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Fig. 1: The setup includes a host PC, microphone, and FPGA board.
The CAR model and RAMAN are implemented on the FPGA, while
the maze game and cochleagram visualization software run on the PC.
The microphone captures sound from its surrounding environment
and transmits the audio data to the FPGA bit-by-bit. The IS (Inter-
IC Sound) module combines this data into 16-bit audio samples and
forwards it to the CAR model. The output from the CAR model
is then fed into RAMAN. The outputs from the CAR model and
RAMAN are transferred to the host PC via Arduino Nano 33 BLE
to control the maze game.

I. DEMONSTRATION SETUP

We will demonstrate an FPGA implementation of the audio
inference using neuromorphic cochlea as a pre-processing
stage that emulates the auditory function of the human ear
and RAMAN tiny ML accelerator [1] for audio inference. The
neuromorphic cochlea incorporates a Cascade of Asymmetric
Resonators (CAR) model [2], combined with a low-pass filter,
to mimic the behaviour of the Basilar membrane and Inner
hair cells within the inner ear. The pre-processing stage also
incorporates a support vector machine (SVM) based wake-
up module that activates RAMAN only when the voice is
detected at the input. RAMAN stays idle the rest of the time to
save power. The CAR model serves as a feature extractor for
the SVM classification making the wake-up module compact
and computationally efficient. The audio inference pipeline is
implemented on Efinix Ti60 FPGA for the keyword spotting
task. Here the keyword spoken by the user is sampled by a
microphone at 16 KHz and then fed to FPGA through the
I?S interface. The CAR model processes these audio inputs
to generate cochleagrams, which are subsequently provided
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to RAMAN for inference. The resulting keyword predictions
from RAMAN are transmitted to a PC using an Arduino Nano
via the UART interface. These outputs are then used to operate
the maze game application on the PC.

II. VISITOR EXPERIENCE

By the setup depicted in Fig. 1, for an incoming audio signal
sourced from the microphone, visitors can see the live updates
on the detected keywords and RAMAN’s active or inactive
status. The maze game application subsequently encodes the
detected keywords to trigger various actions, such as altering
the game’s direction, pausing, or resuming gameplay. This
information is displayed on the application’s sidebar, allowing
users to monitor game progress and status in real-time. The
visitors would have a unique experience of witnessing the real-
time demonstration of the neuromorphic cochlea that closely
mimics the functioning of the basilar membrane in the cochlea
by visualizing the cochleagram of the keyword spoken and the
RAMAN tinyML accelerator that decodes the cochlear output
to generate predictions that control the game rendered on a
PC through a graphical user interface (GUI).

III. RESULTS

We will demonstrate a sophisticated real-time audio classi-
fier, leveraging a 30-CAR-section cochlear model for efficient
pre-processing and the inference engine RAMAN, running in
real-time on an FPGA platform. The design is extensively op-
timized and subsequently deployed on an Efinix Ti60 FPGA,
enabling operation at a peak frequency of 75 MHz utilizing
38.5k 4-input look-up tables (LUTs) and 10.3k flip flops (FFs),
which are mapped as eXchangeable Logic and Routing (XLR)
cells on Efinix FPGA. The total power consumption of the
design is 98.21 mW (46.65 mW static power and 51.57 mW
dynamic power) at 40 MHz. In future, we will explore the
seamless integration of audio and vision modalities within the
same system, expanding the application scope.
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