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Abstract: With the continuous development of unmanned systems technology, cross-domain collaboration among
multi-unmanned systems has become a hot research and application topic in the field of unmanned systems by virtue of
its many advantages. Firstly, the concept formation and development process of unmanned system cross-domain col-
laboration are described, and the future development trend is forecasted. Secondly, the research situation of multi-un-
manned system cross-domain collaboration technology in foreign countries is systematically reviewed, and the
cross-domain collaboration technology of unmanned system in the United States and the European Union is analyzed
and summarized from three perspectives, namely, competition, project research and development and application. Then,
the core problems and technical system of unmanned system cross-domain collaboration are introduced. Finally, through
the analysis of typical application cases, it is shown that cross-domain collaboration can significantly improve the prac-
tical application efficiency, and relevant studies can provide reference for the future development of cross-domain col-

laboration of unmanned systemsin China.
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Tablel Well-known foreign cross-domain cooperative competitions
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Technology for Marine Unmanned System
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Abstract: Cross domain collaborative observation of unmanned system is the trend of marine observation. The
cross domain collaborative observation of marine unmanned system is reviewed in this paper and the future research is
prospected. Firstly, the traditional ocean observation network technology is analyzed, and several typical ocean observa-
tion networks are briefly introduced. Then, from the perspective of air-ground and air-sea, the cross domain collabora-
tion of unmanned system is discussed. Furthermore, several typical application cases in ocean observation are summa-
rized. Finaly, the main technical difficulties and future development trends are discussed. The review shows that the
theory and application of cross domain collaborative observation of marine unmanned system need to be studied con-
tinuously. The collaborative control of wide-area, heterogeneous and media-cross, highly reliable network collaborative
communication in complex marine environment, task execution and survivability in complex marine conditions, rapid

mobile transition and efficient deployment-recovery should be focused. The aforementioned points are very important
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for realizing intelligent, rapid, synchronous and three-dimensional observation in hash marine environment and diverse

marine task.

Key words: Ocean Observation; Unmanned System; Cross Domain Collaboration; Collaborative Observation;

Unmanned Aerial Vehicle; Unmanned Surface Vehicle; Autonomous Underwater Vehicle
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Research on Cross-Domain Cooperation M echanism Based on
the Organizational Behavior Theory

WANG Tao, GUO Huangi, YU Huahuang
(School of Intelligent Systems Engineering, Sun Yat-Sen University, Guangzhou 560006, China)

Abstract: In future emergencies, there is no template or established task target list that can be directly used for ref-
erence. It highlights the requirements of cross domain cooperative operation of unmanned system in complex dynamic
environment. It is not only necessary to expand the operational geospatial domain, cooperation and coordination among
multiple fields, and comprehensive action complementation, but also to promote the elements of mission execution force
of unmanned system from "joint" to "integration”, to deal with the threat of multi domain conflict in internal and exter-
na environment. In order to study the cross domain cooperation mechanism of future equipment system, based on the
principle of organizational behavior, the cooperation in cross domain operations into single domain individual, single
domain organization and cross domain cooperation system levels are provided in this paper, and the related principles of
cross domain cooperation from the perspective of organizational behavior and structure of human management are stud-
ied. Through the analysis of the multi domain cooperative operation plans formed by the US military in some wars, a
mechanism to promote the cooperative behavior organization is constructed. The corresponding system view, operation
view and capability view are designed by combining with the Department of Defense Architecture Framework (DoDAF)

architecture design method. Through the preliminary exploration of this article, a basic theory of cross-domain collabo-
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ration is constructed to provide a modeling foundation for the cross-domain collaboration of multiple unmanned sys-

tems.

Key words. Cross Domain Collaboration; Organizational Behavior; Architecture; Organization Structure;

Mapping; Mechanism Study
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L ar ge-scale Outdoor Road Detection and Topological Map Building
for Vision-based UAVs

WANG Yugian', ZHANG Xuetao?, YAN Fei', ZHUANG Yan'?

(1. School of Control Science and Engineering, Dalian University of Technology, Dalian 116024, Ching;
2. School of Artificial Intelligence, Dalian University of Technology, Dalian 116024, China)

Abstract: The detection and mapping of outdoor feasible roads by aeria robots in air-ground cooperation is con-
ducive to improve the navigation capabilities of ground robots. In order to achieve the above functions, a new method of
UAV large-scale outdoor road detection and topology map construction based on road segmentation, image stitching,
and skeleton extraction is proposed. Firstly, in order to solve the problem of road recognition in UAV’s aerial images,
D-LinkNet is used to complete the segmentation of roads in UAV aerial images, which improves the real-time
performance of segmentation by ensuring the accuracy. Secondly, considering the limitation of UAV’s flight altitude and
camera view angle, an ORB image stitching algorithm based on Graphics Processing Unit(GPU) acceleration is
designed to achieve the capture of alarge outdoor scene. After that, in order to complete the road topology, a skeleton

extraction algorithm for road topology is designed based on the parallel binary image thinning algorithm, and the
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topological representation of the road is obtained. Finaly, the proposed method is tested on the Massachusetts road

dataset, and the experimental results show that the method has high accuracy in road segmentation and topological map

construction, and can meet the real-time requirements. The topology map is helpful to improve the navigation capabili-

ties of ground robots.

Key words: Air-ground Cooperation; Topological Map; D-LinkNet; Road Segmentation; Image Stitching;

Skeleton Extraction
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Combined Optimization of Swarm Task Allocation and Path Planning Based
on Improved Ant Colony Algorithm
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Abstract: UAV cluster operations are widely used, path planning and task allocation technology are key steps in
UAV cluster operations. However, the traditional method is to calculate the path planning and task allocation separately.
This processing method does not consider the coupling relationship between task alocation and path optimization,
which will cause the problems of “path crossing” and “uneven resource alocation”. Therefore, aiming at the problem of
multi-subgroup task alocation and path planning in multi-task scenarios, task allocation and path planning is combined
in this paper to optimize, and an improved ant colony optimization algorithm is proposed. First, according to constraints

such as time, distance, and task priority, a joint optimization objective function for task allocation and path planning is
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established. Then, by improving the pheromone update mechanism, the pheromone update is carried out under the

enlightenment of task priority to achieve task allocation and path planning that meets path safety (no crossover phe-

nomenon) and uniform resource alocation. Because of this method, a single formation is regarded as a whole. There-

fore, before task assignment, a UAV ID design based on decimal numbers was designed to achieve the purpose of UAV

formation and grouping. Finadly, in avariety of situations, the effectiveness of the proposed algorithm is verified through

simulation and comparative analysis. In a complex multi-task environment, multiple UAV's can perform multi-task

without collision by the algorithm proposed in this paper.

Key words: Task Allocation; Path Planning; Combined Optimization; ACO; Drone Swarm; Subgroup Aggregation
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on Consistent Group Algorithm
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Abstract: Multi-UAV s autonomous cooperation is the current trend of UAVs participating in the air combat. In or-
der to improve the autonomous capabilities of UAV's, UAVs are required to have the capability of autonomous task allo-
cation based on information sharing. The real-time task assignment is studied using consistency algorithm based on bid-
ding. Firstly, the Consensus Based Auction Algorithm (CBAA) is used to solve the problem of single-UAV to single
task. Secondly, the Consensus Based Bundle Algorithm (CBBA) is used to solve the problem of task assignment of sin-
gle UAV to multi-tasks. Then the Consensus-Based Group Algorithm with Time Window (CBGA-TW) is proposed to
solve the task alocation of multi-UAV's to multi-tasks, which resolves the task allocation issues requiring multi-UAVs to
form alliance to execute a complicate mission under the time window limit. Finally, the introduction of time window re-
strictions not only ensures that the UAVS' alliance arrive the task simultaneously, but also guarantees that different tasks
are completed in the corresponding time requirement. Simulation demonstrates that the algorithm proposed by the paper
is effective in solving the different types of task assignment issues, and the algorithm is useful to make the multi-UAV's
achieve autonomous collaboration.
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Different Communication Probability
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Abstract: The requirement of synchronization for multiple gliders and wide area of ocean observation mission
promotes flexible operation mode of marine vehicle. Due to the distance constraint of underwater communication and
the disturbance of ocean current, it is difficult to maintain the stability of inter glider communication. The formation sta-
bility of wave glider and underwater glider under different communication probabilities is analyzed. Firstly, the devel-
opment status of marine glider formation at home and abroad are summarized. Secondly, according to the
leader-follower strategy, the formation configuration of glider is established. Then, based on the complex network the-
ory, astability evaluation method for a heterogeneous formation system is proposed. Finally, through the case analysis of
31 ocean gliders, the stability of formation configuration under communication probability of 0.2, 0.4 and 0.6 and the
stability considering dynamic configuration after interference are simulated. When the communication probability is 0.6,

the comprehensive stability and evaluation index R are 0.822 and 0.968 respectively, which have good stability. The re-
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search content can further provide technical guidance for the formation design and mission planning of ocean glider in

the actual seatrial.

Key words: Ocean Glider; Heterogeneous Network; Communication Probability; Stability Analysis; Complex

Network
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Human-in-the-loop Online Continual Robot L earning from Demonstration

HU Yanming, HUA Wei
(Zhijiang Lab, Hangzhou 311121, China)

Abstract: Compared with humans, there is still some ways to go to improve robot’s behavior ability in unknown
environment. Human-in-the-loop online continual robot learning from demonstration system is proposed in this paper to
improve the behavioral ability of robot, continually and online like humans. Firstly, the Radial Basis Function (RBF)
based incremental learning method is adjusted into learning from demonstration problem. Human is added into the loop
of robot learning, then, robot can actively ask human for new demonstration and incrementally learn behavior based on
the new demonstration. Secondly, a bézier curve based trajectory tracking method is proposed to reduce the teaching
cost of human and improve the robust of learned behavior by convert human high level behavior to low level behavior
that can be executed by robot. In the meantime, referring to human brain, the subliminal learning ability is given to ro-
bot, which enable robot to explore novel environment in internal world and learn more robustness behavior without af-
fecting the interaction between robot and external world. Two experiments are setup based on driving behavior learning
task in both virtual and real corridor like environment. Results show that the method enable robot to interact with human

actively and continually learn a more robustness behavior efficiently.

Key words: Robot; Online Learning; Continual Learning; Incremental Learning; Human-in-the-loop; Learning

from Demonstration
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Abstract: Unmanned war will become the mainstream form of war in the future, and cross-platform heterogeneous
cooperation will also become the core concept of battle command system control. The traditional keyboard input is usu-
ally used in the existing accusation platform, which requires high professional qualities of the command operator, cannot
realize the cooperative control of cross-platform heterogeneous devices. Based on these two problems, the speech rec-
ognition technology, which becoming mature in recent years, is used in this paper to design a human-computer interac-
tion mode based on voice control for the unmanned combat control system. In order to achieve the collaborative control

of cross-platform heterogeneous devices, Interface Description Language(IDL), a platform-independent standard, is used
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as the output instruction of the system. For the design of the speech control platform, the output form of the target in-

struction which can be used for cross-platform heterogeneous collaboration is determined as standardized IDL, and the

boundary of speech recognition is determined based on the experimental range and IDL standard. Secondly, the speech

recognition technology of iFlytek is used as the conversion tool from speech command to text command. Then, the tex-

tual instruction is analyzed by using DDPASER. Finaly, standardized matching is carried out by language support set
database, standardized instruction database and IDL instruction database to obtain the standardized IDL within the

boundary range as instruction output. The ideas for the development and design of combat command system and the re-

alization of speech human-computer interaction and cross-platform heterogeneous control are provided.

Key words. Cross-platform Heterogeneity; Cluster Collaboration; Natural Language Recognition; Sentence

Breaking Analysis; Standard Interface Description Language; Fuzzy Matching
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Air-to-surface Unmanned Platform System Design and Coordinated Control

ZHANG Mingxi*?, GU Feng™?, HE Yuging™?, DI Chunlei*? CHU Lingling"*3, NIE Hongyu"?*

(1. State Key Laboratory of Rabotics, Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110016, China;
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Abstract: The cluster-type unmanned system composed of small fixed-wing UAV's and surface unmanned shipsis
atypical cross-domain heterogeneous collaborative realization method. And targeted related research can quickly im-
prove the existing unmanned equipment of our army techinque level. Firstly, the research progress of domestic and for-
eign air-to-surface unmanned platform systems is introduced. Secondly, a new cross-domain heterogeneous cooperation
implementation method is proposed for the problem of difficult recovery of ship-borne fixed-wing UAVs. The way is
that using the mechanism of the variable flexible manipulator and the arresting cable assists in realizing the autonomous
release and recovery of the micro-small fixed-wing UAV platform. Then, a semi-physical simulation platform for the
development of the principle prototype is built. In the realization of semi-physical simulation and real water surface en-
vironment, the coordinated control of the air-to-surface unmanned platform system and the fully autonomous circulation
release and recovery test are realized. Finally, the test verified the air-to-surface the feasibility of heterogeneous platform

system as a way to realize cross-domain collaboration. This unmanned aerial-to-surface unmanned platform achieves a
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fully autonomous cycle release and recovery with a high success rate, which is of reference significance for future

large-scal e shipborne fixed-wing UAV's and unmanned ships to achieve cross-domain coordination.

Key words: Parent-child System; Cross-domain Collaboration; Collaborative Control; Autonomous Take-off and

Landing; Micro Fixed Wing; Heterogeneous
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Fig. 17 Deck motion prediction technology scheme
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catapult subsystem
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