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Selection and Evaluation of a Communication Module For KuupKulgur

Abstract:

Renewed interest in lunar exploration has increased the need for small technology-demonstrator
platforms that can support lunar technology development and validation. KuupKulgur aims to
fill this role as an Earth-based test platform, while also targeting future operation as a small-
form-factor rover on the Moon. Since communication is a mission-critical subsystem, this thesis
focuses on selecting and evaluating a suitable Wi-Fi module for the KuupKulgur communication
subsystem. Wi-Fi is considered a promising local rover-to-lander communication technology
because it is included in the LunaNet Interoperability Specification Document and supports
both terrestrial testing and prospective lunar use. The work defines communication module
requirements, compares multiple candidate Wi-Fi modules, and selects the u-blox MAYA-W2
module with the NXP IW612 chip for evaluation and testing. The selected module is assessed
through proof-of-concept integration, rover command transfer, and laboratory testing using a
development board and FPGA-based setups. The results show that the MAY A-W?2 is suitable to

use as the wireless interface in a standalone KuupKulgur communication subsystem.
Keywords: KuupKulgur, Communication subsystem, Lunar mission, System Design

CERCS: T320 Space Technology, T180 Telecommunication engineering, T120 Systems

engineering, computer technology



KuupKulguri sidemooduli valik ja analiiiis

Lithikokkuvote:

Uuenenud huvi Kuu uurimise vastu, on suurendanud vajadust véikeste tehnoloogiat
demonstreerivate platvormide jérele, mis toetaks Kuul vaja mineva tehnoloogia arendamist
ja valideerimist. KuupKulguri eesmérk on tdita seda rolli Maal katseplatvormina ning sihiga
tulevikus seda teha ka kulgurina Kuul. Kuna side alammoodul on missiooni kriitiline, keskendub
kéesolev magistri 16putdd sobiva Wi-Fi mooduli valimisele ja hindamisele tulevase KuupKulguri
side alamstisteemi jaoks. Wi-Fi-t kisitletakse paljutdotava kohaliku kulguri ja maanduri vahelise
sidetehnoloogiana, kuna see sisaldub LunaNeti spetsifikatsiooni dokumendis ning toetab
nii maapealset testimist kui ka voimalikku kasutamist Kuul. T66 kdigus sdtestatakse side
alammooduli nduded, vorreldakse erinevaid Wi-Fi mooduleid, ning selle analiiiisi tulemusel
valiti edasiseks testimiseks u-bloxi MAY A-W2 moodul, mis pdhineb NXP IW612 kiibil. Valitud
moodulit hinnatakse kontseptsiooni tdestava integratsiooni, kulguri kiskude edastamise ning
laborikatsete kaudu, kasutades arendusplaati ja FPGA-pdhist seadistust. T60 tulemus néitas, et

MAY A-W2 sobib kasutamiseks juhtmevaba liidesena KuupKulguris side alamsiisteemis.
Votmesonad: KuupKulgur, Side alamsiisteem, Kuu missioon, Siisteemi disain

CERCS: T320 Kosmosetehnoloogia, T180 Telekommunikatsioonitehnoloogia, T120

Siisteemitehnoloogia, arvutitehnoloogia
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XWLOLVLQIJZLGHO\XVHGVWDQGDUGVVXFKDV:L )LDQG VKRZLC(
URYHUV IRUIXWXUH URYH®@ PLVVLRQ SODWIRUPV >

-$;% /(9
/IDVWO\ WKH-%$;%$3/(9 URYHUKDVEHHQ SURYHQ WR ZRUN LQ WK
WKH VPDOOHVW DQG OLJKWHVW IXOO\DXWRQRPRXV OXQDU H[S
DUHZHOOEHORZWKRVHOLVWHGDERYH EXWLWVKRZV WKDW F
URYHUV FDQDGG YDOXHWRDVSDFHPLVVLRQ 7KH/(9 XWLO
LVVLPSOHHQRXJKWRDVVHPEOHE\KDQG GHPRQVWUDWLQJ
VPDOO VLPSOH SODWIRUPV ZKHQ XVHG @V SDUW RI ODUJHU V¢

5RYHU 7HFKQRORJ\ | 'DWD 5DWH
3HUVHYHUDQFH D@G ,QJHQEHWM\ > 0+] NESV
$VWURERWLF > L)L * 4] NESV NJ
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7TDEOH &RPSDULVRQRIVHOHFWHG URYHU FRPPXQLFDWLR
DUFKLWHFWXUH GHILQLWLRQ

TKHWHFKQRORJLHVY XVHG DORQJZLWK WKH GDWD UDWHYV RI
7TDEOH

IXQDU &RPPXQLFDWLRQ $UFKLWHFWXUH IRU . X

,Q WKH FXUUHQW . XXS.XOJXU DUBKUWRPWXQHF DW MRV VQ
UHVRXUFHVY ZLWK RWKHU URYHU IXQFWLRQV 'XHWR WKH FU
PLVVLRQVY VHSDUDWLQJLWIURP WKHPDLQ RQERDUG FRPSX'
SURFHVVLQJWREHKDQGOHGLQGHSHQGHQWO\ UHGXFLQJ W
RWKHU VXEPRGXOHV IRUGDWD H[FKDQJH ,Q WKH SURSRVHGTE
WKHLQWHUIDFHEHWZHHQ WKHO0&,DQG WKHURYHU &RPPDQG
EHSDVVHG WR GLITHUHQW VXEV\VWHPY DQG WHOHPHWU\FDQ
0&,

JRU . XXS.XOJXU WKH VHOHFWLRQ RI FRPPXQLFDWLRQ WHFK
RSWLRQV RXWOLQHG LQ WKH/XQD1HW GRFXPHQW 7KH/XQD1H



*33 DVSRVVLEOH VXUIDFH FRPPRQ IQFW WIL\R @Y KMHHVAKQ RIO RILYV H
EDVHOLQH WHFKQRORJ\IRU WKH .XXS.XOJXU ORFDO FRPPXQ
DQG *33DUHQRWDQDO\VHG IXUWKHU 7KLV VHOHFWLRQ LV
RSHUDWLRQDOUDQJHIURPD ODQGHURUEDVHVWDWLRQ WKH|
DQGWKHDYDLODELOLW\RI:L )LKDUGZDUHDQG GHYHORSPHQ\
DPDMRUDUHDRIIRFXVIRU1$6%$ IRU OXQ@UARFO®O FRPPXQLFI

'L )LLVDOVRVXLWDEOHIRU .XXS.XO0OJXU DVWKHURYHULVL
WHFKQRORJ\GHPRQVWUDWRU EXWDOVRDVDQ (DUWK EDVHC
'L )LDOORZV WKH VDPHFRPPXQLFDWLRQ FRQFHSW WR EHHY
FRPSXWHUV DQG RIIl WKH VKHOI PRGXOHYVY GXULQJ ODERUDYV
'L )LSURYLGHV VXIILFLHQW GDWD UDWHV IRUKLJKHU WKURXJK
PD\JHQHUDWH PRUHWHVW GDWD WKDQ LVUHTXLUHG IRU OX
&20 VXEV\VWHP LV GHVLIJQHG DURXQG :L )LDVD S SUDFWLFDO OR
WKHLOQWHQGHG URYHU WR ODQGHU DUFKLWHFWXUHDQG HI
DSSOLFDWLRQVDQG WHVWLQJ WKH *+]EDQGLV SUHIHUUHC
WR WKH *+*]EDQG $W WKH VDPH WLPH *+] VKRXOG EH WK
OXQDUDSSOLFDWLRQVGXHWRLWV EHWWHU SURSDJDWLRQ F

$ORQJVLGH:L )L FRQVLGHUDWLRQ VKRXOG DOVREHJLYHQ W
FRPPXQLFDWLRQ OLQN IRUDXWRQRPRXV URYHU WR ODQGH!
PHVK QHWZRUNLQJDQG WKHUHIRUH DOORZV H[SDQVLRQ ED\
=LJEHHYV ORZ GDWD UDWH :L )LDFFHVV SRLQW RSHUDWLRQ V
7KLV ZRXOG HQDEOH WKH . XXS.XOJXUURYHUWRDFW DV D ORFD
DOORZLQJWKHP WR VKDUH GDWD DQG H[WHQG WKHLU UDQJH
GDWD DQG FRPPXQLFDWH ZLWK WKH ODQGHU YLD RWKHU URYH L
WKDW ZRXOG RWKHUZLVH EHLPSRVVLEOH ZLWK D VLQJOH URYH
FRPPXQLFDWLRQDUFKLWHFWKHWDU¥KNKEBEOW®RYHIXWWKRZQ |
RSHUDWLRQ QRW IRUPHVK QHWZRUNLQJ ,WLVLPSRUWDQW
VKRXOG VXSSRUW =LJEHH RSHUDWLRQV WHVWLQJDQG RSHUI

+RZHYHU LWLVLPSRUWDQW WR NHHSLQPLQGDQG VHSDUDW
VXEV\VWHP DV WKHVHZLOODIIHFW WKHUHTXLUHPHQWYV IRL
PRGXOH 7R DVVHVV DVXLWDEOH:L )LPRGXOHIRUXWLOLVDW
WKHUHIRUH VDWLVILHV WKHUHTXLUHPHQWYV IRU ERWK 7KH Z



J)LIXUH BURSRVHG . XXS.XOJXU OXQDU FRPPXQLFDWL

$1LQDOXQDUHQYLURQPHQW

tDVDWHVW SODWIRUP IRUVFLHQWLILF SD\ORDG GHYHORS/|



OHWKRGRORJ\

7KLV FKDSWHU DLPV WR WDNH WHFHWIRRIE B 8\ X B X @Y &/ IKGIHPG D Q GG
WKH &20 VXEV\VWHP IURP WHEKQRORJ\UHDGLQHVVY OHYHO 7
KLIKHU 75/ OHYHOV LQ WKH IXWXUH 75/VDUH (XURSHDQ 6SDFH
UHDGLQHVV DVRXWOLQHGDQG GBILQHGLQ (&66 ( +% $ >

7KH &20 VXEV\VWHP SOD\VD FUXFLDO UROHLQ WKHRYHUDOO D
VHUYLQJDV WKH SULPDU\OLQNEHWZHHQ WKHURYHUDQG WKH
DUHOD\VDWHOOLWHRU'7( 7TKHUHIRUH WKHGHYHORSPHQW R
HVVHQWLDO WR WKH VXFFHVV RI WKH . XXS.XOJXUPLVVLRQ

7TKHIROORZLQJVHFWLRQV RXWOLQH WKHPHWKRGRORJ\ XVHG"
WKHUHTXLUHPHQWV IRUWKH:L )LPRGXOHVHUYLQJDV WKH
PRGXOHYVY DQG WKHGHYHORSPHQWDQG WHVWLQJRID SURWF
&20VXEV\VWHPLVFRQVLGHUHGIRUERWKWHUUHVWULDODSSO
WHVW SODWIRUPDQG SURVSHFWLYH OXQDU FRPPXQLFDWLRQ

'L )LORGXOHS5HTXLUHPHQWYV

7TKHJRDO RIWKH:L )LPRGXOHLVWRHQDEOH GDWD H[FKDQJH E
QRGH 7KLV ZRXOG HQDEOHGDWD IHWFKLQJ GXULQJ WHUUH"
SURVSHFWLYHOXQDU RSHUDWLRQV

TR WKLVHQG WKHJRDO LVIXUWKHU GLYLGHG LQWR WKHIROO
VKDOO SURYLGHD L )LLQWHUIDFHIRU GDWD H[FKDQJH EHW
VXFKDVDURXWHURUODQGHU 6HFRQGO\ WKH :L )LPRGXOH YV
IRUKLIJKHU GDWD WKURXJKSXW LQDGGLWLRQ WR *+] 7KLL
LOQWHIJUDWHDQG WHVW

TKHUHTXLUHPHQWV EHORZDUHGHULYHG IURP WKHVHREMHFW
/$1FRQQHFWLYLW\DQGDPLQLPXP XVHIXOGDWDUDWH 7KHGD
WKH PD[LPXP DFKLHYHG LQ URYHU WR ODQGHU FRPPXQLFDW
DQG ,QJHQXLW\ 7KHVHFRQGREMHFWLYH GULYHV WKHIUHT)
'L )LLVUHTXLUHG IRUWKH WHUUHVWULDO WHVWEHG ZKLOI
OXQDU FRPPXQLFDWLRQIUHTXHQF\ 7KH WKLUG REMHFWLYH (
LOQFOXGLQJDFFHVVY SRLQW RSHUDWLRQ DYDLODELOLW\RI C



RSHQ VRXUFH GULYHU VXSSRUW DQG FRQFXUUHQW :/$1 DQC
IXWXUHPHVKQHWZRUNLQJ

%DVHG RQ WKHREMHFWLYHVDQG UHTXLUHPHQW GULYHUV V
LQWR IRXU FDWHJRULHYV JHQHUDO UHTXLUHPHQWYV (DUWK ED
RSHUDWLRQ UHTXLUHPHQWY DQG GHYHORSPHQW DQG VFDOD

ft7KHGDWD UDWH VKDOO EHDERYH NELW V

17KH:L )LPRGXOH VKDOO VXSSRUW :/$1 FRQQHFWLYLW\
17KH:L )LPRGXOH VKRXOG ZRUN XS WR D PUDQJH
17KH:L )LPRGXOH VKRXOG VXSSRUWD KLJKHUW@WVDQGDUG \

$7KH :L )L PRGXOH VKRXOG VXSSRUW VHFXUH GLJLWDO L
FRPSRQHQW LQWHUFRQQHFW H[SUHVV 3&,H LQWHUIDFH

)RU (DUWK EDVHG WHVWEHG RSHUDWLRQ WKH:L )LPRGXOH V
FVXSSRUW *+]:L )LRSHUDWLRQ

JRUSURVSHFWLYH OXQDU RSHUDWLRQ WKH:L )LPRGXOH VKD
IVXSSRUW  *+]:L )LRSHUDWLRQ
fVXSSRUW =LJEHH

JRUGHYHORSPHQW WHVWLQJ DQGIXWXUHVFDODELOLW\ WK
fVXSSRUW RSHUDWLRQ DV DQDFFHVV SRLQW $3
ftKDYHDQHYDOXDWLRQNLW (9. RUFRPSDWLEOH GHYHOR
$KDV H[WHQVLYH SXEOLF GRFXPHQWDWLRQ
FVXSSRUW FRQFXUUHQW :/$1 DQG $3 RSHUDWLRQ
$KDYHRSHQ VRXUFH GULYHUV ZLWK VXSSRUW IRU PXOWLS(

TKHUHLV DOVRDQDGGLWLRQDO UHTXLUHPHQW IRU WKH SURVES
KRVW V\VWHP IRUWKH :L )LPRGXOH

17KH6R& VKDOO SURYLGH 3&,HDQG6',2 FRQQHFWLYLW\DC
UHVSHFWLYH VWDQGDUGYV



7KHJHQHUDO UHTXLUHPHQWY RXWOLQHG DERYHDUH WKRVH W
WR UHJDUGOHVV RI WKH PLVVLRQ FRQWH[W ZKHWKHU WHUU
UHTXLUHPHQW LV WKDW WKH :L )LPRGXOHQHHGV D ZD\WR FRQ
H[FKDQJHLQIRUPDWLRQ EHWZHHQ WKH URYHUDQG WKH ORFDO
ODQGHURQ WKHORRQ 7KHUDWLRQDOH IRUWKHGDWD UDWH U
DVDWHFKQRORJ\GHPRQVWUDWRU VKRXOG SXVK WKH ERXQ
HIWUDWHUUHVWULDO DSSOLFDWLRQV ,Q DGGLWLRQ WKH
VWDQGDUG WKDQ WKHRQHFXUUHQWO\ XV HGR® W& B 21 ¥WKHWIX
'L )LVWDQGDUG ZH ZDQW WR DOVR XWLOLVH 6',2RU3&,H FR(
UDWHV IRUWKH WHUUHVWULDO DSSOLFDWLRQV ZKLOH VWLC
VDPHIRUWKH SURVSHFWLYH OXQDUDSSOLFDWLRQ

7KH:L )LPRGXOH VKDOO VXSSRUW DOO IUHTXHQFLHV UHTXL
SURVSHFWLYHOXQDUPLVVLRQ 7KHDGGLWLRQDO QHHG IRU =L
DQG LWV XVH VKRXOG WKHUHIRUHEHFRQVLGHUHG IRU WKH IXU
VXEV\VWHP +RZHYHU DV QRVMGVKGIGH¥ B RRIY QRW HYDOXDW
EXWFRQVLGHUV WKHLU DYDLODELOLW\ZKLOHFRPSDULQJGL

7KHODVW FDWHIJRU\ FRQVLVWYV RIUHTXLUHPHQWY WKDW DU
DQG VXSSRUW IXWXUH .XXS.XOJXU RSHUDWLRQV $FFHVV WR I
WKH WLPHUHTXLUHG WR XQGHUVWDQG KRZWRRSHUDWHDQG
(9. DQG GHYHORSPHQW ERDUGDYDLODELOLW\DUHLPSRUWDQ'
SURVSHFWLYH:L )LPRGXOH ZLWKRXW WKHQHHG WR FUHDWH
XQGHUO\LQJ:L )LPRGXOHFRQVLGHUHG IRU WKH .XXS.X0JXU &:
WR RSHQ VRXUFH GULYHUV VWUHDPOLQHVY WKHLQWHJUDWLR

7KHILQDO RSWLRQDO UHTXLUHPHQW LV FRQFXUUHQW RSHUTL
SRLQWDQGD :/$1 FOLHQW 7KLV LVLPSRUWDQW EHFDXVHLW
ODQGHU ZKLOHEURDGFDVWLQJLWVRZQ:L )LQHWZRUN HQDEC
RSHUDWLQJURYHUVLQDPHVK OLNHVWUXFWXUH )XUWKHU
FRPPXQLFDWLRQ EHWZHHQ WKH ODQGHUDQG PXOWLSOH URYF
FRPPXQLFDWLRQDQG HQDEOLQJURYHUV WR H[FKDQJHDQG F
SRVVLEOHLQDVLQJOH URYHURSHUDWLRQ ,IVLPXOWDQHRX
KDYHWRGLVFRQQHFW IURPWKHODQGHU WR VWDUW WKH DFFH\



ZLWK LW 7KLV ZRXOGPDNHWKH &20VXEV\VWHP GHVLJQ PRUHF
GDWD WUDQVIHU ZKLFKPD\EHFULWLFDO LIWKH :/$1FRQQHF

L )LORGXOHG6HOHFWLRQ

7TRVHOHFWWKH:L )LPRGXOHIRUWKH&20VXEV\VWHP DFRPSD
FRQGXFWHG DJDLQVW WKHLQLWLDO UKHXHARMHFHOQWR G HREQM
NH\SDUDPHWHUV LQFOXGLQJGDWDUDWH FKDQQHO ZLGWK K
IUHTXHQFLHYVY DQG =LJEHH VXSSRUW 7KHUHVXMMDWEORI WKLV F

ORGXOH &KLS =LJEHH
'‘DWD &KDQQH®ORVW ,QSXW:L )L
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UDWHZLGWKQWHUINDFEGWDEBQGV
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7TDEOH &RPSDULVRQ RIVKRUWOLVWHG :L )LPRGXOHV DJD|

7TKHIROORZLQJV\VWHPV ZHUHDOVR UHVHDUFKHG EXW XOWLPD
IRUWKHIROORZLQJUHDVRQV

T)HDV\FRP )6& %: + ODFNRIGRFXPHQWDWLRQDYDLODEOI



t6LOLFRQ /DEV 56 && +* FRPSOH[ HFRV\VWHP DQG OD
GRFXPHQWDWLRQDQG GHYHORSPHQW UHVRXUFHYV

,WIV LPSRUWDQW WR QRWH W K D WERMHD FOKHS P R G WAHVFE UNUW
$]XUH:DYHPRGXOH DUH:L )L FDSDEOHDQG WKXV PHHW WK}
KLIJIKHUVWDQGDUG WKDQ :L )L

$V VKRZIDEQWKHUH DUHVHYHUDO IDFWRUV WR FRQVLGHU ZK
JLYHQ WKH QHHG IRU =LJEHH VXSSRUW QILQHRQTV PRGXOH
GDWD UDWH ZRXOG SURYLGH VWURQJ SHUIRUPDQFH IRU WHU
=LJEHH VXSSRUW PDNHV WKLV PRGXOH XQVXLWDEOH IRUWKHU
LIRQO\D WHUUHVWULDO VA\VWHP ZHUH GHYHORSHG D VHSDUD
RSHUDWLRQV )RUWKHVDPHUHDVRQ WKHFXUUHQW :L )L PRC

$OQORWKHUPRGXOHWREHVKRUWOLVWHGIURP WKLVLVWKHI1RU!
63, FRQQHFWLRQ ZKLFKOLPLWV WKHDFKLHYDEOH GDWD UDW
SURYLGH PXFK KLIKHU GDWD WKURXJKSXW WKDQ 63, :KLFKL
FROXPQ ZKHUH WKH6',2DQG 3&, HPRGXOHYVY SURYLGH PXFK KL

JURP WKHUHPDLQLQJ:L )LPRGXOHV WKHRQH ZLWK WKH KL
WKH ,: WKH SURVSHFWLYH :L )LPRGXOH 7KHPRGXOH RQ
ERDUG RXWQODEKD®EH DQVWHKHY WKH ,: PRGXOH SDFNDJHG LQWR
ZKLFK LV VHOHFWHG DV WKH ILQDO :L )L PRGXOH 7KH KLJKF
VXSSRUW . XXS.XOJXUDVDVFLHQWLILF WHVWEHG RQ (DUWK 7
HGXFDWLRQDO GHYHORSPHQW HQDEOLQJODUJHDPRXQWYV
7TKLVDOORZVIRUPRUHVWUHDPOLQHG RSHUDWLRQDV D WHVW
UDWHIRU ORFDO DUHD FRPPXQLFDWLRQFRXOGEHEHQHILFLI
EHWZHHQ URYHUV +RZHYHU WKLV LV RXWVLGH WKHVFRSH RI

$Q LPSRUWDQW SRLQW LV DOVR WKDW WKH 0D\D : FRQVXPH)
$]XUH:DYH :L )LPRGXOH DV VKR ZTDDEDWRN ERP SW DIQV/IRGHDD FD
IRUSRZHU FRQVWUDLQHG VI\VWHPV VXFK DV VPDOO IRUP IDFW
XVHG :L )LPRGXOH GUDZV DSSUR[LPDWHO\WZLFHDV PXFK FXU
LQ WUDQVPLW PRGH LW GUDZV VXEVWDQWLDOO\PRUH FXUUH

3RZHU VWDWH FRQWURO IXUWKHU GLVWLQJXLVKHY WKH WZI
FROQQHFWHG YLD 3& HDQG SRZHUHG E\WKH -HWVRQ PRGXOH
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7TDEOH &XUUHQW FRPSDULVRQ EHWZHHQ WKH X EOR[OD\D :
'L )LPRGXOHV 7KHOD\D: YDOXHLV WKHVXP RILWY GDWDVKF
$: &% 1) YDOXHLVWKHGDWDVKHHWDYHUDJH FXUU

GRZQ SLQVGHHS VKXWGRZQ ZRXOG WKHUHIRUH UHTXLUH VZL
,Q FRQWUDVW WKH O0%$<$ : SURYLGHV D GHGLFDWHG 3'Q LQS
VXSSRUWV IXOO VKXWGRZQ E\GLVDEOLQJWK®#H ®$FFRUGLD I
WKHO0$<$ : RITHUVVXSHULRUKDUGZDUH OHYHO SRZHU PDQDJ
FXUUHQW IRUWKH . XXS.X0OJXU &20 VXEV\VWHP

&RQVLGHUDWLRQ ZDVDOVRJIJLYHQWR GRFXPHQWDWLRQ DQC
PRGXOHIURP X EOR[KDG H[WHQVLYHGRFXPHQWDWLRQ )XUW|
WKH FKLS VHWXS JXLGHV RQWKH1;3ZHEVLWHFDQDOVREH Ul
LWV RZQLQWHIJUDWLRQ PDQXDODQG XVHUJXLGHIRU WKH (9.

)XUWKHUPRUH WKHGREFXPHQWDWLRQ FOHDUO\VKRZV WKDYV
DQG FDQ EH SRUWHG WR GLIITHUHQW 26V $QRWKHU DGYDQWI
DYDLODEOH <RFWR UHFLSHY DQG WKH GREXPHQWDWLRQ DO



$QGURIG ¥KLVPHDQV WKDW WKH /LQX[26 LVQITW VWULFWO\
WKHPRGXOHFRXOG EH XVHG ZLWK )UHHS5726 LQ WKH IXWXUH
VSDFH V\VWHPV 'XHWR WKHDERYH PHQWLRQHG UHDVRQV W
WKHO0$<$: PRGXOH LVVHOHFWHG DV D VXLWDEOH :L )LPRG.
'L )LLQWHUIDFHIRU WKH .XXS.XOJXUURYHU

$QLPSRUWDQW WKLQJWR QRWH KHUH LV WKDW WKH :L )L PRGX
VSDFH RULHQWHG :L )L VR O&KMAVRIQRERHQIMRICRQMHE\ WEK WEKHD ER X V
PRGXOH XVHG VRLWY{V KDUG WR VD\ZLWK FHUWDLQW\ ZKDW W}
FRPPXQLFDWLRQ PRGXOH ZKHQ XWLOLVLQJ:L )L

SURRIRI&RQFHSW

'LWKWKHWHFKQRORJ\RXWOLQHGDQG WKHUHTXLUHPHQWYV "
DGHTXDWHRYHUYLHZRIWKH:L )LV\VWHPTV FDSDELOLWLHV I
WKH &20 VXEV\VWHP DV DQ LQWHUIDFH  EHWZHHQ .XXS.X0JXL
XWLOLVLQJD SUHEXLOW GHYHORSPHQW ERDUGDV D SURWRW\
VHOHFWHG IRUWKLVY WDVN ZDV WKH 1;3)5'0L 0; GHYHORSPHQ
GHYHORSPHQW ERDUGHTXLSSHG ZLWK WKH OD\D: PRGXOH DC
LQGXVWULDODQG ,R7 3650 WHIRWQIDRO@M >D VXFFHVVIXO SURRI R
WHVW LV GHILQHG DV IROORZV

tDVXFFHVVIXOFRQQHFWLRQ ZLWK WKHURYHU FDQ EHHVW
IWKHVWDWXV RIWKHURYHUYV:L )LV\VWHP FDQ EHIHWFKH
ftFRPPDQGV FDQ EHVHQW WR WKHURYHU WR GULYH LW

%DVHG RQWKHVH VWHSY DQDUFKLWHFWXUDO VFKHPH IRU F
VKRZQLWXUMR FRQWURODQG GULYHWKHURYHU $VLPXODWH
FRPPDQG WUDQVPLVVLRQ EHWZHHQ WKHRSHUDWRU LQWHUID
LQWHUIDFH VXSSRUWV URYHU FRQWURO WKURXJK HLWKHU L
VWDWXV IHHGEDFN IURP ERWK WKH :L )LPRGXOHDQG WKH )5'C
UHSRUWHG VWDWXV LQIRUPDWLRQ LQFOXGHV FRPPXQLFDWLR
GDWD ZKLFKDUHGLVSOD\HG WR WKH XVHU WKURMIKHVKH SL
FRUUHVSRQGLQJ VRXUFRSBRIQIBLVSSBRXUGEH&RGQGH )LOHYV



JLIXUH XXS. XOJXUFRPPXQLFDWLRQ VA\VWHP DUFKLWHF
GHYHORSPHQW ERDUG SURWRW\SH

JLIXUH 6LPXODWHG 0&, LQWHUIDFHIRU WHVWLQJ WE

7KH SURRI RI FRQFHSW ZDV DVVHPEOHG ZLWK WKH )5'0L 0;
URYHU $IWHU WKH V\VWHP ZDVFRQQHFWHG WKH:L )LPRGXOF
QHWZRUN DQG XVHG DV WKH &20 LQWHUIDFHEHWZHHQ WKH U
ZDV WKHQ GULYHQ XVLQJ FRPPDQGYVY VHQW WKURXJK WKH GH"
ZLWK WKHGHYHORSPHQPMWERBUG LV VKRZQ LQ

*LYHQ WKDW DOO WKUHH REMHFWLYHYV RXWOLQHG DERYH IF
EHFRQFOXGHG WKDW WKH ,: SDFNDJHG DV WKH OD\D : PR
XXS.XO0JXU &20 VXEV\VWHP

WXLOGLQJ WKH &RPPXQLFDWLRQ 6XEV\VWHP

7TKHSURRI RI FRQFHSWLPSOHPHQWDWLRQ GHPRQVWUDWHG W
DVWKHZLUHOHVV FRPPXQLFDWLRQ LQWHUIDFH IRU WKH .XX:
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