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Prerequisite: camera model/intrinsics/extrinsics

• The pinhole model
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https://zhuanlan.zhihu.com/p/54139614

https://zhuanlan.zhihu.com/p/54139614
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Prerequisite: camera model/intrinsics/extrinsics

• The pinhole model
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世界坐标系(world coordinate system)：用户定义的三维世界
的坐标系，为了描述目标物在真实世界里的位置而被引入。
单位为m。

相机坐标系(camera coordinate system)：在相机上建立的坐
标系，为了从相机的角度描述物体位置而定义，作为沟通世
界坐标系和图像/像素坐标系的中间一环。单位为m。

图像坐标系(image coordinate system)：为了描述成像过程
中物体从相机坐标系到图像坐标系的投影透射关系而引入，
方便进一步得到像素坐标系下的坐标。 单位为m。

像素坐标系(pixel coordinate system)：为了描述物体成像后
的像点在数字图像上（相片）的坐标而引入，是我们真正从
相机内读取到的信息所在的坐标系。单位为个（像素数
目）。
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Prerequisite: camera model/intrinsics/extrinsics

• Camera model
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像素坐标和世界坐标的关系：

u、v表示像素坐标系中的坐标，s表示尺度因子，fx、fy、u0、v0、γ（由于
制造误差产生的两个坐标轴偏斜参数，通常很小）表示5个相机内参，R,t表
示相机外参，Xw、Yw、Zw（假设标定棋盘位于世界坐标系中Zw=0的平面）
表示世界坐标系中的坐标。
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Prerequisite: camera model/intrinsics/extrinsics

• Camera model – H matrix
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像素坐标和世界坐标的关系：

单应性（Homography）变换。可以简单的理解为它用来描
述物体在世界坐标系和像素坐标系之间的位置映射关系。
对应的变换矩阵称为单应性矩阵。在上述式子中，单应性
矩阵定义为：

其中M是内参矩阵

它同时包含了相机内参和外参。

• H矩阵在计算机视觉中有很广泛的应用
• 如何估算H？相机标定
• 张正友标定法
• 这里从略
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Recover 3D from images

How can we automatically compute 3D geometry from images? 

– What cues in the image provide 3D information? 

7Credit: Fei-fei Li
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Recover 3D from images: cues for 3D

8Credit: Fei-fei Li
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Recover 3D from images: cues for 3D

9Credit: Fei-fei Li
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Recover 3D from images: cues for 3D

10Credit: Fei-fei Li
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Recover 3D from images: cues for 3D

11Credit: Fei-fei Li
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Recover 3D from images: cues for 3D

12Credit: Fei-fei Li
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Stereo Reconstruction

13Credit: Fei-fei Li

The Stereo Problem
– Shape from two (or more) images 
– Biological motivation
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Introduction to Mono/Stereo/3D Vision

• Comparison: 2D vs 3D

14Credit: Hawkins
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Introduction to Mono/Stereo/3D Vision

15Credit: Hawkins
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Introduction to Mono/Stereo/3D Vision

16Credit: Hawkins
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3D Object Detection

• 3D object detection is a crucial task for autonomous driving. Many important fields in 

autonomous driving such as prediction, planning, and motion control generally require a 

faithful representation of the 3D space around the ego vehicle.

18

• One Solution:

• LiDAR point cloud: PointNet

• High cost

• Sensitivity to adverse weather conditions
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3D Object Detection

• Monocular 3D object detection with RGB image

19

Roughly into 4 classes:

• Representation transformation

• Keypoints and shape

• Geometric reasoning based on 2D/3D 

constraint

• Direct generation of 3D bbox

Note: one method usually spans multiple 
categories and thus the grouping 
criterion is loose.
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3D Object Detection
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• Representation transformation: BEV/pseudo-lidar

Why BEV? Scale or occlusion

BEV method: IPM, inverse perspective mapping

• Pseudo-lidar

• Idea: to generate point cloud based on the estimated 

depth from the image

• Details: using RGBD images as depth, as the fourth 

channel and apply the normal networks on this input, 

with minimal changes to the first layer.
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3D Object Detection
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• Representation transformation: BEV/pseudo-lidar

• Pseudo-lidar

• Idea: to generate point cloud based on the estimated depth from the image

• Details: using RGBD images as depth, as the fourth channel and apply the normal 

networks on this input, with minimal changes to the first layer.

Does it have a good 

motivation to convolve 

on the depth maps?

As neighboring pixels 

on depth images may 

be physically far away 

in 3D space.
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3D Object Detection
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• Representation transformation: BEV/pseudo-lidar

• Pseudo-lidar

Caveat note: 

there is some overlap between the training data of 

DORN, the off-the-shelf depth estimator, and the 

validation data of pseudo-lidar 3DOD.
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3D Object Detection
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2. Keypoints and shapes

Motivation: 

Vehicles are rigid bodies with distinctive common parts that can be used as landmarks/keypoints for detection, 
classification and re-identification. In addition, the dimension of the objects of interest (vehicle, pedestrians, 
etc) are objects with largely known sizes, including overall sizes and inter-keypoint sizes. The size information 
can be effectively leveraged to estimate the distance to ego-vehicle.
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3D Object Detection
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2. Keypoints and shapes

Popular methods:

SMOKE, CVPRW 2020

• Inspired by CenterNet.

• eliminates the regression of 2D bbox altogether 

• directly predicts the 3D bbox.

It encodes a 3D bounding box as a point at the 
projection of the 3D cuboid center, with other 
parameters (size, distance, yaw) as its additional 
property.

Loss: 3D corner loss optimized using the disentangled L1 

loss, inspired by MonoDIS.

https://arxiv.org/abs/1905.12365
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3D Object Detection
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3. Distance estimation through 2D/3D constraints

Popular methods:

Deep3DBox, CVPR 2016

• Extends 2D object detection framework by 

adding a branch regressing the local yaw (or 

observation angle) and the dimension offset 

from the subtype average.

https://medium.com/@patrickllgc/orientation-estimation-in-monocular-3d-object-detection-f850ace91411
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3D Object Detection
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3. Distance estimation through 2D/3D constraints

Popular methods:

Deep3DBox, CVPR 2016

Two drawbacks

• relies on accurate detection of 2D 

bbox — if there are moderate errors in the 

2D bbox detection, there could be large 

errors in the estimated 3D bounding box

• The optimization is purely based on the 

size and position of bounding boxes, 

and image appearance cue is not used. 

Thus it cannot benefit from a large number 

of labeled data in the training set.
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3D Object Detection
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4. Direct Generation of 3D Proposal

Popular methods:

Mono3D, CVPR 2016 / CenterNet

CenterNet first regresses a heat map indicating the confidence of 
the object center location and regresses other object properties. It 
is straightforward to extend CenterNet to include 2D and 3D object 
detection as the attribute to center points.
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3D Object Detection
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4. Direct Generation of 3D Proposal

Popular methods:

D4LCN, CVPR 2020

Idea: depth-aware convolution from M3D-RPN even further by 

introducing a dynamic filter prediction branch.

This additional branch which takes in the depth prediction as 
input and generates a filter feature volume, which generates 
different filters for each specific location in terms of both 
weights and dilation rates.
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3D Object Detection: takeaways
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2D and 3D consistency can help regularize joint 2D and 3D training and can help 3D 

reasoning as a postprocessing step after the prediction of 2D bounding box and 

geometric hints.

Monocular depth estimation had significant progress in the past few years. Dense 

depth estimation lends itself to transform RGB image to pseudo-lidar point cloud, ready 

to be consumed by state-of-the-art 3D object detection algorithms.

Perspective representation is hard to directly perform 3D detection with. Lifting to Bird’s-

eye View (BEV) space makes the detection of vehicles a much simpler task scale 

invariance at different distances.

All the above method assumes known camera intrinsics. If the camera intrinsics are 

unknown, many of the algorithms will still work but only up to a scale factor.
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3D Object Detection: takeaways
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3D Lane Detection: why doing 3D?

32

Gen-LaneNet:
• the top view projection does not align with the IPM transformed features in the 

presence of a non-zero slope.
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3D Lane Detection: pipeline

33

Gen-LaneNet:
• the top view projection does not align with the IPM transformed features in the 

presence of a non-zero slope.
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One last drop(s) for me

Reach me at lihongyang@senseauto.com

mailto:lihongyang@senseauto.com
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Autonomous driving algorithm pipeline

35

Credit: Apollo 2.5 version
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SOTA: Mobileye Solution

36

https://s21.q4cdn.com/600692695/files/doc_presentations/2020/1/Mobileye-CES-2020-presentation.pdf

https://s21.q4cdn.com/600692695/files/doc_presentations/2020/1/Mobileye-CES-2020-presentation.pdf


• 正文级别 1

• 正文级别 2

• 正文级别 3

• 正文级别 4

• 正文级别 5

标题文本

Chapter 2 Section 12 May 14, 2021 Advanced Computer Vision

Building up your research career

• How to select research topics?

• Impactful research

• How to judge the value/contribution of a paper?

• Solid experiments

• Issue-driven motivation

• Other properties

• How to contribute contributions? ideas/novelty

• How to come up with ideas

• Right ways to conduct a full-round research project

• Choose topic, paper survey, build baseline, run experiments/formulate idea, write paper, rebuttal, camera-

ready, poster/oral session, blog/open-source repo

• Academia vs industry

37


