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Abstract—Infrared data transmission used to be a common
communication means for devices that are spatially close to
each other. Despite its reliability and cost efficiency, infrared
communication has virtually disappeared as its bandwidth is but
sufficient in many application domains. This paper reevaluates
to what extent built-in cameras of up-to-date smart phones
can be used as infrared receivers. It turns out that small data
amounts, such as IDs, tags, and network addresses, can be easily
recognized, which makes infrared-capable smart phones suitable
of automatic target selection and setup.

Index Terms—Smart Homes, Internet of Things

I. INTRODUCTION

Research on intelligent embedded systems is receiving

increasing attention in the area of smart appliances. The term

“smart appliances” refers to rather small but still “intelligent”

devices that are equipped with at least some sensors, actuators,

with low to moderate processing capabilities, and a network

interface of some sort. A collection of smart appliances consti-

tutes an ensemble, if they cooperate with each other in order

to help users accomplish their goals in an unobtrusive way

that does not require significant configuration activities [1] [2].

Thus, the research focus is more on parsimonious design, self-

organization/self-configuration mechanisms, intention recog-

nition, high-precision localization, and fusing heterogenious

platforms, rather than being on processing speed, memory ca-

pacity, and data throughput. Typical smart appliances include

light sources, switches, window blinds, beamers, presentation

laptops, heaters, as well as garage and front doors.

For doing specific research, several projects resort to sim-

plified smart homes, which contains a small number of light

sources and switches, as can be seen in Fig. 1. They normally

employ wireless communication interfaces, such as WiFi,

Bluetooth, Infrared, and ultrasonic. In addition, a small server

handling all the remaining communication and administration

tasks, might be part of the entire system. Even though being

rather educational in nature, the setup resembled in Fig. 1

is still challenging enough for most of the research issues

mentioned above.

One main target at smart home research is the implementa-

tion of auto-configuration mechanisms. Even though some of

the protocols, such as Devices Profile for Web Services [3],

support automatic device enumeration, neither of them sup-

ports automatic device selection. This means that the user has

Figure 1. Smart office with multiple lamps and controls

either to select the corresponding appliance from a long list

or enter the device information manually. To overcome these

error-prone and time-consuming methods, this paper focuses

on ways how to implement automatic appliance selection.

To achieve this automatic selection, the appliance has to

transmit its device information (e.g., device address, type,

further specific information) in a way, that the users’ controls,

e.g., their smart phones, can receive it. Recent research on

the automatic selection focuses on context-aware solutions

[4] [5] [6], but most of these solutions store the the device

information on a central server from which the controls can

aquire the information. Contrary to those solutions, this paper

focuses on a direct data transmission between the appliance

and the users’ controls that does not need a central server.

Some possible ways for this data transmission are given in

Sec. III. It can be seen that infrared data transmission seems

to fit the requirements for an automatic device selection.

Section IV describes the circumstances that have to be met

in order to accomplish an infrared data transmission. This

particularly includes an image processing algorithm, which is

used to parse the captured images of an infrared diode in order

recognize the contained data. The image processing algorithm

has been implemented on a smart phone as part of a proof-of-

concept. Section IV also provides the results obtained with that

first prototype. It turns out that it is possible to transmit data

at 1.5 bit per second using an infrared diode at a smart phone,
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APPLIANCE DETECTED!

 DEVICE ADDRESS: 75
TYPE: DIMMABLE LAMP

Figure 2. Smart phone screen with three light sources in sight. The application
has detected the information of the focused light source inside the reticle (in
red).

which is equipped with a camera and a proper application.

Finally, Sec. V concludes this paper with a brief discussion.

II. TASK: AUTOMATIC DEVICE SELECTION

A simple example of a smart home contains some devices,

e.g., light sources and at least one smart phone, which serves

as a control unit. For this system to work, the smart phone

has to send its commands (e.g., “turn on” or “turn off”) to the

lamps wirelessly.

Therefore, the smart phones application has to know the

device address of the target lamp that it is to be controlled.

The process of getting to know all the required information of

the lamps is referred to as “pairing” in this paper.

Nowadays, manual pairing is often used. It relies on the

user to either enter the corresponding device address or to

select it from a list of all devices found within the network.

As long as the number of actuators connected to the network

is quite small, the process of selecting the appropriate device

may work. But with larger numbers of connected actuators

(e.g., lamps, window blinds, heaters), the selection process

becomes not only quite time-consuming and error-prone, but

also very annoying.

To support the user in selecting the right actuator, it would

be helpful, if an actuator publishes (e.g., emits) its device

address in a way the smart phone is able to automatically read.

One sample display output is shown in Fig. 2 . In the figure, the

application being executed has detected the appliance, a light

source in this example, in sight and has determined its device

information in order to simplify and automate the setup. With

this information, the application is now able to communicate

with the light source without asking the user for any details.

For this automatic device information transfer, the following

methods are suitable (no claim is made that this list is

exhaustive):

• Barcodes (e.g., QR code)

• Near-Field communication (NFC)

• Bluetooth

• Infrared Communication (IR)

This paper focuses on infrared-based communication. Some

of the reasons are that barcodes can only be reliably detected

Table I
SYMBOL MAPPING

bits to send symbols transmitted description
00 0011
01 0101
10 1001
11 1101
– 0001 Start of Byte marker
– all others illegal combination

if the distance between the (smart phone) camera and the

barcode is far less than 1 meter. An equal problem exists with

near-field communication interfaces, as their range is only a

few centimeters. Therefore, both cannot be used, if a lamp is

mounted at the ceiling. Bluetooth can reliably transfer data

over a distance of several meters, but lacks the possibility

to focus a selected device. Instead, Bluetooth would list all

appliances in range, similarly to the wireless network used for

communication.

Infrared communication is able to fulfill both requirements,

being able to focus one single target and i.e., bridging a

distance of multiple meters. As is known, most cameras built

into smart phones are capable of “receiving” infrared light. If

aiming with a camera on an active infrared diode, a bright spot

appears on the captured image. This has already been used to

track different objects with an automatic tracking system called

IRIS-LPS [7]. A similar approach has also been described as

“Balloon Tag” [8]. Furthermore, the installation of an infrared

diode to appliances is less expensive than attaching an NFC

interface, or adding a screen for displaying barcodes.

With this knowledge, it should be possible to transfer data

between an appliance equipped with an infrared diode and

a smart phone. The following section elaborates how such

transmission could take place, whereas Sec. IV shows details

of the sample implementation used for providing a proof-of-

concept.

III. USING A SMART PHONE CAMERA AS AN INFRARED

COMMUNICATION RECEIVER

Infrared communication is an established method to transfer

data between two devices. Established standards for infrared

transmission, such as the serial infrared protocol (SIR, [9]),

use dedicated transceivers to overcome the limitations implied

by the use of infrared light. These transceivers use both optics

to focus on the infrared light beams, and filters to allow only

infrared light to pass.

State-of-the-art smart phones usually lack such a dedicated

transceiver. Therefore their camera has to be used in order to

receive an infrared transmission. The problem is that a smart

phone camera neither has infrared-specific optics to focus on

a small area nor does it have filters to only allow infrared light

to pass. Whereas the first problem may be overcome by using

a simple reticle, so that the user is able to focus on the sender,

the latter requires an image processing algorithm to extract the

transmitted information.

A very simple approach to accomplish the data transfer
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1: OldBright← 0 � Brightness of image before

2: OldState← 0 � Bit detected on image before

3: PixelCount← 40 � Pixels to be processed

4: Threshold← 15 � Threshold for detecting transitions

5:

6: function BRIGHTNESS(Image, P ixelX, P ixelY )

� Caclucation of Brightness value

� Image - 2D-array of brightness values

� PixelX - Horizontal Pixel count

� PixelY - Vertical Pixel count

7: brightness← 0
8: X ← PixelX/2− PixelCount/2
9: while X < PixelX/2 + PixelCount/ do

10: Y ← PixelY/2− PixelCount/2
11: while Y < PixelY/2 + PixelCount/2 do
12: brightness← brightness+ Image[X][Y ]
13: Y ← Y + 1
14: end while
15: X ← X + 1
16: end while
17: return brightness/(PixelCount ∗ PixelCount)
18: end function
19:

20: function GETBIT(Image, P ixelX, P ixelY )

21: V alue← BRIGHTNESS(Image, P ixelX, P ixelY )
22: if V alue−OldBright > Threshold then
23: OldBright← V alue � Zero-One transition

24: OldState← 1
25: return 1
26: else if OldBright− V alue > Threshold then
27: OldBright← V alue � One-Zero transition

28: OldState← 0
29: return 0
30: else
31: OldBright← V alue
32: return OldState
33: end if
34: end function

Figure 3. Image processing algorithm

would be to emit the bits directly by turning the infrared diode

on and off. This simple approach has some shortcomings as

it neither indicates the begin of the transmission nor does

it contain any additional information to be able to detect

transmission errors. To overcome these two problems, a more

advanced encoding scheme has to be used, which adds a “start-

of-byte” pattern and includes at least a checksum for potential

error detection. One of the possible schemes can be found in

Table I .

On a smart phone, a proper application has to be executed.

This application helps the user to select the target by showing

the user the captured images overlaid with a reticle. Using

an image processing algorithm that extracts the (infrared)

brightness value within the area selected by the reticle, the

application is able to receive the published information.

This image processing algorithm calculates the brightness

value of the area selected by the reticle and compares it to

the one calculated for the previous image. If the two values

differ more than a specific threshold, a zero-to-one-transition

or a one-to-zero-transition is detected.

The infrared transmission is limited due to two factors. The

first is the capturing speed of the camera, which is usually

limited to 25 or 30 frames per second. The second is the

calculation time required by the image processing algorithm.

The latter further limits the processing speed to less than 10

frames per second.

For easier debugging options of the current prototype, the

speed is chosen to three baud, to be able to validate the results

of the image processing algorithm with the recorded images. A

zero-to-one-transition or a one-to-zero-transition is assumed,

if the values between two consecutive frames differ by more

than a specified threshold.

IV. PRACTICAL EXPERIMENTS

Figure 4 shows the test setup for the data transmission.

The sender (left-hand-side) uses its infrared LED to send

device specific information, e.g., device ID, name, and security

information. The smart phone camera captures the infrared

pattern as an image series. The image processing algorithm,

as shown in Fig. 3 , recognizes the emitted data. The extracted

information is used within the network stack to establish a

communication link using a wireless LAN connection between

the smart phone and the device. To help the user focus on

different devices, the application provides a graphical user

interface that shows the currently captured camera images.

The user then has to focus on the target marker.

The developed application was tested using two different

smart phones. Both are using Windows Phone as their operat-

ing system. One phone is a HTC 7 Pro running Windows

Phone 7. The other one is a Nokia Lumia 1020 running

Windows Phone 8. Both smart phones are equipped with

cameras that are capable of recording videos with at least

640×480 pixels.

Using the setup described above, simple strings with a

length of up to 10 bytes could be sent between a micro-

controller with its attached infrared diode and a smart phone

running the receiver application. The smart phone and the

diode were placed at a distance of 10 cm, the camera directly

focusing the infrared diode. Due to the maximum processing

power of the smart phone and the limitation of frames captured

from its camera, a maximum transmission speed of 3 Baud

could be achieved. This equals a transmission speed of 1.5

bits per second, if a symbol mapping according to Table I is

used. With this transmission speed, one single byte can be

transmitted within 5.3 seconds; for a 128 bit key, as proposed

in [10], the system consumes round about 90 seconds.

V. DISCUSSION

The results of this case study show that a smart phone

equipped with a camera and a proper program is capable of
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Figure 4. Test setup for infrared data transmission using a smart phone with its camera as receiver and a microcontroller with an attached infrared diode as
sender.

receiving an infrared data transmission with a speed of 1.5 bits

per second. This is sufficient to transmit simple information,

such as an ID or additional device information, over a short

range of some centimeters.

If using longer data streams, increasing the data rate by

increasing the number of LEDs and in so far the number of

bits transmitted per baud should be part of future research.

Another point to consider is the optimization of the used

source code for the pattern detector in order to increase

both the transmission baud rate and the recognition accuracy.

The same applies to the algorithm in order to support larger

distances between the communication partners.

For future use, the application has to be ported to other

operating systems, such as iOS used by Apple devices and

Android.
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