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ABSTRACT 
The reference design is an EMC compliant industrial interface to Sin/Cos position encoders. The high 

quality of the sinusoidal incremental signals permits high interpolation factors for digital speed control.The 

reference marker allows for an absolute angle position measurement (Agnus Swarnanisha Lakshmi and Palanivel 

Rajan, 2016). This design realizes an industrial temperature range, EMC-compliant interface to Sin/Cos 

incremental position encoders with differential 1-VPP analog output signals. Application areas include electrical 

motors, machine tools, printing machines, woodworking machines, textile machines, robots, and handling devices. 
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1. INTRODUCTION 

This project input is given to DC-DC power converter while stepping up the current. Dual ADC is used to 

Convert AC-DC using SPI. It is interfacing with Piccolo MCU to communication port (Dhivya and Kavitha, 2014). 

This angle is calculated up to 28-bit resolution and output for evolution through USB virtual COM port. We can 

interface with USB cable, RS232 Cable, CAN. The main peripherals leveraged on the F28069M are the SPI-A 

peripheral to read the dual high-resolution 16-bit data signals A16-bit and B16-bit. The embedded dual S/H ADC is 

used to convert the single-ended analog signals A 12-bit and B 12-bit (Kavitha and Gayathri, 2015). The 

quadrature encoder pulse module is used for directional up-down incremental count based on the signals ATTL and 

BTTL and the zero index markers RTTL for absolute position initialization. The PWM timer is use to generate 

periodic interrupts to trigger a new angle measurement. A 16-kHz period was chosen. The SCI-A peripheral is use 

to implement the UART based user interface at 115000 baud through virtual COM port.  

Literature review: 

Embedded system: A Embedded system can be defined as a computer device that dose a focused job. We find 

them everywhere at ower home, in aircraft and so on. Each of the application have a processor and special 

hardware to meet the specified requirement of the application alone with the embedded software that is executed 

by the processer for meeting that specified requirement (Kavitha and Palanisamy, 2013). The processing cores may 

be microcontrollers, or digital signal processors (DSP). The embedded software is also called as “firmware”. The 

key characteristic, however, is being dedicated to handle a particular task. Some embedded systems are mass-

produced, benefiting from economies of scale. Some embedded system have to operate in extreme environment 

conditions such as very high temperature and humidity -40 to 1250C. Many  embedded   system  work  in  very  

low  power 2 to 5V (Kavitha and Palanisamy, 2012).  It can be operate through battery. 

Microcontroller: Microcontroller go about as a little PC. It is single incorporated circuit. It comprises of a 

Processor center, memory, and programmable information/yield peripherals (Mohanapriya and Vadivel, 2013). It 

intended for installed applications. Microcontrollers are utilized as a part of naturally controlled items and gadgets, 

for example, vehicle motor control frameworks, implantable restorative gadgets, remote controls, office machines, 

apparatuses, control instruments, toys and other installed frameworks (Palanivel Rajan, 2015).  

There are three kind of engineering; 

 Von Neumann Architecture,  

 Harvard Architecture,  

 Super Harvard Architecture. 

Analog-To-Digital Converters: A simple to advanced converter is a gadget that changes over a ceaseless physical 

amount (generally voltage) to a computerized number that speaks to the amount's plentifulness (Palanivel Rajan, 

2017). The transformation includes quantization of the information, so it fundamentally presents a little measure of 

error. ADCs involve numerous classes among which are sigma-delta ADCs, high-determination ADCs, and rapid 

ADCs.Types are; 

 Flash ADC 

 Sigma-delta ADC 

 Dual slope converter 

 Successive approximation converter 

Serial Peripheral Interface: It is a synchronous serial data transfer protocol named by Motorola. Here two or 

more serial devices are connected to each other in full-duplex mode (Palanivel Rajan, 2012). The devices 

connected to each other are either Master or Slave.  
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Figure.1. Serial Peripheral Interface 

QEP: The most common type of incremental encoder uses two output channels (A and B) to sense position. Using 

two code tracks with sectors positioned 90 degrees out of phase; the two output channels of the quadrature encoder 

indicate both position and direction of rotation (Palanivel Rajan and Poovizhi, 2016). If A leads B, for example, the 

disk is rotating in a clockwise direction. If B leads A, then the disk is rotating in a counter-clockwise direction. 

2. PROPOSED SYSTEM 

 
Figure.2. Block Diagram of Proposed System 

Power Management: The power management consists DC-DC buck to generate a 6-V intermediate rail from the 

24-V input voltage. The encoder supply voltage and the 5-V and 3.3-V rails are derived from the intermediate 

voltage to reduce the voltage drop across the LDO a high-efficiency DC/DC switching converter to generate a 6-V 

intermediate rail from the 24-V input (Palanivel Rajan, 2012). Pay attention to minimize the noise introduced by 

the switcher solution by proper layout and component selection. The onboard wide input range 24-V power supply 

provides the necessary voltages for analog signal chain as well as the 5.25-V supply voltage for the Sin/Cos 

encoder. Input frequency upto 500KHZ. 

DC-DC Convertor: The DC-to-DC converter is an electronic circuit or electromechanical gadget that changes 

over a wellspring of direct current starting with one voltage level then onto the next. It is a kind of electric power 

converter. Control levels extend from low (little batteries) to (high-voltage control transmission). These are 

advanced switch mode DC-DC converter, which take the information voltage make AC with it through the switch 

mode handle, change over the voltage, direct, redress and channel to make a DC yield (Palanivel Rajan, 2014). A 

buck converter (venture down converter) is a DC-to-DC control converter, which ventures down voltage (while 

venturing up current) from its information (supply) to its yield (stack). It is a class of SMPS normally containing 

no less than two semiconductors (a diode and a transistor, albeit advanced buck converters regularly supplant the 

diode with a moment transistor utilized for synchronous correction) and no less than one vitality stockpiling 

component, a capacitor, inductor, or the two in blend (Palanivel Rajan and Vijayprasath, 2015). To diminish 

voltage swell, channels made of capacitors (some of the time in blend with inductors) are regularly added to such a 

converter's yield (stack side channel) and info (supply-side channel). 

Low Dropout Regulator: A low-dropout or LDO controller is a DC straight voltage controller that can manage 

the yield voltage notwithstanding when the supply voltage is near the yield voltage (Palanivel Rajan, 2012). The 

benefits of a low dropout voltage controller over other DC to DC controllers incorporate the nonappearance of 

exchanging commotion (as no exchanging happens), littler gadget measure (as neither extensive inductors nor 

transformers are required), and more noteworthy plan effortlessness (as a rule comprises of a reference, an 

intensifier, and a pass component). A noteworthy inconvenience is that, not at all like exchanging controllers, 

straight DC controllers must scatter control over the direction gadget with a specific end goal to manage the yield 

voltage.  

This plan has three LDO'S  

 TPS71701-150mA Low-Dropout Regulator with Enable. It Voltages from 0.9V to 5.0V Using Innovative 

Factory EEPROM Programming.  

 TPS7993 and TPS79901-200-mA Low-Dropout Regulator with Enable. It Voltages from 1.2V to 4.5V 

utilizing inventive manufacturing plant EEPROM Programming. Movable Outputs from 1.20 V to 6.5 V 

Sin Cos Encoder Motor:Sin/cos encoders are utilized as a part of engines to decide position and heading of 

engine. It has two sorts of yield range (Palanivel Rajan, 2015). Incremental rotational or direct position encoders 

are utilized as a part of numerous applications to quantify rakish or straight position and speed. Contingent upon 

the application, encoders with TTL/HTL-yield signs or simple sinusoidal yield signs are utilized. The last is 
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frequently alluded as Sin/Cos encoder. Simple Sin/Cos incremental encoders empower high-determination position 

estimation. The high caliber of the sinusoidal incremental signs allows high insertion elements for computerized 

speed control. 

16-Bit Dual Sampling Adc: High determination (16-bit) with high exactness (brilliant THD and SNR execution of 

–93 dB SNR, –100 dB THD). Drop-in stick perfect 14-bit and 12-bit forms for adaptability pending required 

determination versus cost enhancement High speed (700 kSPS) and transmission capacity to bolster no less than 

500-kHz simple information signals Dual channel with genuine differential sources of info and double/autonomous 

reference voltages to enhance insusceptibility against normal mode commotion (Palanivel Rajan, 2016). Double 

channel concurrent testing of two channels to guarantee zero stage move between the transgression and cos input 

flags An and B Sample point activated by equipment (falling edge of/CS) permits have processor to exact 

synchronize the specimen point with the incremental counter hook. Test and-hold circuit comes back to test mode 

in the wake of finishing the change procedure, henceforth relative long specimen times to settle to 16-bit exactness 

Dual, programmable, and cushioned 2.5-V inner reference to give regular mode inclination voltage to intensifier to 

practically cross out balance and balance float related blunders. Serial interface to host processor (double 

information) with up to 24-MHz clock recurrence to limit inertness completely indicated over the developed 

mechanical temperature extend (40°C to 125°C).  

Fully Differential Amplifier: The THS4531A gadget is a low power, completely differential speaker with info 

regular mode run underneath the negative rail and rail-to-rail yield. The gadget is intended for low-control 

information securing frameworks and high-thickness applications where control utilization and dispersal is basic 

(Shriram Vasudevan and Vivek, 2015). The gadget highlights exact yield normal mode control that takes into 

consideration DC coupling when driving simple to-computerized converters (ADCs).  

Host Processor Interface: The high-resolution path for signals A+, A– and B+, B– features a high-speed, high-

resolution dual 16-bit simultaneous sampling ADC with differential input and SPI output. The parallel, second path 

for the signals A+, A– and B+ offers a single-ended analog output for A and B with a 1.65-V bias voltage to 

interface to an external dual S/H ADC, which is for example embedded in microcontrollers like a C2000 Piccolo. 

Calculate High-Resolution Position With Sin/Cos Encoders: From a hardware perspective, typically two 

approaches can be realized, which impact mainly the requirements for the A/D converter. With the "over-sampling 

method", both sine and cosine signal would be sampled at least four times higher than the maximum sine and 

cosine frequency (Sridevi and Prasannavenkatesan, 2016). The incremental count as well as the phase calculation 

would be done by subsequent digital signal processing on a host processor. That method would not need 

comparators, but rather high-speed dual sampling ADCs. The typically used "under sampling" method uses 

separate hardware blocks to calculate the incremental Count and the interpolated incremental phase (Sukanesh, 

2010). The advantage of that method is that the sampling frequency and bandwidth of the ADC can be lower 

compared to the first method, as it does not impact the incremental count but only the interpolated phase 

(Sundaravadivu and Bharathi, 2013).  

 
Figure.3. Calculation of high resolution 

Piccolo Mcu Interface: The F2806x Piccol group of microcontrollers (MCUs) gives the force of the C28x center 

and CLA combined with exceedingly incorporated control peripherals in low stick check gadgets. This family is 

code-perfect with past C28x-based code, and gives an abnormal state of simple mix. An inward voltage controller 

takes into consideration single-rail operation (Vasudevan, 2015). Improvements have been made to the High-

Resolution Pulse Width Modulator (HRPWM) module to take into consideration double edge control (recurrence 

adjustment). Simple comparators with inward 10-bit references have been included and can be steered straight 

forwardly to control the ePWM yields. The ADC changes over from 0 to 3.3-V settled full-scale range and 

backings proportion metric VREFHI/VREFLO references. The ADC interface has been enhanced for low overhead 

and inactivity (Vivek and Audithan, 2014). 

Programming Setup: If not done yet, download the SinCos Encoder Firmware from this plan organizer and 

concentrate to an envelope, for example, c:\file name\bin. Conjure a Terminal program, similar to Tera Term, that 

can interface with the virtual COM port. Setup the Terminal program in Serial Console mode and set the 

parameters to: Baud Rate = 115200, Data = 8-bit, Parity = None, Stop = 1-bit, Flow Control = None. 
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3. CONCLUSION 

For this test, the high-resolution interpolated angle over one mechanical revolution was calculated within 

connected to the Piccolo F28069M LaunchPad. The sample rate was set to 32 kHz at 80-MHz CPU clock. The aim 

of the test is to verify the interpolation algorithm works at maximum input signal frequency of 500 kHz, without 

missing any incremental count or mismatching the interpolated phase (arc tangent) and the corresponding line 

count (QEP) for example, due to mismatch of latching the analog samples and the QEP counter (Vivek and 

Palanivel Rajan, 2016). This would translate into a larger error then the quantization noise. For that purpose, a 360-

degree spin of the encoder has been emulated using the dual signal generator. 
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