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数码相机定位
（课本第四章）



机理建模

•根据问题的实际机理，比如物理规律、几何规律等，进行数学模型

•机理：
• 物理规律：牛顿运动学定律、材料力学、流体力学、光学、热力学…

• 运动方程
• 偏微分方程
• 图理论
• …



相机定位问题

• 两部相机拍摄同一物体，得到两幅图像

• 根据两幅图像的公共特征，可以求得两部相机的相对位置关系

• 也可以求得对应公共特征点的三维坐标

• 机理：
• 几何光学

• 针孔成像原理



SFMedu Program with Code

Download from:   http://3dvision.princeton.edu/courses/SFMedu/

=+ +

A Structure from Motion System for Education

http://3dvision.princeton.edu/courses/SFMedu/


How: a complete new way of learning
Standard Way

Reading: the MVG bible
(need ~2 years)

Coding

Crying: Not Working At All

5-6
years

Our Way

Listen stories
PhD
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小孔成像



针孔成像的几何模型
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针孔成像的几何模型
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针孔成像的几何模型
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Up to a scale



When they take a picture:

Picture
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When they take a picture:

Picture
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When they take a picture:

Picture
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When they take a picture:

World Unit: e.g. Meters Image Unit: Pixels
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相机位姿：相对于世界坐标系的刚体变换（旋转+平移）

World Coordinate System

Camera Coordinate System

Model-view
Transformation

Xcam

Ycam

Zcam
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世界坐标系到相机坐标系
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空间点在相机平面的成像位置

• 1个相机

x = K R téë ùûX



空间点在相机平面的成像位置

• 2个相机

x1 = K R1 t1éë ùûX

x2 = K R2 t2éë ùûX



空间点在相机平面的成像位置

• 3个相机
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x3 = K R3 t3éë ùûX



Image 1

Image 2

Image 3
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图像的公共对应点
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标定及重建问题

• Input: Observed 2D image position

• Output:

Unknown Camera Parameters (with some guess)

Unknown Point 3D coordinate (with some guess)
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标定及重建问题

A valid solution                                      and

must let
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标定及重建问题：非线性最小二乘优化

A valid solution                                       and

must let the Re-projection close to the Observation, i.e. to minimize the 
reprojection error

R1 t1éë ùû, R2 t2éë ùû, R3 t3éë ùû X
1,X2,X3,

min xi
j -K Ri tiéë ùûX
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标定及重建问题：非线性最小二乘优化

A valid solution                                       and

must let the Re-projection close to the Observation, i.e. to minimize the 
reprojection error
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Question: What is the unit of this objective function?
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Image 2
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Estimating Fundamental Matrix

• Given a correspondence

• The basic incidence relation is

xT1Fx2 = 0

x1«x2
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Need 8 points



Estimating Fundamental Matrix
xT1Fx2 = 0
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for 8 point correspondences:

Direct Linear Transformation (DLT)

Ax = b

Af = 0



Algebraic Error vs. Geometric Error

• Algebraic Error

• Geometric Error (better)

min Af

Unit: pixel

Solved by (non-linear) least square solver (e.g. Ceres)

min d x1

j,Fx2
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Solving This Optimization Problem

• Theory:

The Levenberg–Marquardt algorithm

• Practice:
The Ceres-Solver from Google

http://en.wikipedia.org/wiki/Levenberg-Marquardt_algorithm

http://code.google.com/p/ceres-solver/

http://en.wikipedia.org/wiki/Levenberg-Marquardt_algorithm
http://code.google.com/p/ceres-solver/


Ceres-solver: A Nonlinear Least Squares Minimizer

Toy problem to solve min 10 - x( )
2



Ceres-solver: A Nonlinear Least Squares Minimizer

Toy problem to solve min 10 - x( )
2



Ceres-solver: A Nonlinear Least Squares Minimizer

Toy problem to solve min 10 - x( )
2



图像对应点问题
（特征点匹配）



对应点
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Keypoints Detection

keypoints
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match
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matrix
essential
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Descriptor for each point

keypoints
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Same for the other images
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Point Match for correspondences
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Point Match for correspondences
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对应点



重建点及点颜色



Another Example



简化问题：使用简单的标定板



Other Intrinsic Camera Parameters

• Principle point offset
• especially when images are cropped (Internet)

• Skew

• Radial distortion (due to optics of the lens)
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Other Camera Models

• Fisheye

• Mirror

• Panorama

• Tilt-Shift Lens

• Biological Eyes

Canon TS-E 24mm f/3.5L II

http://www.0-360.com/

http://sun360.csail.mit.edu

http://www.popgadget.net/2006/07/fisheye_camera.php

http://www.0-360.com/
http://sun360.csail.mit.edu
http://www.popgadget.net/2006/07/fisheye_camera.php


Recap: SFMedu Program with Code
Download from: http://3dvision.princeton.edu/courses/SFMedu/

=+ +

COLMAP：SfM和MVS的开源库
https://github.com/colmap/colmap

https://colmap.github.io/tutorial.html

http://mit.edu/jxiao/Public/software/SFMedu/
http://3dvision.princeton.edu/courses/SFMedu/
https://github.com/colmap/colmap
https://colmap.github.io/tutorial.html


谢 谢 ！


