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Motivation 

1. A single UAV faces great limitations when performing 
practical missions. Thus, the collaboration of multiple UAVs is 
increasingly demanded. 

2. Under most circumstances, UAV collaboration relies on the 
Global Navigation Satellite System (GNSS). Nevertheless 
there are several obvious limitations and disadvantages. 
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Main idea 
1. We propose an innovative feature point description and 
matching algorithm named “fast matching feature” (FMF). It  

reduces the matching time complexity for large-scale data 
from O(log N) to O(1). 

2. Based on FMF, we describe a real-time monocular 
simultaneous localization and mapping (SLAM) system 
with a new distributed structure for a multi-UAV 
collaboration task. 
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Method 
The FMF is based on the speeded up robust feature (SURF) 
feature vectors and the principal ideas of Hash and principal 
component analysis (PCA).  
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Method 

In this SLAM framework, each 
vehicle transmits the feature vector 
extracted from the image to the 
independent back-end module of 
each vehicle. Every vehicle 
completes the building and update 
of its own map, and realizes the 
localization in its own map. This 
position relationship is referred to 
as vehicle-to-map for simplification. 
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Major results 
FMF vs. SURF on the MVS dataset 
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Major results 
Simulated flight state of our SLAM framework  
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Conclusions 
1. The calculation costs of the feature vector transformation and Hash value 
generation are low, and the time complexity of matching is O(1) (almost irrelevant 
to the data scale). Thus, the FMF algorithm is suitable for the large-data 
environment. 

2. Even though the correct matching rate is lower than that of the SURF algorithm, 
considering that the RANSAC algorithm is applied to motion estimation, a lot of 
mismatches do not have marked influence on the overall function. 

3. We have constructed an innovative multi-UAV SLAM framework based on FMF, 
and emphasized optimization of real-time multi-UAV collaboration without 
establishing a complete global map. Specifically, we have solved the problem of 
low computing efficiency as the data scale grows in the traditional SLAM 
algorithm. In addition, it is superior in terms of both low sensor cost and limited 
dependence on the environment. Finally, the simulation and real flight 
experiments have verified the feasibility of the FMF algorithm and this framework. 
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