
•
•
•

Image at T0

Image at T1

FlowNet
(CNN Layer) LSTM1 LSTM2 Pose Change 

Prediction

FlowNet
(CNN Layer) LSTM1 LSTM2 Pose Change 

Prediction

FlowNet
(CNN Layer) LSTM1 LSTM2 Pose Change 

Prediction

Image at T1

Image at T2

Image at Tn-2

Image at Tn-1

•
•
•

+

•
•
•
+

Odometry / Pose
Prediction until T1

Odometry / Pose
Prediction until T2

Odometry / Pose
Prediction until Tn-1

DeepVO

Layer Receptive Field 
(Kernel) Size Padding Stride Number of 

Channels

Conv1 7 x 7 3 2 64

Conv2 5 x 5 2 2 128

Conv3 5 x 5 2 2 256

Conv3_1 3 x 3 1 1 256

Conv4 3 x 3 1 2 512

Conv4_1 3 x 3 1 1 512

Conv5 3 x 3 1 2 512

Conv5_1 3 x 3 1 1 512

Conv6 3 x 3 1 2 1024

FlowNet (CNN Layer) DeepVO Loss Function

θ* : Optimal parameters for DeepVO RCNN network
θ : Parameters for DeepVO RCNN network
N : Number of Samples
𝑝ො௞ : Translation change estimation of pose (Δ𝑥ො, Δ𝑦ො, Δ𝑧̂)

𝑝௞: Translation change of ground truth pose (Δx, Δy, Δz)

𝜑ො௞: Rotation change estimation of pose (Δ𝑅𝑜𝑙𝑙෢ ,Δ𝑃𝑖𝑡𝑐ℎ෣ ,Δ𝑌𝑎𝑤෣ )

𝜑௞ : Rotation change of ground truth pose (ΔRoll, ΔPitch, ΔYaw)

κ : Scale factor between translation and rotation 
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• • •

• • •

• • •

• • •

FlowNet

LSTM1

LSTM2

FlowNet

LSTM1

LSTM2

FlowNet

LSTM1

LSTM2• • •

FlowNet

LSTM1

LSTM2

FlowNet

LSTM1

LSTM2

FlowNet

LSTM1

LSTM2• • •
LSTM

Reset

Pose Change 
Prediction

Pose Change 
Prediction

Pose Change 
Prediction

Pose Change 
Prediction

Pose Change 
Prediction

Pose Change 
Prediction

Maintain
Temporal Information

Maintain
Temporal Information

KITTI Sequence 00
Image 00, Image 01

KITTI Sequence 00
Image 01, Image 02

KITTI Sequence 00
Image N-2, Image N-1

KITTI Sequence 02
Image 00, Image 01

Image 00 at 00

Image 01 at 00

Image 00 at 00

Image 01 at 00

Image N-2 at 00

Image N-1 at 00

Image 00 at 02

Image 01 at 02

Image 01 at 02

Image 02 at 02

Image M-2 at 02

Image M-1 at 02

KITTI Sequence 02
Image 01, Image 02

KITTI Sequence 02
Image M-2, Image M-1

Sequence (Training Scenario) Complete
Reset LSTM for Next Sequence (Next Scenario)

Deep Learning Server Computer (Ubuntu 18.04)

Host PC (Ubuntu 18.04)Jetson Nano (Ubuntu 18.04)

DeepVO Network (Stateful RNN)

DeepVO PyTorch Dataloader

KITTI Dataset Camera Image
[Sequence 00, 02, 08, 09]

KITTI Dataset
Camera Pose Difference

Δx

Δy

Δz

Δroll

Δpitch

Δyaw

ROS sensor_msgs
Compressed Image

ROS
Process
Node

(Python 2)

Pyro4
Client

DeepVO Python Process
(Python 3)

Pyro4
Server

Camera Python Process
(pyrealsense / Python 3)

Pyro4
Client

ROS
Process
Node

(Python 2)

Pyro4
Server

Image To 

Base64

Base64 to Image

Wi-Fi

※ Import DeepVO network into ROS-based system
after training it at high performance deep learning
server computer with GPUs

※ LSTM Reset after each training scenario

Intel
Realsense

D435i

Joystick 
Node

rosserial 
Node

Arduino Due

DC
Motor Arduino DueDC Motor

Driver

Motor Control Commands

Serial 
Communication

No Skip (Moving)

Frame Skip
(Stationary)

Real-Time Image Stacking

Frame Skip Check (SSIM)

Trained DeepVO Model

Odometry Accumulation
Pose Calculation & Plotting

Convert input image
into 1280 x 384

Pose Estimation
(Translation & Rotation Changes)

PWM

Control

ROS-based 2WD Vehicle

Logitech
F710

Image at t

Image at t+1

Stack of Two 

Consecutive Images
Odometry Estimation

W
ei

gh
te

d 
M

SE
 L

os
s

Training Epochs

DeepVO Training with KITTI
[Training Sequence : 00, 02, 08, 09]

Ground Truth

Estimated Odometry

Ground Truth

Estimated Odometry
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