
F2025 ECE 460/560: ESA THW1 Solutions 

Shaft Rotation Position Decoder 

 

 

Q1. 5 pts 

 
900 Hz 

  

Q2. 5 pts 

 

 



 
Opening time: 100 us 
Closing time: 378 us (377.777… us) 

Interrupt-Based Decoder 

 

Q3. 5 pts 

 



 
Optional: Checking the result

 
• Frequency: 2.5 pts  

o Full Credit: 2898.55… Hz, 2899 Hz, 2900 Hz 
o Partial Credit:  

▪ Off by a factor of 2 
▪ Off by a factor of 4 

• Explanation: 2.5 pts. Key Concepts/Steps 
o At what shaft frequency is the sample taken at the end of the deadline window? (Boundary case)  

▪ Set the two deadline window equations equal to each other 
• From shaft rotation and encoder: TDL = (¼) * (1/(fshaft * NPPR ))  
• From CPU:  TDL = (Interrupt latency + delay to read signal B)/CPU clock frequency  = (15 cy + 8 

cy)/fcpu  
▪ Solve for fshaft 

• Extra credit for confirming timing feasibility: 1 pt. At that shaft frequency, is there enough time for the CPU to respond 
to the interrupt and run the decoder? 

o ISR finishes (40 + 15 cycles)/24 MHz after triggering = 55/24 MHz = 2.29 us 
o Period of encoder signal Tenc = 3.83 us 
o Yes, there is enough time since 2.29 us < 3.83 us 

  



ECE 560 Only 

Q4. 5 pts 

 

 

 
• Frequency: 2.5 pts 

o Full Credit: 2424.2424…. Hz, 2424 Hz 
• Explanation: 2.5 pts. At what shaft frequency is 50% of the CPU time available? Key Concepts/Steps 

o The decoder uses CPU time for two activities: 
▪ Executing the ISR (40 CPU clock cycles)  
▪ Perform the hardware interrupt response operations (15 CPU clock cycles). No instructions are 

executed at this time. 
o Splitting the CPU time 50% between the decoder and other processing gives 55 cycles for the decoder and 55 

cycles for the other work. 
o To get this 50% time split, the decoder must be triggered every 110 cycles (TEnc). 
o Convert this 110 cycle period to a decoder triggering frequency: 24 MHz/110 cycles  



o Divide this frequency by 90 pulses per revolution to get the shaft frequency 


