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Introduction

Motivation

● Good performance: 
– SLAM 
– Object detection and tracking

→ Development of combined systems

● Most systems: Focus on car and pedestrian

Goal

Estimate
● camera trajectory
● trajectory of surrounding objects of many classes

Introduction - Related Work - Object Detection and Tracking 
Incorporating 2D Object Tracking into SLAM - Evaluation - Conclusion



Maximilian Kempa | Incorporating Large Vocabulary Object Detection and Tracking into Visual SLAM 3 

Related Work

Object Detection 

CenterNet [1]:
● Center point of bounding boxes 
● Regresses the bounding box size as offset

Object Tracking 

CenterTrack [2]:
● Displacement of center point between current and previous frame

Introduction - Related Work - Object Detection and Tracking 
Incorporating 2D Object Tracking into SLAM - Evaluation - Conclusion



Maximilian Kempa | Incorporating Large Vocabulary Object Detection and Tracking into Visual SLAM 4 

Related Work

Simultaneous Localization and Mapping (SLAM)

● Semantic Methods

● Simultaneous tracking of ego motion and moving objects

ORB-SLAM [6]:

● Open-source solution for visual monocular SLAM

● ORB-SLAM2 [7] enhances ORB-SLAM [6] to stereo images

Introduction - Related Work - Object Detection and Tracking 
Incorporating 2D Object Tracking into SLAM - Evaluation - Conclusion
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Related Work

COCO
● Instance Segmentation
● 80 classes

LVIS (Large Vocabulary Instance Segmentation)
● Instance Segmentation
● 1230 classes

KITTI
● Odometry
● 2D and 3D Object Tracking
● 2 classes

Introduction - Related Work - Object Detection and Tracking 
Incorporating 2D Object Tracking into SLAM - Evaluation - Conclusion
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Object Detection and Tracking

Training Procedure OverviewLVIS v0.5 labels(1230 classes)
COCO labels(80 classes) Images CenterNetTraining

CenterTrack

Pretrainedweights
CenterTrackCenterTrackfinal model

Artificial videos(random scalingand shifting)
Training

Introduction - Related Work - Object Detection and Tracking 
Incorporating 2D Object Tracking into SLAM - Evaluation - Conclusion
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Object Detection and Tracking

Hyperparameter Tuning and Evaluation of Tracker Network

● Multiple object tracking accuracy (MOTA) score [9] 

● Statistical evaluation of track length

Introduction - Related Work - Object Detection and Tracking 
Incorporating 2D Object Tracking into SLAM - Evaluation - Conclusion
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Incorporating 2D Object Tracking into SLAM

System Overview CenterTrack (trained on LVIS dataset)KITTI dataset sequences Video

ORB-SLAM2(called separatelyfor each object)Relative pose betweencamera and objects
2D-Tracks (bounding boxes, object class, tracking ID)

Introduction - Related Work - Object Detection and Tracking 
Incorporating 2D Object Tracking into SLAM - Evaluation - Conclusion
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Incorporating 2D Object Tracking into SLAM

3D Object Tracking Algorithm (Modified ORB-SLAM2)

● Extract ORB features inside the 2D bounding box of the object

● Match stereo keypoints

● Optimize transformation from camera to object frame

● Recover object trajectories in world frame

Introduction - Related Work - Object Detection and Tracking 
Incorporating 2D Object Tracking into SLAM - Evaluation - Conclusion
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Evaluation

Qualitative Evaluation 3D Object Tracking

Most frequently tracked classes in 3D (without car and pedestrian)

● Bicycle

● Traffic Light

● Bus

● Street Sign

● Pot (flower pot)

Introduction - Related Work - Object Detection and Tracking 
Incorporating 2D Object Tracking into SLAM - Evaluation - Conclusion
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Evaluation

Qualitative Evaluation 3D Object Tracking

Video playback speed: 0.5x

Introduction - Related Work - Object Detection and Tracking 
Incorporating 2D Object Tracking into SLAM - Evaluation - Conclusion
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Evaluation

Qualitative Evaluation 3D Object Tracking

Small bounding boxes are difficult to track.

Class Mean of Recall

Taillight 19.44 11.30%

License Plate 32 23.08%

Traffic Light 33.66 26.91%

Bag 39.52 31.71%

Recall=
N 3D

N 2D
√wbbox∗hbbox

Introduction - Related Work - Object Detection and Tracking 
Incorporating 2D Object Tracking into SLAM - Evaluation - Conclusion
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Evaluation

Quantitative Evaluation 3D Object Tracking

● 3D tracks with a minimum length of 5 frames 

●        = maximum number of ORB features

● Increasing  → more features inside the 2D object bounding boxes

N feat

N feat

Introduction - Related Work - Object Detection and Tracking 
Incorporating 2D Object Tracking into SLAM - Evaluation - Conclusion
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Evaluation

Quantitative Evaluation 3D Object Tracking

Introduction - Related Work - Object Detection and Tracking 
Incorporating 2D Object Tracking into SLAM - Evaluation - Conclusion
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Evaluation

Quantitative Evaluation 3D Object Tracking
Only considered tracks that are already present with N feat=2000

Introduction - Related Work - Object Detection and Tracking 
Incorporating 2D Object Tracking into SLAM - Evaluation - Conclusion
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Evaluation

Quantitative Evaluation 3D Object Tracking

Introduction - Related Work - Object Detection and Tracking 
Incorporating 2D Object Tracking into SLAM - Evaluation - Conclusion
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Evaluation

Comparison to DynaSLAM II [11]

● Builds up on ORB-SLAM2 [7]

● Pixel-wise-semantic segmentation for each 2D frame

● Smooth-motion prior for optimization

● Estimates 3D bounding boxes

Introduction - Related Work - Object Detection and Tracking 
Incorporating 2D Object Tracking into SLAM - Evaluation - Conclusion
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Evaluation

Comparison to DynaSLAM II [11]

Introduction - Related Work - Object Detection and Tracking 
Incorporating 2D Object Tracking into SLAM - Evaluation - Conclusion
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Conclusion

● Estimation of trajectory of camera and surrounding objects

● Big variety of classes

● High number of features is crucial to enable successful 3D tracking

● Comparison to DynaSLAM II [11] 
→ competitive trajectory localization accuracy

Introduction - Related Work - Object Detection and Tracking 
Incorporating 2D Object Tracking into SLAM - Evaluation - Conclusion
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Conclusion

Future Work

● Finetuning of the 2D tracker network

● Integration of semantic segmentation network

● 3D bounding box estimation module

● Meaningful confidence scores for the 3D detections

● Standard benchmark for comparison of dynamic SLAM algorithms

Introduction - Related Work - Object Detection and Tracking 
Incorporating 2D Object Tracking into SLAM - Evaluation - Conclusion
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