Thus two analog signals
are each digitised and then transmitted along a single digital data line.

(i) TDM Control
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Notes: SW2a is on the right side of the switch block. SW2b is on the left side of the switch block. The “ON” position is DOWN, the “OFF” position is UP.  The first entry in the above table does not seem to work (nooutput).

A step-by-step description of the operation of the module follows:

1.
The module is driven by an external TTL clock.

2. 
The input analog message is sampled periodically. The sample rate is determined by the external clock.

3. 
The sampling is a sample-and-hold operation. It is internal to the module, and cannot be viewed by the user. What is held is the amplitude of the analog message at the sampling instant.

4. 
Each sample amplitude is compared with a finite set of amplitude levels. These are distributed (uniformly, for linear sampling) within the range ± 2.0 volts (the TIMS ANALOG REFERENCE LEVEL). These are the system quantizing levels.

5. 
Each quantizing level is assigned a number, starting from zero for the lowest (most negative) level, with  the highest number being (L-1), where L is the available number of levels.

6. 
Each sample is assigned a digital (binary) code word representing the number associated with the quantizing level which is closest to the sample amplitude. The number of bits ‘n’ in the digital code word will depend upon the number of quantizing levels. In fact, n = log2(L).

7. 
The code word is assembled into a time frame together with other bits as may be required (described below). In the TIMS PCM ENCODER (and many commercial systems) a single extra bit is added, in the least significant bit position. This is alternately a one or a zero. These bits are used by subsequent decoders for frame synchronization.

8. 
The frames are transmitted serially. They are transmitted at the same rate as the samples are taken (but see Tutorial Question 3). The serial bit stream appears at the output of the module.

9. 
Also available from the module is a synchronizing signal FS (‘frame synch’). This signals the end of each data frame.

PCM Decoder: the analog message is recovered from the digital signal

In-Lab:
1) On the PCM ENCODER, locate the on-board switch SW2. Put the left hand toggle down and the right hand toggle up. This sets the frequency of  SYNC. MESSAGE output to be 1/64 of the input bit clock. Switch the front panel switch to 4-BIT LINEAR.
2) Patch 8.3 kHz SAMPLE CLOCK from the MASTER SIGNALS module to the CLK input of the PCM ENCODER. Connect the Vin (the analog signal to be encoded) input socket to ground of the variable DC module.

3) The frame synchronization signal FS on the PCM ENCODER, is normally low and only goes high for one bit period (bit 0 - LSB) at the end of each data frame. Display FS on CH1A. Display the clock signal on CH2A. Display will be as seen in Figure 1(Save the figure). The upper signal shows the least significant bit of each frame while the lower one is the bit clock. As it is seen, there are eight clock periods per frame.
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Figure 1

4) Display PCM Data from the PCM DATA output on CH2B together with FS signal on CH1B (Save the figure). Currently Vin is patched to ground. When you look at the PCM Data, you can see that the frame synchronization signal is also embedded with the digitized code word. This will be called FS bit. The remaining seven bits are used for code words. If 4-BIT LINEAR scheme is used the first three bits are “empty” (in fact filled with zeros) and the following 4 slots are valid data bits. If 7-BIT LINEAR scheme is used, all of the seven bits coming just after the FS bit are used for valid data.

For 4-BIT LINEAR scheme, there are 16 quantization levels and for 7-BIT LINEAR scheme, there are 128 quantization levels. Discuss the advantages and disadvantages of using these two schemes (Include in the report). 
5) Remove the ground connection, and connect the DC output of the VARIABLE DC module to Vin. Set the DC voltage to minimum and sweep the voltage slowly clockwise over its complete range. Observe and record in a table the voltage range for each code word between 0000 and 1111. (This will take some time and care!)  Change the setting to 7-bit linear and repeat for about 8 equally spaced values of voltage. Do the results match your expectations? Explain.
6) Calculate the sampling rate, frame duration, and the duration of a data bit.
7) Insert a PCM DECODER module. Select 4-BIT LINEAR scheme for both ENCODER and DECODER modules.. Steal the clock signal from the PCM ENCODER and connect it to CLK input of a PCM DECODER module. Set the front panel FS SELECT switch to EXT. FS. Steal the FS bit from the ENCODER by connecting to the input FS of the DECODER. Connect the PCM DATA output from the ENCODER to the PCM DATA input of the DECODER.
8) Connect the DC output of the VARIABLE DC module to the Vin of the ENCODER. Display Vin from ENCODER on CH1A and VOUT output from CH2A from the DECODER at the same time (Save the figure). Set the DC voltage to minimum and sweep the voltage slowly clockwise over its complete range. 
9) Now use an AUDIO OSCILLATOR as the input to the PCM ENCODER. Use a TUNEABLE LPF to filter the DECODER output. Vary the input frequency and discuss your observations. What is the maximum frequency for which the filtered DECODER output can accurately recover the input signal. Why?  
10) Try using the 2kHz message signal from the MASTER SIGNALS as the input. What do you observe? Why?  Can you get the same result by carefully adjusting the AUDIO OSCILLATOR frequency?
