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ABSTRACT

Localization of mobile robots is essential for navigation

and data collection. This work presents an optical localization

scheme for mobile robots during the robot’s continuous move-

ment, despite that only one bearing angle can be captured at a

time. In particular, this paper significantly improves upon our

previous works where the robot has to pause its movement in or-

der to acquire the two bearing angle measurements needed for

position determination. The latter restriction forces the robot to

work in a stop-and-go mode, which constrains the robot’s mo-

bility. The proposed scheme exploits the velocity prediction from

Kalman filtering, to properly correlate two consecutive measure-

ments of bearing angles with respect to the base nodes (beacons)

to produce location measurement. The proposed solution is eval-

uated in simulation and its advantage is demonstrated through

the comparison with the traditional approach where the two con-

secutive angle measurements are directly used to compute the

location.

INTRODUCTION

Mobile robot localization in GPS denied environments such

as underwater is a large field of research with many approaches

to solving the challenge. Approaches vary based on factors such

as the type of data used, how the data is captured and the algo-

rithm that converts the measured data into position. For example,

some of the varieties of observed data include distance, angle and

signal strength measurements, which can be captured by sensors

such as sonar scanners, RF antenna, inertial sensors, and optical-

based sensors, and then processed with techniques like SLAM

(Simultaneous Localization and Mapping), dead-reckoning, tri-

angulation, and trilateration [1–3].

Of the handful of the variations that can be used under-

water, many are implemented with the use of acoustic signals,

which is currently the predominant medium for underwater lo-

calization and communication. However, acoustic approaches

tend to further complicate or constrain the localization algorithm

due to the inherent limited bandwidth, long propagation delays,

and multipath effect, which result in low data rates and low sig-

nal reception reliability [4, 5]. Moreover, devices that imple-

ment acoustic-based methods tend to be bulky and power-hungry,

making them unsuitable for small underwater robots with limited

resources [6].

Optical communication systems based on Light-Emitting

Diodes (LEDs) are becoming a popular alternative to acoustic-

based methods, due to their demonstrated ability to perform well

in high-rate, low-power underwater communication over short-

to-medium distances [7–10]. However, LED-based communica-

tion is limited by its requirement to have near line-of-sight (LOS)

between the transmitter and the receiver. Fortunately, several so-

lutions to this challenges have been presented, and include the

use of redundant transmitters/receivers [11–14] and active align-

ment [8, 15, 16].

Indoor LED-based localization and communication systems
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have been developed in the form of visible light communication

(VLC) and visible light positioning (VLP) systems, where the

the overhead lights used to illuminate the room can also be used

as the transmission medium for both data and localization pur-

poses [17, 18]. However, these approaches are not practical for

a typical aquatic environment due to the difficulty in illuminat-

ing the significantly larger and more complex environment. An

underwater LED-based localization and communication system

was presented by Rust and Asada in [13]. This approach relies

on a nonlinear light intensity model to calculate the distance be-

tween the transmitting LED and the receiving photodiode. How-

ever, such an approach is prone to error since light intensity de-

pends on both distance and receiver-transmitter alignment. The

method in [13] also uses a photodiode array to determine the an-

gle of the light source, which increases the size and complexity

of the system.

Our prior works [19–21] presented an approach to LED-

based Simultaneous Localization and Communication by taking

advantage of the line of sight (LOS) requirement in LED-based

communication to extract the relative bearing between a mobile

robot and two nodes with known positions (referred to as base

nodes). The bearing angles were then used to triangulate the po-

sition of the mobile robot. A Kalman filter was implemented to

combat the challenge of measurement noises and to allow robot

position prediction to facilitate the light scan for bearing mea-

surement. However, this approach came with the assumption that

the angles were captured when the mobile robot was at a single

location. Consequently, because scanning for the light intensity

with a rotating receiver cannot capture both angles simultane-

ously, our implementation used a stop-and-go motion in order

to ensure the robot was at a single location. However, this sig-

nificantly slowed the robots movement, making it unsuitable for

time-sensitive tasks.

In this work, we propose a novel solution to LED-based

localization which is capable of capturing the position of the

robot while it is continuously moving. In particular, the pro-

posed approach takes advantage of the estimated velocity from

the Kalman filter, to properly correlate the two consecutive mea-

surements of bearing angles with respect to the two base nodes

for the position computation. In contrast to the previous works,

this approach also now uses for the first time a rigid-body model

to more accurately estimate the robot’s movement. The perfor-

mance of the proposed dynamic-prediction approach is evaluated

in simulation in the measured body orientation and compared

with the performance of the traditional approach used in our pre-

vious works, under the same noise conditions. The results show

that the dynamic-prediction method does consistently better than

the traditional method over a range of noise levels for the body

orientation measurement.

The remainder of this paper starts with a basic concept of

the LED-based localization scheme and outlines the Kalman fil-

tering scheme used in robot state prediction. Then the proposed

scheme is presented followed by a description of the simulation

setup and results. Finally, concluding remarks and future work

are provided.

OVERVIEW OF LED-BASED LOCALIZATION

To simplify the discussion, the localization approach is dis-

cussed in the two-dimensional (2D) space. All nodes have an

optical transceiver, which is an LED transmitter together with a

photodiode receiver. Each node is also able to rotate and monitor

the orientation of its transceiver about the horizontal plane. This

work assumes a network of 3 nodes, a pair of base nodes (with

known locations), BN1 and BN2, and a mobile node, MN, to be

localized as illustrated in Figure 1.

The mobile node’s coordinates can then be computed via the

bearing angles θ1 and θ2, and the known locations of the base

nodes BN1 and BN2:

[

nx

ny

]

=

[

B1x + |V1|cosθ1

B1y + |V1|sinθ1

]

(1)

where the x,y coordinate vectors for the MN and BN1 are
[

nx, ny

]T
and

[

B1x, B1y

]T
, respectively, and the magnitude of

vector V1 from Figure 1 is |V1|, which is obtained via the Laws

of Sines:

|V1|=
d sin(θ̄2)

sin(θn)
(2)

Here θn is the angle corresponding to the side BN1-BN2 within

the MN-BN1-BN2 triangle, θn = θ2 − θ1, θ̄2 is the complement

of θ2, θ̄2 = 180◦ − θ2, and d is the distance between BN1 and

BN2.

Though the approach may appear straightforward, capturing

accurate bearing angles is made non-trivial when the target node

is mobile, since insufficient synchronization and coordination

among the nodes can lead to improper LOS, thereby degrading

both communication and angle measurements. Moreover, angle

measurement error caused by inherent noise will lead to highly

variable (as opposed to smooth) trajectory estimation for the MN,

due to the reliance on pure algebraic calculation. Kalman filter-

ing addresses these concerns by generating predicted positions of

the MN to significantly reduce the scanning effort on all parties

to facilitate LOS establishment, which then enhances localiza-

tion accuracy and efficiency. A brief overview of the Kalman

filter used in this work is discussed next.

Kalman Filtering Algorithm

In this work, the Kalman filter is used to help establish the

LOS between the mobile node and base nodes, by predicting the
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