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1.0 Regulatory Analysis

To make the digital effects pedal marketable, it must meet FCC technical standards as an unintentional radiator (of radio noise). To allow sale in many European countries, ROHS standards must be met; however, complying with ROHS standards is costly and only affects the European market. There is a large enough market in the rest of the world to ignore ROHS compliance for now and still generate substantial revenues.

Unintentional radiators operating above 9 KHz must be shown to be compliant with FCC standards [1]. Since the digital effects processor operates at 48 MHz, it falls under part 15 of FCC regulations. The device is intended to be a commercially available device for private or public use, categorizing it as class B. Class B devices have stricter technical standards because Class B devices tend to be in closer proximity to devices susceptible to interference. Digital devices must be tested and authorized to show compliance with FCC standards before being marketed. To be authorized, the digital effects pedal must undergo “verification” which entails measuring the levels of radio frequency energy that are radiated into open air and are conducted along power lines.

The digital effects pedal is already planned to be enclosed in a rugged metal case, which will largely mitigate radio noise emissions. Additional steps that have not yet been taken include using ferrite beads in series with input and output to reduce noise and redesigning digital circuitry to minimize noise generation. To develop the prototype into a finished product, the group would perform what preliminary noise testing they could and, if noise was an issue, take steps to alleviate it. Once satisfied, the group would apply for verification and send the device to a testing lab for formal FCC authorization as a Class B product under part 15.

2.0 Legal Liability Analysis

2.1 US Patent Publication Number US 20080034948 A1:
Filing Date: August 1, 2007
Abstract: This patent covers a tempo-detection apparatus or computer program that detects beat positions from an audio signal. Tempo and beat detection is augmented by measuring tapping by the user for a few beats of the audio signal. 
Potential Infringements: Among the claims, the digital effects processor potentially infringes upon the following [2]:
· Tapping detection means for detecting tapping input by the user
· Recording means for recording tapping intervals, the time when each tapping is performed, and a beat value of each tapping
· Tapping-tempo calculation means for calculating moving averages of the tapping intervals to calculate a tempo

The digital effects processor, like the tempo-detection apparatus/program, includes a means for detecting tapping, recording tapping intervals, and calculating moving averages of the tapping intervals. However, the patent claim is for a tempo-detection apparatus or a computer-program that comprises these points among many others. The digital effects processor does not match any of the other points within the patent claim, and the context is completely different. The digital effects processor detects tempo from taps to set the tempo. The tempo is set to determine which audio samples should be pulled from memory for the purposes of digital audio effects. In contrast, the patent’s tempo-detection is used as rough pattern for identifying beats within an audio signal.


2.2 US Patent Publication Number US 20070195967 A1:
Filing Date: February 2, 2007
Abstract: This patent covers a digital audio signal processing system that includes delay lines, all-pass and low-pass filters, and a method for generating and controlling reverberation for audio signals. Furthermore, controlling parameters of the reverberation generation are pulled from real environment characteristics.
Potential Infringements: Among the claims, the digital effects processor potentially infringes upon the following [3]:
· a summing circuit to generate a digital audio signal output containing the digital audio signal input and reverberations
· feed forward loops configured in a cascade manner, wherein the outputs of the feed forward loops are connected to the summing circuit, a first one of the feed forward loops is connected to the input, and an output of the first feed forward loops is fed to the summing circuit and an input of a second one of the feed forward loops.
· an input adder to sum up the input to the allpass filter and a feedback from a delay line, wherein the delay line is electronically downstream of the input adder
· a feed forward loop connected to the input adder, wherein the feed forward loop comprises an amplifier having a feed forward gain (a)
· an output adder to sum up the outputs from the delay line and the feed forward loop
· the delay lines used in the feed forward loops and allpass filters are realized by circular buffers in digital signal processing

In effect, the patent’s reverberation generator uses circular arrays to represent delays. Each sample pulled from the end of a delay line is fed out to the summing circuit and into the next delay line with a gain of (a). The reverberation generation algorithm used in the digital effects processor is extremely similar. However, there is at least one significant change: the patent’s reverberation generator sums the reverberation signal with the digital audio input signal. The digital effects processor generates a digital reverb signal and converts it to analog before summing it with the original analog audio signal. The original digital audio signal is never used. Furthermore, as in the previous patent, the infringement points mentioned above are only components of a larger claim. In the larger claim, “a” is specified to fall between 0.6 and 0.7. Similarly, there are specifications that each delay line is 1.1 to 1.5 times as long as the previous delay line. If there is still potential for an infringement claim, the digital effects processor can simply use values that fall outside this range, guaranteeing that our reverberation generator is not the same as the one specified within the patent.
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2.3 US Patent Publication Number US4348754 A:
Filing Date: May 15, 1980
Abstract: This patent describes use of digital delay by converting an analog signal to a digital signal, storing it in memory for a predetermined amount of time, then converting the held digital samples back into an analog signal [4]. The delay allows time to listen to audio samples before writing the audio samples with a disk lathe (to an audio disk of some kind).
Potential Infringement: Among the claims, the digital effects processor potentially infringes upon the following [4]:
· analog to digital conversion means for converting said analog sample signals to digital sample signals
· memory means for storing said digital sample signals and having a sufficient number of memory address locations to store the number of digital sample signals that correspond to the maximum predetermined delay
· digital to analog conversion means for converting said digital sample signals read from the memory into analog signals for recording
· memory address control means for cyclically successively addressing locations in said memory

The form of digital delay used in this particular patent is exactly the same as the form of delay used in the digital effects processor. The digital effects processor performs analog-to-digital conversion and stores the sample into a circular array. When required, the sample is later converted back from digital to analog. Furthermore, the digital effects processor uses a circular array which could be argued as being the same as the memory address control means specified in the 4th bullet point. However, this patent is already expired and could be used as Prior Art in defense of the digital effects processor.

3.0 Sources Cited:

[1] 	Federal Communications Commission. (2014). Understanding the FCC Regulations for Computers and Other Digital Devices [Online]. Available: http://transition.fcc.gov/Bureaus/Engineering_Technology/Documents/bulletins/oet62/oet62rev.pdf

[2]	Ren SUMITA, “Tempo detection apparatus and tempo-detection computer program,” U.S. Patent 20080034948 A1, August 1, 2007

[3]	Yuan Wu, Sapna George, “Digital reverberations for audio signals,” U.S. Patent 20070195967 A1, February 2, 2007

[4] 	David L. Haynes, John M. Brennan, “Digital delay for high quality audio use,” U.S. Patent 4348754 A, May 15, 1980

https://engineering.purdue.edu/ece477 		Page 4 of 4

