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Introduction 

 In the design of modern technology, the ability to transfer data between a host and peripheral 

device is a necessity to develop systems of any scale. A large-scale embedded system might use SPI or 

I2C protocol to transfer data internally between chips, or a DMA might be used to transfer pixel graphic 

data to the screen of a mobile video game device; there are countless technologies that rely on a number 

of interfaces to transfer data between subcomponents of the device. Clearly, the ability to reliably 

communicate information within a system is an absolute necessity and it serves as the backbone behind 

the dataflow of any design before data can even be processed and used. This paper is a review of the use 

of a USB interface between an Android smartphone and FPAA for music synthesis applications. 

 

Commercial Applications/Availability 

 FPGAs have offered a configurable medium for DSP applications, but more recently FPAAs have 

been studied as an alternative. While FPGAs rely on the conversion of data from real to integer for use in 

a digital setting, an FPAA bypasses this process while having the ability to rely on multiple functional 

blocks that already exist in the device fabric for the control system(s) and logic required to process the 

data [1]. However, FPAAs are still an early technology and not many units are actively manufactured and 

distributed (compared to FPGAs). Some research into the availability of FPAAs revealed that they are 

produced and sold by only a few companies like Anadigm and Okika Technologies. Anadigm’s latest 

FPAA board, the AN231E04, offers a dynamically reconfigurable analog signal processor [2] for $200 

(single evaluation kit). The options for commercially available FPAAs are already scarce, but 

additionally, none offer the I/O capabilities desired to interface with an Android smartphone. 

 Such an application-specific FPAA interface won’t be found on the market, but it has been 

studied by Dr. Hasler’s previous research groups. In the past, the group researched the development of a 

USB interface to allow students to program and interact with an FPAA in an educational setting. A laptop 

would be used to power and communicate with the device [3]. This application shares an on-board USB 

interface with our application, however there are key differences in the two designs. Rather than 

interfacing with a laptop, the team’s design seeks to interface with an Android smartphone. Additionally, 

programmability of the FPAA would not fall under the functionality of our interface; the smartphone 

would provide software control for the synthesizer functionality, but hardware configuration would be 

isolated. Another design, while also interfacing with a laptop, abstracts FPAA control system logic and 

hardware onto a separate board which communicates with the actual FPAA IC board [4]. 

  

Technology Functionality 



 USB is a flexible and widely-used interface for communication and power supply between a host 

device and a peripheral device. For an Android smartphone-specific design, a micro USB port is expected 

to interface with the USB port on the FPAA control board. The most common application of a micro USB 

to USB interface would be the cable used to charge smartphones and transfer files between a host PC and 

the smartphone. For the team’s application, an Android smartphone will act as host by controlling the 

music synthesizer on the FPAA.  

The USB On-the-Go (OTG) protocol would be most suitable for the team’s purposes as it “allows 

two USB devise to talk to each other without requiring the services of a personal computer” [5]. USB 

OTG also allows the two devices to swap host and peripheral roles as needed, so the smartphone could 

communicate synthesizer control to the FPAA which could in turn return audio data to the phone. For a 

device to act as host, it must support the ability to send start of frame (SOF), SETUP, IN, and OUT 

packets as well provide a USB signal reset and USB power management [5]. A Host Negotiation Protocol 

(HNP) is used to swap roles between the devices by using an additional ID pin which can be grounded 

and left floating to indicate which device is host and peripheral respectively. A Session Request Protocol 

(SRP) allows the peripheral to request power and communication from its host. To be OTG compatible, 

an OTG transceiver must have switchable pull-up and pull-down resistors (to switch host-peripheral 

functionality), power control circuitry, and an ID pin.  

 While USB OTG provides the infrastructure for data transfer between devices, the protocol will 

not operate correctly as is; for the smartphone the driver will have to be modified to properly interact with 

the device’s software (an app for example) and for the FPAA control board, some internal logic must 

occur to map incoming and outgoing data bits to the proper pin connections at the USB interface. 

Commercially available USB OTG cables will come with software compatible with the device but there is 

also open-source code in C that defines certain parts of the driver software that would need to be modified 

to be compatible with the team’s application. Important portions of the code would include status 

definitions, states, addressability of data, etc. [6]. 

 

Implementation  

In a previous section, the latter design by Dr. Hasler’s research group more closely matches the 

design for the team’s intended application. In that design, a USB to serial converter IC is used to interface 

with the device [4]. Ideally, we would be able to treat the FPAA control board as any other digital 

peripheral via USB as a standard interface [8]. For this application, work must be done in both a software 

and hardware setting to reach a workable design. The proposed micro USB OTG to FPAA USB interface 

is an ideal situation, however in reality it is likely that by itself, the FPAA control board would not be 

able to support host functionality. In such a case, the hardware would have to be modified via internal 



digital logic to support the HNP portion of the overall OTG protocol. To accomplish this, a mix of 

protocols may be used (for example SPI might be used to interface with other areas of the board) along 

with FPAA functional blocks to send analog data over a digital serial interface. Software will also have to 

be modified as a custom device driver would be needed to allow the smartphone to properly interface 

with the FPAA control board. As there is a mix of responsibilities involved with this technical aspect of 

the design project, there are numerous options available for EE or CE majors looking to get involved with 

hardware and/or software. 
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