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Abstract — The paper presents the concept and the 

technical solution of a 3-D persistence of vision display 

generating a colour image on a sphere surface created by a 

rotating semicircular line of LEDs. In persistence of vision 

displays, an image is generated by light points (usually LEDs) 

placed on a mechanically moved element (usually a rotating 

element). For adequately high rotational speed of the line of 

LEDs, cyclic flashes of diodes synchronized with their 

current angular positions, created for the human eye the 

optical illusion of a clear still image. 
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I. INTRODUCTION 
 

The newest generation of 3D displays is mechatronic 

spherical cylinder devices supplied with a set of miniature 

LED lamps mounted on a semicircle or a line.  Fast 

rotation (more than 20 rps) of lighting LEDs creates a 

volume colour image. The idea of the spherical display 

was developed half century ago by E. Berlin [1]. The 

method of 3-D imaging was compared and classified 

among other 3D methods in the paper [2]. Demonstration 

of the spherical displays with a rotating semicircle of 

LEDs was presented in the beginning of 21th century [3]-

[5] and subsequent solutions were developed [6]-[9]. 

Electronically controlled rotating LEDs generate flashes 

received by the human eye as a colour image. With 

suitably advanced algorithms, one can create moving 

pictures. The method of imaging relies on the POV 

(persistence of vision) effect. The mechatronic techniques 

described below create new possibilities in the volume 

imaging of objects. Potential applications of the imaging 

techniques are the possibility of making world weather 

maps, for intercontinental air traffic or to create volume 

human portraits.  A spherical map of continents is shown 

in Fig. 1.  In the paper electronic solutions of the 3-D 

display with a rotating line of LEDs were described in 

details.   

 

 
Fig.1. The image of a globe on the 3-D spherical display 

 

  The rotating semicircular line of LEDs has 48 RGB 

diodes that synchronically with their angular positions 

change their state 96 times in a single rotation, which 

ensures 48x96 matrix resolution. Besides still images, the 

spherical display can display animations consisting of 

sequences of still images. The complexity of the animation 

depends on the storage capacity of the display data and the 

throughput of wireless data transmission. The images 

stored and transmitted by a display processor to the line of 

LEDs have to be previously adequately prepared and 

recorded in a specific format. Due to the spherical shape of 

the generated image, one of the proposed applications of 

the display is to present data (e.g., economic, 

meteorological, demographic) on the background of a 

terrestrial globe showing the continents and oceans.  

 

II. MECHANICAL STRUCTURE OF THE 

SPHERICAL DISPLAY  
 

The spherical display consists of two parts: rotating and 

stationary. Because of the principle of image generation 

characteristic for persistence of vision displays, it is 

necessary to continuously transmit the control signals to 

the rotating line of LEDs. It is possible to place the 

controlling electronics systems in a stationary part of the 

device and to send the control pulses through a rotating 

connector, but such a solution complicates the 

construction and increases the dimensions of the device. 

Finally, the system controlling the line of LEDs was 

placed in a rotating part of the display and only the power 

is supplied through the rotating connector.  

The main element of the rotating part of the display is a 

specially designed PCB in the form of a circular frame 

with the line of LEDs arranged on half of the perimeter 

edge (Fig. 2). The PCB is mounted on the axis having the 

rotating connector contacts and is driven by a DC engine. 

The simple engine fixed in a metal rack does not have 

feedback with the microcontroller of the controlling 

electronics, so it does not ensure a stable rotational speed 

of the rotating line of LEDs. The necessary 

synchronization of switching-on and switching-off the 

diodes with the angular position of the rotating frame is 

ensured by a position sensor of the line of LEDs placed on 

it. During the movement of the line of LEDs through an 

element on the rack cooperating with a sensor, an interrupt 

signal is generated, serviced by the microcontroller, which 

ensures synchronic control of the line of LEDs. 
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Fig. 2. The structure of the 3-D spherical display    

 

III. ELECTRONIC SYSTEM OF THE DISPLAY 
 

A. Demultiplexing of signals controlling RGB diodes 
Because the line of LEDS of the spherical display 

consists of 48 RGB diodes, it is not possible to select a 

microcontroller with a sufficient number of outputs (48x3) 

to ensure direct control of the three basic colours for each 

three-colour diode. Simple demultiplexing of the 

microcontroller outputs causes non-simultaneous control 

of the line of LEDs but control in consecutive time 

sequences (demultiplexing), which negatively affects the 

quality of the final image. The method for solving the 

problem of simultaneous control of a large number of 

diodes is to transmit the data in series to the device, which 

stores them temporarily and transmits them all 

simultaneously to 144 lines after receiving the 

synchronizing signal.  

After the analysis of the systems available on the market 

and having in view, among other factors, the maximum 

operation frequency and the number of logic outputs, the 

74HC595B1R shift register with latch was chosen. It has 8 

output lines and the possibility of cascade connection, 

which gives an almost unlimited number of available 

outputs. The shift registers have been divided into 3 

groups and each of them is responsible for one of the basic 

colours displayed by the LEDs. The scheme of the 

electrical connections of the diodes with the shift registers 

is presented in Fig. 3. 

B. Algorithm of diodes control 
The generation of an image on the spherical matrix 

produced by rotation of the semicircular diode line 

consists in displaying the data from the shift registers 

synchronically, achieving with the line one of 96 

determined angular positions. The displayed data, in the 

form of packages, are sent from the microcontroller 

memory to the shift registers.  

Each package from the basic colours has 48 bits, i.e., 6 

bytes of the data that are entered in the appropriate group 

from the three groups of shift registers. When all the 

registers are full, the “latch” pulse forces the registers’ 

content to be displayed for a period of 1/96 rotation of the 

 
Fig. 3. The scheme of the electrical connections of the 

spherical display 

 

diode line. An analogous process proceeds for all, i.e., 

96x3, packages of the complete image and next the 

sequence is repeated for consecutive rotations of the 

frame.  

The method developed for sending the image data to 

diodes uses only five microcontroller outputs, so the 

remaining outputs can be used for the possible expansion 

of the display. Three outputs are connected with the SER 

inputs of the first cascaded shift registers of the three 

groups of basic colours. Serial sending of the data from 

these outputs is synchronized with a clock signal 

generated at the 4th output, which is connected in parallel 

with the SRCLK outputs of all the shift registers, shifting 

the data to consecutive triggers inside the registers. The 

“latch” pulse, i.e., the transfer of the contents of the shift 

registers to their outputs, is generated at the 5th output of 

the microcontroller, connected in parallel with the RCLK 

inputs of all 74HC595B1R systems. The interrupt pulse 

from a rotation sensor and a subprogram dividing the 

rotation period into 96 sections are responsible for 

synchronization of the enforced display of the registers’ 

contents. 

C. Preparing the displayed images 
Proper visualization of the selected digital image by a 

spherical display requires its previous recording 

specifically to display the data format. This operation was 

automated by preparing a Matlab environment application, 

converting any image into the data clearly for the 

microcontroller display. The first stage of data conversion 

is loading the image, saved in a BMP file, using the 

“imread” function. The next operation is the matching of a 

source image to a 96x48 matrix using the “imresize” 

function, where the arguments of each are the horizontal 

and vertical dimensions of the final image and the 

interpolation method of colour saturation. In order to 

maintain proportions, the final height was determined as 

48 and the width was calculated on the basis of the format 

of the image being analyzed. From among the well-known 

interpolation methods such as the nearest neighbor 

method, bilinear interpolation method, and two-quadratic 

interpolation method, the nearest neighbor method was 

chosen due to its relatively simple algorithm and sharp 

final image.  

The next conversion stage is to record the image being 

processed in three tables storing the components 
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corresponding with the basic colours RGB, with 

simultaneous limitation of the standard 256 levels of 

brightness to 4 levels. In the final stage, the tables selected 

in a previous step were saved into a four-dimensional table 

of [4][3][96][6] format. The table stores 6 bytes (48 bits) 

of data for each of 96 “columns” of the spherical matrix 

and for each of such recorded pixels’ locations – 3 

elements determining the basic colour and 4 elements 

defining the level of component brightness. After 

transmission of this prepared image’s data to the memory 

of the controlling microcontroller, it displays them on the 

matrix of the spherical display at appropriate time 

intervals during each rotation of the frame with LEDs. 

D. System control of the line of LEDs   
The processor used for control of the line of LEDs was 

chosen on the basis of several criteria. It was the 

microcontroller of the STM32 family by ARM. In addition 

to the availability of a development environment and 

libraries as well as economic advantages, a very important 

criterion was the available storage capacity. The 

STM32F103VET6 model with Cortex M3 core of 256 kB 

Flash memory and 64 kB SRAM memory was applied. It 

ensures the storage of a large number of images with no 

need to install any external memory. Due to its operation 

with a frequency of 72 MHz, the capabilities of 

74HC595B1R registers can be used (max. operation 

frequency 55 MHz), shortening the time required for state 

change of the LEDs of the diode line. For the needs of this 

project, a development kit equipped with the 

microcontroller and filtrating and stabilizing elements was 

adopted. 

One of the key tasks of a processor is to synchronize the 

cycles of state changes of the line of LEDs with the 

angular position of the rotating frame. Synchronization 

ensures the functioning of the interruption generated by 

the sensor placed on the rotating frame. To avoid  

electromagnetic disturbances that could be generated by 

magnetic sensors, the TCST1103 slotted optocoupler was 

used. The microcontroller’s task is also to exchange data 

with a Bluetooth module, allowing wireless control of the 

display. The BT module is equipped with Schmitt-trigger 

inverters for both transmission directions, so 

communication with it on the levels of 3.3 V and 5 V is 

possible. 

E. Program controlling the microcontroller 
The program was written in C using the Atollic True 

STUDIO environment, which cooperates with a 

programmer/debugger compatible with ST-Link. The STM 

32F10x Standard Peripherals Library v3.4.0 available 

from STMicroelectronics firm was used. The quite 

complicated algorithm of the controlling program is 

presented in Fig. 4. 

Program organization is based on the interrupt routine 

from the slotted optocoupler and TIMER1, as well as 

application of TIMER2 for measurement of the rotation 

period of the rotating frame. TIMER2 starts counting after 

detecting the rising edge of the signal from the opto- 

coupler. Consecutive rising edges of this signal cause the 

interrupt handling, which takes the value from TIMER2 

and resets it. 

 
Fig.4. The algorithm of the program controlling LEDs 

flashes displaying images 

 

The value of the time counter taken is divided by 96 (the 

number of columns of the image to be displayed) and is 

used for configuration of TIMER1. A function of the 

interrupt routine also recalculates and sends the value of 

the rotational speed of the line of LEDs to the remote 

control station. 

The appropriately configured TIMER1 causes a cyclic 

interruption for every 1/96 rotation period of the rotating 

line of LEDs, i.e., the time calculated from the captured 

value of TIMER2. Due to the subprogram of the interrupt 

handling of TIMER1, one column of the image is 

displayed. 

Using the subprograms of the interrupt handling, 

communication with the remote control station is also 

realized. For identification of the end of the data package 

received and devoted to transmission, the code (0x0D) of 

the “enter” button is used. Its identification in the received 

data causes the setting of the incoming command flag, 

which, in the main loop of the program, forces decoding of 

the received string and execution of the commands 

included in it. 

 F. Application of wireless control of spherical display 
The application of the remote control of the spherical 

display significantly increases its functionality, making it 

possible to monitor the current parameters of operation 

and the transmission of commands and images. The 

equipment of the display with the Bluetooth 

communication module enables it to be operated by means 

of commonly available terminals of serial transmission, 

although the commands format recognizable by the 
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microcontroller must be known. To enable and facilitate 

the display control, the Spherical Display Terminal 

application was written, the screen of which is shown in 

Fig. 5.  

The application window has been divided into three 

main parts. The first contains the configuration panel of a 

serial port. After start-up of the application, the default 

settings with which the display operates are assigned to the 

port parameters. The right part of the application window 

contains a panel for basic colour switching. The user is 

 

 
Fig. 5. The screen of the Spherical Display Terminal 

application 

 

informed about the switching-on of a selected colour 

component through the change of  text colour from black 

to the chosen one. The middle part of the window includes 

push buttons and labels used for realization of particular 

functions of the display. The main push buttons are the 

buttons for changes of the images recorded in the display 

memory, the button for animation start-up, and the buttons 

for selection from a file and image transmission to the 

display.  

 

IV. CONCLUSION 

 

The concept of the persistence of vision display and the 

model designed on its basis have been satisfactorily 

realized. The spherical image created, caused by the 

spectral effect, is clear and colourful with good colour 

saturation. The stable mechanical construction, properly 

chosen engine, and rotational connector using dual brushes 

together ensure that the display can operate without time 

limits. Its functionality includes displaying any previously 

prepared images, captions, and simple animations, both 

static and moving along the sphere perimeter at any 

velocity. The BTM222 module of wireless communication 

used operates properly despite continuous changing of the 

receiver position caused by the rotation of the display. The 

model can be extended, initially by using a new software. 

 The 3-D display with a rotating line of LEDs may have 

both civilian and military applications. The resolution of 

images created by described 3-D spherical display can be  

developed using miniature LED diodes, which are 

continuously improved. Some technical problem might 

take place while enlarging a device. Our experience allow 

to state that 3-D spherical LED display of 100 cm 

diameter is within range of possibility.  

A new way of development of such a mechatronic 

device is a display containing several lines of LED diodes 

of different diameters. Thus one can create separate 

images on every virtual spheres. Such a multi-spherical 

display is under construction in our University.    
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