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Introduction

previous methods: PTAM

monocular SLAM

use only one camera track camera posecreate 3D model of 
the environment

use CPU only real-timeno prior model of the 
environment needed

unstable with 
vibration sparse feature



Introduction

Motivation

real-time create dense maptrack camera 
robustly

DTAM

use GPU real-timeno prior model of the 
environment needed

stable with vibration 
and defocus dense map



Method: Pipeline and Initialization

Initialize 
scene

Dense 
Mapping

Dense 
Tracking

point feature based stereo method

is kf?
No Yes



Method: Dense Mapping

Initialize 
scene

Dense 
Mapping

Dense 
Tracking

solve an optimization problem to find 
the inverse depth map

regularizer cost volume
smooth depth map 
but also keep sharp 

edge

minimize the 
photometric loss

is kf?
No Yes



Method: Dense Mapping

cost volume

cost at each volume

given inverse depth range 
discretize into S layers

reference frame r

frames that are near r

Initialize 
scene

Dense 
Mapping

Dense 
Tracking

is 
kf?

No Yes



Method: Dense Mapping
Initialize 
scene

Dense 
Mapping

Dense 
Tracking

project into frame m

cost volume

photometric loss

unproject pixel at 
frame r

transform to frame m

is 
kf?

No Yes



Method: Dense Mapping

Hidden assumption: Brightness Constancy

Problem: 
photometric loss does not work in large baseline

patch-based intensity normalization?

Solution: 
manually keep baseline small

Initialize 
scene

Dense 
Mapping

Dense 
Tracking

is 
kf?

No Yes



Method: Dense Mapping
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Initialize 
scene

Dense 
Mapping

Dense 
Tracking

is 
kf?

No Yes



Method: Dense Mapping

overlapping 2 images overlapping 10 images

overlapping 30 images PTAM
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Initialize 
scene

Dense 
Mapping

Dense 
Tracking

is 
kf?

No Yes



Method: Dense Mapping

regularizer

per pixel weight: 
small weight at large intensity gradient
keep sharp edge

total variation of inverse depth with Huber loss

Initialize 
scene

Dense 
Mapping

Dense 
Tracking

is 
kf?

No Yes



Method: Dense Mapping

introduce an auxiliary variable

How to solve this non-convex loss?

coupling term

1. first minimize                                              , find optimal

2. then perform exhaustive search of       to minimize

Solution: Two Steps

Initialize 
scene

Dense 
Mapping

Dense 
Tracking

is 
kf?

No Yes



Method: Dense Mapping

What else can we do to get more accurate depth?

We can embed a single Newton step in each iteration to 
achieve sub-sample refinement:

without sub-sample refinement with sub-sample refinement

Initialize 
scene

Dense 
Mapping

Dense 
Tracking

is 
kf?

No Yes



Method: Dense Tracking

Dense Tracking: Two Step

step 2: 6DOF full pose refinement against the model

step 1: perform constrained inter-frame rotation 
estimation at lower level of image pyramid

Initialize 
scene

Dense 
Mapping

Dense 
Tracking

is 
kf?

No Yes

frame l-1 frame lvirtual frame v

world 
frame

frame l-1 frame l

only optimize rotation create a virtual frame 
with rotation

frame lvirtual frame v

world 
frame

project model into 
virtual frame and align 

with frame l

frame lvirtual frame v

world 
frame



Method: Dense Tracking

Dense Tracking
Initialize 
scene

Dense 
Mapping

Dense 
Tracking

is 
kf?

No Yes



Evaluation

How this method works?



Evaluation

Robustness under vibration



Evaluation

Robustness under defocus



Evaluation

Robustness under rapid translation
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Thank you for your attention


