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Introduction

GPS (Global Positioning System) is often used in the global environment.

It is challenging to deploy enough satellites on other planets. 

Use computer vision technique !

02



Introduction

: To find the appropriate method of computer vision for space localization.

Complicated foreground will not appear in space.

Use optical flow approach !
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FlowNetS

FlowNetC
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Basic model for PA-FlowNet

Clean Final

Moon Datasets MPI Sintel Dataset

FlowNet2  > PWC-Net FlowNet2  < PWC-Net 07



FlowNet2 on Moon Data

Huge performance gap while the height is larger than 3000 kilometers.

Reason : the poor flow estimation of the backgrounds.

Solution :  Use Curriculum Learning !

Source Target Estimated Flow

backgrounds
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Proposed PA-FlowNet

Curriculum Learning
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Proposed PA-FlowNet

𝒇′(𝒄,𝒊,𝒋) = 𝒇(𝒄,𝒊,𝒋) + 𝝉 𝒕 𝑴 𝒊,𝒋 ∙ 𝒇 𝒄,𝒊,𝒋

̶ 𝒇(𝒄,𝒊,𝒋) : Estimated Flow

̶ 𝒇′(𝒄,𝒊,𝒋) : Foreground-attention Flow.

̶ 𝑴 𝒊,𝒋 : Mask

𝑀(𝑖,𝑗) = ൝
1, if pixel(𝑖,𝑗) belongs to the foreground.

0, if pixel(𝑖,𝑗) belongs to the background.

̶ 𝝉 : attention factor (depending on 𝒕)

𝜏 𝑡 = 0.5[1 + 𝑐𝑜𝑠( Τ𝜋𝑡 𝑡𝑜𝑡𝑎𝑙_𝑒𝑝𝑜𝑐ℎ𝑠)]

[4] M. M. Derakhshani, S. Masoudnia, A. H. Shaker, O. Mersa, M. A. Sadeghi, M. Rastegari, and B. N. Araabi.

“Assisted excitation of activations: A learning technique to improve object detectors,” in Proc. CVPR, 2019.

Curriculum Learning
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Proposed PA-FlowNet

Multi-scale End-point Error Loss (for Stage 1) :

𝓛𝑴−𝒆𝒑𝒆 = σ𝒍=𝟎
𝑵 𝜶𝒍σ𝒙 𝑭𝒍𝒐𝒘𝒆𝒔𝒕

𝒍
𝒙 − 𝑭𝒍𝒐𝒘𝒈𝒕

(𝒍)
(𝒙)

𝟐
; 𝛼𝑙 = Τ2𝑙 (2𝑁 − 1) , 𝑁 = 4.

Total Loss (for Stage 2, End-point Error Loss + Pose Loss) :

𝓛𝒕𝒐𝒕𝒂𝒍 = 𝓛𝒆𝒑𝒆 + 𝜸𝓛𝒑𝒐𝒔𝒆 ; 𝛾 = 10.

– ℒ𝑒𝑝𝑒 = σ𝑥 𝐹𝑙𝑜𝑤𝑒𝑠𝑡 𝑥 − 𝐹𝑙𝑜𝑤𝑔𝑡(𝑥) 2
.

– ℒ𝑝𝑜𝑠𝑒 = 𝛽 𝑄𝑔𝑡 − ( Τ𝑄𝑒𝑠𝑡 𝑄𝑒𝑠𝑡 ) 2
+ 𝑡𝑔𝑡 − 𝑡𝑒𝑠𝑡 2

; 𝛽 = 20.
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Moon64K Dataset 

Height

(Distance from Moon)

Training

Data

Testing

Data
Total

50  ~   100  km 400 100 500

100  ~ 1,000 km 2,000 500 2,500

1,000 ~ 2,000 km 2,000 500 2,500

2,000 ~ 3,000 km 2,000 500 2,500

3,000 ~ 4,000 km 1,600 400 2,000

Aggregate 8,000 2,000 10,000
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Image Resolution :  1024 × 768 pixels .



Moon64K Dataset

Source Image Coordinate → Source Camera Coordinate :

𝑃𝑠 = 𝜆
𝑥𝑠
𝑦𝑠
1

~𝐾−1𝑝𝑠 = 𝐾−1
𝑢𝑠
𝑣𝑠
1

Source Camera Coordinate → Target Camera Coordinate :

𝑃𝑡 = 𝑅 | 𝑡 𝑃𝑠

Target Camera Coordinate → Target Image Coordinate :

𝑝𝑡 =
𝑢𝑡
𝑣𝑡
1

~ 𝐾𝑃𝑡 = 𝐾

𝑋𝑡
𝑌𝑡
𝑍𝑡

Solve 𝜆 ?  Use spherical equation !

(𝒙 − 𝒙𝟎)
𝟐+(𝒚 − 𝒚𝟎)

𝟐+(𝒛 − 𝒛𝟎)
𝟐= 𝒓 𝟐
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Experimental Results

Methods AEPE

FlowNetS 14.967

FlowNetC 11.023

FlowNet2 6.682

PWC-Net 10.059

Foreground-attention Flow Network (PA-FlowNet without Pose Regression) 3.202

PA-FlowNet 2.409

Comparison of average end-point error (AEPE) on Moon64K dataset :
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Experimental Results

Methods
Height from Moon (AEPE)

< 1,000 km 1,000 ~ 3,000 km ≥ 3,000 km

FlowNetS 13.011 15.902 15.565

FlowNetC 9.020 11.839 11.987

FlowNet2 4.141 6.283 11.494

PWC-Net 8.130 10.639 10.778

PA-FlowNet 2.463 2.551 1.974

Comparison of average end-point error (AEPE) with different heights from Moon :
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Experimental Results

Methods
Relative Camera Pose Error

Orientation Error Translation Error

FlowNet2 0.987 ° 0.701

PWC-Net 1.025 ° 0.783

PA-FlowNet 0.918 ° 0.648

Comparison of relative camera pose error on Moon64K dataset.:
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Experimental Results
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