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Abstract - PCM decommutator is an essential subsystem in any communication system to decode the received parameters. 
In this work, A full PCM receiver is presented. The proposed PCM receiver is designed utilizing FPGA-based embedded 
system through USB-UART interfacing. The designed hardware consists of four major parts; a PCM frequency detector, 
decommutator, shift register and USB-UART interface. The shift register is designed to save the whole decommutated frame 
until sending it to a PC. The USB-UART interface is designed to enable the communication between the FPGA and the PC 
USB port. The proposed PCM receiver utilizes each coming pulse to update the sampling frequency to overcome the 
transmitter clock frequency drift. For the sake of system validation, a PCM transmitter is implemented on another FPGA 
board for sending clock deviated data to the proposed receiver. Moreover, a monitoring program is implemented on a PC to 
receive and process the decoded data.  
 
Keywords - PCM Decommutator, FPGA-Based Embedded Systems, Digital Signal Processing & Clock Frequency 
Deviation.  

 
I. INTRODUCTION  
 
Modern communication systems rely on different 
modulation techniques for data transmitting and 
receiving. Pulse Code Modulation (PCM) is one of 
the most widely used techniques in various 
communication systems such as; satellites, telephony 
and space communication.  
Although the PCM is preferably for long-distance 
communications with high noise immunity, its 
hardware implementation is very complex. One of the 
most challenging problems is that the receiver should 
handle the frequency deviation caused by the 
transmitter clock frequency drift [1-4].  
In this paper, a real-time PCM receiver is proposed to 
overcome the clock frequency deviation problem. 
The proposed PCM samples, decodes and sends the 
incoming data through a high rate USB-UART 
interface. The presented hardware of the PCM is 
inspired by [5] and designed using VHDL tool. It 
consists of four main parts; a PCM frequency 
detector, decommutator, shift register and USB-
UART interface. A software is developed to receive 
and process the data from the FPGA and to display 
and store them on the PC.  
 
The main contribution of this work is designing and 
implementing a PCM decommutator to decode the 
received deviated clock frequency data in real-time. 
The remaining structure of the paper is presented as 
follows; Section 2 walks through the FPGA design 
steps and the hardware specifications. Section 3 
introduces the high-level description of the proposed 
system and explains each component in detail. 
Section 4 demonstrates the simulation and the 

experimental results. Finally, the conclusion is 
presented in section 5.  
 
II. FPGA DESIGN STEPS AND HARDWARE 
SPECIFICATIONS  
In this section, FPGA design and implementation 
steps and the hardware specifications for the PCM 
receiver are briefly introduced [6-8].  
 
A. FPGA Design Steps  
The FPGA design starts from entering the design and 
ends with programming the design on the FPGA then 
testing it in the system [6-8]. Fig. 1 summarizes these 
steps. 
 

 
Fig. 1 FPGA design steps 
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Fig. 2 The Proposed PCM receiver block diagram 

 

 
Fig. 3 The sampler samples in the middle of each pulse 

 
 Design entry: this is the first stage in the design. 

Two approaches for entry are possible; 
graphically or using HDL. The proposed system 
is implemented using HDL entry.  

 Function simulation: To validate the correct 
functionality of the designed system, it may 
require to simulate the design functionally many 
times.  

 Logic synthesizer: It is responsible for 
converting the compiled design to synthesizable 
logic gates.  

 Place and route: In this step, the synthesizable 
logic gates are placed on the FPGA chip and 
routed together.  

 Timing simulation: It is a crucial step, in which 
the verification of the designed system to meet 
the timing constrains of the used FPGA board is 
done.  

 Programming the FPGA: Downloading the 
verified time simulated design on the FPGA 
chip.  

 Chip test: Online monitoring of some vital 
signals within the design can be visualized.  

 
B. Hardware Specifications  
The XC7A100T-1CSG324C FPGA chip is used to 
implement the designed PCM receiver, which has 
15,850 logic slices, each with four 6-input LUTs and 
8 flip-flops, 4,860 Kbits of fast block RAM, six clock 
management tiles, each with phase-locked loop 
(PLL), 240 DSP slices, internal clock speeds 
exceeding 450 MHz and on-chip analog-to-digital 
converter (XADC) [9]. The synthesis process is done 
by the Vivado tool that is provided by the FPGA 
vendor (Xilinx) and the bit file is generated using the 
same tool. The bit file is then downloaded in to the 
target chip [10]. The FT2232HQ USB-UART bridge 
is used as the interface chip to communicate with the 

PC USB port. It has the ability to communicate with a 
high baud rate up to 12 Mbps [11].  
 
III. HARDWARE IMPLEMENTATION  
 
The block diagram of the implemented PCM receiver 
is shown in Fig. 2. It consists of four major parts; 
PCM frequency detector, decommutator, shift register 
and USB-UART interface.  
 
A. PCM Frequency Detector  
This module is the most important part of the 
receiver. The clock frequency differs from clock 
source to another even if they have the same value 
[12]. To avoid missing frames, it is necessary to 
detect the frame frequency in real-time and sample 
each bit in the middle of its pulse width. This is 
accomplished by initiating a counter during the 
detection of the received pulse rising and falling 
edges. This counter is initiated to enable a sampler to 
capture the detected frequency from the counter if the 
value of it does not exist within predefined values. 
The counter starts at the rising edge and stops at the 
falling edge for the high pulse. If the value of the 
counter is not within a predefined range, then the 
sampler ignores this value and uses the previous 
detected one. This is also done for the low bit, except 
that the counter starts at the falling edge and stops at 
the rising edge. As shown in Fig. 3, although there 
are a train of pulses with different pulse widths, the 
sampler samples each bit in the middle of its pulse 
width.  
 
B. Decommutator  
The decommutator module is responsible for 
detecting the input frame, 1024 bytes frame, and store 
it temporarily in the online reading shift register to be 
ready for sending later to the PC. After detecting the 
frame frequency, the decommutator samples every bit 
of the frame and checks for the frame synchronization 
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bytes. These bytes are sent at the end of each frame as 
a synchronization subframe. When the decommutator 
finds the frame synchronization bytes, it stores the 
whole 1024 bytes in another shift register and enables 
it to start transmitting to the PC. It is worthy to 

mention that, utilizing two shift registers makes 
receiving the new data during the decoding process is 
accomplished in real-time. 
 

 

 
Table 1 FPGA utilization 

 

C. Shift Register  
The shift register sends the stored frame byte by byte 
to the USB-UART interface circuit [11]. This module 
is enabled after storing the decommutator detected 
frame, and disabled when it sends the last byte of the 
1024 bytes to the USB-UART interface circuit. 
Consequently, the shift register module waits to be 
enabled again after detecting another frame from the 
decommutator. 
  
D. USB-UART Interface  
This module is used to allow the high rate 
communication between the FPGA chip, XC7A100T-

1CSG324C, and the USB-UART bridge, FT2232HQ, 
and then to the PC USB port.  
 
E. Online Monitoring Software  
A monitoring software was developed using C# on 
Visual Studio. This software receives the frame from 
the FPGA on a USB port at 5 Mbps baud rate. 
Moreover, the software detects the frame sync bytes 
to recognize the end of the frame. After detecting it, 
the decoding phase starts by assigning the required 
value for each parameter. Then, these calculated 
parameters are monitored and saved online. Fig. 4 
shows a flowchart of the online monitoring software. 
 

 
Fig. 4 Flowchart of the online monitoring software 
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IV. SIMULATION AND EXPERIMENTAL RESULTS  
 
Xilinx Vivado tool is used to design, implement and simulate the designed PCM receiver. The simulation results 
using Vivado Simulator are presented in section 4.B. Moreover, the experimental results are shown in section 
4.C. 
 

 
Fig. 5 The timing simulation of the PCM receiver: (a) Decommutation of 5 continuous frames, (b) Zoomed capture of (a) to illustrate 

the sampler 
 

Fig. 6The Experimental measurements of the PCM receiver: (a) Decommutation of 5 continuous frames, (b) Zoomed capture of (a) 
to illustrate the sampler function. 
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A. Hardware Utilization  
Table 1. shows the FPGA utilization of the PCM 
receiver. For example, the designed PCM receiver 
consumes 6.56% of the FPGA total Flip Flops (FF) 
and 1.9% of the chip’s input/output (IO).  
 
B. Simulation Results  
For design verification purpose, Vivado Simulator is 
used to generate a transmitted PCM data as an input 
to the proposed receiver. Fig. 5 illustrates the timing 
simulation of the proposed PCM receiver, where 
CLK100MHZ is the clock source used to generate the 
receiver’s clock signals. A reset signal is used to 
reinitiate the system whereas the tx_bit simulates the 
transmitted PCM data and the bit_rx signal is the 
received PCM data. Moreover, the sampler signal is 
the one generated by the PCM frequency detector 
module, while the sync signal appears only when the 
receiver captures a full frame. Furthermore, the 
toggle signal changes its value after capturing each 

frame to make sure that there are no missing frames. 
Finally, the dataout byte is the shift register output to 
the USB-UART bridge and the serial_out signal is the 
frame output to the PC bit by bit.  
As shown in Fig. 5(a), there are five continuous 
decoded frames, the toggle signal shows that there are 
no missing frames during these five frames. Also, 
Fig. 5(b) shows a zoomed capture of the Fig. 5(a) to 
illustrate how the sampler samples each bit in the 
middle of its pulse width as discussed in section 3.A. 
The receiver starts to send the data to the PC after 
capturing the frame sync bytes.  
 
C. Experimental Results  
The experimental setup and measurements are 
presented in this subsection. Fig. 6 shows the 
experimental measurements of the PCM receiver and 
Fig. 7 shows the experimental setup of the PCM 
receiver. The experimental results agreed with the 
obtained simulation results. 

 

 
Fig. 7 The Experimental setup of the PCM receiver 

 
V. CONCLUSION  
 
A full PCM receiver is presented utilizing FPGA-
based embedded system through USB-UART 
interfacing. The designed hardware consists of four 
major parts; a PCM frequency detector, 
decommutator, shift register and USB-UART 
interface. The received pulses are utilized to alter the 
sampler to resolve the deviation of the clock 
frequency.  
The proposed receiver utilizes two shift registers to 
receive the upcoming data and send the decoded one 
in the same time to the PC. The implemented PCM 
transmitter sends clock deviated data to the proposed 
receiver to examine the proposed PCM receiver. 
Furthermore, all crucial signals are visualized and 
saved using the monitoring program.  
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