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System Overview

• Image processing on FPGA: 

OV7670 data capture, 

pixel thresholding and IR beacon 

centroid detection

• Uncalibrated stereo in software: 

pre-calibrated camera intrinsics; 

everything else found dynamically. 

• Functionality: Realtime 30 FPS IR 

beacon tracking with mm-scale 

precision 
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Hardware

• Two moment accumulation 

pipelines and a debug 

frame buffer for photo 

capture
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Pinout

Camera A:

• GPIO_0[7:0] : DATA

• GPIO_0[8] : HREF

• GPIO_0[9]: VSYNC

• GPIO_0[10]: PCLK

• GPIO_0[26]: XCLK

• GPIO_0[35:27]: Software PIO

• GPIO_0[22:25]: Software I2C

• 22 = SCL

• 23 = SDA

Camera B:

• Mirrored on  GPIO_1

LEDR: 

• [9]: Unused

• [8]: Always on unless reset 

• [7:6]: Frame capture select mode (00 = OFF, 01 = A, 10 = B)

• [5:3]: STATUS (whether camera in capture state)

• [2:0]: DONE (frame_done, b_done, a_done)
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PIOs:

0x100

0x120

0x140

0x160



Camera Control

• Software bit-banged I2C 

using HPS-controlled PIO

• Device address 0x21

• R/W to control registers
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VGA Timing
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• YUYV format with full VGA

• 31.26 FPS achieved with 

PCLK = 25 MHz
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Hardware/Software Interface (1/2)
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Hardware/Software Interface (2/2)



Test captures:
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• Frame buffer captures from select OV7670 camera via debug interface



Algorithms
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Camera calibration
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Camera calibration
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Camera calibration
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Epipolar geometry
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Essential and Fundamental Matrices
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Fundamental Matrix Estimation
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Code Control Flow       

                  
                                              

                       
                                         

                                 

                         
                                           

                                           

                              

                      
                                                     

                                             
                                                 

                          

                         
                               

                        
                            

            



Jacobi Least-Squares Solver
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Jacobi Least-Squares Solver
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Jacobi SVD
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Pose Recovery
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Credits:

• Prof. Stephen Edwards 

• TA : Xiaoyang Liu

• Graphics and equations 

from https://www.youtube.com/playlist?list=PL2zRqk16wsdoCCLpou-

dGo7QQNks1Ppzo
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https://www.youtube.com/playlist?list=PL2zRqk16wsdoCCLpou-dGo7QQNks1Ppzo
https://www.youtube.com/playlist?list=PL2zRqk16wsdoCCLpou-dGo7QQNks1Ppzo
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