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Detecting the opponent goalpost is arguably the most important yet one of the 
trickiest challenges that our robot must accomplish. In past years, it has been 
observed that different factors such as natural and artificial light, shade, background 
distractions as well as field lines are often confused as goalposts which leads to a 
significant time-waste. In this project, a Probabilistic Hough Transform Algorithm 
is investigated as a potential improvement in our team codebase. 
 
The Hough Transform is a feature extraction technique used in image analysis, 
computer vision, and digital image processing. It is implemented through the 
OpenCV Library in Python. Although a classical approach, it boasts a faster runtime 
over modern implementations like Neural Networks which gives it a clear advantage 
in time-constrained settings such as a RoboCup Soccer game itself. 
 
The algorithm was evaluated using a dataset of 540 images, 50 which actually 
contained a goalpost, and the rest did not. The precision and recall were calculated 
58.7% and 74.0% respectively. Although not overly impressive, it is worth noting 
that the runtime looms within an astonishing 36 to 64 milliseconds per image! 
Looking forward, we plan to implement, analyze and compare the performance of 
different algorithms for object detection and also gather more diverse data to achieve 
the same. 
 

Results: 
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In LNeRiKQO UeaNO� iP had been difficQlP fKN Phe UPennaliVeNO RKbKPO PK be able PK               

dePecP Phe KQPlineO Kf a gKalLKOP� ThaP PaOk iO cNiPical PK lKcaliVaPiKn� aO knKSing SheNe Phe                
gKalLKOP iO lKcaPed helLO NKbKPO aim accQNaPelU and can PhQO lead PK mKNe gKalO fKN KQN                
Peam� We SKNked Kn Phe fiNOP PaOk in imLNKRing dePecPiKn� being able PK anOSeN Phe LKlaN                
MQeOPiKn Kf ShePheN KN nKP a giRen fName haO Phe gKalLKOPO idenPified�  

We chKOe PK imLlemenP a neQNal nePSKNk fKN        
gKalLKOP dePecPiKn� aO claOOical RiOiKn algKNiPhmO      
aNe leOO accQNaPe and haNdeN PK deRelKL� ThQO� Se         
needed a laNge nQmbeN Kf imageO PK PNain KQN         
mKdel� We chKOe PK QOe Phe daPaOeP fNKm Phe         
BiPBKPO Peam� a gNKQL fNKm Phe hQmanKid leagQe        
ShK had an incNediblU QOefQl daPaOeP aO PheiN        
imageO SeNe alNeadU labeled� DQe PK PheiN helL� Se         
cKQld fKcQO Kn cNeaPing an efficienP cKnRKlQPiKnal       
neQNal nePSKNk� AfPeN gaPheNing aNKQnd ¿»»»      
imageO fNKm PheiN daPaOeP and OLliPPing Phem inPK a         
PNaining OeP and a PeOP OeP� Se deRelKLed a neQNal          
nePSKNk QOing LQa and Phe TKNch libNaNU� OQN final         
nePSKNk cKnOiOPed Kf ½ cKnRKlQPiKnal laUeNO� ½ maT        
LKKling laUeNO� and QOed Phe NLL  NegaPiRe       
LKg�LikelihKKd¡ lKOO fQncPiKn� We SeNe QlPimaPelU      
able PK achieRe ÄÁÎ accQNacU in dePecPing ShePheN        

KN nKP an image haO OQch a LKOP� aO iO diOLlaUed bU Phe PSK imageO PK Phe lefP  Phe fiNOP image                     
being falOe and Phe OecKnd image PNQe¡� 

FQPQNe diNecPiKnO inclQde being able PK LinLKinP Phe LiTelO SiPhin a fName PhaP             
KQPline Phe gKalLKOP PK allKS Phe NKbKP PK lKcaliVe baOed Kn iPO diOPance fNKm Phe gKal LKOPO�                 
aO Sell aO imLNKRing Phe OLeed Kf KQN neQNal neP� We alOK hKLe PK NedQce Phe nQmbeN Kf                  
falOe LKOiPiReO bU changing Phe LaNamePeNO KN OPNQcPQNe Kf KQN cKnRKlQPiKnal neQNal            
nePSKNk� The LQNLKOe fKN PaNgePing falOe LKOiPiReO abKRe falOe negaPiReO iO PhaP Shen a              
gKalLKOP iO in OighP Phe NKbKP Sill be PKld PK OhKKP� a LNKcedQNe PhaP cKQld QlPimaPelU cKOP�                 
KQN Peam a lKP Kf Pime� HKSeReN� a falOe negaPiRe iO mQch leOO dePNimenPal aO manU imageO                 
Sill be LNKceOOed� and milliOecKndO Sill be lKOP KLLKOed PK Phe OecKndO and LKPenPiallU              
minQPeO PhaP a falOe LKOiPiRe SKQld lead PK�  



AQaO\]LQg RRbRW VeORcLW\ DXULQg PRVLWLRQ 

ChaQge 

 

AW aQ\ SRiQW iQ Whe game, Whe URbRW ma\ be giYeQ a WaUgeW SRViWiRQ, RU a SRViWiRQ RQ Whe 

field iW ZaQWV WR geW WR aQd iW Zill Wake a VeUieV Rf acWiRQV WR gR fURm iWV cXUUeQW SRViWiRQ WR Whe 

afRUemeQWiRQed WaUgeW SRViWiRQ. We aUe eVSeciall\ cXUiRXV abRXW Whe SRiQWV RQ WhiV jRXUQe\ 

ZheUe Whe URbRW ma\ be VXVceSWible WR falliQg RYeU, ViQce WhiV ZRXld QRW RQl\ Wake Wime aZa\ 

fURm gameSla\ bXW alVR haV Whe SRWeQWial Rf haUmiQg Whe URbRW. We WheRUi]ed WhaW aW SRiQWV 

ZheUe Whe URbRW ZRXld be mRVW VXVceSWible WR falliQg RYeU, WheUe ZRXld be VXddeQ chaQgeV RU 

jXmSV iQ iWV YelRciW\.  

 

ThXV Ze VeW RXW WR gUaSh aQd aQal\]e 

Whe YelRciW\ Rf Whe URbRW ZheQ iW iV 

mRYiQg fURm RQe SRViWiRQ WR Whe Qe[W. 

The WhUee gUaShV RQ WRS UeSUeVeQW Whe 

[, \, aQd aQgXlaU YelRciW\ Rf Whe URbRW 

fRU 100 VecRQdV afWeU Whe URbRW haV 

beeQ giYeQ a WaUgeW SRViWiRQ. The 

bRWWRm gUaSh caQ be YieZed aV a 

YiVXal UeSUeVeQWaWiRQ Rf Whe 9[6 field 

aQd each SRiQW iV Whe URbRW¶V SRViWiRQ 

afWeU aQRWheU 0.1 VecRQdV. We caQ 

gaWheU fURm Whe YelRciW\ gUaShV ZheUe 

Whe URbRW¶V mRYemeQWV aUe VmRRWh, 

cRQfiUmiQg RXU cXUUeQW WechQiTXeV, 

aQd alVR aW ZhaW SRiQWV Whe URbRW mighW be iQ WURXble Rf falliQg RYeU. FURm heUe, Ze caQ cRQWiQXe 

WhiV SURjecW b\ cRmiQg XS ZiWh a WRleUaQce fRU Whe ma[imXm chaQge iQ YelRciW\ (acceleUaWiRQ) Whe 

URbRW caQ XQdeUgR ZiWhRXW beiQg iQ daQgeU Rf falliQg RYeU. ThiV ma\ allRZ XV WR iQcUeaVe Whe 

VSeed Rf Whe URbRW, imSURYiQg iWV SeUfRUmaQce dXUiQg gameSla\.  
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DXring the soccer match, the locali]ation of the ball reqXires measXrements to be taken 

b\ the Aldebaran Nao robot¶s sensors. These sensors are inherentl\ nois\ and caXse 

instabilit\ and path diYergence in the robots. These Xnstable motions are fXrther 

amplified b\ sets of incompatible translational and rotational Yelocities in the cXrrent 

strateg\. TZo major areas of improYement for the cXrrent strateg\ inYolYe deYeloping a 

method that stabili]es the robots Zhile qXickl\ conYerging on the ball location. Therefore, 

the neZ Yelocit\ generation strateg\ is based on a finite state machine that has si[ states 

that direct the robot to particXlar motions Zhen approaching a target pose.  

 

The initial state is chosen based on the relatiYe distance and angle Zhen a neZ target 

pose is selected. The process of a finite state machine alloZs Yelocities that are chosen 

to be in order and conYerge to the desired target pose. The seqXential process increases 

stabilit\ b\ reasonabl\ making sXre the robot is facing the ball Zhen locali]ing. Along Zith 

stabili]ing the s\stem, a FSM is fairl\ simple in its implementation Zhich redXces 

comple[it\ and Xltimatel\ leads to faster locali]ation of the ball.  
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B\ defiQiWiRQ, a VXSSRUWiQg Sla\eU aVViVWV Whe Sla\eU ZiWh Whe ball ZiWh defeQVe aQd aWWackV aQd iV QRW a 

gRalie RU defeQdeU. OXU SURjecW maiQl\ VeekV WR eQhaQce Whe VXSSRUWeU¶V aWWackiQg caSaciW\. 

GiYeQ Whe fle[ibiliW\ aQd SRWeQWial Rf WhiV URle, Ze VWUeQgWheQed iWV SUeVeQce iQ Whe RSSRQeQW¶V field b\ 

deVigQaWiQg aggUeVViYe cRRUdiQaWe SRViWiRQV fRU iW WR XQdeUWake dXUiQg Whe VWagiQg Rf aQ aWWack. OXU QeZ WaUgeW 

SRViWiRQV UedXce XQQeceVVaU\ YeUWical mRYemeQWV aQd WhXV XQQeceVVaU\ mRWRU XVage, eQdRUVe a fRUZaUd Sla\iQg 

VW\le WhaW imSURYeV SaVViQg, VhRRWiQg, aQd UebRXQdiQg RSSRUWXQiWieV, aQd eQable Wimel\ UeacWiRQ iQ Whe caVe 

ZheQ Whe ball iV lRVW. 

OXU VSecific imSlemeQWaWiRQ maQeXYeUV Whe [-SRViWiRQ Rf Whe VXSSRUWeU (alRQg Whe leQgWh Rf Whe field) fRU 

iW WR mRYe fXUWheU XSfield aQd ahead Rf Whe ball, befRUe Whe RSSRQeQW¶V gRal. If Sla\eUV RQ RXU Weam haYe beeQ 

WakeQ RXW dXe WR SeQalWieV RU iQjXU\, Whe VXSSRUWeU VWaQdV clRVeU WR Whe ball aV Whe aWWackiQg behaYiRUV becRme 

UiVkieU dXe WR lack Rf defeQVe. FigXUe 1 belRZ illXVWUaWeV Whe mRUe defeQViYe SRViWiRQ ZheQ leVV Weam membeUV 

aUe RQ Whe field aQd FigXUe 3 illXVWUaWeV Whe mRUe XSfield SRViWiRQ ZheQ all fiYe Weam membeUV aUe SUeVeQW. 

 

                   FigXre 1. Three Pla\erV            FigXre 2. FoXr Pla\erV                  FigXre 3. FiYe Pla\erV 

We haYe fRXQd WhaW Whe QeZ VXSSRUWeU algRUiWhm UelRcaWeV WR a deViUed SRViWiRQ WhaW iV a VhRUWeU WUaYeliQg 

diVWaQce YeUWicall\ WhaQ iQ Whe SUeYiRXV meWhRd. The VXSSRUWeU alVR VWaQdV 50.7% clRVeU WR Whe gRal WR SUeSaUe 

fRU aWWackV. IQ Whe fXWXUe, Ze SlaQ WR fXUWheU imSURYe Whe VXSSRUWeU SRViWiRQ b\ bRWh aYRidiQg RSSRViQg Sla\eUV iQ 

RXU WaUgeW SRViWiRQ ZheQ UeceiYiQg SaVVeV aQd defeQViYel\ blRckiQg RSSRViQg Sla\eUV fURm UeachiQg Whe ball. 

 

           Old PoViWion              NeZ PoViWion 


