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Abstract  —  The Dynamic Animation Cube II, produced by Group 5 in the spring semester of 2013, is a structure of light emitting diodes (LEDs) arranged in a lattice array of 16 x 16 x 16 resolution to produce a 3-dimensional (3D) cube.  In this high-level electrical and computer engineering project, the LEDs turn on and off at programmed times in order to simulate 3D animation. The animations will be imitated by rapidly flashing several LEDs at a time in order to give the illusion of the entire cube being lit up at any one time. The Dynamic Animation Cube II produces varying colors from Red, Green, and Blue (RGB) LEDs.
Index Terms  —  LED, Lattice, UC3 Series, Atmel, RGB, Animation.
I. Introduction
The objective of the Dynamic Animation Cube II was to complete a previously engineered project that was incomplete after a previous semester of senior design. The DAC II is a device that displays 3-dimensional images in a 3-dimensional space. In order to accomplish this, a design was implemented that utilized a lattice array of light emitting diodes that would light up individually and rapidly, in order to effectively allude that the entire image is lit at the same time. This simulated animation concept was demonstrated at length during the research phase in projects at Boston University and among several at home projects. The idea of the Dynamic Animation Cube was to build a project that constituted a much larger scale than the projects seen in research attempts. The project is not intended to be used for anything practical such as the completion of a physical task, but instead is supposed to be displayed at a piece of artwork commissioned by the University of Central Florida. When completed, the Dynamic Animation Cube II will allow for the display of pre-designed images and animations without the need of external stimulus.
II. Background: The Dynamic Animation Cube I
The Dynamic Animation Cube is an existing three dimensional light emitting diode cube that was constructed as part of a previous senior design course at the University of Central Florida. In order to understand the motivation behind undertaking the completion of the Dynamic Animation Cube, a brief introduction to the existing DAC will be provided, including its functionality and construction.
The original Dynamic Animation Cube was done by a group of four members; Michael Alberts, Joseph Clark, Arnold Li, and Isaiah Walker. The group had two Electrical Engineers and two Computer Engineers. The project was funded by the department of Electrical Engineering and Computer Science at the University of Central Florida  under the condition that the finished product remain the property of the University of Central Florida to be put on display as a piece of artwork in one of the engineering buildings on campus.

The Dynamic Animation Cube designed and built by the aforementioned group members had a resolution of 16 x 16 x 16. The light emitting diode cube measured roughly three feet long, three feet wide, and four feet tall. The Dynamic Animation Cube houses 4,096 light emitting diodes which previously hung down from eight, 2*1 inch wooden rods. Other than these wooden rods, there was no internal structural support for the Dynamic Animation Cube light emitting diodes. The light emitting diodes fell upon an acrylic sheet that served as the base of the cube.
III. Specifications
A cube of this magnitude has certain specifications to be adhered to while on display at the University of Central Florida. The following is a list of requirements for the Dynamic Animation Cube II to uphold.

1. Total cube size (including base) will be 33*33*52 in (L*W*H) so that it is capable of fitting through standard doorways at the University of Central Florida.

2. 5 visible sides: Top, front, back, left, and right sides of the cube. The bottom will not be a viewable angle as there is a base to house all of the hardware that implements the Dynamic Animation Cube II.

3. LED Type: RGB

4. 16*16*16 (L*W*H) or 4,096 Pixel Resolution

5. Working Temperature: 50-104 °F Capable of withstanding ambient temperatures indoors.

6. Working Humidity: 10-80% Use will be for indoor purposes only, range is conservative for those conditions.

7. 110V-230AC working voltage

8. Number of Animations: 3
III. System Components
The Dynamic Animation Cube is comprised of four main subsystems. The most crucial components of the project consist of the structure, the microcontroller, the LEDs and drivers, and the Wii Nunchuk that implement the Dynamic Animation Cube project. In Fig. 1, the over-all block diagram of the project can be seen. The figure illustrates how all of the top level components for this project are integrated. The overall block diagram can be seen in Fig 1, shown below.
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Fig. 1: Top level block diagram of Dynamic Animation Cube system. 

A. Structure
The Dynamic Animation Cube II will comprise of more than 4,000 light emitting diodes. These Red, Blue, Green light emitting diodes are soldered together using solder material to form a delicate lattice structure that is very vulnerable to outside influence as well as every day wear and tear. The delicate structure has a stable framework made of acrylic rods that provide stress relief to the bus wire that holds together each of the light emitting diodes. The group decided that in order to ensure the Dynamic Animation Cube II is available for many future engineering students at the University of Central Florida to enjoy, that some sort of housing would be essential to the livelihood of the completed project. The group decided that durability would be of upmost importance since the Dynamic Animation Cube will be on display in one of the engineering buildings on the University of Central Florida’s campus. In addition to durability, strength and transparency were also considered in order to make a decision about what kind of casing would enclose the finished Dynamic Animation Cube II. With these items in mind, the group decided to use cast acrylic sheets to encase the Dynamic Animation Cube II. In addition to the enclosure that will house the cube, an infrastructure will be implemented within the light emitting diode array in order to maintain stability of the entire Dynamic Animation Cube II. For this inner infrastructure system, the group decided to implement a system of acrylic rods which prove to be stronger and less flimsy. The Dynamic Animation Cube utilized an enclosed base as the center point of the structural system. This base is made of wood and has plated brackets that can withhold upwards of four hundred pounds. This enclosed base allows for the housing of the hardware related to the design and implementation of the cube and any other necessary items for functioning. 
B. Microcontroller

The most important part of the Dynamic Animation Cube II is the microcontroller that drives all of the other parts of the system.  The microcontroller completes more functions than any other component of the project. For the Dynamic Animation Cube II the group implemented the AVR32UC processor. It is an implementation of the AVR32 architecture. AVR32 is a high performance 32-bit RISC architecture with a three stage pipeline, and an innovative instruction set. The three-stage pipeline allows the processor to perform one instruction per clock cycle for most instructions. AVR32 has an innovative instruction set which allows for a compact code size and saving memory space. Shown below, in Fig. 2 is the top level schematic of the microcontroller.
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Fig. 2: Main microcontroller schematic. Shown are the SPI, TWI and other interfaces crucial to the project completion.

In order to supply the minimum refresh rate to the cube to ensure that the LEDs allude to animation, the sixty-six MHz processing speed of the UC3C processor was utilized. The processor is faster than the Stellaris (used by the previous design group), which is one of the main reasons the group decided to do more research on Atmel’s UC3C microcontrollers. Being able to perform around sixty-six million instructions per second will be fast enough to do all of the calculations, and communications needed for the applications, to produce the refresh rate that the project is aiming for.  

The AT32UC3C2512C is compatible with Two-Wire Interface standard communication protocol. The microcontroller behaves as the master device; it uses one clock line to synchronize with a slave device. The slave device then sends, or receives, data to the master over a data line. Two-Wire Interface is capable of transmitting data with speeds of up to four hundred thousand bits per second. The AT32UC3C is capable of transferring a single byte of data or it can transfer a sequence of bytes. The group will be able to use this feature to communicate with the Wii Nunchuk that will be implemented as a feature that will involve user interaction.

The AT32UC32512C is also capable of Serial Peripheral Interface, which allows for a synchronous serial data link that provides communication with external devices. The Serial Peripheral Interface behaves like a shift register to serially send data to other Serial Peripheral Interface devices one bit at a time. Data is transmitted by the microcontroller to a slave device by shifting bits into it. The microcontroller and the slave device synchronize together by using the same clock frequency, which is driven by the microcontroller. The STP24D05 drivers use Serial Peripheral Interface to communicate with external devices. This feature allows for twenty-four bits of data to send, telling the driver which pins to drive and ultimately select which LEDs will be lit or unlit.

The microcontroller has a General Purpose Input/Output Controller that controls forty-five input/output pins that can be used as general-purpose input/output or can be assigned to a function of an embedded peripheral. With forty-five general purpose input/output pins, the group has many options for wiring all of the external devices. 
In order to save pins, the group has decided to use three four to sixteen decoders to address all thirty-two drivers, and all sixteen layers. The drivers need an additional ten lines to interface with the microcontroller. Combined, twenty-two lines are needed just to interface the light emitting diode drivers and all sixteen layers of the cube. The number of pins is not the only feature that needed to be taken into consideration. The switching speed of the pins was also very important to consider. Most of the pins are capable of operating at fifty MHz with a ten pF capacitive load; however some are capable of operating at speeds of up to ninety-five MHz. The Dynamic Animation Cube will utilize the switching speed of the pins while wiring the external devices to the microcontroller.
C. LEDs and Drivers

The previous group decided to use a four pin, ten millimeter light emitting diode that had many useful features that the group found appealing, which can be seen in Fig 3. To start, all the light emitting diodes share a common annode.  This was useful in the fact that when connecting all of the light emitting diodes together in the cube shape, the group only needed one voltage line for each light instead of one for each color.  This also simplified debugging, allowing the group to look at only one wire for the problem instead of three.  
[image: image3.emf]
Fig. 3.
LED Lattice implemented in for the DAC II.

The second feature of the light emitting diodes is that all of them can emit red, blue, and green. This was perfect in the fact that while most cubes work with only a single color, the Dynamic Animation Cube is able to show several variations of vibrant colors.  It also would allow for the images and animations implemented to be displayed in colors that would more easily exhibit the complexity of the cube. The fact that the light emitting diodes were only ten millimeters was also a plus. It meant that the lights themselves would take up very little space and allow the group to consolidate the total size of the cube.

The viewing angle of the light emitting diodes was also rated well for what the group needed. If the degree of the angle was too high, the light would be too spread out, making the image difficult to see. Conversely, if the angle was set too small, the image would suffer in that it could only be perceived from certain places, making any 3D pictures and animations less effective. The viewing angle of the light emitting diodes chosen was set to 25 to 35 degrees, which was sufficient for the group’s needs.

The final benefit to each light emitting diode was that the only weighed one gram each.  Although this is light, the entire cube incorporated 4,096 diodes, which makes the weight of the lights alone over four kilograms. This became important in the fact that with soldering and wiring included; the base that was chosen had to be stable and strong enough to hold up the entire weight of the cube. 
The LED drivers are a critical component of the completed Dynamic Animation Cube II. The drivers accept data that corresponds to the state of the LEDs under its control. The drivers are arranged in an array such that two drivers control the red, green, and blue options for each element in one 16*16 LED lattice. Therefore, thirty two drivers were implemented in order to realize the Dynamic Animation Cube II. 

The drivers run on a low voltage, low current 24-bit shift register specifically intended to implement LED control programs. It implements an 8x3-bit serial-IN, parallel-OUT that feeds code into an 8x3-bit D-type storage register. When the device is running, it provides a constant 5-80mA current to power the LEDs. It also checks what is happening at the output line by looking at three different conditions: whether the circuit is short to Vo, ground, or open line. The results are then placed into the shift registers and then sent to the serial line output.

Once the registers are loaded, the detection functionality will activate using either a dedicated pin or a logic sequence that will be controlled by the group. In addition to the chip, the group will place three resistors on the board that will change how intensely the LEDs will light up.  The device also guarantees a 20 volt output, which is beneficial for the group to set up several LEDs in series as per the cube specifications. The driver comes with a 25MHz clock frequency, which provides plenty of room to adjust for the necessary frames per second. Shown below in Fig. 4 and Fig. 5 is the close-up schematic for one of the LED drivers and the over-all schematic for all of the LED drivers.
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Fig. 4: Close up view of LED Driver schematic implemented. Shows SPI connections and red, green, and blue assignments. 
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Fig 5: Schematic diagram of all the LED drivers multiplexed.
D. Wii Nunchuk

The Wii Nunchuk has four lines, which include a supply voltage line, a ground line, a Serial Clock Line, and a Serial Data Line. The interfacing protocol is called Two Wire Interface or Inter-Integrated Circuit. The group needed to hardwire all four lines to the microcontroller, which required a minimal amount of additional hardware to be able to interface the Wii Nunchuk with the microcontroller.  

The Wii Nunchuk is a slave device that is operated from the clock of the microcontroller; it transmits data to the microcontroller on the Serial Data Line at the rising edge of each clock cycle. Inter-Integrated Circuit speeds are standardized around one hundred thousand bits per second. However, communication speeds of up to four hundred thousand bits per second in fast mode, and even speeds as high as 3.4 Mbps in High Speed mode.  

The information is sent six bytes at a time. Due to the limited memory space of the microcontroller, this is the main advantage of using the Wii Nunchuk. This will allow for quicker communications with the microcontroller, and will also not take up a lot of valuable memory space with more data than is needed for the applications. The Wii Nunchuk will enable control of the animations without adding additional hardware. The simplicity, low cost, and small memory usage of the device make it ideal for controlling the cube.

IV. System Components
A. Current Requirements

One of the conditions the group had to account for is the massive amount of current that would be needed to drive 4,096 LEDs. There were two different approaches considered to power the Dynamic Animation Cube II. The first is to light any LED at any time which would lead to the case where the maximum current draw is needed. The case consists of all 4,096 LEDs lighting simultaneously. In this instance, the relatively small 20mA draw per diode would bring the current requirement up to almost 82A. This is such a large current draw that realization of this method would not be achievable. Instead, the group implemented a second approach which proved to be a much more realizable implementation. The second utilized multiplexing in such a way that allowed the LEDs to be addressed by column and row positions. The drawback of using this method is that at any moment in time, the cube is only capable of accessing one row of one color of LEDs. However, the group has selected a refresh rate that will counter this condition. The current requirement for the Dynamic Animation Cube II is simply to be able to light one row of one driver’s worth of LEDs. This comes out to a current requirement of 20mA for eight LEDs. The current required for this configuration is 1.6A. 

B. Multiplexing

Multiplexing all of the light emitting diode drivers is the most challenging aspect of the design. There are a few options the group had to choose from to multiplex multiple drivers. The Dynamic Animation Cube utilizes two, four-to-sixteen decoders to address all thirty-two STP24D05 drivers. This allows the group to choose a specific light emitting diode driver to send information to, as opposed to loading every single driver. Fig. 5, previously shown, shows the layout of all the drivers, and the two decoders. 
In order for the Serial Peripheral Interface to work properly, all of the drivers and the microcontroller must be synchronized. The clock pin for all of the STP24D05 drivers are wired together and driven by the microcontroller on pin PD2. The serial data lines of all the drivers are wired together as well, and attached to pin PD0 of the microcontroller. The latch enable pins of all of the light emitting diodes are each attached to a different output pin on the decoders. This will allow the group to select a particular driver to store the data that is sent from the microcontroller. Once the driver has stored the information, the next step is to send a pulse to the OE-B, OE-G, or OE-R pin on the light emitting diode driver. These pins are attached to pins PC15 through PC17 respectively.  

C. Displaying Images

The Dynamic Animation Cube is implemented using very specific timing. In order to achieve the appearance of animations the microcontroller must send control signals at the correct times. In order to accomplish this, the microcontroller sends the appropriate data to the LED drivers. After receipt of the information, the appropriate LED driver latches the data in order to preserve the state. This information is transmitted to the attached LEDs per the directive received from the microcontroller. The microcontroller also selects one of the 16 rows of LED sheets through the use of a decoder. This allows for the pinpoint of a single row of LEDs to get lit. This procedure is used to light any single LED or row of LEDs and it is repeated rapidly in order to simulate animations. Animations are formed by replicating this procedure thirty two times for a refresh of the entire cube.
D. Cube Structure

The Dynamic Animation Cube II will start to show animations after receiving the states of the LEDs from the LED drivers and the microcontroller, given that the layer voltage is also provided. As the microcontroller is sending the data to each of the 32 driver status’ at a rapid rate, the animations deliver the illusion that all of the layers for a certain animation are being lit up simultaneously, even though it is only being done in small sections. The DAC is structured in series and parallel sheets of 256 LEDs of 16*16 resolution. There is a two inch pitch between each LED, this means the LEDs are roughly two inches apart from one another. If the LEDs were to be too close to each other, it wouldn’t provide an aesthetically pleasing affect and it would be difficult to observe the LEDs from the opposite of the Dynamic Animation Cube. A two inch pitch allows for the best possible viewing experience for the user. Below, in Fig 6 is a picture of the Dynamic Animation Cube.
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Fig. 6: A close up of the Dynamic Animation Cube II assembled over enclosed base.
V. SOFTWARE

A. Development environment
The Dynamic Animation Cube II is programmed using the Atmel Studio 6, the integrated development environment provided by Atmel. Atmel Studio is based off of Microsoft Visual studio and is very similar in terms of features and visual style. Atmel Studio is easy to use and makes writing code and programming the Master Control Unit very simple. The Atmel Studio also includes a very thorough debugging mode which, using the AVR Dragon, allows a user to view and set all readable and writable internal registers and memories of a microcontroller at any given break point in C code. Using the debug functions allows for easy checking of values so that one can easily see the effects of the code on the hardware. The register view of the debugger is in Fig 7, shown below. 
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Fig. 7: Register view of debugger

B. Software Libraries
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The primary tools for controlling the Master Control Unit are taken from the Atmel Software Framework (ASF). The ASF includes libraries for all interfaces used in the software of the Master Control Unit. The specific interfaces implemented control all external interfaces used: Two Wire Interface, Serial Peripheral Interface, Joint Test Action Group, and General Purpose Input-Output. These interfaces are crucial for controlling the drivers and decoders, as well as reading input from the Wii Nunchuk. General Purpose Input-Output pins were utilized to control various functions of the decoders and drivers.

C. General-Purpose Input-Output Configuration 
A total of 16 General Purpose Input-Output pins are used to control the decoders and drivers. The layer-decode output lines are assigned by first creating an internal unsigned integer value for the decoder to be selected, then using a series of ‘if’ statements and masks, making the decode bits equal to the binary representation of the lowest four bits of the internal integer value. The same method was used for the driver-decoder, except that there were two cases: if the driver number is >15, assign the bottom four bits to D5-D8, and if the driver number is <16 assign the bottom four bits to D1-D4. 
General Purpose Input-Output pins were also used for the Strobe and Output Enable pins. After the layer and driver decoder pins are selected (which occurs after 24 bits have been sent to the Serial Peripheral Interface), the Strobe pin is set high and then set low after a 5 microsecond delay. This latches the data to the selected driver and enables output on the selected layer. Then the Output Enable Red is toggled high for 5 microseconds then toggled low. This is repeated for the Output Enable Green and the Output Enable Blue pins, and then all decoder lines for the driver decoders and the layer decoder are set low to prepare for the next driver select. 
D. General Program Flow

The software will be running in a while (1) loop, which will simulate a state machine in C code. The states and transfer conditions are detailed in Fig. 7, shown below. The AMBIENT state displays colorful animations few minutes, the RUBIX state is a Rubik’s cube game controlled by the user, the TETRIS state allows the user to play a game of Tetris, the PONG state starts a game of Pong against a rudimentary AI opponent, and the DRAW state allows the user to draw on the cube and set the initial state for Conway’s Game of life, which runs in the GOL state. These games are all controlled with the Wii Nunchuk.
Fig. 8: Detailed view of the states of the Microcontroller Software and transfer conditions
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