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Background

⚫ Monocular 3D object detection(Mono3D) has attracted widespread attention (e.g., in 

autonomous driving and robotics) due to its potential to accurately obtain object 3D localization 

from a single image.

⚫ Advantage:

➢ Lower cost

➢ Simpler configuration

⚫ Challenge：

➢ Object depth estimation



Background

⚫ Center-based Detectors:  

- Efficient 

- Local cues

⚫ Transformer-based Detectors

- Inefficient

- Global cues



Background

⚫ Center-based Detectors:  

➢ Tendency: Explore multiple depth cues and formulate them as an ensemble to mitigate the 

insufficiency of single information

- MonoFlex (2021CVPR):        4 depths per object

- MonoGround (2022CVPR):   7 depths per object

- MonoDDE (2022CVPR):      20 depths per object



Motivation

⚫ Is the greater the number of predicted depths, the better?

- We observe a coupling phenomenon that existing multiple predicted depths tend to 

consistently overestimate or underestimate the true depth values

𝑍∗𝑍1𝑍2

𝑍𝑠𝑜𝑓𝑡

𝑍3𝑍…𝑍n

or

𝑍∗ 𝑍1𝑍2𝑍3𝑍…𝑍n



Motivation

⚫ Current multi-depth prediction methods are based on local cues

- We attribute this coupling phenomenon to the fact that the local depth cues they used are all 

derived from the same local features around the object in the CenterNet paradigm.



Motivation

⚫ Can we design a network that has both large and small biased depths?

⚫ Can we utilize global features while ensuring real-time performance to avoid falling into coupling?

𝑍∗𝑍1 𝑍2 𝑍∗ 𝑍2𝑍1

coupling complementary



Core Idea

⚫ Why we need multiple depths with different error signs?

- It’s better to listen and synthesize different opinions (different error signs)

Define two different depth prediction branches Ƹ𝑧1and Ƹ𝑧2 as follows:

൜
Ƹ𝑧1 = 𝑍∗ + 𝑒1
Ƹ𝑧2 = 𝑍∗ + 𝑒2

, 𝑒1𝑒2 > 0

The coupling depths error 𝑬𝟏 of Ƹ𝑧1 and Ƹ𝑧2 can be formulated as:

𝐸1 = 𝜔1𝑒1 + 𝜔2𝑒2

By changing only the sign of the error in Ƹ𝑧1 without changing the magnitude of the error we get:

Ƹ𝑧1
′ = 𝑍∗ − 𝑒1

The complementary depths error 𝑬𝟐 of Ƹ𝑧1
′

and Ƹ𝑧2 can be formulated as:

𝐸2 = 𝜔1𝑒1 − 𝜔2𝑒2

By mathematical transformations we further express 𝐸1 and 𝐸2 as:

൝
𝐸1 = (𝜔1𝑒1)

2+2𝜔1𝜔2𝑒1𝑒2 + (𝜔2𝑒2)
2

𝐸2 = (𝜔1𝑒1)
2−2𝜔1𝜔2𝑒1𝑒2 + (𝜔2𝑒2)

2
, 𝑒1𝑒2 > 0 𝐸2 < 𝐸1

proof:
𝑍∗

𝑍2 𝑍1 𝑍1
′

𝑍2

𝑍𝑠𝑜𝑓𝑡 𝑍𝑠𝑜𝑓𝑡
𝑍∗

e2

e1 e2 e1



Core Idea

⚫ Why we need multiple depths with different error signs?

- Potential to improve existing methods (Take MonoFlex as an example)
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MonoFlex: Zhang Y, Lu J, Zhou J. Objects are different: Flexible monocular 3d object detection. In CVPR, pages 3289-3298, 2021.



Method Overview

⚫ Global Branch: predicting the global horizon heatmap of the image, serving as a global cue to 

generate the prediction of complementary depths (𝑧𝑐𝑜𝑚𝑝).

⚫ Local Branch: predicting local information for each point of interest.
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Method

⚫ Introducing a new depth branch with global cue to avoid falling into coupling

- Global cue comes from that all objects in one image almost lie on the same plane

𝐴𝑥 + 𝐵𝑦 + 𝐶𝑧 + 𝐷 = 0

(𝑢𝑏 , 𝑣𝑏)
𝑦𝑔𝑙𝑜 = −

𝐷

𝐴
𝑓𝑦(𝑢𝑏 − 𝑐𝑢)

𝑓𝑥(𝑣𝑏 − 𝑐𝑣)
+ 𝐶

𝑓𝑦
𝑣𝑏 − 𝑐𝑣

+ 𝐵

(A new geometric cue is introduced)

z =
𝑓𝑦𝑦𝑔𝑙𝑜

𝑣𝑏 − 𝑐𝑣



Method

⚫ Achieve complementary form in solving

𝑧𝑘𝑒𝑦 =
𝑓𝑦𝐻

𝑣𝑏 − 𝑣𝑡
(1)- Existing

𝑧𝑐𝑜𝑚𝑝 =
𝑓𝑦(𝑦𝑔𝑙𝑜 −

1
2𝐻)

1
2 (𝑣𝑏 + 𝑣𝑡) − 𝑐𝑣

(2)- Add z =
𝑓𝑦𝑦𝑔𝑙𝑜

𝑣𝑏 − 𝑐𝑣



Results

⚫ On the official KITTI 3D benchmark, MonoCD reaches SOTA in most metrics without using 

additional data while ensuring real-time performance.



Results

⚫ Proposed complementary depth can also be a plug-and-play module to boost multiple existing 

monocular 3d object detectors



Results

⚫ 𝑧𝑐𝑜𝑚𝑝 from the global cue branch is significantly different from 𝑧𝑑𝑖𝑟 and 𝑧𝑘𝑒𝑦 from the local cue 

branch and has the opposite error sign, which achieves error neutralization and makes the final 

predicted box closer to the ground truth
𝑧𝑠𝑜𝑓𝑡 𝑧𝑑𝑖𝑟 𝑧𝑘𝑒𝑦 𝑧𝑐𝑜𝑚𝑝
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