
Abstract 

 

 The work proposes a methodology to detect harmonics of a signal 

acquired from a remote source, using embedded design techniques where a set 

of digital signals acquired from an audio or power sensors by a remote 

microcontroller media which are transmitted to a designed embedded processor 

system configured on FPGA through a Wide area network (WAN) network 

using an Ethernet core. The received signals are processed by the processor 

system to detect their harmonics using FFT analysis. Light weight intellectual 

property (LWIP) software package is used with a developed customer 

application protocol (CAP) to transfer large size of data between the 

microcontroller and the embedded processor system through the WAN network. 

The lwIP facilitates applying the Transmission Control Protocol TCP/IP with 

the designed system as it provides an internet networking connection. The 

developed Customer Application Protocol is introduced to obtain a proficient 

control on the transfer system in two modes (reading and writing). The designed 

system can deal with data size of 16 MB to be transferred using the developed 

Customer Application Protocol with (0.01- 0.2) % percentage error. Different 

FFT sizes were tried for power application, the higher harmonics detection 

accuracy was achieved with 128- point FFT with zero detection application due 

to maximum frequency sampling available combatable with FFT is 6.4 KHz. 

The designed processor system hardware employed advanced extensible 

interconnect (AXI) to act as system bus as it can deal with different data widths 

with high speed transfer. The designed embedded processor system is 

configured on Spartan 6E slice available on Xilinx sp601 development kit. 

Arduino Mega 2560 microcontroller board with its sensors was used to acquire 

data from a remote source. The designed system for the remote power signal 

application (remote harmonics detection and total harmonic distortion THD 

calculation) was validated on two remote standard signals. The first signal 



comes from a remote signal phase inverter with well-known THD (31%), its 

practical measurements show a small difference (THD=33%) caused by the 

dead-time operation in the inverter. The second signal comes from a remote 

transformer, the practical detection and measurements of the transformer output 

voltage THD (1.8%) indicates the efficiently and accurately of the designed 

system in compared with stander IEEE 519-1992 (THD less than 5%). The audio 

signal application was validated by using record audio signal in MATLAB, the 

practical test shows maximum error rate 0.02%.  

 




