A retina-inspired device that can detect and
recognize movements in the environment
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based on image sensors made of complementary
metal oxide semiconductors (CMOS). Compared to
the human retina, these systems are often bulky
and ineffective, as they require several hardware
components for capturing, storing, and processing
images.

Illustration of the motion detection procedure based on
inter-frame differential computation. (1) First, the team
developed the retinomorphic devices with non-volatile
positive and negative photoconductivity and
experimentally record positive and negative response
parameters of the devices; (2) the device parameters are
used to construct m×n positive and negative
photoconductivity matrices. And we set a suitable time
interval ?t based on the motion pattern of the trolleys and
extract the two frames (t1, t1+?t) at the interval ?t. The
prior frame m×n pixels are multiplied by the negative
mapping matrix and stored, due to the non-volatile
photoconductivity memory. The latter frame m×n pixels
are multiplied by the positive mapping matrix and the
memorized result is summed with the previous frame; (3)
after obtaining the inter-frame sum, a step activation
function is defined to help differentiate the summed data.
Eventually, the classified pixels were rearranged in a
sequence to construct the detected image by Python.
Since the pixels are different under variable frames if the
trolley is in motion, and it is distinguishable after
multiplying and summing with the positive and negative
photoconductivity matrices. Credit: Zhang et al.

Researchers at Fudan University and the Chinese
Academy of Sciences have recently developed a
new two-dimensional (2D) device inspired by the
human retina that can detect movements, store
motion data and analyze it. This all-in-one device,
presented in a paper published in Nature
Nanotechnology, is far less bulky than existing
devices for motion recognition, yet it can recognize
moving objects with high accuracy.
"Initially, we designed the specific structure that
displayed a novel positive and negative photostorage function," Peng Zhou, one of the
researchers who carried out the study, told
Phys.org. "After communicating with a professor
specialized in artificial vision, we discovered the
commonality between the structure and the retinal
network and started the design and exploration of
the artificial vision function like motion detection
and edge detection."
Zhou and his colleagues set out to develop a
device that can sense light, store data and perform
computations, using hardware shaped like the
human retina. The overreaching goal of their work
was to achieve motion detection and recognition
with a simpler and lighter device that consumes
less power.

"The all-in-one device we created has two different
modes based on the different stored carriers, which
correspond to positive and negative optical
Devices that can automatically detect and
response, respectively," Zhou explained.
recognize moving objects have numerous valuable "Therefore, it can produce a positive/negative
applications, for instance, enhancing remote
antagonistic non-volatile output under illumination.
environmental monitoring. Most existing motion
The integration of sensing, memory and computing
detection and recognition (MDR) technologies are is just similar to the mode of the human retinal
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network."
As the device created by Zhou and his colleagues
partly resembles the human retina, the team
evaluated its ability to perform some of the retina's
functions, including motion and edge detection.
Remarkably, they found that an artificial neural
network running on the retina-inspired device could
recognize moving objects with significantly greater
accuracy than algorithms running on other devices.
"Previous retina-inspired devices only exhibited
optical responses and could not store them
efficiently, thus preventing time-domain
computations for moving targets," Zhou said. "The
all-in-one retino-morphic devices we proposed have
non-volatile bipolar positive and negative
photoconductivity, which enable unprecedented
temporal differential processing and can therefore
be applied to both moving targets and static
images."
The researchers have already used their design to
create a prototype of the retinomorphic device. In
the future, this device could be used to remotely
monitor a variety of environments or could be
integrated in robots to enhance their motion
detection and recognition capabilities.
"We have extended the functionality and
applications of retina-inspired devices with 2D
materials and provided prototype demonstrations
for the integration of sensing, memory and
computing," Zhou added. "We now plan to use the
device we created as a model to build a hardware
network system. At this stage, we are already
working on exploring 2D system processes as well
as constructing a test platform."
More information: Zhenhan Zhang et al, All-inone two-dimensional retinomorphic hardware
device for motion detection and recognition, Nature
Nanotechnology (2021). DOI:
10.1038/s41565-021-01003-1
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