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The performance of indoor illumination control in many applications, such as in an intelligent
building, relies on the quality of the light sensors. In many cases, the light level is not uniform
and depends on the direction of the illumination source. It usually requires multiple sensors set
up in different directions to gather the overall light level. We propose a system that can provide
multi-directional light sensing data by rotating a single sensor. This approach overcomes the
problem of static sensors network by dynamically changing the measuring angular of the light
sensor. We present a sensor system prototype using the ESP8266 controller board, BH1750 light
sensor, stepper motor, and 3D printed rotation base mechanism. The system can calculate the
sensing angle and transmit sensing data to the monitoring unit or Internet of Things platforms
for visualization and analysis. The testing results in normal workrooms show that the rotating
sensor can measure the light level in different directions and detect the direction of the main
illumination source. Even blocking some directions, the sensor still is able to accurately measure
and provide sensing information on the remaining directions. Our sensor system is useful in
both whole lighting and local lighting control applications.

1 Introduction

Light sensing information has a vital role in illumination control
applications as in industrial lighting or a sensor-actuator (S-A) build-
ing. The characteristics and capability of light sensors highly affect
lighting control performance. The indoor illuminance depends on
both artificial and natural light. The light measuring is not just
based on the photodetector in the sensor, but also other factors like
sensor direction and occupant activities. Typically, the S-A sys-
tem uses multiple light sensors or a network of sensors that are
located distributively. As mentioned in [1], there are challenges in
the use of a network that contained a large number of sensors such
as unreliable sensor nodes (fault tolerance), difficult to add a new
sensor or to change sensors direction (scalability), and late respond
of light changing events (low latency). For a single sensing node,
the sensor could be blocked by unaware objects or illuminated by an
offensive light beam (not the lighting source), causing an inaccurate
measurement. We proposed in [1] a rotating light sensor system that
helps to reduce these issues. This paper presents a new design of
the system with more details of the evaluation results.

The system proposed in [1] used a single light sensor rather
than multiple sensors, and the sensor can rotate freely to measure

the light illuminance from numerous directions. The sensor also
recognizes the measuring angle as a part of the sensing data. In
[1], we introduced a demonstration version of the sensor system
that had a relatively large size. We present here a new version with
a reduction in the overall size. For validation purposes, we add a
static sensor to the system. The significant advantage of our system
is that it is able to provide light sensing data at different angles using
just a single sensor compared to a system that uses multiple sensors.
The rotating sensor can detect the temporary light changing at a
specific angle or determine which measuring direction may have
been blocked. These features allow the sensor to accurately tracking
the light information in real indoor applications. The system can
also work on the Internet of Things (IoT) [2] applications since it
can connect and transfer data to the popular IoT platforms.

The paper is organized as follows. The following section pro-
vides the related works. The methodology, design, and features of
the rotating sensor system are presented in Section 3. The perfor-
mance analysis and experimental results are provided in Section 4.
The last section concludes the paper.
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2 Related Work

Light sensing data is used in the illumination control system is often
come from either a single sensor or a network of sensors. The use
of light sensors networks has become more popular, especially in
medium and larger size applications. Using a single sensor may not
provide enough sensing information, while a network of sensors has
the challenges of fault tolerance [3], scalability [4], and low latency
[5]. We have observations about these challenges based on our work
in light sensing and lighting control research. Firstly, the fault toler-
ance feature in the light sensors network requires the system to work
correctly when some sensors may have been failed. It is difficult
to satisfy this requirement when the light sensors are distributed at
a different location. For the scalability, there is a challenge in the
application that requires to increase illumination areas such as in
the commercial center or industrial working floors. In such a case,
the component cost would increase, and the sensor system should
be portable enough to adapt to the extensions. Lastly, the static
sensor system may have a low latency issue system when it places
the sensor in a fixed direction and orientation. The static system
may not quickly sense the changing of illumination level in the
zones uncovered by the sensor. In [6], the lighting control system
used the wireless sensor networks data to control the illumination to
reduce the energy costs. A significant deployment and maintenance
costs of the sensors was reported. In addition to the components
cost, there was another complexity in the controlling system related
to the variation of the light level caused by the sunlight [6]. The
study in [7] indicated the effect of other natural factors like sun
movement, clouds, and shadows on changing the light levels in
the testing applications. The effect of distance and direction of the
sensors and light sources on the sensing data was studied in [8].
They studied the controlling of both overall and local illumination.
The controlling plan uses the local light sensing data to provide
illumination upon the user’s needs. A limitation is that the system
requires a light sensor to be carried with the user to measure the
local light level. These local measurement data were used in the
illumination controlling plan to meet the user requirement.

For the location-based illumination control, the whole lighting
provides background light, and the local lighting provides concen-
tration light [9]. In this system, the control system uses light sensing
data to control both background and concentration illumination. The
work in [10] had evaluated the effect of the local light sensing on
controlling the whole lighting devices. It also requires to determine
the location zone of the user to provide the personalized light control
[11, 12].

In [13], the author studied the distributed light control system
to accommodate both the user occupancy and the natural daylight
level. A large number of light sensors were used in their system to
examine the relationship between the occupation bases and the rele-
vant light sensors. The testing result also indicates the dependence
of the light control performance on the accuracy of the local and
whole light sensing information.

We have not seen such a system using a rotating sensor in light
sensing applications. In the field of radio tomography, a study pre-
sented in [14] introduced a rotating RF sensor system to sense the
radio system from multiple directions and improve the accuracy of
tomographic imaging. As we stated in [1], since the light ambient

is heterogeneous, it is necessary to create a light sensor system that
can measure light from different angles and reduce the problem of
multiple sensor networks. Such a system is useful to increase the
quality of intelligent lighting control applications.

3 Design of the new Sensor System
The rotating sensor motioned in [1] was a demo prototype. We have
designed a new version of the sensor system that could be used as
a real measurement tool. An image of the new sensor system is
presented in Figure 1. The new design took care of the following
factors:

• Improving the rotation system.

• Reduce the distance between the sensor and the rotation mod-
ule.

• Optimizing the overall diameter of the sensing system.

• Adding a static sensor for referencing.

3.1 Multi-Directional Light Measurement Vector

Consider a visible light source s, the Lumens from this source can
be calculated based on the Is intensity [15] as:

Φs = 4πIs. (1)

For the isotopic light source, where the intensity is the same in
all directions, the measurement of the luminous flux on a unit area,
also known as or light level in a specific area or illuminance, is the
ratio of the Lumens Φ over the area of the measuring surface. How-
ever, in the indoor environment where the source is not isotopic, for
a flat radiating surface of a sensor, the calculation of the illuminance
need to consider cosine the observation angle (θ) with respect to the
surface normal as shown in the Equation (2)

E =
Φs cos θ

A
. (2)

In the lighting control system, the observed ∆E, changing of
illuminance on the light sensor surface, are used to control light
bulb brightness:

∆E =
∆Φs cos θ

A
. (3)

In our proposed system, the light level is measured in multiple
directions. Hence, we use a vector of illuminance as:

E =


E0
E1
...

EN−1

 , (4)

where N is the number of the measuring directions and En is the
measured illuminance at the direction n ∈ [0,N − 1].

There are two major advantages of the sensing data provided by
a rotating light sensor comparing to a static sensor. First, the light
intensity measured by a static sensor depends on a single sensing
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direction, the angle θ as in Equations (2) and (3), while the rotating
sensor provides a combination of illuminances from multiple direc-
tions. In the real application, such as lighting control, the measuring
direction could be blocked by an object that makes the sensing value
of the static sensor inaccurate. The rotating sensor can be able to
void this issue as it measures the light from different angles. Second,
the rotating sensor uses a vector of illuminance (4) that can indicate
the main light source direction. Furthermore, we can apply the
gradient calculation (∇) on the vector of illuminance to measure the
rate and direction of change in the light intensity.

3.2 Features of the Rotating Sensor System

The new sensor system is shown in Figure 1 has an overall diameter
of 100 mm. This design is small enough to use in most indoor
applications. Table 1 summarizes the features of the sensor system.
The system uses one light sensor to dynamically measure multi-
directional light intensity. In this system, there is no need to use
many sensors as in a sensor network. By rotating the light sensor,
our system may avoid the issues when the static measuring angle
has been blocked by an object.

Figure 1: A sample image of the new rotating light sensor system. The light sensor
is attached to the side of the curved handle of the rotation base structure.

Table 1: Features of the sensor system

System Features Value
Light Sensor BH1750
Stepper Motor 28BYJ-48
Stepper Motor driver board ULN2003
Microcontroller Module ESP8266
Overall Dimension (mm) 100
No. of Measuring Directions 8 and 16
Sensor Measuring Resolution (Lux) 1 (high) or 4 (low)

MMotor 
Driver

Main Control Board

Data Monitor and Analysis

Static 
Light 

Sensor

No. of 
pulses Direction

Rotating 
Light 

Sensor

Figure 2: Diagram of the sensor system.

Figure 3: Sample views of the rotation base structure design.

Figure 4: Conceptual logic circuit of the sensor system.

As shown in the system diagram in Figure 2, the major com-
ponents of the system are the light sensor, stepper motor, motor
diver board, and the main control board. The system uses a micro-
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controller to control the rotation, sensing the light illuminance, and
transfer data to the monitoring platform. In this design, we have
improved the rotation system and created a new base structure of
the sensor. Figure 3 shows several views our the new base structure.
The structure was 3D printed and used in the sensor system.

As a modified version in [1], the new system uses an additional
static sensor to provide a reference as requested. In this study, we
consider the static sensor is the sensor that has a fixed sensing sur-
face normal vector, thus the observation angle θ for any lighting
source stays unchanged (see Equation 2). The rotating sensor is
the sensor that its observation angle can be changed. By rotating
the sensor in an axis different than the normal vector of its sensing
surface, we can change its observation angle.

The logic circuit of the new system is shown in Figure 4. The
sensors communicate with the microcontroller using the I2C pro-
tocol. Both static and rotating sensors are the BH1750 [16] digital
light intensity measuring module. The sensor module has an inter-
nal converter to convert the analog signal to the digital value. The
module also contains a preprocessor to process the digital value and
return the measuring value in the range of 1 to 65535 Lux.

The circuit uses a ULN2003 stepper motor driver to provide a
drive interface between the microcontroller and the stepper motor.
The ULN2003 driver pins, IN1, IN2, IN3, and IN4, are connected
to the microcontroller digital pins. The power supply pins (VCC
and GND) of the ULN2003 driver board are connected to the mi-
crocontroller 5V pin and GND pin, respectively. The stepper motor,
model 28BYJ-48, runs in 32 steps mode and has a built-in gear with
a 64 to 1 reduction ratio to produce 2048 steps per revolution. The
step-angle relation is calculated as:

α =
i × 360
2048

, (5)

where α represents the angle, and i is the number of controlling
step of the motor. Sample images of the motor and the driver board
were presented in [1]. In this new design, the motor is attracted to
the center hole of the base structure shown in Figure 3. The motor
can rotate the whole structure hence rotate the light sensor. For the
microcontroller, we used the ESP8266 [17] board that runs in the
Arduino environment. This module has a Wi-Fi microchip with a
full TCP/IP stack to transfer the data. We program the system in the
Arduino code using the C++ programming language.

Table 2: Relation of the sensing directions, angle interval, and motor steps interval

No. of Sensing Directions ∆α Steps Interval
8 45◦ 256

16 22.5◦ 128
32 11.25◦ 64
64 5.625◦ 32

3.3 Measuring Multi-Directional Light Illuminance

The main procedures of the illuminance measurement are kept simi-
lar to in [1] except for the additional signal of gathering the static
sensor data. As mention in [1], for the applications that require the
data of light intensity in different directions, the users may have to
manually set up several sensors at different orientations. We devel-
oped an algorithm to automatically rotate the sensors, calculate the

angles, and gather the illuminance in multiple directions. Figure 5
presents the major steps of the algorithms. In the beginning, the pro-
gram set up the initial direction of the sensor. The sensor can rotate
in a full 360◦ revolution, hence any angle can be set as the initial
sensing direction. Then the sensor system starts collecting the angle
and illuminate data. In each iteration of the major loop shown in Fig-
ure 5, the control program rotates the sensor by increasing the motor
step, calculates the sensing angle, gets the light level information,
and transmits the data to the monitoring software. The counting of
the motor steps is used to calculate the angle based on the Equation
(5). When the motor reaches a full circle (at 2048 counted steps),
the counting is reset to Zero, and the rotating direction is reversed.
The sensor system can measure light in any direction or at a group
of interval directions. Table 2 summarizes some combinations of the
sensing directions, angle interval (∆α), and the motor steps interval.
The visualizations of 8 sensing directions with 45◦ apart and 16
directions with 22.5◦ apart are shown in Figure 6.

Figure 5: Flowchart of the control algorithm of the light sensor system. The major
procedures are to control the rotating light sensor. The command to get static light
sensor data is optional.

Figure 6: Sample views of the rotating light sensor with different number sensing
angles. Left: 8 directions from d0 to d7 with ∆α = 45◦. Right: 16 directions from
d0 to d15 with ∆α = 22.5◦. The lights are for presentation purpose only.

4 Performance Analysis of the Sensor Sys-
tem

Indoor lighting control is the major application of our proposed
sensor system. We have tested the system in a workroom with the
effect of the popular parameters on the sensor, like the changing of
light power and blocking object. We present here the experiments
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Figure 7: Snapshot of monitoring the light sensing data on the Ubidots website.

and results for testing the ability of the system to detect the main
light direction, detect the blocked direction, and accurately measure
light intensity.

4.1 Measuring and Transmitting Light Data

In [1], we presented the experiment that showed how the sensor
measures the light level from multiple directions. For this new
design, in addition to the multi-directional light sensing data, the
system also collects the sensing data of a static reference sensor.
We tested our device on transferring the data to the Ubidots [18]
IoT platform. The data was transferred remotely through the Wifi
signal. Figure 7 shows a part of the testing data monitored on the
Ubidots website with multiple light sensing signals in one plot. We
also have tested our system with the ThingSpeak [19] platform that
has integrated MATLAB toolbox for analyzing the data.

For the data presented in Figure 7, the rotating sensor measured
the light in 16 directions with ∆α = 22.5◦ (Table 2 contains more
detail of the measuring angles). It can be seen that our system is able
to measure and provide light sensing data from multi-directional. In
Figure 7, the rotating sensing data is labeled as a topic channel for
each direction from topic0 to topic15. The static sensor channel is
labeled as topic16. When monitoring the data, the channel topics
(directions), the Lux values, and the measuring times can interac-
tively be seen by selecting a data point on the graph. As shown
in the figure, different sensing direction has a different value. In
the beginning, when all lights were off, all sensing data was low
(roughly under 150 Lux). Then, after we turned on all the lights
(around 11:55 am timestamp, see Figure 7), the system recorded the
increase of light levels in all directions. We blocked some directions
of the rotating sensor at two later movements. As of the result, there
were two failings of the light level at the blocked directions (in the
12:05 - 12:10 pm and the 12:25-12:30 pm periods, see Figure 7). In
this experiment, the static sensor (topic16) was not blocked at any
time, and it was used to provide the reference sensing data.

4.2 Detecting Main Light Direction

The distribution of light sources may generate an unbalance light
level in the room. Our sensor can detect the major light direction that
information helps to rearrange the illumination sources or indicate
the location having the best light level. In this experiment, we place

the rotating sensor at the center of a workroom that has several light
sources. The light sources were placed around the room at different
locations and distances to the sensor. We regularly turn on the lights
to test the sensor performance. The sensor was set to measure in 16
directions (d0 . . . d15, with ∆α = 22.5◦). Figure 8 displays some
radar charts of the measured results. For each chart, the data value
as a length on angular spokes represents the magnitude of sensing
value in a corresponding direction. The line connects the data values
represses one full rotating revolution (360◦).

(a) (b)

(c) (d)

Figure 8: Radar charts of light sensing data on different main illumination directions.

The charts in Figure 8 associate with four scenarios of the light-
ing in the testing room. For an instant, Figure 8 (a) shows the Lux
values measured in directions d2 , d3, and d4 are much higher than
the rest. In that case, only the light source at the direction of d3 was
on, hence there is a peak sensing data in d3 (about 250 Lux) and
two relevant highs on the adjacent angles d2 and d4. Figure 8 (b)
shows the major level of light in d5, d6, and d7 with the peak value
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of 350 Lux, and Figure 8 (c) shows the main level in d12, d13 and
d14 with above 500 Lux peak value. These results plotted in the
radar charts admit that the rotating sensor can detect the direction
of the main light source. This result also can be observed from our
vector of the illuminance shown in Equation 4 since the direction of
the vector is influenced by the major scalar member values. Figure
8 (d) presented a test case where the light level is more consistent on
the left side of the sensor (d9 to d15). In the case of a uniform light
level, we may obtain consistent light sensing values in all directions.

4.3 Detecting Blocked Directions

We have performed an experiment to show how the rotating sensor
can detect the temporary blocking directions with sudden changes
in the sensing data. During this test, the rotating sensor was set
up to run first, and then some sensing directions were temporarily
blocked. Figure 9 plots the testing result. Before the time T1, the
sensor indicates the major light level in directions d4, d5, d6, d7
and d8 with the high value above 300 Lux (d6). In the period of T1
and T2, when the sensor was blocked from the major light source
direction, there was a sudden fall in the sensing value of the relevant
angles. As plotted in Figure 9, all sensing values of d4 to d8 direc-
tions have steeply decreased to around 50 Lux while other values
mostly unchanged. After the T2 moment, when the blocking object
moved out, the sensing values from the main light directions got
back to normal. It can be seen that we can use the directions having
a temporary steeply reduction to indicate which sensing angle of the
sensor was blocked. In the experiment presented in [1], we reported
the result of detecting a sudden change of the natural background
light, such as when opening the doors to get more sunlight.

Figure 9: Sensing data of the rotating sensor when blocking some sensing angles.

4.4 Accuracy Analysis

The demand level of illumination to be controlled depends on the
change in the sensing value. When using a single sensor or a net-
work of sensors that was set at a static direction, it is possible that
an unaware object temporarily blocks the sensor. Such a case makes
a temporary change in the measuring data, leading to an inaccurate
controlling of the illumination. The rotating sensor provides light
sensing values from different directions that can help to avoid this
problem.

We performed an experiment that used both static and rotating
sensor. The artificial lighting sources were kept unchanged, but the

static sensor would be blocked at a certain time during the exper-
iment. Figure 10 shows the LUX values of the static sensor at a
fixed angle and the rotating sensor rotated in eight directions (from
d0 to d7 ). In this experiment, the rotating sensor measures light
at every 45◦. In the beginning, the static sensor data was around
450 Lux (±20), while the rotating sensor had different values at
different directions with the high value in d4 of above 500 Lux
and d3 around 430 lux. The directions d0, d5, and d7 had sensing
values in between 320 and 350 Lux, and the direction d1, d2, and
d6 had data in the range of 270 to 300 Lux. Then, we blocked
the measuring direction of the static sensor. As shown in Figure
10, there is a sharp fall in the value of the static light sensing data
down to 100 Lux and lower. If an application used just the static
sensor to control the lights, it would incorrectly record a reduction
in the light level and would control an unnecessarily increase of the
illumination power. There was no need to change the illumination
since the lights were stable throughout this experiment (except for
a small variance in the natural light). For the rotating sensor, the
sensing signals in the directions d0, d1, d6, and d7 were almost
stable (around 300 Lux and 350 Lux). There was a small reduction
in the direction d2 and d5 and a quire decreasing in the direction d3
and d4, but these sensing values were still around 250 Lux. When
we blocked the static sensor, we approached the sensor location
through the direction d3 and d4 that caused the changing of the data
in these (and surrounding) directions. If we use the rotating sensing
data of multiple directions for the lighting application, the control
unit could use the data of the stable directions and decide to keep
the illumination level the same. The prevention of an unnecessary
increase in illumination power is useful to save energy costs.

Figure 10: Light sensing values of the static sensor and the rotating sensor. The static
sensor was blocked at a certain time, causing a reduction in the sensing value. The
time ticks in the horizontal exist are presented at 60 seconds interval.

5 Conclusion
We have presented a rotating light sensor system that can measure
light level in multi-direction rather than using server sensors posi-
tioning at different orientations. The system uses a stepper motor to
rotate the sensor and track the motor steps to calculate the measuring
angle. The light level values can be directly transferred to the moni-
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toring system for further process. Besides, the sensor can connect
with the popular IoT platforms, such as Ubidots and Thingspeak, to
remotely visualize and analyze the sensing data. We also presented
a new design of the sensor system with an optimal compact structure.
The performance of the sensor system has been evaluated through
testing experiments. The results show that the proposed sensor
system is able to measure light level in different directions, detect
the main light source direction, and determine the directions having
temporary light changing. Moreover, even some sensing directions
may be blocked, the rotating sensor still accurately measures the
light level in other directions. In the future, we intend to develop
a three-dimensional (3D) rotation light sensor. A motion tracking
sensor shall be used to keep track of the 3D orientation. We plan
to optimize the rotation system and perform more experiments of
using the rotating light sensor in the light control applications.
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