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Abstract 

The use of Visible Light Communication (VLC) in wake-up communication systems is a 

potential energy-efficient and low-cost solution for wireless communication of consumer 

electronics. In this thesis, we present a self-sufficient VLC wake-up receiver using a solar 

panel to harvest energy as well as to receive the wake up signals. First, we present the 

details of this novel system, and then test its performance in a realistic office environment, 

analysing distances, angles, the effect of interferences and the characteristics of the 

system in an office schedule. Finally, we present the results of said experiments which 

demonstrated that the developed wake-up receiver can operate properly in most indoor 

scenarios. 
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Resum 

L’ús de Comunicacions amb Llum Visible (VLC en anglès) en sistemes de comunicació 

wake-up es una solució de baix cost amb potencial eficiència energètica per a la 

comunicació sense cables de dispositius a nivel d’usuari. En aquesta tesi, presentem un 

receptor de wake-ups autosuficient que utilitza un panel solar per alimentar-se i per rebre 

les senyals de wake-up. Primerament, presentem els detalls d’aquest sistema, 

seguidament realitzem experiments en entorns realistes d’oficina, analitzant distancies, 

angles, l’efecte de diferents tipus d’interferència i les característiques del sistema en un 

horari d’oficina. Finalment presentem els resultats d’aquests experiments, els quals 

demostren que el receptor desenvolupat opera apropiadament en la majoria d’escenaris.  
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Resumen 

El uso de Comunicaciones con Luz Visible (VLC en inglés) en sistemas de comunicación 

wake-up es una solución de bajo coste con potencial eficiencia energética para la 

comunicación sin cables de dispositivos a nivel de usuario. En esta tesis, presentamos un 

receptor de wake-ups autosuficiente que utiliza un panel solar para alimentarse y para 

recibir las señales de wake-up. Primeramente, presentamos los detalles de este sistema, 

seguidamente realizamos experimentos en entornos realistas de oficina, analizando 

distancias, ángulos, el efecto de diferentes tipos de interferencia y las características del 

sistema en un horario de oficina. Finalmente presentamos los resultados de estos 

experimentos, los cuales demuestran que el receptor desarrollado opera apropiadamente 

en la mayoría de casos.  
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1. Introduction 

 Due to the large number of wireless consumer devices envisioned in the future, the 

energy-efficient operation of these devices has been a crucial target of the research 

community. While achieving this, other targets such as reducing the RF pollution caused, 

developing scalable solutions and creating a more eco-friendly telecommunications 

environment are also critical for a sustainable communication solution. This is especially 

important for Internet of Things systems that will bring in a plethora of devices that require 

ultra-low power or energy-autonomous communication solutions due to the limited battery 

capacities and/or the challenge in the recharging of this large number of devices. 

 Visible Light Communication (VLC) is a recent communication technology 

alternative, finding its way in the consumer communication area, by using modulated LED 

lamps anywhere a light source is needed, such as ceilings or desktops. With VLC, it is 

possible to transmit data to light-sensitive receivers such as cameras, photodiodes or even 

solar panels, opening the possibility to wirelessly transmit data to any device sensible to 

visible light and taking pressure off the RF spectrum, which is already saturated with signals 

that cause interference. 

 In this thesis, our main goal is to present an energy-autonomous VLC receiver 

module that promises to tackle the aforementioned challenges for the future wireless 

communication solutions. Accordingly, the developed system achieves: i) a scalable 

solution, since it allows the use of each LED light as an access point, resulting in very small 

“cell sizes”, ii) no RF interference, due to the absence of RF-based communication, iii) 

energy-autonomy, thanks to high-efficiency energy harvesters for the very common energy 

source of “light”, and iv) sustainability, because of the re-use of the ambient energy. 

 Our motivation comes from the quantity of applications where our system would be 

an improvement from the current solutions, from asset monitoring and device tracking to 

IoT and many other indoor applications. In many of those applications, RF is the 

conventional solution mostly because there is no alternative solutions. While RF presents 

advantages for specific applications such as its penetration through walls, it is not as 

scalable as VLC, and RF spectrum is overly crowded. In addition, the no penetration 

through the walls is actually a benefit for VLC making it more secure, since it is easier to 

control its reach. Moreover, light is a more promising energy source for harvesting 

purposes, given the limited efficiency of RF energy-harvesters. VLC can exploit already 

existing light infrastructure, only requiring the replacement of luminaires with LEDs (if not 

done so), and adding an LED modulator.  

 In this thesis, we present the design of this novel system, by detailing both the 

transmitter and the receiver. For the energy-efficient receiver operation, we employ a wake-

up system based on our prior work [3], which keeps the communication device in a deep-

sleep state until a communication destined to it. This in turn reduces the energy need, since 

active state or even periodic sleep schedules (i.e., duty-cycling) of these devices are the 

main power drain of such communication systems [2]. A further novelty of our system is 

the use of off-the-shelf components, such as solar cells, LED, and wake-up receiver, which 

enables a short time-to-implementation and a reduced monetary cost. 

 To engineer the system design, we present several design criteria for both 

transmitter and receiver and analyze different design options through physical experiments. 

In light communication systems, the receivers usually employ photodiodes to detect the 
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incoming signals. However, as shown in this thesis, indoor solar panels are better option 

for energy harvesting purposes and for their better suitability for envelope-detector based 

receiver design as shown through experiments.  

 The receiver has been designed with indoor applications in mind, e.g., for office and 

warehouse environments. Therefore, the system evaluations have been done for such 

applications, where a discontinuous energy source is assumed. For this, we follow a 

representative work hour schedule to set the durations for the existence and absence of 

light source in our evaluations. We validate the power storage solution of our system for 

such energy availability both through simulations and physical experiments. 

 After the final system design is devised, the wake-up communication success is 

assessed through experiments. The probability of successful wake-up signaling is 

measured in a realistic office environment, with and without external interferences such as 

fluorescent light and sunlight. Finally, yet importantly, we choose specific locations in the 

office, to closely resemble realistic locations for communication devices to perform the 

same tests. These experiments prove that our wake-up receiver is capable of very high 

detection probabilities in the most common positions for low-rate communication devices 

in an office environment, even under external light interference and non-line-of-sight 

settings.  

 The rest of the document is structured as follows: Section 2 presents an overview 

of the state of the art on the relevant studies and a necessary background to understand 

VLC wake-up communications. Section 3 introduces the VLC Wake-up system and its 

operation, which is detailed in Section 4 through a detailed explanation of each component 

and the design decisions behind these. The feasibility and the performance evaluations of 

the system are provided in Section 5. Finally, Section 6 concludes our thesis, presenting 

possible future work. 
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2. Fundamental Concepts and State of the Art 

2.1. Fundamental concepts 

 Aligned with the name OOK, this method is literally related with the presence and 

absence of a carrier signal. This method is the simplest case of Amplitude Shift Keying 

(ASK) modulation. In this scheme, the presence of a carrier represents a digital one ('1') 

while the carrier absence represents a digital zero ('0'). OOK is the simplest method to 

modulate and demodulate, but is not feasible for high data throughput and light dimming. 

When long strings of ones or zeroes are sent, light flickering is perceived by human eye at 

certain frequencies, due to long time periods of presence and absence of light. Figure 1 

illustrates the OOK modulation method. 

 

Fig. 1. OOK example 

 Manchester coding is commonly used in OOK modulation to reduce the flickering 

effect. Manchester code sets that a digital '1' is represented by a '01' OOK symbol and a 

digital '0' represented by a '10' OOK symbol. This coding avoids the low signal level of more 

than two consecutive zeroes, resulting in a DC balanced code [12]. Figure 2 provides an 

example of Manchester coding. 

 

Fig. 2. Manchester code example 

 

 In wireless systems, devices consume energy not only when communicating with 

other devices, but also when listening the medium. Wake-up receivers represent a recent 

technique and one of the most effective methods for saving energy in wireless sensor 

networks, avoiding the listening mode of wireless nodes. Wake-up receiver technique is a 

sleep/wake-up scheme, in which an external receiver device is attached to the core 

receiver to act as an alarm clock just in case of requiring data communication. Figure 8 
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shows a block diagram of a basic wake-up system. In wake-up systems, when data is ready 

to be sent, the transmitter sends previously a wake-up call that is detected by the wake-up 

receiver, which sends a pulse to interrupt the sleep mode of the target receiver, which 

switches to the reception mode [22]. 

 

Fig. 3. Wake-up systems diagram 

 Wake-up receivers are normally composed by ultra-low power consumption devices 

to be able to keep sensing the medium constantly. Wake-up receivers sense the medium 

according to the type of signal used to send the wake-up call, for instance: use of antennas 

for radiofrequency (RF) detection, photodetectors devices for light signals. Devices like 

signal demodulator and pattern correlator are also included in the wake-up receiver, being 

the main processing signal stages. Such stages require powering; therefore, it is important 

to use the most energy-efficient options. In wake-up systems, power can be obtained from 

the core system, but normally wake-up receivers use their own power source, like batteries, 

supercapacitors or energy harvesting methods. Today wake-up receivers, like presented 

in [18], are energy-efficient enough to operate continuously for years.   
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2.2. State of the Art 

 IEEE is currently developing a standard for VLC indoor communication as IEEE 

802.15.7 [16]. A current target of the relevant task group is the low-rate VLC communication, 

which is one of the focus of our work.  

 As in our work, the use of a solar panel as both signal receiver and energy harvester 

was also evaluated in [10] with a silicon solar cell, as well as in [19] with organic solar cells. 

In both works a bit rate of over 1 Mbps was reached. In this paper, we use an off-the-shelf, 

thin film amorphous solar cell, which enables a low-cost and small form factor receiver 

solution.  

 While our system focuses only on downlink communication, i.e., receiving from an 

LED, an idea for the uplink communication is proposed in [17]. The idea is to use light 

backscattering from a reflective surface controlled by an LCD shutter in order to transmit 

to a photodiode. By using multiple shutters, it is possible to transmit more than one symbol 

at a time. Furthermore, this reflective surface can be the solar panel itself meaning a 

minimal increase on the size of the device. Another solution for a bi-directional VLC system 

is presented in [20], where backscatter is also present but here a retro-reflector is used for 

the uplink. The most interesting part of this work is that this proposal is also self-sufficient 

in terms of energy, using a solar cell for energy harvesting, an LCD for backscattering, and 

a photodiode for signal acquisition, albeit with lower range than our work. In our work, we 

show that our design choices allow a more efficient system (e.g., use of solar panel as 

receiver instead of photodiode). Nevertheless, the uplink solutions in [17] and [20] can 

constitute the uplink communication solution for our system presented in this paper. 

 In [18], a receiver that also uses a solar panel is proposed and tested, while the 

solar panel is not employed as an energy harvesting device. A different approach for the 

uplink communication is proposed, where a white LED is used to transmit the data, and the 

variations in light intensity are detected by a surveillance camera. The low frame rate of 

the camera limits the transmission rate. However, the rolled shutter effect can be used to 

increase the rate due to different pixels carrying different information. 

 On the wake-up system topic, there have been numerous studies covering different 

methods of implementation and media options. The most prominent wireless medium is 

the RF spectrum, denominated as wake-up radio (WuR) systems. The use of wake-up 

receivers as the near future of wireless communication has been thoroughly studied in [2] 

by modeling and simulating a theoretical WuR platform developed by the authors and 

comparing its performance to other platforms and protocols; and in [4] by presenting the 

categorization of wake-up system solutions and comparing different technologies.  

 Use of light for wake-up communication is studied in [5], where the wake-up receiver 

uses a photodiode as a receiver and achieves a range of 15m. In [6], another active wake-

up receiver that reaches up to 30m and that uses IR signals is proposed. In this case 

ambient light is found to saturate the receiver and increase power consumption. In [8], a 

different medium is evaluated, where an ultra-sonic wake-up receiver is proposed. It is 

shown to work with an ultra-low power consumption approximately 100s of pW. While all 

those lines of work provide an ultra-low power wake up receiver, our work here goes 

beyond that by providing an energy-autonomous wake up receiver 
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3. Wake-up Enabled VLC System Design 

  For energy-autonomous receiver operation, our system employs an energy-

efficient communication solution, called wake-up system. In this system, the transmitter 

first generates a wake-up signal for the intended receiver by including the receiver address 

in a specific wake-up signal format. Upon the reception of a wake-up signal, the targeted 

receiver switches to operational mode. The operational mode can include activating an 

actuator, switching to (possibly higher rate) data reception mode, generating an interrupt 

for a connected consumer device (to turn the device on/off or to wake it up from deep-sleep 

mode). Hence, the user application shapes the communication after the wake-up signal. In 

this work, we focus on the wake-up communication phase, which, if successful, generates 

a wake-up interrupt and switches the receiver to data reception mode. 

 A block diagram of the proposed wake-up enabled VLC system is shown in Fig. 1. 

The transmitter is composed of a programmable microcontroller (MCU) that controls the 

modulation of an LED through an LED driver module. The light signal is modulated as an 

Amplitude Shift Keying (ASK) signal by changing the level of light for sending different bit 

values. A trivial ASK implementation is the On-Off Keying (OOK) signal, produced by 

turning the LED on and off to represent different bit values.  

 The receiver is based on an indoor solar panel, which is used as the VLC signal 

receptor and also as an energy harvester. For energy storage, a super capacitor is used, 

which is used to power all receiver components for the durations when the lights are off, in 

order to preserve the register values of the receiver. The electrical signal generated from 

the light by the solar panel is provided to a demodulator. For low-energy operation, an 

envelope-detector based demodulator is used at this stage. For this, we employ an off-the-

shelf IC (AS3933 [9]), which is a wake-up receiver originally intended for RF signals. 

Nevertheless, the electrical signal provided to the antenna port of this IC is successfully 

demodulated by this chip.  

 Upon reception of a specific wake-up signal, AS3933 generates a wake-up interrupt 

and subsequently relays the data it receives. The generated interrupt can be used to control 

consumer device the receiver might be connected to, which might have its own MCU and/or 

radio, and possibly in sleep mode. 

 There are certain conditions and requirements to take into account when developing 

a VLC system in indoor environments. Obstacles may block the line of sight, or the 

receivers may be in darkness for a long time when light sources are off. Moreover, the 

receiver devices should have small footprints, should achieve feasible wake-up distances 

and preferably be energy-autonomous. We tested and analyzed different system 

component choices to devise a system satisfying all these criteria. 

3.1. Receiver Design Details 

 The AS3933 is an efficient choice for the receiver core since the power coming out 

of the panel is low in low-light conditions and such IC enables efficiency compared to 

discrete component solutions. The envelope detector used in AS3933 requires a high peak-

to-peak voltage (Vpp), hence, the light signal receiver has to generate as high Vpp as 

possible for a better signal demodulation.  

 To evaluate this for different solar panel choices, we ran frequency response tests, 

where OOK signals with different frequencies are generated from the LED and the resulting 

Vpp is measured. Three sizes of off-the-shelf solar panels are experimented, specifically, 
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Blue Solar SC5375I 53mmx75mm, SC67339 63mmx32mm and SC3726I81 32mmx25mm. 

In addition, a photodiode is evaluated for its frequency response performance for 

comparison purposes. The results are shown in Fig. 2. 

 The maximum voltage provided by the panels in our setup is 5.7V the large one, 

5.6V the medium and 5.3V the small panel, even with bright solar light. 

 As it can be seen in the figure, the photodiode has a very poor response even at 

low frequencies. In order to improve its Vpp, the amplification of the signal would be 

required. Besides, the energy output of the diode would not be enough to charge the 

capacitor, or even feed the system, hence, we chose solar panel as the receptor for our 

system. 

 

Fig. 4. Solar panel frequency response 

 

 From Fig. 2, we also see that the operational frequency will be a limiting factor in 

the receiver since solar panels have a parasitic capacity that acts as a low pass filter. Due 

to this effect the lowest frequency band, that is supported by the internal clock of the 

AS3933 chip, is chosen, which is 21 kHz. Note that, lower operational frequencies are 

possible with a different envelope-detector solution, albeit the lower data rate such 

frequency values would result in. AS3933, indeed, can work between 15 kHz and 150 kHz. 

However, higher frequencies result in much lower Vpp, which would hinder the reception 

performance. 
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 It is also important to note that, the size of the solar panel matters, a bigger panel 

has a worse frequency response, but it also delivers more power to the capacitor. This 

presents a trade-off between the harvested power and the successful communication 

probability.  

 While the photodiode has already been ruled out at this stage, all the solar panels 

offer a good amplitude and therefore will be tested more thoroughly to find the most optimal 

setup for the receiver, one that allows the capacitor to charge quickly enough while having 

a good communication probability.  

 The resulting receiver design is shown in Fig. 3. The solar panel turns the light 

signal into electrical signal. IC is fed from the voltage difference on a resistor, which also 

acts as a protection as it lowers the tension to a more suitable value for Vcc in case the 

panels reach their maximum output because the AS3933 can’t handle voltages above 5V. 

The diode is necessary to avoid the discharge of the capacitor through the solar panel 

when no or very low illuminance is available, e.g. during the night hours when the lights are 

off.  

 The receiver has been optimized for an ultra-lower power consumption, but even 

then the output of the solar panels is not enough to charge regular batteries of any kind, 

also the lack of charge during nighttime makes it impossible to leave the solar panel as the 

only power source of the receiver. Therefore, a capacitor is used to store the necessary 

power to keep operability during darkness. In our previous work [13], we have evaluated 

normal and super capacitor choices for such receiver design, the former being discarded 

as an option due to the high self-discharge rates and low capacity. The super capacitors’ 

main drawback was the high charging time, which might make this choice infeasible for 

certain scenarios. In Section IV, we evaluate the overall system for different supercapacitor 

options under realistic application scenarios, and show their viability. 

 The circuit diagram of the receiver has to be as simple as possible in order to 

maximize the capacitors efficiency, that is why the addition of components may seem as a 

counterintuitive idea, but R2 acts as a pull up resistor when the capacitor is not charged, 

this allows the device to be operative faster, since the minimum operation voltage of the 

AS3933 is 2.4V and if the capacitor is fully discharged it takes a long time to reach this 

level without the resistor. The main downside of this is that the capacitor discharges faster, 

this tradeoff is acceptable because the critical discharge is lowered: the limit of the first 

configuration is the operating voltage, while the limit of the second one is 0.6V, which is 

 

 

Fig. 5. The VLC system design with an energy-autonomous receiver. The receiver employs wake-up 

receiver technology for low-power operation. 
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when the registers are erased and the device has to be reprogrammed and because it 

offers a wider array of capacity values that previously were cut off due to high charging 

times.  

 When a wake-up is detected, an interrupt is generated at the WAKE pin, and after 

the wake-up the received data signal is also provided at that pin. 

 

Fig. 6. Circuit diagram of the wake-up receiver. 

 

 

3.2. Transmitter Design Details 

 In this work we adapted the previous design [13] in order to deliver more power and 

because the previous one had troubles with the required pattern for the transmission. By 

increasing the power, the ambient light generated by the LEDs is more suitable for an office, 

besides it is possible to transmit from many LEDs, previously only one LED was used.  

 The transmitter is composed of a power supply set at 60V, an MCU, the LEDs, and 

the LM3409HV from Texas instruments, which acts as a connecting bridge between the 

other components. For the MCU we use an TM4C123G only because of availability in the 

laboratory, almost any MCU could work if programmed correctly. Because this is only y a 

prototype, there is no connection to the network, but in a real case this connection would 

still have to go through an MCU in order to be Manchester encoded.  

 

Fig. 7. Transmitter diagram 

 An advantage we had in mind when designing the transmitter is that all the 

components are commercially available for the ease of implementation and low-cost of the 

solution.  We use an array of 3x2 commercially available LEDs that simulates a section of 

an office, we assume that this setup would be replicated to the whole area of the ceiling of 

the office.  

 The driver can be optimized for a given load, in this case every driver has been 

optimized for 3 LEDs and therefore we use two drivers in parallel, each driver is connected 

to three 18W LEDs. The optimization of the boards are done based on [14]. With the right 
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settings, this board can accept a voltage in the range of 6 to 75 Volts, and an intensity of 

up to 3A.   

 Due to the amount of power at the output of each board, components or unshielded 

connections can generate interference by acting as antennas. This effect would generate 

unwanted interference in in real-life scenarios. In the laboratory, it generated false positives 

in the successful signal reception, due to the cables at the receiver also acting as antennas. 

It is recommendable to set the driver as close to the LEDs as possible or to insulate the 

cables, if such effect is detected.  

 In the design of the transmitter. One challenge is flickering. When the frequency of 

the modulation decreases, the switching the LEDs on and off becomes perceivable by the 

human eye. Hence the symbol rates and the carrier frequency cannot be set too low, which 

is also related to the trade-off brought by frequency choice (Fig. 2). We set the carrier 

frequency to 21 kHz and our modulation settings results in a data rate of 4096 bps.  

  

3.3. Overall System Operation 

 The wake-up signal format expected by the IC consists of a carrier burst and a 

preamble, followed by a specific pattern as shown in Fig. 5. The whole communication is 

Manchester encoded, albeit it is optional. Manchester code consist in encoding each bit as 

a low to high or a high to low transition of equal durations. Although in our system it is not 

necessary for successful communication per se, it is crucial to avoid flickering, by providing 

frequent transition and, therefore, avoiding too many equal consecutive bits. 

 

Fig. 8. The transmitted signal (bottom) and the received signal (top). 1) Carrier burst, 2) 
1st separation bit, 3) Preamble 4) Manchester encoded pattern 5) 2nd separation bit 

 The carrier burst has to be kept as short as possible, ideally the same length as a 

Manchester symbol, to reduce the overhead. However, we chose two symbol length to 

ensure higher reliability (Fig. 6). To maximize the light intensity, the time the LEDs are off 

needs to be minimized. The 21kHz carrier is only necessary for the carrier burst, which 

switches the state of the chip to correlation mode.  

Once the AS3933 has entered correlation mode there is no need for a carrier anymore, 

the separation bit serves to mark the start of the preamble, which is a training sequence 

for the envelope detector and the pattern correlator, due to the response of the solar panels, 

Fig.6, and to the system using an envelope detector pulses with the carrier signal are 

decoded as low energy pulses. Therefore, in order to maximize the light intensity 

Manchester symbols will be transitions between carrier bursts and high energy pulses. The 

preamble is not Manchester encoded, it is a training sequence for the envelope detector, 

in this case ‘0’s are high energy pulses and ‘1’s are carrier bursts, it has to be done this 

way because otherwise the separation bit would be indistinguishable from the initial carrier 

burst, each of this bits duration is half of a Manchester symbol, the bitrate is 2490 bps and 
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therefore the symbol rate is 1245 Bd. Further details of the required signal can be found at 

[21]. 

 

 

Fig. 9. Close up of the carrier burst 
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4. Performance Evaluations 

 After choosing the appropriate settings and components the final adjustments and 

choices are made by testing which are the most efficient and useful ones in a realistic office 

environment.  

 The adjustments that had to be made by testing are: the final receiver circuit design, 

the optimum choice for the size of the solar panel and the possibility of having non 

transmitting LEDs. The figures of merit for this choices are the autonomy in the dark, the 

required charging time, and the wake up probability. 

 When the final system is chosen it is necessary to evaluate its performance in order 

to assert its usefulness. The tests are performed in an office like environment, which is a 

regular room with lights at the ceiling and some desks, chairs and shelves scattered around. 

Some key positions have been chosen, places where a computer, phone, thermostat or 

even a microwave might be, devices that due to IoT might need to be connected very soon.  

 

4.1. Circuit and Power Storage Selection based on System Tests under 
Realistic Conditions 

 

 To make sure that our system is ready to work autonomously under real conditions 

we had to perform a series of tests on the power storage of the receiver, those tests had 

two finalities: to select between two possible design for the receiver circuit, and to evaluate 

the performance once that circuit was chosen.   

 The main concern during these tests is the customer satisfaction, the wake up 

probability is not considered because it does not change between designs of the power 

storage. The tests are set in realistic conditions because they are happening in a real office 

space and because they are simulating real office hours. If the power storage works in 

these conditions, it will work in real offices following similar schedules. The design that 

achieves best figures of merit will be chosen for the final system.  

 

Fig. 10. Simulation of a 24h charge and discharge cycle 
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4.1.1. Circuit design selection 

 

At this stage there were two proposals for the final circuit design of the WuR, as 

seen in figure 3 one without a resistor between the capacitor and Vcc and the other with 

this resistor, the difference seems minimal bit the behavior changes drastically. 

In all our experimentations and simulations it is assumed that the schedule for the 

building where the receiver is has a working day of 11 hours and is in complete darkness 

during the rest of the time.  

 In order to choose the best design a series of parameters were chosen to evaluate 

the performance of each one: the time it takes before the device is operational and the 

duration of the charge in complete darkness. 

 The charge of the capacitor itself does not vary significantly between topologies, 

and its behavior is the one it can be seen in the previous figure, but it can also be seen that 

the behavior changes in Vcc, which is where the data was taken.  

 Because we were not able to acquire data during entire weeks we decided to create 

a simulation to evaluate the performance in a long time. 

 To validate the simulation, the figure below is the same 24h period as the 

experimental data we took for the previous figure, the lines are smoother because we did 

not take into account the effect of the sun and the fact that real components are not ideal. 

 

Fig. 11. Real 24h charge and discharge cycle 

 It is clear that the design with the resistor is operational much faster than the other. 

While the capacitor’s charge time remains the same, a bit lower in fact due to the resistor, 

the AS3933 is fed directly from the solar panel rather than from the capacitor, which is not 

yet charged to the operational voltage. That effect is why, when lights are out, there is a 

sudden drop in the voltage, then the capacitor is feeding the whole circuit, and the voltage 

at Vcc is a bit lower than at the capacitor due to the resistor. 

 What we define as critical discharge is when the voltage is so low that the registers 

of the AS3933 are erased, then the device has to be reprogrammed, not to be confused 

with operational voltage, which is higher than the critical discharge and is necessary for the 

operation of the device.  

While with the new resistor critical discharge is reached a bit earlier, we decide that 

overall the topology with the resistor is better than the one without it because, as we have 
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seen, if the lights are lit after the capacitor has discharged below operational levels, the 

resistor will allow the device to be operative instantly. 

 

4.1.2. Capacitor charge and discharge cycles simulation 

An advantage of the new design is that because the device is instantly operational,   

we can experiment with higher capacitances than before and therefore lengthen the time 

before critical discharge is reached. A set of rules was set to choose components in order 

to allow good performance in an office environment, the device should charge fast enough 

to keep working after the first night, it should also hold the registers during at least 4 days 

without any source of light, in order to go through weekends and vacations. 

During the simulations a working day of 11 hours and a weekend of 2 days is 

assumed, also total darkness is supposed during non-working hours in order to account for 

the worst case scenario.  

 

Fig. 12. Large panel 20 days simulation of capacitor charge 

 

Fig. 13. Medium panel 20 days simulation of capacitor charge 
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Fig. 14. Small panel 20 days simulation of capacitor charge 

 

 Seeing the simulations, we can conclude that any capacitor between 1F and 5F will 

be able to sustain the cycles during regular weeks, except for the small panel, which cannot 

charge the 5F capacitor above critical levels during the first day. If it is possible to use an 

external power source for the first charge of the 5F capacitor, the small panel can keep it 

charged, but it would defeat the purpose of the receiver being self-sufficient.  

 We recommend using a high capacitance, as long as the office’s schedule allows 

the capacitor to be charged above critical discharge on the first day, mainly because of the 

higher time before critical discharge, only in cases where there is another kind of schedule 

with less light, or in places where the light is far below 400lux would it be recommendable 

to use a lower capacitance in order to reach a safe level before lights are out. 

 For capacitors below 1F the device reaches critical discharge too fast, and even a 

short vacation will erase the registers, above 5F the charge is too slow and the capacitor 

is still below 0.6V after the first day of charge. 

 In the following tests we will use a 1F capacitor mainly because it is the only one 

we had available at the laboratory, and also because due to the experimentation the lights 

are turned on and off far more frequently than a 5F capacitor would allow, the detection 

probabilities would not vary just by this change.  

 Theoretically there should be little to no difference in wake up probability between 

circuits since the change is purely resistive. However, we performed physical tests to verify 

that statement, after testing we confirmed the previous hypothesis and decided to discard 

the old circuit definitively, from now on all the testing will be done with the new circuit.  

 

 

4.2. Efficiency Tests under Realistic Conditions 

 

 The efficiency tests are aimed towards knowing the detection probability as distance 

increases in different orientations. The best case scenario is when the solar panels are at 

0º, facing directly towards the light, the rest of the orientations rely more on reflected light 

because the direct Line of Sight is at a very steep angle when the panels are facing the 

walls, 90º and 270º or completely inexistent for the 180º tests.  
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 Wake Up probability among distance is key for the proper dimensioning of a system 

like this one, from avoiding interference in case of multiple transmissions to being able to 

locate device from the light they are receiving. 

 In realistic scenarios items placed on shelves or walls may not have ideal line of 

sight, sometimes not at all, that is why this data is so important for us.  

 Is important to specify that the walls in the laboratory are not close to the solar panel, 

either in the 90º nor in the 270º tests, this is a challenge because the system has to rely on 

very far away reflections, which are very weak.  

 The following tests are performed with the LEDs as the only light source, all 

fluorescents and lamps were turned off, besides the laboratory is an interior room and 

therefore sunlight was not interfering. These figures are the most appropriate for offices 

that have upgraded, or replaced, all their installation to LEDs and all of them are 

transmitting the signals.  

 

 

Fig. 15. Intensity of the transmitted light vs distance 

 As we can see in figure 12 light intensity decreases with distance in all cases 

except for the 180º case which increases a bit. In addition to light intensity distance 

traveled and objects encountered might affect the shape of the signal, therefore we can 

expect different results for the 90 and 270 tests.  

For now, we assume that all LEDs are transmitting the same information and that 

there is no possible interference between them.  
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Fig. 16. Large panel performance without interference 

 

Fig. 17. Medium panel performance without interference 

  

Fig. 18. Small panel without interference 

It is possible to see that as the panel gets farther away there is an impact on the 

performance of the system, but even with the larger panels the detection probability stays 

above 50% in almost all distance.  
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The final measurements when the device is oriented at 180º get worse due to the 

panel casting shadow on the reflective floor, this floor is also the cause of the 

measurements being so good for this same orientation, the tiles at the laboratory are quite 

reflective, which means that the signal is not distorted enough and the system works fine, 

this behaviour might change with another type of floor.  

 The shape of the 180º measurements is peculiar compared to the others due to 

those facts, when the device is high the performance is much lower because the distance 

to the reflections is the maximum, then the performance reaches its peak when the distance 

is shorter, but not too short for the shadow to be relevant. 

 Variations of even one degree have an observable impact on the measurements, 

holding the panel at 89º or 88º produce results much closer to those of the 0º, our 

recommendation therefore would be to install the panels at an angle favourable to the line 

of sight, but if that is not possible the performance would still be acceptable.  

 

4.3. Analysis of Interference 

 

It is very possible that the system has to work with other light sources at the same 

time, in cases like an office that has not been able to adapt the whole installation for 

example, AC lights or other non-transmitting LEDs would have to coexist with our system, 

for those cases we had to make sure that the system would still be able to offer good results.  

AC interference is the 50Hz light generated by the ceiling fluorescents at our 

laboratory, they are located at both sides of the LED array, but due to the disposition of the 

room there are more lamps at the 270º side. 

 Figure 16 shows the percentage of the light received at the receiver, which 

comes from the transmitting LEDs, the rest, is AC interference. In general, the percentage 

is worse as the distance increases, except again for the 180º tests. There are some 

irregular peaks and valleys produced by the disposition of the room, for example, when the 

receiver is lower and a desk covers some of the AC lamps.  

This relative Light intensity is calculated as:  

𝐿𝐼(%) =
𝐿𝐼𝐿𝐸𝐷𝑠
𝐿𝐼𝑡𝑜𝑡𝑎𝑙

 

where LILEDS is the intensity coming from the transmitting lamps and LItotal is the measured 

intensity when the system and the AC lamps are on at the same time.  
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Fig. 19. Relative light intensity wrt. fluorescent light 

 

Fig. 20. Large panel with AC interference 

 

Fig. 21. Medium panel with AC interference 
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Figure 22: Small panel with AC interference 

 As we expected the probabilities decrease when there is interference. While the 

direct line of sight is still good enough to generate a perfect 100% probability, the signal is 

specially affected between 100cm and 150cm, which is when the solar panel is receiving 

the most interference, due to the disposition of the lights we mentioned earlier, furthermore, 

the probability when the panel it is at the 270º mark is lower due to that same disposition.  

 The 90º and 270º probabilities are the ones most affected in this case by the 

interference while, due to the fact that the LED array is directly below the system, the 0º 

and the 180º probabilities remain almost unchanged. 

 Since it was not possible for us to add more LEDs at the moment, we decided that 

this could happen at an office, where the installation is already using LED lamps, but it is 

not possible to adapt all the lamps to transmit the signal, either due to budget constraints,  

to maintain the light level above 400lux or simply because, for a certain detection probability, 

it might not be necessary to adapt the whole installation.  

 In either case, theoretically the DC interference caused by the non-transmitting 

LEDs shouldn’t affect the envelope detector, but in the previous work this was not the case, 

due to the drivers provided with the lamps generating a high frequency noise, a lot worse 

than the AC interference.  

 To find out if this interference would seriously compromise the system we 

disconnected 5 LEDs from the transmitter’s MCU, the resulting array can be seen in the 

next figure.  
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4.4. Testing the system in office-like positions 

Laboratory tests are always best case scenarios, there are no obstacles other than 

sometimes the device itself, the environment around the receiver is always clear from 

objects, even when the room mimics an office, the tests lack some realism. 

With the following charts we are trying to perform tests in positions as close to the 

ones in a real office environment as possible. 

The following figure shows the positioning during the testing: position 1 is over a 

desk, position 2 is high inside a shelf, position 3 is on the top of a drawer, and position 4 is 

on a chair. These are the most common positions where one would leave a phone, laptop 

or even a thermostat. 

During these tests the solar panel was always in a perpendicular position to the 

surface the receiver was placed on. In these cases 0º means looking towards the LED 

array and 180º means looking away from it.  

 

 

Fig. 23. Positioning during the realistic indoor tests 
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  Wake-up Probability 

 

 

No 

Interference 

 

 

Pos 0º 90º 180º 270º 

1 100 82 80 90 

2 100 72 60 98 

3 100 56 88 100 

4 100 66 0 52 

AC 

Interference 

 

Pos 0º 90º 180º 270º 

1 82 78 88 36 

2 100 56 28 60 

3 100 32 50 100 

4 54 74 0 35 

 

Table 1: Large panel results 
 

  Wake-up Probability 

 

 

No  

Interference 

 

 

Pos 0º 90º 180º 270º 

1 100 100 94 82 

2 100 92 46 96 

3 100 98 100 100 

4 100 62 0 100 

 

 

AC 

Interference 

 

 

Pos 0º 90º 180º 270º 

1 98 100 86 48 

2 100 88 30 84 

3 100 98 58 100 

4 98 54 0 16 

 

Table 2: Medium panel results 
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  Wake-up Probability 

 

 

No 

Interference 

 

 

Pos 0º 90º 180º 270º 

1 100 100 100 94 

2 100 98 68 94 

3 100 80 68 100 

4 100 76 26 98 

 

 

AC 

Interference 

 

 

Pos 0º 90º 180º 270º 

1 84 68 78 60 

2 96 64 60 72 

3 94 54 76 80 

4 90 76 0 90 

 

Table 3: Small panel results 

 

The results of testing in realistic office positions show that the device works well 

even when enclosed within shelves for example. Of course to improve the detection 

probability, it is recommendable that the panel is in direct line of sight of the LEDs, but even 

if an ideal case is not possible the device is still reliable.  

Position number 4 is on a black cloth chair, when the receiver is positioned at 180º 

the panel is facing the backrest of the chair, this is important because the material is not 

reflective at all and therefore this detail might vary the results in different offices. 

Furthermore, the backrest creates a shadow behind it and therefore the panel receives less 

light from all the area, that is why the results are so poor in that specific position.  

In general, interference tests demonstrated that the developed wake-up system requires 
better conditions in terms of distance and light intensity levels from the transmitter LED to 
operate in presence of interference of other light sources. The differences between light 
intensity values and the type of interference source affect the results of the tests 
significantly.  
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5. Budget 

For the receiver: 

- AS3933 - Free sample 

- 1F capacitor - 7€ 

- Resistors and diode - 0.25€ 

- Breadboard - 1 € 

- Cables - not specified 

Price per prototype: 8.25€ 

 

For the transmitter:  

- LEDx3 - 79.08€ 

- LM3409HV Eval - 70€ 

Price per every 3 LEDs: 149.08€ 

- EK-TM4C123GH6PM - 20.40€ 

Salary: 8€/h 

8€/h*680h = 5440€ 

Total cost of the project: 5746.41€ 
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6. Environment Impact 

On one hand the usage of wake-up receivers in wireless communication might have 

a small negative impact, due to the added complexity of the system it could potentially 

increase production costs and waste generated, but on the other hand it has a very positive 

impact due to the increase in energy efficiency of the systems.   
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7. Conclusions and future development:  

To conclude this study, a VLC-based wake-up communication system with a solar panel 
as the receiver and harvester can work in an office environment to transmit wake up 
signals to any device neighbouring it. 

 After the tests we recommend using a 5F capacitor (4F for the small panel) for 
offices with schedules that have lights on at least 11 hours a day, otherwise the 
capacitance should be reduced. In cases where the whole installation has been adapted 
to transmit the signal any panel is able to fulfil the required specifications, otherwise the 
small panel will work better since it has the highest wake up probability, only in cases 
where the device is heavily in the shadows and well below 400lux we recommend only 
the large panel or the charge will not last.  

 When positioning the solar panel, it is better if an angle that favours line of sight is 
set, while the device can rely on reflections from the walls or floor, the best results are 
always when the LEDs are in clear line of sight. Therefore, when for example, mounting a 
receiver on a wall, an angle lower than 90º will be the best in terms of signal strength and 
wake up probability. 

 The major improvement that this project could use is a way to transmit data from 
the wake up receiver, that is to implement an uplink. This work comes with an important 
challenge which is energy efficiency, right now the receiver is small and simple due to 
battery constraints, when implementing an uplink this could become a major issue. 

 Of course another future work is the implementation of future technologies, all the 
energy efficiency issues could be solved with better energy storage devices, such as the 
upcoming graphene supercapacitors, such improvements could solve all the troubles that 
have been present during the project. 

 Right now the system has been working in testing environment, but future projects 
could work in its implementation inside real networks such as IoT households, WSN 
setups or even using it inside a Wi-Fi network. 

 In addition, some further testing could be done in a larger scale, for example the 
wake up probability when two neighbouring arrays are transmitting at the same time but 
with different signals, or waking up two different devices with the same array, also it could 
be useful to extend the experimentation with sun light, for example finding out if the 
system can work under direct sun light for outside applications.  
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Appendices (optional): 

CCS code for the transmitter MCU during testing 

 

//***************************************************************************** 
// 
// timers.c - Timers example. 
// 
// Copyright (c) 2012-2016 Texas Instruments Incorporated.  All rights 
reserved. 
// Software License Agreement 
//  
// Texas Instruments (TI) is supplying this software for use solely and 
// exclusively on TI's microcontroller products. The software is owned by 
// TI and/or its suppliers, and is protected under applicable copyright 
// laws. You may not combine this software with "viral" open-source 
// software in order to form a larger program. 
//  
// THIS SOFTWARE IS PROVIDED "AS IS" AND WITH ALL FAULTS. 
// NO WARRANTIES, WHETHER EXPRESS, IMPLIED OR STATUTORY, INCLUDING, BUT 
// NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR 
// A PARTICULAR PURPOSE APPLY TO THIS SOFTWARE. TI SHALL NOT, UNDER ANY 
// CIRCUMSTANCES, BE LIABLE FOR SPECIAL, INCIDENTAL, OR CONSEQUENTIAL 
// DAMAGES, FOR ANY REASON WHATSOEVER. 
//  
// This is part of revision 2.1.3.156 of the EK-TM4C123GXL Firmware Package. 
// 
//***************************************************************************** 
 
#include <stdint.h> 
#include <stdbool.h> 
#include "inc/hw_ints.h" 
#include "inc/hw_memmap.h" 
#include "inc/hw_types.h" 
#include "driverlib/debug.h" 
#include "driverlib/fpu.h" 
#include "driverlib/gpio.h" 
#include "driverlib/interrupt.h" 
#include "driverlib/pin_map.h" 
#include "driverlib/rom.h" 
#include "driverlib/sysctl.h" 
#include "driverlib/timer.h" 
#include "driverlib/uart.h" 
#include "utils/uartstdio.h" 
 
//***************************************************************************** 
// 
//! \addtogroup example_list 
//! <h1>Timer (timers)</h1> 
//! 
//! This example application demonstrates the use of the timers to generate 
//! periodic interrupts.  One timer is set up to interrupt once per second and 
//! the other to interrupt twice per second; each interrupt handler will toggle 
//! its own indicator on the display. 
//! 
//! UART0, connected to the Virtual Serial Port and running at 115,200, 8-N-1, 
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//! is used to display messages from this application. 
// 
//***************************************************************************** 
 
//***************************************************************************** 
// 
// Flags that contain the current value of the interrupt indicator as displayed 
// on the UART. 
// 
//***************************************************************************** 
 
#define MAX_BUFFER              200 
#define MAX_WU                  50 
 
static uint16_t output[MAX_BUFFER]; 
static uint16_t pattern1[8] = {1, 1, 1, 0, 1, 1, 1, 1}; 
static uint16_t pattern2[8] = {1, 0, 1, 0, 1, 0, 1, 0}; 
uint16_t ena = 0; 
uint32_t tickCount = 0; 
uint16_t aux = 0; 
uint32_t len; 
volatile uint32_t WUcount = 0; 
 
 
//***************************************************************************** 
// 
// The error routine that is called if the driver library encounters an error. 
// 
//***************************************************************************** 
#ifdef DEBUG 
void __error__(char *pcFilename, uint32_t ui32Line) { 
} 
#endif 
 
//***************************************************************************** 
// 
// The interrupt handler for the first timer interrupt. 
// 21 kHz 
// 
//***************************************************************************** 
void Timer0IntHandler(void) { 
 
    // 
    // Clear the timer interrupt. 
    // 
    ROM_TimerIntClear(TIMER0_BASE, TIMER_TIMA_TIMEOUT); 
 
    if (ena)    GPIOPinWrite(GPIO_PORTF_BASE, GPIO_PIN_2, GPIO_PIN_2*aux); 
    else    GPIOPinWrite(GPIO_PORTF_BASE, GPIO_PIN_2, 0); 
 
    if (aux) aux = 0; 
    else aux = 1; 
} 
 
//***************************************************************************** 
// 
// The interrupt handler for the second timer interrupt. 
// 
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//***************************************************************************** 
void Timer1IntHandler(void) { 
 
    // 
    // Clear the timer interrupt. 
    // 
    ROM_TimerIntClear(TIMER1_BASE, TIMER_TIMA_TIMEOUT); 
 
    ena = output[tickCount]; 
    tickCount++; 
 
    if (tickCount >= len) { 
        tickCount = 0; 
        WUcount++; 
    } 
} 
 
//***************************************************************************** 
// 
// This example application demonstrates the use of the timers to generate 
// periodic interrupts. 
// 
//***************************************************************************** 
 int main(void) { 
    uint32_t i = 0; 
    uint32_t n = 0; 
 
    // 
    // Enable lazy stacking for interrupt handlers.  This allows floating-point 
    // instructions to be used within interrupt handlers, but at the expense of 
    // extra stack usage. 
    // 
    ROM_FPULazyStackingEnable(); 
 
    // 
    // Set the clocking to run directly from the crystal. 
    // 
    ROM_SysCtlClockSet(SYSCTL_SYSDIV_1 | SYSCTL_USE_OSC | SYSCTL_OSC_MAIN | 
                       SYSCTL_XTAL_16MHZ); 
 
    // 
    // Enable the GPIO port that is used for the on-board LED. 
    // 
    ROM_SysCtlPeripheralEnable(SYSCTL_PERIPH_GPIOF); 
 
    // 
    // Enable the GPIO pins for the LED (PF1 & PF2). 
    // 
    ROM_GPIOPinTypeGPIOOutput(GPIO_PORTF_BASE, GPIO_PIN_2 | GPIO_PIN_1); 
 
 
    // 
    // Enable the peripherals used by this example. 
    // 
    ROM_SysCtlPeripheralEnable(SYSCTL_PERIPH_TIMER0); 
    ROM_SysCtlPeripheralEnable(SYSCTL_PERIPH_TIMER1); 
 
    // 
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    // Enable processor interrupts. 
    // 
    ROM_IntMasterEnable(); 
 
    // 
    // Configure the two 32-bit periodic timers. 
    // 
    ROM_TimerConfigure(TIMER0_BASE, TIMER_CFG_PERIODIC); 
    ROM_TimerConfigure(TIMER1_BASE, TIMER_CFG_PERIODIC); 
    ROM_TimerLoadSet(TIMER0_BASE, TIMER_A, ROM_SysCtlClockGet()/42000); 
    ROM_TimerLoadSet(TIMER1_BASE, TIMER_A, ROM_SysCtlClockGet()/5240); 
 
    // 
    // Setup the interrupts for the timer timeouts. 
    // 
    ROM_IntEnable(INT_TIMER0A); 
    ROM_IntEnable(INT_TIMER1A); 
    ROM_TimerIntEnable(TIMER0_BASE, TIMER_TIMA_TIMEOUT); 
    ROM_TimerIntEnable(TIMER1_BASE, TIMER_TIMA_TIMEOUT); 
 
 
 
    // Carrier burst 
    for (n = 0; n < 20; n++) { 
        output[i] = 1; 
        i++; 
    } 
 
    // Spacing bit 
    output[i] = 0; 
    i++; 
    output[i] = 0; 
    i++; 
 
    //Preamble 
    for (n = 0; n < 3; n++) { 
        output[i] = 1; 
        i++; 
        output[i] = 1; 
        i++; 
        output[i] = 1; 
        i++; 
        output[i] = 0; 
        i++; 
    } 
 
    // First pattern byte 
    for (n = 0; n < 8; n++) { 
        // Manchester coded 
        if (pattern1[n]) { 
            output[i] = 1; 
            i++; 
            output[i] = 1; 
            i++; 
            output[i] = 1; 
            i++; 
            output[i] = 0; 
            i++; 
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        } else { 
            output[i] = 0; 
            i++; 
            output[i] = 1; 
            i++; 
            output[i] = 1; 
            i++; 
            output[i] = 1; 
            i++; 
        } 
    } 
 
    // Carrier burst 
    for (n = 0; n < 20; n++) { 
        output[i] = 1; 
        i++; 
    } 
 
    // Spacing bit 
    output[i] = 0; 
    i++; 
 
    //Preamble 
    for (n = 0; n < 3; n++) { 
        output[i] = 1; 
        i++; 
        output[i] = 1; 
        i++; 
        output[i] = 1; 
        i++; 
        output[i] = 0; 
        i++; 
    } 
 
    // Second pattern byte 
    for (n = 0; n < 8; n++) { 
        // Manchester coded 
        if (pattern2[n]) { 
            output[i] = 1; 
            i++; 
            output[i] = 1; 
            i++; 
            output[i] = 1; 
            i++; 
            output[i] = 0; 
            i++; 
        } else { 
            output[i] = 0; 
            i++; 
            output[i] = 1; 
            i++; 
            output[i] = 1; 
            i++; 
            output[i] = 1; 
            i++; 
        } 
    } 
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    // Carrier burst 
    for (n = 0; n < 20; n++) { 
        output[i] = 1; 
        i++; 
    } 
 
    // Spacing bit 
    output[i] = 0; 
    i++; 
 
    //Preamble 
    for (n = 0; n < 3; n++) { 
        output[i] = 1; 
        i++; 
        output[i] = 1; 
        i++; 
        output[i] = 1; 
        i++; 
        output[i] = 0; 
        i++; 
    } 
 
    // Second pattern byte 
    for (n = 0; n < 8; n++) { 
        // Manchester coded 
        if (pattern2[n]) { 
            output[i] = 1; 
            i++; 
            output[i] = 1; 
            i++; 
            output[i] = 1; 
            i++; 
            output[i] = 0; 
            i++; 
        } else { 
            output[i] = 0; 
            i++; 
            output[i] = 1; 
            i++; 
            output[i] = 1; 
            i++; 
            output[i] = 1; 
            i++; 
        } 
    } 
 
    // Carrier burst 
    for (n = 0; n < 20; n++) { 
        output[i] = 1; 
        i++; 
    } 
 
    // Spacing bit 
    output[i] = 0; 
    i++; 
 
    //Preamble 
    for (n = 0; n < 3; n++) { 
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        output[i] = 1; 
        i++; 
        output[i] = 1; 
        i++; 
        output[i] = 1; 
        i++; 
        output[i] = 0; 
        i++; 
    } 
 
    // Second pattern byte 
    for (n = 0; n < 8; n++) { 
        // Manchester coded 
        if (pattern2[n]) { 
            output[i] = 1; 
            i++; 
            output[i] = 1; 
            i++; 
            output[i] = 1; 
            i++; 
            output[i] = 0; 
            i++; 
        } else { 
            output[i] = 0; 
            i++; 
            output[i] = 1; 
            i++; 
            output[i] = 1; 
            i++; 
            output[i] = 1; 
            i++; 
        } 
    } 
 
 
    len = i; 
 
    // 
    // Enable the timers. 
    // 
    ROM_TimerEnable(TIMER0_BASE, TIMER_A); 
    ROM_TimerEnable(TIMER1_BASE, TIMER_A); 
 
    // 
    // Loop forever while the timers run. 
    // 
    while(1){ 
    } 
} 

 

 

  



 

 45 

Glossary 

Wake-up receiver WuR  

Wake-up probabily – WupP 

Visual Light Communication – VLC  

Internet of Things – IoT 

On Off Keying - OOK 


