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Abstract:Team BigHeroX is a Middle Sizerobotic soccerteam ofHunanUniversity.The

paper mainly introduces robotmechanical system and software system, including driving

and steering platform,vision system, self-positioning system, and the robotpath planning.
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1 Introduction
Team BigHeroX (Super Nenglu Team) is a robotic soccer team of Hunan University,who won

the 2023 China Robot Competition and RoboCup China Championship, as well as the runner up.

They also won the 2024 RoboCup Middle Size League Ambition Challenge First Place and the

2024 RoboCup Middle Size League Soccer Competition Second Place. HNU Robot Workshop

BigHeroX Team, also known as Chaoneng Lu Team in Chinese. Team members share common

interests and enthusiasm to enhance their professional skills and help achieve the goal of

defeating the human footballteam by 2050.This paper provides a brief overview of the current

status of our soccer robots. Section 2 introduces the basic electrical system of the robots, Section

3 presents the fundamental mechanical system, and Section 4 describes our ongoing efforts to

improve the robots.

2 Electrical SystemDesign

2.1 MainController(PC)

TheMainController(PC)servesasthecoreof theentiresystem,responsible forprocessingdata from

varioussensorsandcontrollingtherobot'smovements, includingshooting,dribbling,andotheractions.

CommunicationbetweenthemaincontrollerandeachsubsystemisfacilitatedviatheCANbus,ensuring

real-timedatatransmissionandprocessing.

2.2 AttitudeSystem

TheattitudesystemisequippedwithanIMU(InertialMeasurementUnit)sensor,whichmonitorsthe

robot'spostureandmotionstatus inreal-time.TheIMUsensorprovidescriticaldataontherobot'sacceleration,

angularvelocity,anddirection,enablingthemaincontroller toexecuteprecisemotioncontrolandpathplanning.

2.3. CommunicationLayout
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ThecommunicationsystemisdesignedaroundaCANbusarchitecture,whichensuresefficientandreliable

communicationbetweensubsystems.TheCANbusisknownforitshighreliabilityandanti-interference

capabilities,makingit ideal forcomplexrobotcontrolsystems.

1. CANBus:Connects themaincontroller,chassiscontroller, temperaturesensors,powermeters, infrared

distancesensors,andotherdevices.

2. WirelessCommunicationModule:Facilitatescommunicationwithexternaldevicesorotherrobots,supporting

real-timedatatransmissionandremotecontrol.

2.4. ChassisControlSystem

Thechassiscontrolsystemisresponsible formanagingtherobot'smotion,utilizing threechassismotion

motorsandtwodribblingmotors.Eachmotoriscontrolledbyanindependentcontroller toensureflexibleand

responsivemovement.

1. ChassisMotionMotors:Threemotorscontroltherobot's forward,backward, left, right,androtational

movements.

2. DribblingMotors:Twomotorscontrolthedribblingaction,ensuringtherobotcanstablydribble theball

forward.

2.5. SensorSystem

Thesensorsystemincludestemperaturesensors,powermeters,andinfrareddistancesensors,whichare

usedtomonitortherobot'sstatusandenvironmentalconditionsinreal-time.

1. TemperatureSensors:Monitorthetemperatureof themotorsandcontrollerstopreventoverheatingand

potentialdamage.

2. PowerMeters:Monitorthebattery'svoltageandcurrent inreal-time,ensuringthestableoperationofthe

powersystem.

3. InfraredDistanceSensors:Detectobstaclesaroundtherobot,assistinginobstacleavoidanceandpath

planning.

2.6. ShootingSystem

Theshootingsystemconsistsofashootingleveranglemotorandanelectromagneticshootingdevice,

enablingpreciseshootingcontrol.

1.ShootingLeverAngleMotor:Controls theangleof theshootinglever,ensuringtheshootingforceanddirection.

2.ElectromagneticShootingDevice:Achievesrapidshootingthroughelectromagnetic force,ensuringshooting

accuracyandpower.

2.7. PowerManagementSystem

ThepowermanagementsystemcomprisesaBatteryManagementSystem(BMS)andmultipleDC-DC

converters,ensuringstablepowersupplytoeachsubsystem.

1. Battery(60V):Providespowertotheentiresystem,offeringhighenergydensityandlongendurance.

2. 2000WDC-DCConverter:Converts60Vto24V,supplyingpowertothechassismotorsanddribblingmotors.

3. 1000WDC-DCConverter:Converts60Vto24V,supplyingpowertotheshootingsystemandelectromagnetic

chargingmodule.

4. 60Vto20VDC-DCConverter:Suppliespowertothesensorsystem,ensuringstableoperationof thesensors.

2.8. CapacitorCharge/DischargeController



Thecapacitorcharge/dischargecontrollermanagesthecharginganddischargingprocessof thecapacitors

intheshootingsystem,ensuringthe instantaneoushighcurrentdemandduringshooting.

2.9. RelayControl

Therelaycontrolsystemmanagespowerdistributionandswitching,ensuringthateachsubsystemis

poweredwhenneeded.

Relay1:Controls thepowerswitchforthechassismotors.

Relay2:Controls thepowerswitchforthedribblingmotorsandshootingsystem.

Relay3:Controls thepowerswitchforthesensorsystemandcommunicationmodule.

3 Mechanical System

3.1 Driving and Steering Platform

Fig. 1. Driving And Steering Platform

The robot's chassis usesa three-wheelomnidirectional designwithonedrivewheel and twoomnidirectional

wheels, enablingmulti-directionalmotion (translation androtation)without changingorientation. It suits sports

fields requiring flexibility andmobility.Keycomponents include:

1. DriveWheel:Providespropulsion for forward/backwardmotionvia an electricmotor.

2. Omni-Wheels: Enable translational/rotationalmotionwithout reorientation, usingMcNampwheelswith small

perpendicular rollers.

3. MecanumWheels:Use specially arranged rollers formulti-directionalmovementby controlling roller

speed/direction.

Advantages:

1. Strongmobility in tight spaces.

2. High flexibility for translation/rotation.

3. Small turning radius.

4. Simple control for complexmotions.



Challenges:

1. High sensor/control systemdemands.

2. Susceptibility toground friction/torque.

3. Requiresprecise attitude control.

Future improvementswill address these challenges.

3.2 Ball Suction Device And Screw Kicking Device

Fig. 2.Ball SuctionDeviceAndScrewKickingDevice

Thedevicehastwosymmetricparts,eachwith:

1. Wheels: Driven by DC motors, they press against the ball, using friction to control its rotation in desired

directionsandspeeds.

2. DCMotorwithRightAngleReducer:Providestorquetodrivethewheels,ensuringpreciseballcontrol.

3. Linear Displacement Sensor: Measures the distance between the robot and the ball. The support

mechanismadjuststhesensorastheballmovescloserorfarther.

4. Support Mechanism: Holds the wheels, motors, and sensors, ensuring proper ball contact and control. It

mustbesturdy forreliableoperation.

These components work together for precise ball control. A closed-loop system adjusts wheel speed to

maintainoptimaldistanceandcontrol,enablingeffectiveballhandlingduringgames.

Thekickingdeviceincludes:

1. Rod:Madeofhigh-strengthmaterials, its lengthanddiameterareadjustable fordifferentkickstrengthsand

angles.

2. Motor:Drivestherodbackandforthtoperformkicks.

3. Ball-ContactDevice:Attherod'send, itcontactsandkickstheball.

4. Control System:Manages motor rotation for accurate kicks, integrating with other sensors for automated

shootingandpassing.

Thisdesignallowsrobotstoshootandpasstheballaccuratelyandconsistently.



4 Software System

4.1 Visual Recognition

The visual recognition algorithm consists of two parts: localization of the robot itself and

localization ofthe target.

We first perform distortion correction, as theremay be distortion in thepanoramic image, such as

perspective distortion or lens distortion. To correct these distortions, we used interpolation

discretization to obtainmore accurate images.

Fig.3 . Before Image Correction Fig.4 .After Image Correction

Thenperform feature sampling. Firstly, perform color space conversion. Convert the collected images from

RGB color space to HSV space. Then, the converted image isbinarized, andpixels within a specific color

range are set as foreground and otherpixels as background based on color threshold. The needful site

features (such as white lines) are separated from the background.

Fig.5 .Before Image Binarization Fig.6 .After ImageBinarization



At the same time, in order to improve the efficiency of the algorithm and reduce computational

complexity, we adopted a field line down sampling strategy, selecting only aportion ofthe field lines for

calculation, rather thanprocessing all the lines.

To achieve localization of the robot itself, we firstperform field line matching. We use apreprepared field

line template to match with the binarized image, and by comparing the field features in the

template and image, we can find the matching lines.

Fig.7. Left：SelectA Portion OfThe Field Lines For Calculation

Right：Match The Pre Prepared Field TemplateWith The Sampling Points

Then, we use the ICP nearest point iteration algorithm to estimate the position and posture of the robot in the

field. By iteratively searching for matching nearest point pairs, aligning the actual observed site features

with the predicted site features, the robot's position and attitude estimation canbe obtained. In order to

improve the accuracy and robustness ofpositioning,we also used the attitude informationobtained from the

motor encoder odometer and the IMU attitude sensing unit for fusion. For example, the attitude information

obtained by the IMU attitude sensing unit uses attitude fusion algorithms toobtain the rotation angle of the

robot.

In order to achieve target localization, we used an eight neighborhood search algorithm to search for target

features in theneighborhood around each pixel in the image to determine theposition of the target.

Simultaneously select and filter candidate targets. First layer filtering: After coordinate restoration,

suspected targets located outside the site are excluded. Exclude connected domains with

excessively large areas (significantly larger than the target object). Sort the remaining suspected

targets by credibility. Second layer filtering: The robotuploads the set of targets it detects to the

trainer.The trainer selects the maximum possible target through a target voting mechanism. The

trainer distributes the maximum possible target information to all robots. The robot will use the

filtered results as reference values.

4.3 Planning

Wedividerobots into threeresponsibilities: forward,defense, andgoalkeeper.Determine their

pathplanningapproachbyassigningdifferent roles torobots.Simultaneouslybuilda strategy library.

Designcopingstrategies for all possible statesandplace themin thisstrategy library.Then, a finite



statemachine isconstructed toachievepolicyswitchingbetweendifferent states.Thespecific

strategy is for the forwardrobot tocompetewith theopponent's robot forpossessionof theball, as

longas therulesallow.Whengainingpossession,pull theopponent'sdefensebydribblingorpassing

theball. Findopportunities tobreakthrough theopponent'sdefensebydribblingorpassing.When

theopportunity is ripe, complete theshot.Defensiverobotscan interferewith theopponent's shots,

as longas therulesallow.Performmantomandefenseonopposingrobotswhodonothave

possessionbutposea threat to theirownteam.Collaboratewithotherdefensiveplayers todefend.

Thereareseveralbehavioralpatterns, including fixedangledefense, groupdefensestrategy,

encirclementstrategy,andmantomandefense.Thegoalkeeperrobotblocks theopponent's shot.

4.4 Motion Control

Using C++to call the API interface functionsprovidedby the system, send speed commands to the

corresponding USB ports on the robot chassis, control the speed ofeach motor on the robot chassis, and

thus achieve control over the overall movement of therobot.

5 Research Focus: Multi-robot collaborative technology
In multi-robot systems, collaboration between robots is crucial. We plan to further develop

multi-robot collaboration technologies, enhancing capabilities in task allocation and load

balancing, collaborative perception and information fusion, path planning and obstacle avoidance,

behavior coordination, and decision-making to improve the collaborative combat capabilities of

robots.

5.1 Developing Collaboration Strategies

Collaborationstrategiesare thecoreofmulti-robot systems.Weplan toestablishamorecomprehensive

taskallocationsystemandconsideradoptingmaster-slave,distributed,andhybrid strategies toallocate tasks

basedonmissionrequirements, robot capabilities,andenvironmentaldynamics.

1. Master-SlaveStrategy:Amasterrobot coordinatesotherslaverobots, suitable forscenarioswithhigh task

complexity andcentralizedcontrol requirements.

2. DistributedStrategy:Eachrobotmakesautonomousdecisionsbasedon local information, suitable for

scenariosrequiringhigh robustnessand flexibility.

3. HybridStrategy:Combines theadvantagesofmaster-slaveanddistributedstrategies,withsometasks

coordinatedbythemasterrobotandothersdecidedautonomouslyby therobots.

5.2 Improving Communication Mechanism

Weplan to achieve the goal ofimprovementby utilizingNearLink. Huawei'sNearLinktechnology

consists oftheNearLink access layer,basic service layer, andbasic application layer. TheNearLink

access layer comprises SLB (basic access) and SLE (low-power access).NearLink technology can

bringus lower latency, higher communication quality, stronger anti-interference capabilities, and lower power

consumption.

5.3 Motion Planning and Control



In the future, we will apply the Random Forest algorithm toplayer robots, allowing us to achieve faster

training speeds and highly accurate classifiers. By using the Random Forest algorithm, we can handle a large

number of input variables and consider the importance ofvariables when determining categories. This

algorithm is very friendly tovariable types, capable ofhandling both discrete andcontinuous data, and can

maintain calculation accuracy even with some missing data.

The specific implementation steps are as follows:

1. Construct sub-datasets by randomly sampling samples from the original data set with replacement.

2. Build sub-decision trees using the sub-datasets, which will form the Random Forest.

3. Input the data set into different sub-decision trees for statistical analysis and aggregation.
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