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Abstract: We present an efficient sensing technique using the event sensor. Without the 
use of any lens element, our method is compact and low-cost to evaluate dynamic levels 
from the pixel-wise asynchronous event streams. 

OCIS codes: 110.6150, 280.4788.

1. Introduction

Lensless sensing has wide potential in biomedical microscopy [1], motion measurement [2] and environmental
monitoring [3] due to its simple and easy-to-build form without any lens. In combination with computational
techniques, lensless sensing could retrieve meaningful information from the raw images captured directly by
digital sensors [4].

Conventional experimental setups are based on charge-coupled device (CCD) or complementary metal-oxide
semiconductor (CMOS). These sensor arrays produce a digital image where each pixel has the same exposure time.
Recently, event sensor has emerged as a powerful tool to record asynchronous data streams with high temporal
resolution and low latency [5]. Rather than recording the whole frame intensity at a constant rate, event sensor
only responds to brightness changes, and hence it has several advantages such as speed and data efficiency. Here,
we demonstrate the use of event sensor in lensless sensing.

2. Method

Our proposed method is based on laser speckle analysis. Laser speckles are generated when an object with an
optically rough surface is illuminated by a coherent light source, and each point of the surface scatters the incident
light. When we capture the pattern using the bare sensor, the scene texture is totally blurred, and only the grainy,
high-contrast patterns are discernible. These are referred to as speckle patterns. These patterns do not change,
but translate or scale by a small object motion, known as memory effect [6]. Assuming that we take images of a
moving object with a sufficiently high sampling rate, we can analyze the object motion from the captured speckle
patterns.

Unlike a conventional imaging sensor, event sensor cannot record absolute intensity measurements. It only has
asynchronous binary output and can be represented using a four-dimensional function e = (x,y, t, p), where (x,y)
is the pixel location, t is the asynchronous trigger time, and p ∈ {+1,−1} represents the binary polarity. In order
to obtain the motion information from the recorded event stream, we first accumulate the event polarities over a
sufficiently small time duration to form into a two-dimensional brightness increment image (BII) defined as

BII(x,y)≈−∇B(x,y)v(x,y)∆τ, (1)

where ∇B(x,y) =
(

∂B
∂x ,

∂B
∂y

)
is the gradient change of brightness, ∆τ is the time duration and v(x,y) is the velocity.

Based on the constructed BII, the scene motion can be estimated using the event time history speckle pattern
(ETHSP) and event absolute summation (EAS) [7]. The ETHSP graphically evaluates the scene motion and is
obtained by placing the same line extracted from each successive BII side by side. When the sample has faster
motion, the higher temporal variations are detected, resulting in a higher density of dots in the ETHSP. The EAS
quantifies the scene activity and is defined as

EAS = ∑
p

∑
i

∑
j

Ni, j, (2)

where Ni, j is the number of discrete event states of pixel (i, j) in the ETHSP image. The value of EAS grows along
with the dynamic level.
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Fig. 1: (a) schematic of the experiment setup, (b) - (e) ETHSP images of four different levels of the scene dynamics.

Table 1: Quantitative evaluation of the scene activity using EAS.

Moving speed 0.25 0.5 0.75 1.0
EAS 2246 4547 6604 15376

3. Experimental results

The schematic diagram of our experiment setup is shown in Fig. 1a. The 10 mW 632.8 nm laser source (Thorlabs,
HNL100L) is placed 50 cm from the object and we use a 10× beam expander (Thorlabs, BE10M-A) to expand
the laser beam. The event sensor (Prophesee, PPS3MVCD) has a 640×480 resolution and 15 µm pixel size and is
positioned 40 cm from the sample. The sample is a small piece of white paper with a rough surface and mounted
to a linear translation stage. In our experiment, we took four dynamic scenes with different moving speeds of
0.25 mm/s, 0.5 mm/s, 0.75 mm/s and 1.0 mm/s to represent different dynamic levels.

The experimental results are shown from Fig. 1b to Fig. 1e, and in Table 1. The denser dots in the ETHSP and
larger number of EAS represent a higher level of scene activity. Taking advantage of the fact that the event sensor
only has pixel-wise output when it senses motion in the scene, our proposed method evaluates the scene motion
efficiently and saves data usage.

4. Conclusion

In this paper, we propose a novel lensless sensing system setup using the event sensor. The scene activity is
evaluated both graphically and numerically from the recorded event streams.
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