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Problem Statement

Stellar Industries needs a rotational sensor to calculate 

the angle at which their crane is positioned according to 

their truck base. The sensor is needed to provide that 

information to their operators so they can uphold their 

safety standards.



Functional Requirements

- Compute the angle of rotation, with a maximum error of ±5° 
- The sensor and MCU must operate accurately between -40°F and 160°F
- The sensor and sensor housing must be mountable to the outside of the crane
- The sensor must operate accurately during inclement weather including rain, 

snow and humid conditions 
- Must be powered by a 12V DC power supply
- Communicate with the controller via CAN bus protocol
- Must be able to update the user about the angle of rotation in real time 



Non-Functional Requirements

- The solution must be cost-efficient

- The solution must be able to be reproduced for installation on multiple cranes



Technical/Other Constraints/Considerations

Technical constraints include:

- The design must not use a mechanical gear for the rotational sensor

Technical considerations include:

- The sensor design should be easily mountable/attachable to the crane to avoid 
having to take any parts of the crane off 



Components

● MSP432E401Y

● TDK IAM-20680HP



Block Diagram



Component Block Diagram



Calculations

● Calculate average offset

● Apply high-pass filter

● Initialize angle to 180°

● Read data from gyro sensor (velocity)

● Scale to degrees/second

● Integrate over time

● Format to (180° to -179°)



Calculation Changes

● Previous method involved 3 accelerometers, 2 gyros

● α and ß are X- and Y-rotation

● Highly accurate in theory
○ Accel data is inaccurate (short-term)

○ Computationally expensive

○ Non-rotating sensor



Calculations

https://docs.google.com/file/d/1vgWdMtoyHpW-NpEziAK3hF56W8R6AZwS/preview


SPI

● Configuring Registers
○ TDK-20680HP Data sheet

● Configuring SPI parameters
○ TDK-20680HP Data sheet

○ MSP432E401Y Data sheet

● Transmit and Receive 
○ Code Composer Studio TI examples



Configuring Registers

● 36 overall Registers
○ Configure registers

○ Disable/Default registers

○ Read Registers



Configuring SPI Parameters

● Setting parameter values



Transmitting and Receiving

● Transaction
○ count

○ txBuf

○ rxBuf



Oscilloscope Traces

         0b0110 1011     0b1000 0001          0b1111 0101



SPI Complications

● Receive buffer 



CAN bus

● GPIO Interrupt handler
○ Set pin PP4 as an interrupt

● Configure CAN and UART
○ UART is being used to display messages for testing purposes

● SYS_CLOCK & CAN_ADRESS set as macros as they may change depending on on the system

● Main function will send and print the message in UART along with displaying any error messages

● Pins used for CAN bus include PA0, PA1 and PP4
○ PA0 and PA1 are receive and transmit respectively

○ PP4 is a GPIO pin configured as an interrupt connected to the interrupt pin on the IAM-60860HP and will 

trigger txMsg to true to allow for messages to be transmitted.



CAN bus Code



CAN bus Demo

https://docs.google.com/file/d/1alYc4V5FgoL18oDy1cIVC_1CdOSQdhMn/preview


Thank You

Any Questions?

Advisor: Nathan Neihart

Client: Stellar Industries & Nathan Meyer 

Team members: Andrew Jacobson, Eli Davidson, Wyatt Syhlman & Nikhil Sharma 

Email: sdmay21-20@iastate.edu


