
Behavior Selection System for Soccer Robot
Using Neural Network

著者 Tominaga  Moeko, Takemura  Yasunori, Ishii
Kazuo

journal or
publication title

Proceedings of International Conference on
Artificial Life & Robotics (ICAROB2020)

volume 25
page range 98-101
year 2020-01-13
URL http://hdl.handle.net/10228/00008191

doi: https://doi.org/10.5954/ICAROB.2020.OS22-2



 

© The 2020 International Conference on Artificial Life and Robotics (ICAROB2020), Jan. 13-16, B-Con Plaza, Beppu, Oita, Japan 

BHKDYLRU SHOHFWLRQ S\VWHP IRU RRERW 8VLQJ NHXUDO NHWZRUN 

0RHNR TRPLQDJD 
Graduate School of Life Science Systems Engineering, Kyushu Institute of Technology 

2-4 Hibikino, Wakamatsu-ku, Kitakyushu, Fukuoka, 808-0196, Japan 
 

<DVXQRUL TDNHPXUD  
Faculty of Engineering, NishiNippon Institute of Technology 

1-11, Aratsu, Kanda-town, Miyako-gun, Fukuoka, 800-0397, Japan 
 

.D]XR IVKLL  
Dept. of Human Intelligent Systems, Kyushu Institute of Technology 

2-4 Hibikino, Wakamatsu-ku, Kitakyushu, Fukuoka, Japan 
E-mail: tominaga.moeko382@mail.kyutech.jp, takemura@nishitech.ac.jp, ishii@brain.kyutech.ac.jp 

www.kyutech.ac.jp 

 

 

 

 

AEVWUDFW 

:LWK WKH SURJUHVV RI WHFKQRORJ\� WKH UHDOL]DWLRQ RI D V\PELRWLF VRFLHW\ ZLWK KXPDQ EHLQJV DQG URERWV VKDULQJ WKH 
VDPH HQYLURQPHQW KDV EHFRPH DQ LPSRUWDQW VXEMHFW� $Q H[DPSOH RI WKLV NLQG RI V\VWHPV LV VRFFHU JDPH� 6RFFHU LV D 
PXOWL�DJHQW JDPH WKDW UHTXLUHV VWUDWHJLHV E\ WDNLQJ LQWR DFFRXQW HDFK PHPEHU
V SRVLWLRQ DQG DFWLRQV�  ,Q WKLV SDSHU� 
ZH GLVFXVV WKH UHVXOWV RI WKH GHYHORSPHQW RI D OHDUQLQJ V\VWHP WKDW XVHV 620 WR VHOHFW EHKDYLRUV GHSHQGLQJ RQ WKH 
VLWXDWLRQ� 

Keywords� 6WUDWHJ\� 6HOI�2UJDQL]LQJ 0DS� WHDP EHKDYLRU� 7HQVRU 620� PXOWL�DJHQW V\VWHP� +XPDQ�5RERW 
FRRSHUDWLRQ� 

��� IQWURGXFWLRQ 

5HFHQWO\� WKH LPSOHPHQWDWLRQ RI URERWV LQ VRFLHW\ KDV 
EHFRPH D SRVVLEOH VROXWLRQ WR PDQ\ SUREOHPV� VXFK DV 
HQVXULQJ WKH VDIHW\ RI D VXVWDLQDEOH VRFLHW\� UHVSRQGLQJ 
WR D UDSLG SRSXODWLRQ DJLQJ DQG SRSXODWLRQ GHFUHDVH� 
0RUHRYHU� URERWV ZLOO UHSUHVHQW WKH IRXQGDWLRQ RI WKH 
IXWXUH LQGXVWU\� 7R SURSHUO\ LPSOHPHQW D URERWL]HG 
VRFLHW\� LW LV QHFHVVDU\ WR FRQGXFW DQG WR SUHVHQW UHVHDUFK 
RXWFRPHV LQ D PDQQHU WKDW LV HDV\ WR XQGHUVWDQG� DYRLGLQJ 
GLIIHUHQFHV EHWZHHQ VRFLDO H[SHFWDWLRQV DQG WKH GLUHFWLRQ 
RI UHVHDUFK DQG GHYHORSPHQW� 7KHUHIRUH� LW LV HVVHQWLDO WR 
GLVFXVV KRZ WR DFKLHYH FRH[LVWHQFH ZLWK URERWV DQG ZKDW 
D V\PELRWLF VRFLHW\ VKRXOG ORRN OLNH� ,Q VXFK D VRFLHW\� 

KXPDQV DQG URERWV LQWHUDFW ZLWK HDFK RWKHU DQG WKH\ DUH 
FDSDEOH RI PXWXDO XQGHUVWDQGLQJ� VR QRW RQO\ RI WKHLU RZQ 
DFWLRQV� EXW DOVR ZLWK DOO WKH RWKHU DJHQWV� ZKHUH DJHQW 
PHDQV HDFK RI WKH DFWLYH VXEMHFW LQYROYHG� $LP LV WR 
GHYHORS D VXLWDEOH DOJRULWKP ZKLFK DOORZV WR FUHDWH 
LQWHOOLJHQW URERWV DEOH WR VKDUH WKH HQYLURQPHQWV ZLWK 
KXPDQV� 6LQFH VRFFHU LQYROYHV VWUDWHJLHV� FRRSHUDWLRQ� 
XQSUHGLFWDEOH PRYHPHQWV DQG FRPPRQ WDUJHWV� LW 
UHSUHVHQWV D JRRG WHVW EHG IRU GHYHORSLQJ VXFK DOJRULWKP�  

7HQVRU 6HOI 2UJDQL]LQJ 0DS �7HQVRU 620�� LV XVHG 
IRU WKLV VFRSH� 
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�����CRRSHUDWLYH BHKDYLRU 

&RRSHUDWLYH EHKDYLRU EHFRPHV D FUXFLDO DVSHFW ZKHQ 
GLIIHUHQW DXWRQRPRXV DJHQWV LQWHUDFW ZKLOH SHUIRUPLQJ D 
FRPPRQ WDVN� 2IWHQ D VLQJOH DJHQW LV QRW PXFK HIIHFWLYH 
LQ DFFRPSOLVKLQJ D WDVN� DQG LQ WKH ODVW \HDUV PDQ\ 
UHVHDUFKHUV KDYH EHHQ VWXG\LQJ PXOWL DJHQW V\VWHPV 
�0$6� WR VROYH GLIILFXOW SUREOHPV� 7KH\ LQWHUDFW WR HDFK 
RWKHU DQG ZLWK WKH HQYLURQPHQW E\ WDNLQJ UHDO WLPH 
GHFLVLRQV EDVHG RQ WKH GDWD DFTXLUHG IURP WKH VHQVRUV��� � 

$V D WHVW EHG RI 0$6� 5RER&XS HQFRXUDJHV WKH 
FRRSHUDWLRQ RI PXOWL�DJHQWV XVLQJ OHDUQLQJ PHWKRGV� VXFK 
DV UHLQIRUFHPHQW OHDUQLQJ DQG QHXUDO QHWZRUNV� 5RER&XS 
LV D SURMHFW DLPHG WR ZLQ WKH VRFFHU :RUOG &XS DJDLQVW 
KXPDQV�� $FFRUGLQJ WR 6DQGKROP DQG &ULWHV�� 
UHLQIRUFHPHQW OHDUQLQJ FDQ EH XVHG VXFFHVVIXOO\ IRU WKH 
LWHUDWHG SULVRQHU¶V GLOHPPD� LI VXIILFLHQW PHDVXUHPHQWV 
GDWD DQG DFWLRQV DUH DYDLODEOH� ,Q DGGLWLRQ� $UDL� 
FRPSDUHG WKH 4�OHDUQLQJ DQG 3URILW 6KDULQJ PHWKRGV 
DERXW WKH 3XUVXLW 3UREOHP LQ D PXOWL�DJHQW V\VWHP� ZKHQ 
WKH HQYLURQPHQW LV PRGHOOHG DV D JULG� DQG VKRZHG WKDW 
FRRSHUDWLYH EHKDYLRUV HPHUJH FOHDUO\ DPRQJ 3URILW 
6KDULQJ� +RZHYHU� WKHVH VWXGLHV KDYH QRW \HW FRQVLGHUHG 
DSSOLFDWLRQV IRU URERWV WKDW RSHUDWH LQ D UHDO HQYLURQPHQW� 

$V PHQWLRQHG DERYH� D KXPDQV�URERWV 
FRRSHUDWLYH VRFLHW\ LV D WRSLF RI LQWHUHVW IRU PDQ\ 
UHVHDUFKHUV DQG VHYHUDO ZRUNV KDYH EHHQ FDUULHG RXW� 6R� 
LQ VXFK D V\PELRWLF V\VWHP� LW LV PDQGDWRU\ IRU WKH URERWV 
WR XQGHUVWDQG DQG LQWHUSUHW KXPDQV¶ EHKDYLRU DQG DFW 
DFFRUGLQJO\� +RZHYHU� WKH WDUJHW LQ UHVHDUFK LV RIWHQ 
DERXW WKH URERWV¶ EHKDYLRU RQO\� RU D EHKDYLRU EDVHG RQ 
DQ LQWHUDFWLRQ GHILQHG SUHFLVHO\ EHWZHHQ D VSHFLILF 
QXPEHU RI KXPDQV DQG URERWV� $OVR� LQ D PXOWL�DJHQW 
V\VWHP WKH FRPPXQLFDWLRQ EHWZHHQ KXPDQV DQG URERWV 
LV XVXDOO\ FDUULHG RXW E\ PHDQV RI VRPH NLQG RI LQWHUIDFH� 
IRU H[DPSOH FRPPDQG YRLFH RU JHVWXUHV� %XW WKLV PLJKW 
QRW EH HQRXJK� HVSHFLDOO\ ZKHQ WKH V\VWHP LV YHU\ 
FRPSOH[� $FFRUGLQJO\� WKH URERW VKRXOG EH DEOH WR 
XQGHUVWDQG VRPH VLWXDWLRQV DQG DGDSW LWV EHKDYLRU LQ D 
SUHGLFWLYH PDQQHU� MXVW DV KXPDQV GR�  7KH PDLQ JRDO RI 
WKLV UHVHDUFK LV WR FRQVLGHU FRRSHUDWLYH EHKDYLRUV 
EHWZHHQ KXPDQV DQG DSSO\ WKHP WR URERWV �VHH )LJ� ��� 

7KH LQSXW YHFWRU HOHPHQWV IRU D QHXUDO QHWZRUN 
LV FKRVHQ VR DV WR DFKLHYH WKH ORZHVW SRVVLEOH JDS  
EHWZHHQ KXPDQV DQG URERWV¶ DFWLRQV� 7R REWDLQ WKLV� LW LV 
LPSRUWDQW DW ILUVW WR XQGHUVWDQG KXPDQV¶ EHKDYLRU DQG 
GHYHORS URERWV DEOH WR XQGHUVWDQG VXFK EHKDYLRUV DQG 
LPLWDWH WKHP� 7KLV SDSHU IRFXVHV RQ WKH VWXG\ RI WKH 

KXPDQV¶ DQG URERWV¶ EHKDYLRU LQ D IXWVDO JDPH� EHFDXVH 
WKLV UHSUHVHQWV D JRRG WHVW EHG� ZLWK D G\QDPLF 
HQYLURQPHQW� VHYHUDO FRQVWUDLQV DQG LW UHTXLUHV D UHDO�
WLPH SODQQLQJ� 7KHVH DUH WKH FKDUDFWHULVWLFV RI D FRPPRQ 
V\PELRWLF V\VWHP LQ ZKLFK WKH URERWV PD\ RSHUDWH LQ WKH 
IXWXUH� ,Q DQDO\]LQJ D VRFFHU IXWVDO JDPH� DW ILUVW WKH 
HOHPHQWV WR EH REVHUYHG DUH GHFLGHG� GHSHQGLQJ RQ WKHLU 
LPSRUWDQFH DQG HDVH RI HYDOXDWLRQ� 0DQ\ YDOXDEOH LQIR 
FDQ EH REWDLQHG IURP WKH VLPXODWLRQ JDPH� WKH SRVLWLRQ 
FRRUGLQDWHV DQG WKH YHORFLW\ RI WKH SOD\HUV DQG WKH EDOO� 
WKH HODSVHG WLPH RI WKH JDPH DQG WKH VFRUH� ,Q WKH DQDO\VLV 
SHUIRUPHG LQ WKLV ZRUN ZLWK VWDWXV RI SOD\HUV VXFK DV WKH 
SRVLWLRQV FRRUGLQDWHV DQG WKH SOD\HUV PRYLQJ VSHHGV DQG 
EDOO ZHUH FRQVLGHUHG� 7KH ,QSXW GDWD ZDV XVHG WR WUDLQ WKH 
QHXUDO QHWZRUN� ,Q DQDO\]LQJ D VRFFHU IXWVDO JDPH� DW ILUVW 
WKH HOHPHQWV WR EH REVHUYHG DUH GHFLGHG� GHSHQGLQJ RQ 
WKHLU LPSRUWDQFH DQG HDVH RI HYDOXDWLRQ� 0DQ\ YDOXDEOH 
LQIR FDQ EH REWDLQHG IURP WKH VLPXODWLRQ JDPH� WKH 
SRVLWLRQ FRRUGLQDWHV DQG WKH YHORFLW\ RI WKH SOD\HUV DQG 
WKH EDOO� WKH HODSVHG WLPH RI WKH JDPH DQG WKH VFRUH�  
,Q WKH DQDO\VLV SHUIRUPHG LQ WKLV ZRUN ZLWK VWDWXV RI 
SOD\HUV VXFK DV WKH SRVLWLRQV FRRUGLQDWHV DQG WKH SOD\HUV 
PRYLQJ VSHHGV DQG EDOO ZHUH FRQVLGHUHG� 7KH ,QSXW GDWD 
ZDV XVHG WR WUDLQ WKH QHXUDO QHWZRUN� 7KH VLPXODWRU ZDV 
PDGH E\ 5RER&XS SURMHFW DQG ZKLFK DOVR FRQVLGHU DERXW 
WKH H[HUFLVH PRGHO RI WKH URERWV DQG WKH EDOO� 7KH IXWVDO 

)LJ� �� 7KH ILHOG RI WKH JDPH� 

 
 
 
 
 
 
 
 

 
)LJ� �� $ KXPDQ±URERW V\PELRWLF V\VWHP� 
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JDPH ZDV FRQGXFWHG ZLWK ILYH YHUVXV ILYH URERWV� DQG WKH 
FRRUGLQDWHV RI DOO SOD\HUV DQG WKH EDOO ZHUH REVHUYHG �)LJ� 
��� 7KH VWDWH YHFWRU  LV H[SUHVVHG E\ (T� ���� 7 KH SOD\HU 
SRVLWLRQ FRRUGLQDWH ࢑ࡼ DQG WKH EDOO SRVLWLRQ FRRUGLQDWH ࡮ 
LQ WKH ILHOG DUH VKRZQ LQ (TV� ��� DQG ����  
 

࡭ ൌ � ሾࡼ૚ǡ ڮ૛ǡࡼ ǡ ૚૙ǡࡼ ��ሿ ሺͳሻ࡮

࢑ࡼ ൌ � ሾܲ݇௫ǡ ܲ݇௬ሿ ሺʹሻ
݇  LQGLFDWHV WKH ,' QXPEHU LGHQWLI\LQJ D SOD\HU� :H 
REVHUYHG D JDPH FRQVLVWLQJ RI D WHDP RI ݇ ൌ ͳǡ ʹǡ ͵ǡ Ͷǡ ͷ 
SOD\HUV DQG D WHDP FRQVLVWLQJ RI ݇ ൌ ͸ǡ ͹ǡ ͺǡ ͻǡ ͳͲ SOD\HUV� 
%\ FKDQFH� ݇ ൌ ͷǡ ͳͲ  DUH WKH JRDONHHSHUV RI WKH WZR 
WHDPV UHVSHFWLYHO\� 

2�� THQVRU SHOI�OUJDQL]LQJ 0DS 

6HOI�RUJDQL]LQJ PDS �620� LV DQ XQVXSHUYLVHG OHDUQLQJ 
WHFKQLTXH DQG LV NQRZQ DV FRPSHWLWLYH OHDUQLQJ� VLPLODU 
WR LQIRUPDWLRQ SURFHVVLQJ YLD QHXUDO FLUFXLWV� 
&RPSHWLWLYH OHDUQLQJ LV DQ LPSRUWDQW FRQFHSW LQ 
KLHUDUFKLFDO QHXUDO QHWZRUNV� (DFK LQSXW QHXURQ LQ WKH 
LQSXW OD\HU �LQSXW VSDFH� LV FRQQHFWHG WR DOO RXWSXW OD\HU 
QHXURQV� WKH VWUHQJWK RI WKH UHODWLRQ EHWZHHQ WZR QHXURQV 
LQ FRQVHFXWLYH OD\HUV LV GHFLGHG E\ D VSHFLILF ZHLJKW 
DVVLJQHG WR HDFK FRQQHFWLRQ� 7KH LQSXW YHFWRUV 
�FRPSHWH� ZLWK HDFK RWKHU VR DV WR ILQG WKH EHVW RXWSXW 
YHFWRU� :LWK EHVW RXWSXW� LW LV PHDQW WKH RXWSXW YHFWRU 
ZKRVH HOHPHQWV DUH DV VLPLODU DV SRVVLEOH WR WKH LQSXW 
YHFWRU HOHPHQWV� 7R HVWDEOLVK WKLV VLPLODULW\ WKH 
(XFOLGHDQ GLVWDQFH LV XVHG� %\ GRLQJ WKLV� WKH FOXVWHUV 
LQWR WKH RXWSXW PDS DUH REWDLQHG� 7KH FRRSHUDWLYH 
KLHUDUFK\ GHDOV ZLWK WKH RXWSXW YHFWRUV� :KLOH 
SHUIRUPLQJ WKH DOJRULWKP� WKH HOHPHQWV YDOXH RI HDFK 
YHFWRU LV DGMXVWHG� ,I D KLJK FKDQJH RI DQ HOHPHQW RFFXUV 
LQ D YHFWRU� WKH YHFWRUV DURXQG LW FKDQJH DFFRUGLQJO\� EXW 
LQ D ZD\ WKDW WKH VWUHQJWK RI WKLV FKDQJH GHFUHDVHV ZLWK 
WKH GLVWDQFH LQ WKH PDS IURP WKH ILUVW YHFWRU� ,Q SDUWLFXODU� 
WKH DPRXQW RI FKDQJH RI HDFK HOHPHQW LV GHFLGHG E\ WKH 
*DXVVLDQ IXQFWLRQ� 6LQFH HDFK YHFWRU PRGLILHV LWVHOI 
GHSHQGLQJ RQ WKH VXUURXQGLQJ YHFWRUV� WKLV EHKDYLRU LV 
VDLG FRRSHUDWLYH� ,QSXW YHFWRUV FDQ KDYH KLJK GLPHQVLRQ 
EXW WKH RXWSXW UHVXOWV DUH VKRZHG LQ D WZR�GLPHQVLRQDO 
PDS� 6R� ZLWK WKLV VWUXFWXUH PXOWL�GLPHQVLRQDO LQSXW 
YHFWRUV FDQ KDYH UHGXFHG GLPHQVLRQV LQ WKH RXWSXW OD\HU� 
DQG WKH IHDWXUHV DUH FOXVWHUHG� VR DV WR KDYH VLPLODU 
IHDWXUHV LQ WKH VDPH DUHD RI WKH PDS� $Q DSSOLFDWLYH 

H[DPSOH IRU ZKLFK 620 LV VXLWDEOH LV WKH YLVXDOL]DWLRQ RI 
FRPSOH[ VFHQDULRV� VLQFH WKH RXWSXW UHVXOWV DUH VKRZQ LQ 
D WZR�GLPHQVLRQDO IRUP� )XUWKHUPRUH� WKH FRRSHUDWLYH 
KLHUDUFK\ DQG WKH VPRRWKLQJ SURFHVV SHUIRUPHG E\ WKH 
*DXVVLDQ IXQFWLRQ DOORZ WR V\QWKHVL]H HOHPHQWV DQG 
FRQWHQWV WKDW ZHUH QRW FOHDUO\ VSHFLILHG LQ WKH LQSXW 
YHFWRUV� 620 KDV D KLJK LQWHUSRODWLRQ SHUIRUPDQFH DQG 
LW FDQ JHQHUDOL]H FRQFHSWV VWDUWLQJ IURP D OLPLWHG DPRXQW 
RI LQSXW GDWD� %HFDXVH RI WKHVH FKDUDFWHULVWLFV� LW LV ZHOO 
VXLWHG IRU XQVXSHUYLVHG OHDUQLQJ DQG KLJKO\ YDOLG RXWSXWV 
DUH H[SHFWHG� ,Q WKLV SDSHU� LQ RUGHU WR FRSH ZLWK KLJK�
GLPHQVLRQDO GDWD� DQDO\VLV LV SHUIRUPHG XVLQJ WHQVRU 
620 ZKLFK LV 620 H[SDQGHG WR WHQVRU�  

2����AOJRULWKP 

7KH WHQVRU 620 DOJRULWKP SURFHHGV DFFRUGLQJ WR WKH 
IROORZLQJ VWHSV �VHH )LJ� ��� 

2.1.1.  Choose Best Matching Unit(BMU) 

7KH VHOHFWLRQ RI WKH EHVW PDWFKLQJ XQLW �%08��݇௜כ�ǡ � ௝݆כ DUH 
FDUULHG RXW IRU HDFK LQSXW YHFWRU ݑ௜௟ௗ�ǡ  ௞௝ௗ�ZLWK WKHݒ
IROORZLQJ HTXDWLRQ� LQ ZKLFK WKH (XFOLGHDQ GLVWDQFH LV 
FDOFXODWHG�  

݇௜כ ൌ ������
௞
෍෍ሺݑ௜௟ௗ െ ௞௟ௗሻଶݕ

஽

ௗୀଵ

௅

௟ୀଵ

 ሺͶሻ

௝݈
כ ൌ ������

௟
෍෍ሺݒ௞௝ௗ െ ௞௟ௗሻଶݕ

஽

ௗୀଵ

௄

௞ୀଵ

 ሺͷሻ

 

2.1.2. Calculation neighbor radius 

௞೔ߙ ൌ ݌ݔ݁ ൤െ
ͳ
ଶߪʹ

ቛכ࢏࢑ࣀ
ሺ૚ሻ െ ࢑ࣀ

ሺ૚ሻቛ
ଶ
൨ ሺ͸ሻ

 
 

)LJ� �� 2YHUYLHZ RI WKH 7HQVRU 620 DOJRULWKP� 
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௟ೕߚ ൌ ݌ݔ݁ ൤െ
ͳ
ଶߪʹ

ቛכ࢐࢒ࣀ
ሺ૛ሻ െ ࢒ࣀ

ሺ૛ሻቛ
ଶ
൨ ሺ͹ሻ

2.1.3. Update secondly model 

௞௟ௗݕ ൌ
ͳ

݃௞݃௟
෍෍ߙ௞೔ߚ௟ೕݔ௜௝ௗ

௃

௝ୀଵ

ூ

௜ୀଵ

 ሺͺሻ

݃௞ ൌ෍ߙ௞೔

ூ

௜ୀଵ

 ሺͻሻ

݃௟ ൌ෍ߚ௟ೕ

௃

௝ୀଵ

 ሺͳͲሻ

2.1.4. Update primary model 

௜௟ௗݑ ൌ
ͳ
݃௟
෍ߚ௟ೕݔ௜௝ௗ

௃

௝ୀଵ

 ሺͳͳሻ

௞௝ௗݒ ൌ
ͳ
݃௞
෍ߙ௞೔ݔ௜௝ௗ

ூ

௜ୀଵ

 ሺͳʹሻ

 

��� E[SHULPHQWV 

7KH H[SHULPHQW ZDV FRQGXFWHG IRU D WRWDO RI WKUHH 
H[SHULPHQWV� DQG WKH SDUDPHWHUV VKRZQ LQ 7DEOH� �� 7KH 
LQSXW GDWD FRQVLVWV RI WKH SOD\HU
V VWDWH �SRVLWLRQ� VSHHG� 
HWF��� SOD\HU ,'� DQG WKH DFWLRQ DW WKDW WLPH �VHH )LJ�  ��� 
 

7DEOH� �� 3DUDPHWHU VHWWLQJV IRU WKH H[SHULPHQW� 

1XPEHU RI ,WHUDWLRQV ݊ �� 
0DS 6L]H  ��� î ���

Max Neighboring Radius ߪெ஺௑ 2.0 
Minimum Neighboring Radius ߪ௠௜௡ 0.2 

�����E[SHULPHQWDO RHVXOWV 
DQG DLVFXVVLRQ 

7KH UHVXOWV DUH DQDO\]HG E\ 
PHDQV RI WKH 8QLILHG 
'LVWDQFH 0DWUL[ �8�0DWUL[�� 
DQG WKH &RPSRQHQW 3ODQH 
0DWUL[ �VHH )LJ� ��� )LUVW RQH 
DLPV WR ILQG WKH RXWSXW 
YHFWRUV ZLWK D FRPPRQ 
EHKDYLRU� ZKLOH WKH VHFRQG 
RQH VFRSH LV WR VKRZ VRPH 
VSHFLILF FKDUDFWHULVWLFV� LQ 
SDUWLFXODU� LW KDV WR GLVSOD\ WR 
ZKLFK WHDP HDFK XQLW 
EHORQJV� 

��� CRQFOXVLRQV 

,Q WKLV VWXG\� $FWLRQ VHOHFWLRQ V\VWHP ZDV GHYHORSHG 
XVLQJ 7HQVRU 620� ,Q WKH IXWXUH� IXUWKHU LPSURYHPHQWV 
RI WKH LQSXW YHFWRU DUH UHTXLUHG WR REWDLQ VRPH PRUH 
GHWDLOHG FOXVWHUV�  7KLV ZRUN VKRZHG WKH SURPLVLQJ 
DELOLW\ RI 7HQVRU 620 DOJRULWKP WR GHYHORS D V\PELRWLF 
V\VWHP ZKHUH HDFK DJHQW LV DEOH WR XQGHUVWDQG WKH 
VFHQDULR LQ ZKLFK LW LV RSHUDWLQJ DQG ZRUN LQ D SUHGLFWLYH 
PDQQHU WRJHWKHU ZLWK WKH RWKHU DJHQWV RI WKH V\VWHP� 
 
RHIHUHQFHV 
��� 7� ,ZDVDNL� 7� )XUXNDZD� ³7HQVRU 620 DQG WHQVRU *70� 

1RQOLQHDU WHQVRU DQDO\VLV E\ WRSRJUDSKLF PDSSLQJV´� 
1HXUDO 1HWZRUNV� 9ROXPH ��� 0D\ ����� SS� �������� 

��� 3� 6WRQH DQG 0� 9HORVR� ³0XOWLDJHQW 6\VWHPV� $ 6XUYH\ 
IURP D 0DFKLQH /HDUQLQJ 3HUVSHFWLYH´� $XWRQRPRXV 
5RERWV� 9RO� �� 1R� �� SS� �������� ����� 

��� .� 8HGD� ³6RXKDWVX WR PXOWL DJHQW V\VWHP >(PHUJHQFH DQG 
PXOWL DJHQW V\VWHP@ ´� %DLIXNDQ� ����� 

��� %HKQNH� 6�� 6KHK� 5�� 6DULHO� 6�� /HH� '�'� �(GV��� 
5RER&XS������ 5RERW :RUOG &XS ;;� 6SULQJHU�9HUODJ 
������ 

��� 7� :� 6DQGKROP� 5� +� &ULWHV� 2Q 0XOWLDJHQW 4� OHDUQLQJ 
LQ D 6HPL�&RPSHWLWLYH 'RPDLQ� :RUNVKRS 1RWHV RI 
$GDSWDWLRQ DQG /HDUQLQJ LQ 0XOWLDJHQW 6\V�WHPV 
:RUNVKRS� ,-&$,���� �����  

��� 6� $UDLɾ.� 0L\D]DNLɾ6� .RED\DVKL� 0HWKRGRORJ\ LQ 
0XOWL�$JHQW 5HLQIRUFHPHQW /HDUQLQJ � $SSURDFKHV E\ 4�
/HDUQLQJ DQG 3URILW 6KDULQJɾ-RXUQDO RI -DSDQHVH 6RFLHW\ 
IRU $UWLILFLDO ,QWHOOLJHQFH� ������ SS��������� �����  

��� 8OWVFK� $� DQG 6LHPRQ� +�3�� .RKRQHQ¶V 6HOI 2UJDQL]LQJ 
)HDWXUH 0DSV IRU ([SORUDWRU\ 'DWD $QDO\VLV� ,11&¶��� 
SS����±��� ������� 

 
 

)LJ� �� ,PDJH RI LQSXW GDWD� 

 

)LJ� �� 5HVXOW RI 7HQVRU 620 H[SUHVVHG E\ 
 WKH 8�0DWUL[ DIWHU OHDUQLQJ� 
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