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ABSTRACT

We present AxSerBus, a quality-configurable approximate serial
bus for the energy-efficient transfer of sensory data exploiting their
high data locality. The proposed approximate serial bus signifi-
cantly reduces signal transitions on off-chip buses by encoding the
differentials of sensory data in three encoding modes, depending
on the magnitude of the differentials. In this demo, we will present
AxSerBus prototyped on an FPGA board with a camera as the
source of sensory data. We will demonstrate a significant power
reduction by 610 mW for 640×480 at 60 Hz video streaming.

1 INTRODUCTION

Most wearable and implantable devices such as action cameras,
health-tracking bands, smart watches, and pacemakers spend sig-
nificant amounts of time reading sensors such as microphones,
image sensors, accelerometers, electrocardiogram (ECG) sensors,
etc. and processing the sensed data within them. Frequent or con-
tinuous sensing poses a new challenge to energy efficiency due to
the significant energy consumption of sensory data transfer from
off-chip sensors to processors. Unfortunately, unlike on-chip buses
that have greatly benefited from improvements in semiconductor
process technology, off-chip buses, and in particular serial inter-
faces that are commonly used with sensors (e.g., Serial Peripheral
Interface (SPI), Inter-Integrated Circuit (I2C), MIPI Camera Serial
Interface (CSI)), have improved much more slowly. As a result, as
much as 13% of energy dissipation of a microcontroller in such
systems can be attributed to data transfer from off-chip sensors [3].

Figure 1 illustrates the motivation of this design: high dynamic
power consumption due to the high capacitance, high data rate,
and high utilization of the sensor-to-processor off-chip bus. For
example, consider an 8-megapixel image sensor capturing a video
at a frame rate of 30 fps (frames per second). Even if the distance
between the sensor and the processor is only 3 cm, the dynamic
power just for the data transfer (not including power consumed for
processing the data) can be as high as 49 mW (assuming a parasitic
capacitance of 1 pF/cm, a driver voltage level of 3.3 V, and a color
depth of 8 bits). This power consumption will be a bigger challenge
with increasing resolution (e.g., 4K or 5K) and frame-rate (e.g., 60
fps or 240 fps for slow motion) in the video.

The key attributes we take advantage of to combat this challenge
are the high locality of sensory data and the high error resiliency
of sensing applications. Approximate computing exploits the error
resiliency of error-resilient applications to save energy by relaxing
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Figure 1:Motivation of AxSerBus–high dynamic power con-

sumption of off-chip buses.

the exactness requirement and producing results that are just good
enough [4]. Adopting this broad approach, approximate serial bus
techniques have been proposed recently to encode data in a lossy
manner to reduce bit transition counts (TC), leading to reduced
switching power in the serial bus [1–3].

We present a novel quality-configurable approximate serial bus
called AxSerBus (Approximate Serial Bus) to address the challenge
in energy-efficient sensory data transfer. AxSerBus encodes data in
three modes depending on the magnitude of the difference between
the current data and the previous data: very small differentials are
zeroed out, incurring no energy dissipation; intermediate differen-
tials are encoded using special low-transition count patterns; and
for high differentials, the absolute value (not the differential) of the
data is transmitted. The technical details of AxSerBus can be found
from the attached paper.

In this demo, we will present AxSerBus prototyped on an FPGA
board, Terasic DE10-Nano with an Intel Cyclone V FPGA. We use
a CMOS camera as the source of sensory data and display it on
a monitor. We measure the power consumption using a precision
multimeter with and without AxSerBus activated. Our experiment
shows power reduction from 4.61 W to 4.00 W at a data rate of
441 Mbps using 3.3-V LVTTL general-purpose I/O (GPIO) port and
a 10-cm ribbon cable.

2 IMPLEMENTATION

Figure 2 shows the board architecture of the AxSerBus prototype
we will present at the demo. Ideally, the encoder of AxSerBus
should be embedded in the sensor’s off-chip bus transmitter and the
decoder should be embedded in the microcontroller’s off-chip bus
receiver, which requires the modification of the commercial sensor
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Figure 2: Board architecture and experimental setup of the

AxSerBus prototype.

and microcontroller ICs. However, for demonstration purposes,
we implement a proof-of-concept prototype using off-the-shelf
components. A CMOS camera generates source video stream at
a resolution of 640×480 at 60 fps. The transmitter FPGA receives
and encodes the video stream. The encoded video stream is sent
to the receiver FPGA on the receiver board over a ribbon cable
and decoded. We use a 10-cm IDE ribbon cable, and the parasitic
capacitance is approximately 3–10 pF.

The data rate of the source video stream is

(640 × 480)
(
pixel
frame

)
× 8

(
bit
color

)
× 60

(
frame
second

)
= 147Mbps per color channel.

Unfortunately, the GPIO pins of the FPGA we use cannot be driven
at 147 MHz due to the slow switching capability. Therefore, we
reduce the data rate by down-sampling by 1/8 and drive eight pins
per channel to scale the power consumption. The effective data rate
is 441 Mbps. Note that this is due to the slow GPIO switching of
the FPGA used for this demo, not due to a limitation of AxSerBus.
As shown in the attached paper, encoding and decoding of AxSer-
Bus can be done within a single cycle. If AxSerBus is natively
embedded in the sensor, it can support the full resolution without
down-sampling. To demonstrate the change in the image quality
without the impact of the down-sampling, we decode the video
stream on the transmitter FPGA and display on a monitor, as shown
in Figure 2. We measure the current consumption of both boards
using a precision multimeter with and without AxSerBus. The
difference between the two is the power saved by using AxSerBus.

3 DEMONSTRATION

Figures 3(a) and 3(b) show the current consumption of the sys-
tem with AxSerBus deactivated and activated, respectively. For
this demonstration we configure the AxSerBus zero-out threshold
D0 = 16 and approximation threshold Dm = 64. As shown in the
figures, the camera is capturing an almost identical scene, but the
total current consumption of the system is significantly reduced
from 922 mA to 800 mA. The supply voltage is 5 V, hence the cor-
responding power savings is 610 mW. Note that this includes the
power consumption of the FPGA GPIO, which are much higher
than typical sensor I/O. The figures also show a magnified image
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Figure 3: Current consumption of the systemwith (a)AxSer-

Bus deactivated and (b) AxSerBus activated.

on the monitor, and the quality degradation is hardly visible. For re-
sults of other image benchmarks and the trade-off between quality
and power savings, please refer to the attached paper.

4 CONCLUSIONS

AxSerBus is a light-weight yet highly effective approximate bus
encoding scheme for the energy-efficient transfer of sensory data.
We implemented a board-level prototype of AxSerBus using two
FPGA boards and a CMOS camera and confirmed a power saving of
610 mW. The quality degradation is negligible. At the demo, we will
demonstrate the same using the setup presented in this proposal.
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