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ABSTRACT
Visible light communication (vlc) over screen-camera links
emerges as a novel form of near-field communication, and it
offers a user-friendly, infrastructure-less and secure commu-
nication, which is highly competitive for one-time file trans-
fer [1–4]. However, the limitations of smart devices and the
uncertainty of user behaviors seriously impair the transmis-
sion reliability and hinder its applicability. Worse still, exist-
ing approaches [1,2,4] mostly focus on improving the trans-
mission speed and ignore the transmission reliability. Hence,
RDCode is proposed to boost the throughput over screen-
camera links, by making use of a novel barcode design and
several effective techniques to enhance the transmission re-
liability [3]. In this demo, we show that our RDCode proto-
type system addresses many practical challenges.

A short video on our prototype system is accessible from
http://mashuai.buaa.edu.cn/demo/RDCode.mp4.

1. INTRODUCTION
As the rapid proliferation of camera-equipped smart

devices, visible light communication (vlc) over screen-
camera links, as a novel form of near-field communi-
cation, has provided an attractive solution for its user-
friendliness, security and infrastructure-less. Compared
with the traditional radio frequency (rf) techniques
such as Bluetooth and WiFi, vlc does not depend on
the Internet infrastructure and enables direct and se-
cure communications, which simplifies the complicated
authentication process for setting up link connections.
Hence, vlc is well suited for one-time transfer as it in-
curs no charge and no overhead in link setup and man-
agement, compared with traditional rf techniques [3,4].

To achieve high-speed data transmissions, the trans-
mission rate is only one side of the coin. The trans-
mission reliability is equally important for many ap-
plications such as file transmission. However, previous
works [1, 2, 4] mostly spend their efforts on improving
the transmission speed, while ignore the transmission
reliability. We give an analysis of the typical problems
that impair the transmission reliability and summarize
these into two categories: smartphone limitations and
user behavior uncertainty [3], which introduce two chal-

Figure 1: RDCode architecture

lenging issues: (a) the locality problem that for an image
with uniform features, the close places in its captured
image have similar features, while places far from each
other present different features, and (b) the partial un-
availability problem that leads to either unrecognizable
parts of a frame caused by e.g., unsuitable shooting po-
sitions or temporally sequential frames loss caused by
e.g., trembles [3].

As a first step towards solving all these problems, we
have proposed RDCode [3], a robust barcode system for
high-speed data transmissions over screen-camera links.
The architecture of RDCode is shown in Fig. 1. Finally,
we implement the RDCode prototype system as a file
transmission App on an Android platform.

2. RDCode DESIGN
In this section, we briefly introduce our RDCode de-

sign. RDCode is a vlc system designed for high-speed
data transmissions over screen-camera links, and it con-
sists of three layers. (a) The first layer is the bar-
code layout and its corresponding locating and data ex-
traction methods, which lay a foundation for reliable
transmissions; (b) The second layer is the error correc-
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Figure 2: The frame layout of RDCode design

tion and data ordering methods to enhance the reliabil-
ity; And (c) the last layer is for a specific application,
i.e., file transmissions in our implementation. These
together enable RDCode to reach a high transmission
speed by enhancing the transmission reliability.

2.1 Barcode Layout
RDCode has a novel tri-level barcode layout such that

(a) a packet comprises a sequence of frames, (b) each
frame consists of a set of independent blocks, and (c)
each block is a square of symbols, shown in Fig. 2.

To increase the locating success rate for receivers, a
frame of RDCode contains a single specifically designed
locator at the center block, referred to as the center lo-
cator, and each block in a frame also contains another
pattern (i.e., a single black symbol) at the left-top cor-
ner of the block, referred to as the distributed locator.

We incorporate an adaptive locator detection method
into RDCode to recognize the barcode sequence. It first
searches and identifies the center locator, then makes
use of a best-effort approach to identifying all the dis-
tributed locators, by taking advantage of the positions
of the located neighboring locators of a distributed lo-
cator to speed up the detection process. It is easy to
know that the four distributed locators around a block
can determine the positions of the symbols in the block.
The adaptive techniques for symbol extraction improve
the locating and decoding accuracy, by using successive
frames in our dynamic barcode system.

The barcode layout of RDCode along with the adap-
tive locating methods lay a foundation for reaching
high-speed reliable data transmissions.

2.2 Data Protection Techniques
Based on an analysis of the spatial and temporal dis-

tributions of errors, we apply (a) the Reed-Solomon
(RS) code for block level error corrections, and (b) two
kinds of parity-check codes for frames and packets, re-
spectively. Our experiments show that the error correct-
ing method behaves much better than using the Reed-
Solomon code alone. In order to keep the block and
frame ordering, we further put a short header denot-
ing the relative sequence number in each block, and the
full sequence number can be calculated by looking up a
certain kind of meta data in the center block.

2.3 File Transmission Techniques
We finally build a layer on the top of RDCode for

file transmissions. A file is treated as binary data, and
read into a bit array that keeps repeating in the source
data stream. During the transmission process, we need
to keep the data intact and complete within a short
time. Hence, we propose an efficient optimization to
encode the packets into a combination of these packets
in certain order. This significantly reduces the extra
transmissions when the file is not completely received
in the first transfer.

Remarks. RDCode significantly improves the trans-
mission speed by enhancing the transmission reliability.

(1) The barcode layout and adaptive symbol extraction
methods are in nature to address locality problems and
partial unavailability problems, since different blocks
are autonomous. They are located, recognized and de-
coded independently and asynchronously. As a result,
the data reliability is improved. Moreover, our adaptive
techniques improve the locating and decoding accuracy,
and hence increase the data capacity per frame as well
as transmission speed.

(2) The novelty of the data protection techniques lies in
that instead of simply applying a single Reed-Solomon
code like most barcode systems, we analyze the char-
acteristics of data errors, utilize our tri-level barcode
layout and design a tri-level error correction method to
decode the decodable parts of data as much as possible
to increase the data integrity.

3. RDCODE DEMONSTRATIONS
In this section, we describe two demonstrations to

show that RDCode achieves a high transmission perfor-
mance, and that our work has a potential to be adopted
by commercial products. The file transmission using
our RDCode prototype system is illustrated in Fig. 3.

(1) In the first demonstration, we show how to transmit
a file from a laptop to a smartphone. We use our laptop
as the sender, and an Android smartphone Samsung
Galaxy S3 as the receiver. The file can be in any format
such as JPEG image files and plain text files. We allow
a user to choose a file to transmit.

There exist a number of files in various types in a
specific directory of our laptop. As long as the source
file is chosen, the online encoder of RDCode immedi-
ately starts generating frames and simultaneously play
the barcode stream. At the other side, the receiver,
held by hands, captures the screen of the sender, and
simultaneously decodes the image frames. During the
demonstration, we (a) change the distance between the
sender and receiver, (b) adjust the shooting angle, and
(c) even block some area of the sender display. Users
can see that the transmission process eventually termi-
nates and the received file is intact and complete.
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Figure 3: File transmissions using the RDCode prototype system

Figure 4: RDCode setup

After the transmission is done, we then plug the re-
ceiver into the laptop and show some statistics such as
transmission rates and successfully decoded block ra-
tios during the transmission. These statistics are shown
with another application running on our laptop.

(2) In the second demonstration, we show how to trans-
mit a file from a tablet to a smartphone. Here we use
a tablet Asus Nexus 7 as the sender, and an Android
phone Samsung Galaxy S3 as the receiver. An image
file is chosen to be transmitted from the sender, and an
RDCode frame with a customized shape is generated
in the tablet, by disabling some blocks within a frame.
The receiver is able to successfully capture and decode
RDCode frames, and finally the entire received image
is presented on its screen.

4. DEMO SETUP
We need to port our RDCode App to an Android

smartphone and an Android tablet with the Android

4.2 operating system. The RDCode App contains both
an online encoder and an online decoder, which are de-
veloped using Scala with the Android SDK and Scala
compiler. For the convenience of demonstration, we mi-
grate the sender to a laptop with Mac OS X 10.9.

Our prototype system is easy to set up. As shown
by Fig. 4, we initiate an application to encode a file
into RDCode frames, and trigger the RDCode App on
our Samsung Galaxy S3 smartphone to receive the file.
The tablet is put on its holder to keep still, and is placed
beside the laptop when not needed.

5. DEMO REQUIREMENTS
Our demonstration requires a laptop, a tablet and a

smartphone. To put on our devices, a desk larger than
80cm*50cm is needed, and we also need an AC power
supply with more than 4 plugs. There are two extra
requirements. First, a large LCD display connected to
our laptop would make people easier to see our proto-
type system. Second, it would be nice if we could pin a
poster around our demonstration desk.
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