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Modern�Electronic�Technology

KWWS����RM����S��J�LQGH[�SKS�PHW

5(9�(:

�HVLJQ�DQG��PSOHPHQWDWLRQ�RI��XWRPDWLF�)ROORZLQJ��DODQFLQJ�9HKLFOH�

�DVHG�RQ�8:��3RVLWLRQLQJ�3ULQFLSOH�

�KHQ�X��KDQJ� )DQJ�L��KHQ �KRQJ�XQ�.DQJ��

,QIRUPDWLRQ�'HSDUWPHQW��%HLMLQJ�8QLYHU�LW��RI�7HFKQRORJ���%HLMLQJ�����������KLQD�

�57,�/(�,1)2 �%675��7

�UWLF�H�KL�WRU�

5HFHLYHG�����)HEUXDU������

5HYL�HG����0DUFK�����

�FFHSWHG�����SULO�����

3XEOL�KHG�2QOLQH������SULO������

:LWK�WKH�PRGHUQL]DWLRQ�RI� LQGX�WULDO�SURGXFWLRQ��YDULRX��DXWRPDWLF�IRO�

ORZLQJ�WHFKQRORJLH��KDYH�JUDGXDOO��SHQHWUDWHG�LQWR�SHRSOH���OLYH����PRQJ�

them,�the�application��elds�that�follow�mobile�balancing�vehicles�range�

IURP�WKH��WUXFWXUHG�HQYLURQPHQW�RI�IDFWRULH��WR�WKH�GDLO��OLYLQJ�HQYLURQ�
PHQW��7KH�SXUSR�H�RI�WKL���XEMHFW�L�� WR�EH�DEOH� WR�X�H�8:%�SR�LWLRQLQJ�

WHFKQRORJ��WR�UHDOL]H�WKDW� WKH�EDODQFHG�WUROOH��L��DQ�DXWRPDWLF�IROORZLQJ�

IXQFWLRQ��ZKLFK�PDLQO��X�H��WKH�UDQJLQJ� IXQFWLRQ�LQ�8:%�SR�LWLRQLQJ�

WHFKQRORJ���X�H��WKH�72)�UDQJLQJ�SULQFLSOH�DQG�HPEHGGHG�ED�LF�NQRZO�

HGJH��DQG�FKDQJH��WKH�SR�LWLRQLQJ�DOJRULWKP�WR�D�IROORZLQJ�DOJRULWKP��

7KH�GL�WDQFH�EHWZHHQ� WKH� WDUJHW�REMHFW� DQG� WKH�SHU�RQ� L��HIIHFWLYHO��

GHWHUPLQHG�E��WZR�WDJ���HW�RQ�WKH�WUROOH��DQG�D�ED�H��WDWLRQ�LQ�WKH�KDQG�

WR�GHWHUPLQH� WKH�GL�WDQFH�� DQG�WKH�GL�WDQFH� LQIRUPDWLRQ�L��WUDQ�PLWWHG�

WKURXJK�WKH��HULDO�SRUW��%��ZULWLQJ�DQ�DOJRULWKP��WKH�GL�WDQFH�LQIRUPDWLRQ�

L��FRQYHUWHG�WR� WKH�GULYLQJ�LQIRUPDWLRQ�RI�WKH� WUROOH��� DQG�WKH�GULYLQJ�

LQIRUPDWLRQ�L���HQW�WR�WKH� WUROOH��WR�FRQWURO�WKH� WUROOH��� WKHUHE��UHDOL]LQJ�

the�task�of�balancing�the�trolley�to�follow�the�speci�ed�target�in�a�simple�

LQGRRU�HQYLURQPHQW�

.H�ZRUG��

�XWRPDWLF�IROORZLQJ�WUROOH�

8:%�SR�LWLRQLQJ

72)�UDQJLQJ�SULQFLSOH�

��RUUH�SR�GL�J��XWKRU�

�KH��X��KD�J��

IHPD�H��X�GHUJUDGXDWH�RI��HLML�J�8�LYHU�LW��RI�7HFK�R�RJ���

�RUUH�SR�GH�FH�DGGUH����5RRP������8�LW�����XL�GL�J�����L�WULFW����*XR�L�J�7RZ����KD�JSL�J��L�WULFW���HLML�J���KL�D��

��PDL��������������TT�FRP��

����QWURGXFWLRQ

:
LWK�WKH�GHYHORSPHQW�RI�ZLUHOH���FRPPXQLFD�

WLRQ�WHFKQRORJ���WKH�ZRUOG�RI�WKH����W�FHQWXU��

ZLOO� �RRQ�HQWHU� WKH�HUD�RI�ZLUHOH��� LQWHUFRQ�

QHFWLRQ�IURP�WKH�QHWZRUN�HUD��(PHUJLQJ�ZLUHOH���QHWZRUN�

WHFKQRORJLH����XFK�D��:L)L��:L0D[��=LJ%HH���GKRF��%OXH�

7RRWK��DQG�8OWUD�:LGH�%DQG��8:%���DUH�ZLGHO��X�HG�LQ�

all�aspects�of�public�life�in�of�ces,�homes,�factories,�parks,�

HWF��7KH�DSSOLFDWLRQ�RI�ZLUHOH���QHWZRUN�ED�HG�SR�LWLRQLQJ�

WHFKQRORJ��KD��EURDGHU�GHYHORSPHQW�SUR�SHFW��>��

7KHUH�DUH�PDQ��WHFKQRORJLH��DQG��ROXWLRQ��IRU�RE�WDFOH�

GHWHFWLRQ��HQ�RU��IRU�XQPDQQHG�YHKLFOH����RPPRQO��X�HG�

FRPPXQLFDWLRQ�WHFKQRORJLH��LQFOXGH�LQIUDUHG��XOWUD�RQLF��

UDGLR�IUHTXHQF���LJQDO���FRPSXWHU�ELQRFXODU��WHUHR�YL�LRQ�

�HQ�LQJ��HWF���EXW� WKH��DUH�QRW��XLWDEOH�IRU� LQGRRU� �LJQDO�

WUDQ�PL��LRQ��,QIUDUHG�L��RQO���XLWDEOH�IRU� �KRUW�GL�WDQFH�

transmission,�and�is�easily�interfered�by��uorescent�lights�

RU�OLJKW��LQ�WKH�URRP��0RELOH�URERW��UHO�LQJ�RQ�XOWUD�RQLF�

RU�LQIUDUHG�UDQJLQJ��HQ�RU��WR�DYRLG�RE�WDFOH��KDYH�OLPLWHG�

detection�ranges�and�insuf�cient�data�at�detection�points,�

WKH�H�GHIHFW��DIIHFW� WKH�DFFXUDF��RI�RE�WDFOH�DYRLGDQFH�

FRQWURO�RI�XQPDQQHG�YHKLFOH���XOWUD�RQLF�ZDYH��DUH�JUHDW�

O��DIIHFWHG� E��PXOWLSDWK� HIIHFW��DQG�QRQ�OLQH�RI��LJKW�
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SURSDJDWLRQ�DQG�FDQQRW�EH�X�HG�LQ�LQGRRU�HQYLURQPHQW���

UDGLR�IUHTXHQF���LJQDO��DUH�FRPPRQO��X�HG�LQ�RXWGRRU�

WUDQ�PL��LRQ����WHP���EXW� WKH��KDYH�OLPLWDWLRQ��LQ�LQGRRU�

���WHP���0RQRFXODU�YL�LRQ�FDQ�RQO��REWDLQ�WZR�GLPHQ�

�LRQDO�LPDJH�LQIRUPDWLRQ�RI�WKH�HQYLURQPHQW�DQG�FDQQRW�

REWDLQ�GHSWK� LQIRUPDWLRQ�RI� HQYLURQPHQWDO�RE�WDFOH���

%LQRFXODU�YL�LRQ�KD��GL�DGYDQWDJH���XFK�D��SRRU�UHDO�WLPH�

SHUIRUPDQFH�DQG�FRPSOLFDWHG�FDOFXODWLRQ�

,W�FDQ�EH��HHQ�WKDW�ZLWK�WKH�GHYHORSPHQW�RI�ZLUHOH���QHW�

ZRUN�WHFKQRORJ��DQG�WKH�LQFUHD�LQJ�GHPDQG�IRU�IROORZ�XS�

�HUYLFH��� WKH�DXWRPDWLF� IROORZ�XS�WHFKQRORJ��PX�W�RYHU�

FRPH�WKH��KRUWFRPLQJ��RI�WKH�H[L�WLQJ�WHFKQRORJ��DQG�PHHW�

WKH�IROORZLQJ�FRQGLWLRQ���D���LJK�DQWL�LQWHUIHUHQFH�DELOLW���E��

�LJK�DFFXUDF���F��/RZ�SURGXFWLRQ�FR�W��G��/RZ�RSHUDWLQJ�

FR�W��H���LJK�LQIRUPDWLRQ��HFXULW���I��/RZ�HQHUJ��FRQ�XPS�

WLRQ�DQG�ORZ�WUDQ�PLW�SRZHU��J��6PDOO�WUDQ�FHLYHU�YROXPH�

1RQH�RI� WKH�DERYH�WHFKQLFDO��ROXWLRQ��FDQ�IXOO��PHHW�

WKH�H�UHTXLUHPHQW���8:%�L��X�HG�IRU�DXWR�IROORZLQJ��ZKLFK�

FDQ�ED�LFDOO��PHHW�WKH�DERYH�UHTXLUHPHQW���8:%�L��D�KLJK�

�SHHG��ORZ�FR�W�DQG�ORZ�SRZHU�HPHUJLQJ�ZLUHOH���FRPPX�

QLFDWLRQ�WHFKQRORJ���8:%��LJQDO��DUH�SXO�H��LJQDO��ZLWK�

D�EDQGZLGWK�JUHDWHU�WKDQ�����0�]�RU�D�UDWLR�RI�WKH�ED�H�

EDQG�EDQGZLGWK�WR�WKH�WUROOH�ULHU�IUHTXHQF��JUHDWHU�WKDQ�

�����8:%:*��������� DQG�KDYH�D�ZLGH�IUHTXHQF��EDQG�

UDQJH��,W�FDQ�EH��HHQ�WKDW�8:%�IRFX�H��RQ�DSSOLFDWLRQ��LQ�

two��elds.�On�the�one�hand,�it�is�a�short-range�high-speed�

GDWD�FRPPXQLFDWLRQ�WKDW�FRPSOLH��ZLWK�WKH�,(((��������D�

�WDQGDUG�� WKDW�L���ZLUHOH��O��WUDQ�PLW��D� ODUJH�DPRXQW�RI�

PXOWLPHGLD�GDWD�ZLWKRXW�GHOD���DQG� WKH� UDWH�PX�W�UHDFK�

���0ELW������0ELW����RQ�WKH�RWKHU�KDQG��LW�L��ORZ��SHHG�DQG�

ORZ�SRZHU�WUDQ�PL��LRQ�LQ�DFFRUGDQFH�ZLWK�,(((��������D��

ZKLFK�L��X�HG�IRU�DFFXUDWH�LQGRRU�SR�LWLRQLQJ���XFK�D��SR�L�

tion�detection�of�battle�eld�soldiers,� industrial�automation,�

�HQ�RU�QHWZRUN���KRPH���RIILFH�DXWRPDWLRQ��URERW�PRWLRQ�

WUDFNLQJ��DQG��R�RQ��7KH�FKDUDFWHUL�WLF��RI�8:%��LJQDO��LQ�

GLFDWH�WKDW�LW�KD��WKH�DGYDQWDJH��RI�ORZ�FR�W��DQWL�PXOWLSDWK�

LQWHUIHUHQFH��DQG� �WURQJ�SHQHWUDELOLW�� LQ�FRPPXQLFDWLRQ��

�R�LW�FDQ�EH�DSSOLHG�WR�WKH�SR�LWLRQLQJ�DQG�WUDFNLQJ�RI��WD�

WLRQDU��RU�PRYLQJ�REMHFW��DQG�SHRSOH��DQG�FDQ�SURYLGH�YHU��

DFFXUDWH�SR�LWLRQLQJ�DFFXUDF��>������

)LJXUH����7UROOH��GL�SOD���FUHHQ�SK��LFDO�GLDJUDP

���8:��5DQJLQJ�0RGXOH

The�TOF�development�board�is�based�on�the�of�cial�orig�

LQDO�(YDOXDWLRQ�ERDUG�IRU�QHZ�3�%�XSJUDGH�DQG�GHYHORS�

ment.�Based�on�the�EVB,�the�LCD�display�and�redundant�

LQWHUIDFH��DUH�GHOHWHG� WR�RSWLPL]H�SRZHU��XSSO��GH�LJQ�

DQG�URXWLQJ��7KH�PRGXOH�DO�R�X�H��WKH�670��)����PLFUR�

FRQWUROOHU�D��WKH�PDLQ�FRQWURO�FKLS��ZKLFK�LQKHULW��DQG�RS�

timizes�the�of�cial�embedded�code�to�the�greatest�extent.�

3HULSKHUDO�FLUFXLW��LQFOXGH��':0�����PRGXOH��':60��

module�+�40/pcs),�power�module,�LED�indicator�module,�

',3��ZLWFK��HWF��7KH�GHYHORSPHQW�ERDUG�FDQ�EH�X�HG�D��D�

ED�H��WDWLRQ�RU�D�WDJ��DQG�FDQ�EH��ZLWFKHG�E��D�',3��ZLWFK�

����0DLQ��RQWURO��KLS��670���)���

670��)����L��DQ�LQWHUFRQQHFWHG����ELW��50�ED�HG�PL�

FURFRQWUROOHU�ZLWK����RU����.�E�WH��RI�IOD�K�PHPRU���,W�

KD��86%�27*��(WKHUQHW�����WLPHU�������1�����'�������

FRPPXQLFDWLRQ�LQWHUIDFH��>��

�����RPPXQLFDWLRQ��KLS���:����

7KH�':0�����PRGXOH� L��DQ�XOWUD�ZLGHEDQG�WUDQ�FHLYHU�

PRGXOH�GH�LJQHG�ED�HG�RQ� WKH�':�����FKLS�RI�'(���

WAVE.�This�module� integrates� the�antenna�and�all�RF�

FLUFXLW���SRZHU�PDQDJHPHQW�DQG�FORFN�FLUFXLW���7KL��PRG�

XOH�FDQ�EH�X�HG�LQ�7:5�RU�7'2��SR�LWLRQLQJ����WHP��WR�

ORFDWH�WDUJHW��ZLWK�DQ�DFFXUDF��RI�OH���WKDQ����0��DQG�WKH�

PRGXOH��XSSRUW��GDWD�WUDQ�PL��LRQ�UDWH��XS�WR����0%36�>���

����5DQJLQJ��OJRULWKP

72)��7LPH�RI�)OLJKW���7KH� UDQJLQJ�PHWKRG� L��D� WZR�

way�ranging�technology.�It�mainly�uses�the�time�of��ight�

EHWZHHQ�WZR�D��QFKURQRX��WUDQ�FHLYHU�� �7UDQ�FHLYHU�� WR�

PHD�XUH�WKH�GL�WDQFH�EHWZHHQ�QRGH���,Q�WKH�OLQH�RI��LJKW�

HQYLURQPHQW��WKH�72)�ED�HG�GL�WDQFH�PHD�XUHPHQW�PHWK�

RG�KD��D� OLQHDU�UHODWLRQ�KLS�ZLWK�GL�WDQFH���R�WKH� UH�XOW��

ZLOO�EH�PRUH�DFFXUDWH��:H�UHFRUG�WKH� WLPH�EHWZHHQ�WKH�

GDWD�SDFNHW��HQW�E��WKH��HQGHU�DQG�WKH�UH�SRQ�H�D��7727��

DQG�WKH�WLPH�LQWHUYDO�EHWZHHQ�WKH�WLPH�WKH�GDWD�SDFNHW� L��

UHFHLYHG�DQG� WKH�UH�SRQ�H� �HQW�E�� WKH�UHFHLYHU� L��77�7��

then�the�time�TTOF�of�the�unidirectional��ight�of�the�data�

SDFNHW�LQ�WKH�DLU�FDQ�EH�FDOFXODWHG�D��

772)� ��7727�77�7�����

)LJXUH����5DQJLQJ�DOJRULWKP��FKHPDWLF�GLDJUDP

'2,��KWWS����GRL�RUJ����������PHW�Y�L������
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%XW�WKH��LPSOH�72)�DOJRULWKP�KD��D��WULFWHU�FRQ�WUDLQW��

WKH��HQGLQJ�GHYLFH�DQG�WKH�UHFHLYLQJ�GHYLFH�PX�W�DOZD���

EH���QFKURQL]HG

TW-TOF�(two-way�time�of��ight�method):

�D��8QLODWHUDO�WZR�ZD��UDQJLQJ

)LJXUH����8QLODWHUDO�WZR�ZD��UDQJLQJ�DOJRULWKP��FKHPDW�

LF�GLDJUDP��

)LJXUH����8QLODWHUDO�WZR�ZD��UDQJLQJ�DOJRULWKP��FKHPDW�

LF�GLDJUDP��

Device�A��rst�sends�a�data�packet�to�device�B,�and�re�

FRUG��WKH�WLPH�RI��HQGLQJ�WKH�SDFNHW�7D����IWHU�UHFHLYLQJ�

WKH�GDWD�SDFNHW��GHYLFH�%�UHFRUG��WKH�WLPH�RI�UHFHLYLQJ�WKH�

SDFNHW�7E����IWHU�WKDW��GHYLFH�%�ZDLW��IRU�WKH�7UHSO��PR�

PHQW�DQG��HQG��D�GDWD�SDFNHW�WR�GHYLFH���DW�WKH�WLPH�7E��

(Tb2�=�Tb1�+�Treply).�After�receiving�the�data�packet,�

GHYLFH���UHFRUG��WKH�WLPH�YDOXH�7D���7KHQ��RX�FDQ�FDOFX�

ODWH� WKH� WLPH�7SURS�RI�HOHFWURPDJQHWLF�ZDYH�� LQ� WKH�DLU��

multiplying�the�time�of��ight�by�the�speed�of�light�is�the�

GL�WDQFH�EHWZHHQ�WKH�WZR�GHYLFH��

%HFDX�H�GHYLFH���DQG�GHYLFH�%�X�H� �HSDUDWH�FORFN�

�RXUFH���WKH�FORFN��ZLOO�KDYH�D�FHUWDLQ�GHYLDWLRQ�����XP�

LQJ�WKDW� WKH�DFWXDO� IUHTXHQF��RI� WKH�FORFN��RI�GHYLFH���

DQG�GHYLFH�%�L��H��DQG�H%�WLPH��WKH�H[SHFWHG�IUHTXHQF���

WKHQ�WKH�HUURU�LQWURGXFHG�E��WKH�FORFN�GHYLDWLRQ�L���HUURU� �

Tprop�×�(1-�(ka�+�kb)�/�2).

�E��%LODWHUDO�WZR�ZD��UDQJLQJ

)LJXUH����%LODWHUDO�WZR�ZD��UDQJLQJ�DOJRULWKP��FKHPDWLF�

GLDJUDP

'6�UDQJLQJ� L��ED�HG� RQ�66� UDQJLQJ��DQG� RQH�PRUH�

FRPPXQLFDWLRQ�L��DGGHG��7KH� WZR�FRPPXQLFDWLRQ�WLPH��

FDQ�FRPSHQ�DWH�HDFK�RWKHU�IRU�HUURU��LQWURGXFHG�E��FORFN�

�NHZ�

7KH�HUURU�LQWURGXFHG�E��WKH�'6�UDQJLQJ�PHWKRG�FORFN�

is:�error�=�Tprop�×�(1-�(ka�+�kb)�/�2).

6XSSR�H�WKH�FORFN�DFFXUDF��RI�GHYLFH���DQG�GHYLFH�%�

L����SSP��YHU��SRRU��� DQG��SSP� L��RQH�PLOOLRQWK��7KHQ�

.D�DQG�.E�DUH���������RU���������UH�SHFWLYHO��� DQG�ND�

DQG�NE�DUH�WKH� UDWLR��RI�WKH�DFWXDO�IUHTXHQF��DQG�WKH�H[�

SHFWHG�IUHTXHQF��RI�WKH�FORFN��RI� WKH�GHYLFH����DQG�%��

UH�SHFWLYHO���7KH�GL�WDQFH�EHWZHHQ�HTXLSPHQW���DQG�%�

is�100m,�and�the��ight�time�of�electromagnetic�waves� is�

���Q���7KHQ�WKH�HUURU�LQWURGXFHG�E��WKH�FORFN�L�����������

��������HFRQG���WKH�UDQJLQJ�HUURU�L�����PP��ZKLFK�FDQ�EH�

LJQRUHG�>��

���7UROOH���DUGZDUH�0RGXOH

����0DLQ��RQWURO�0RGXOH

7KH�670��)���[���670��)���['�DQG�670��)���[(�

HQKDQFHG��HULH��X�H�WKH�KLJK�SHUIRUPDQFH��50���RUWH[�

���0�����ELW�5,6��FRUH�DQG�RSHUDWH�DW���0�]��EXLOW�LQ�

high-speed�memory�(up�to�512K�bytes�of��ash�and�64K�

E�WH��RI�65�0���ULFK�HQKDQFHG�,���2�SRUW��DQG�SHULSKHUDO��

FRQQHFWHG�WR�WZR��3%�EX�H����OO�GHYLFH�� LQFOXGH�WKUHH�

���ELW��'����IRXU�JHQHUDO�SXUSR�H����ELW�WLPHU���DQG�WZR�

3:0�WLPHU���7KH��DO�R� LQFOXGH� �WDQGDUG�DQG�DGYDQFHG�

FRPPXQLFDWLRQ�LQWHUIDFH���XS� WR���,���LQWHUIDFH�����63,�

LQWHUIDFH�����,�6� LQWHUIDFH�����6',2�LQWHUIDFH����86�57�

LQWHUIDFH���D�86%� LQWHUIDFH�DQG�D���1� LQWHUIDFH��7KH�

670��)���[[�KLJK�FDSDFLW��HQKDQFHG��HULH��RSHUDWH��

in�the�temperature�range�of�-40�°�C�to�+�105�°�C,�and�the�

power�supply�voltage�is�2.0V�to�3.6V.�A�series�of�power�

�DYLQJ�PRGH��JXDUDQWHH�WKH�UHTXLUHPHQW��RI�ORZ�SRZHU�

FRQ�XPSWLRQ�DSSOLFDWLRQ���670��)���[[�KLJK�FDSDFL�

W��HQKDQFHG��HULH��SURGXFW��SURYLGH���GLIIHUHQW�SDFNDJH�

forms� from�64�pins�to�144�pins;�the�con�guration�of� the�

SHULSKHUDO��LQ�WKH�GHYLFH�YDULH��GHSHQGLQJ�RQ�WKH�SDFNDJH��

%HORZ�L��D�ED�LF�LQWURGXFWLRQ�WR�DOO�WKH�SHULSKHUDO��LQ�WKL��

�HULH��RI�SURGXFW��>���

����0RWRU��ULYH�0RGXOH

7%����)1*� L��D�GULYHU�FKLS�IRU�'��PRWRU���ZKR�H�RXW�

SXW� WUDQ�L�WRU�X�H��D�ORZ�UH�L�WDQFH�/'�026��WUXFWXUH��

7KH�WZR�LQSXW��LJQDO��,1��DQG�,1��FDQ��HOHFW�RQH�RI�IRXU�

PRGH����XFK�D���:����:���KRUW�EUDNH�DQG��WRS�PRGH��>���

'2,��KWWS����GRL�RUJ����������PHW�Y�L������
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�����DODQFH�0RGXOH

038����� ������� L�� WKH�ZRUOG��� ILU�W� LQWHJUDWHG���D[L��

PRWLRQ� SURFH��LQJ� FRPSRQHQW���RPSDUHG�ZLWK� WKH�

PXOWL�FRPSRQHQW��ROXWLRQ��LW�HOLPLQDWH��WKH�SUREOHP�RI�WKH�

GLIIHUHQFH�EHWZHHQ�WKH� WLPH�D[L��RI� WKH�FRPELQHG�J�UR�

�FRSH�DQG�WKH�DFFHOHUDWRU�DQG�UHGXFH��D�ORW�RI�SDFNDJLQJ�

�SDFH��:KHQ�FRQQHFWHG� WR� D�WKUHH�D[L��PDJQHWLF� WLPLQJ��

WKH�038���;��SURYLGH��D�IXOO���D[L��PRWLRQ�IX�LRQ�RXW�

SXW�WR�LW��PDLQ�,���RU�63,�SRUW��63,�L��RQO��DYDLODEOH�RQ�

WKH�038�������>��

���6�VWHP�0RGHO�DQG��OJRULWKP

7KH� UHDOL]DWLRQ�RI� WKH�DXWR�IROORZLQJ� EDODQFH� WUROOH��

ED�HG�RQ�WKH�8:%�SR�LWLRQLQJ�SULQFLSOH�QHHG��WR� LPSOH�

PHQW�GDWD�UHFHSWLRQ��FRQYHU�LRQ�SURFH��LQJ��FRQWURO�RI�WKH�

WUROOH��DFFRUGLQJ�WR�GL�WDQFH� LQIRUPDWLRQ��HWF��7DNH�RQH�

WR�RQH�FRPPXQLFDWLRQ�D��DQ�H[DPSOH� WR�EXLOG�D� ���WHP�

model�and�data�processing��ow:

)LJXUH�����RPPXQLFDWLRQ�SULQFLSOH�EHWZHHQ�WKH�WUROOH��

PRGXOH�DQG�WKH�UDQJLQJ�PRGXOH

,Q�RUGHU�WR�UHDOL]H� WKH�IXQFWLRQ�RI� WXUQLQJ� LQ�WKH� OHIW�

DQG�ULJKW�RI�DXWRPDWLF�IROORZLQJ��WKH� UHDOL]DWLRQ�RI�WKH�

DXWRPDWLF� IROORZLQJ� EDODQFLQJ� WUROOH�� ED�HG� RQ� WKH�

8:%�SR�LWLRQLQJ�SULQFLSOH� UHTXLUH�� WKUHH�SR�LWLRQLQJ�

PRGXOH��

%D�H� �WDWLRQ��� L�� FRQQHFWHG� WR� �HULDO� SRUW� �� RI� WKH�

WUROOH��WKURXJK�D��HULDO�SRUW��ED�H��WDWLRQ���L��FRQQHFWHG�

WR��HULDO�SRUW���RI�WKH�WUROOH��WKURXJK�D��HULDO�SRUW��DQG�D�

SHU�RQ�KROG��D�WDJ��� WR� �HQG�DQG�UHFHLYH�GL�WDQFH�LQIRU�

PDWLRQ�GDWD��7KH�PDLQ�FRQWURO�FKLS�RI� WKH�WUROOH���WRUH��

WZR�GL�WDQFH�LQIRUPDWLRQ�DQG�PDNH��D� MXGJPHQW��)LU�W��

GHWHUPLQH�WKH�GL�WDQFH�EHWZHHQ�WKH�WZR��FRQYHUW�LW�LQWR�D�

OHIW�WXUQ�DQG�ULJKW�WXUQ�LQ�WUXFWLRQ��DQG�WKHQ�FDOFXODWH�WKH�

YHUWLFDO�GL�WDQFH� WKURXJK�D�PDWKHPDWLFDO�IRUPXOD���QG�

WKH�GL�WDQFH�EHWZHHQ� WKH� WZR�ED�H��WDWLRQ��DQG�WKH�WDJ��

DUH�GL�SOD�HG�RQ�WKH�2/('��FUHHQ�RI�WKH�WUROOH��

)LJXUH����7UROOH��DXWR�IROORZLQJ�6FKHPDWLF�GLDJUDP

Vertical�distance�calculation�algorithm:

�D��)LU�W�FRPSDUH�WKH��L]H��RI�G��DQG�G���DQG�SHUIRUP�

OHIW�DQG�ULJKW�WXUQ�FRQWURO��XQWLO�G���G���WXUQ�ULJKW��G���G��

WXUQ�OHIW��

�E���DOFXODWH�WKH�YHUWLFDO�GL�WDQFH� WKURXJK�WKH�PDWK�

HPDWLFDO� IRUPXOD�RI� WKH� WULDQJOH��.QRZLQJ� WKH�GL�WDQFH�

/�EHWZHHQ� WKH�ED�H��WDWLRQ���DQG�WKH�ED�H� �WDWLRQ���� WKH�

8:%�UDQJLQJ�PRGXOH�DFWXDOO��PHD�XUH��WKH�GL�WDQFH�EH�

WZHHQ�HDFK�ED�H��WDWLRQ�DQG�WKH�WDJ��7KH�GL�WDQFH�EHWZHHQ�

ED�H��WDWLRQ���DQG�ODEHO���L��G���DQG�WKH�GL�WDQFH�EHWZHHQ�

ED�H��WDWLRQ���DQG�ODEHO���L��G��

Using�the�known�three�sides�in�the�cosine�theorem,��rst�

FDOFXODWH�WKH�FR�LQH�RI���

cosC�=�(d_1�^�2�+�d_2�^�2-L�^�2)�/�(2d_1�d_2)

Then��nd�the�sine�of�C:

sinC�=�√�(1-�(cos�C)�^�2)

)URP�WKH�SURSHUWLH��RI�WKH�WULDQJOH� �LQH�WKHRUHP�� WKH�

DUHD�RI�WKH�WULDQJOH�L��REWDLQHG�

6� �������GB�����LQ�

)URP�������/���G�L��DO�R�WKH�DUHD�RI�WKH�WULDQJOH��ZKLFK�

L��REWDLQHG�IURP�WKH�SULQFLSOH�RI�HTXDO�DUHD��G� �6����������

�LQ���

)LJXUH����7UROOH��UDQJLQJ�DOJRULWKP��FKHPDWLF�GLDJUDP

'2,��KWWS����GRL�RUJ����������PHW�Y�L������
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7KH�REWDLQHG�YHUWLFDO�GL�WDQFH�FDQ�EH�FRPSDUHG�ZLWK�

WKH��HW�GL�WDQFH��:KHQ�WKH�YHUWLFDO�GL�WDQFH�L�� OH���WKDQ�

����PP��WKH�WUROOH��L��FRQWUROOHG�WR�DGYDQFH��RWKHUZL�H�

WKH�WUROOH���WRS��

���6RIWZDUH��HVLJQ

�IWHU�GHWHUPLQLQJ�WKH�LGHD�WKURXJK�WKH� WKHRUHWLFDO�PRGHO�

DQG�DOJRULWKP��WR�UHDOL]H� WKH�DXWRPDWLF�IROORZLQJ�RI�WKH�

EDODQFH� WUROOH��� LW�L��QHFH��DU��WR�ZULWH�WKH�IROORZLQJ�DO�

JRULWKP�D��D�SURJUDP��:H�PDLQO��X�H�PFXL�S� �RIWZDUH�

WR�GRZQORDG�DQG�XSGDWH� WKH� WUROOH��SURJUDP�WKURXJK�WKH�

serial�port;�use�XCOM�V2.0�software�to�test�the�DW1000�

FKLS�� UHDOL]H� �HULDO� FRPPXQLFDWLRQ�GDWD� WUDQ�PL��LRQ��

PRGLI��WKH�WUDQ�PL��LRQ�GL�WDQFH�LQIRUPDWLRQ�IRUPDW��DQG�

display�the�distance� information�on�XCOM�V2.0�serial�

GHEXJJLQJ�D��L�WDQW��RIWZDUH�

���(�SHULPHQWDO�7HVWV�DQG�5HVXOWV

7KH�H[SHULPHQWDO�ORFDWLRQ�ZD���HW� LQ�D�KRX�H�ZLWK�RE�WD�

FOH��� DQG�WKH�DPELHQW�WHPSHUDWXUH�ZD��DERXW��������7KH�

�nal�design�of�the�trolley�runs�smoothly,�and�the�corners�

DUH�LQ�JRRG�GULYLQJ�FRQGLWLRQ���:KHQ�WKH�WUROOH��L��GULY�

HQ�IRU�D� ORQJ�WLPH�� WKH�RYHUDOO�SHUIRUPDQFH�RI�WKH�WUROOH��

L�� UHODWLYHO���WDEOH��ZLWK�RFFD�LRQDO�ODUJH�GHYLDWLRQ������

�KRZQ� LQ�)LJXUH����WKUHH�GLIIHUHQW�IROORZ�XS�URXWH�WH�W��

ZHUH�SHUIRUPHG�RQ�WKH� WUROOH���7KH�H[SHULPHQWDO�UH�XOW��

DUH�OL�WHG� LQ�7DEOH����,Q�JHQHUDO�� WKH� WUROOH��GH�LJQHG� LQ�

WKL��SDSHU�FDQ�UHDOL]H�WKH�DXWRPDWLF�IROORZ�WDUJHW�PRUH�DF�

FXUDWHO��DQG��PRRWKO��>��

����RQFOXVLRQ

7KL��SDSHU�GH�LJQ��DQ�DXWRPDWLF�IROORZLQJ�WUROOH��ED�HG�

RQ�WKH�8:%�SR�LWLRQLQJ�SULQFLSOH��DQG�H[SODLQ��LQ�GHWDLO�

WKH�8:%�PRGXOH� UDQJLQJ�SULQFLSOH�� WKH�KDUGZDUH��WUXF�

WXUH�RI�WKH�WUROOH���DQG�WKH�IROORZLQJ�DOJRULWKP��7KH�WUROOH��

L���XLWDEOH�IRU� LQGRRU�DQG�RXWGRRU�RE�WDFOH�HQYLURQPHQW���

and�can�be�modi�ed�to�automatically�follow�the�trunk�and�

WKH�IDFWRU��DXWRPDWLFDOO��IROORZ�WKH��PDOO�ORDGLQJ�WUXFN��

7KHUH�DUH�FHUWDLQ�GHIHFW��LQ�WKL��WUROOH��SHU�RQ��)RU�H[DP�

SOH��ZKHQ�HQFRXQWHULQJ�RE�WDFOH���XFK�D��ODUJH�SDUWLWLRQ���

WKH��FDQQRW�DXWRPDWLFDOO��GHWHFW�DQG�DYRLG�� WKH�ED�H��WD�

WLRQ�FDQQRW�PDNH�FRUUHFW� MXGJPHQW��DERXW� WKH� �LWXDWLRQ�

EHKLQG�WKH�EDODQFH�WUROOH��LW�HOI��DQG�SHRSOH�QHHG�IXUWKHU�

H[SHULPHQWDO�UH�HDUFK�WR�LPSURYH�LW�

5HIHUHQFHV

>���/LDQJ�-LX�LQJ��:LUHOH���SR�LWLRQLQJ����WHP>-���%HL�

MLQJ��(OHFWURQLF�,QGX�WU��3UH�����������������

>���/LX�-LQKDL��:DQJ�%RIDQ��=KRX�/RQJ��=KHQJ�<XHMLX��

HWF��'H�LJQ�RI�DXWRPDWLF� IROORZLQJ� WUROOH��ED�HG�

RQ�8:%�WHFKQRORJ�>'���6KDQJKDL��8QLYHU�LW��RI�

6KDQJKDL�IRU�6FLHQFH�DQG�7HFKQRORJ��������

>���)DQJ��KHQFKHQ��8:%�ED�HG�DXWRQRPRX��IROORZLQJ�

URERW�SR�LWLRQLQJ�PHWKRG>'���6KDQJKDL��8QLYHU�LW��

RI�6KDQJKDL�IRU�6FLHQFH�DQG�7HFKQRORJ��������

>���;LRQJGD�8:%��;LRQJGD�8:%�WXWRULDO��HULH�>(%�

2/��������������

>����QGUHZ�6��7DQHQEDXP���RPSXWHU�QHWZRUN>-���%HL�

MLQJ��7�LQJKXD�8QLYHU�LW��3UH��������������������

7DEOH����7H�W�UH�XOW��RI�WKH�IROORZLQJ�URXWH�

)ROORZLQJ�

FXUYH

1XPEHU�

RI�H�SHUL�

PHQW�

1XPEHU�RI�

6XFFHVVHV

�YHUDJH�

WLPH
6XFFHVV�UDWH

VWUDLJKW�OLQH � � �� ����

6�VKDSH��WXUQ�

RYHU������
� � �� ����

5RXQG � � �� �����

��������OO�IROORZLQJ�OHQJWK��DUH�����PP�DQG�WKH�IROORZLQJ�YHUWLFDO�GL��

WDQFH�L������PP�>��

)LJXUH����7KH�H[SHULPHQWDO�URXWH��FKHPDWLF�GLDJUDP
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����

>���/HH'��/L��038��������038������3URGXFW�GH�FULS�

WLRQ>'%�2/��������������

>���7KHRGRUH�6��5DSSDSRUW��0HQJ�4LQJPLQJ�� HWF��3ULQ�

FLSOH��DQG��SSOLFDWLRQ��RI�:LUHOH����RPPXQLFDWLRQ�

�6HFRQG�(GLWLRQ�>-���%HLMLQJ��(OHFWURQLF� ,QGX�WU��

3UH���������������������������������

>���/LX��XROLDQJ��<DQJ�6HQ��HWF��3UDFWLFDO�*XLGH� IRU�

670���/LEUDU��)XQFWLRQ�'HYHORSPHQW��6HFRQG�(GL�

WLRQ�>-���%HLMLQJ��0DFKLQHU��,QGX�WU��3UH������������

������������

>���=KHQJ�)HL���SSOLFDWLRQ�RI�7'2��ED�HG����1�DOJR�

ULWKP�LQ�8:%�DQG�1/26�HQYLURQPHQW�>'���*XLOLQ��

8QLYHU�LW��RI�(OHFWURQLF�6FLHQFH�DQG�7HFKQRORJ��RI�

�KLQD�������

>����726�,%���7%����)1*>'%�2/��������������

>����670��)���[�'(�GDWD�PDQXDO�(QJOL�K��WK�HGL�

WLRQ��������

[12]�DECACAVE.DW1000�USER�MANUAL.2016.
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