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)Q� NYPLS� HI� ������ E� 'SQMWWÇS� *IHIVEP� HI� 'SQYRMGEËÙIW� 2SVXI�%QIVMGERE��

*IHIVEP� 'SQQYRMGEXMSRW� 'SQQMWWMSR� �*''�� EYXSVM^SY� S� JYRGMSREQIRXS� HEW� HYEW�

TVMQIMVEW�IWXEËÙIW�HI�8:�IQ�TVIXS�I�FVERGS�RSW�)WXEHSW�9RMHSW��)Q�������I\MWXMEQ�

RSZI� IWXEËÙIW� HI� XIPIZMWÇS� EYXSVM^EHEW� REUYIPI� TEÑW�� WIRHS� UYI� WIMW� NÅ� IWXEZEQ� IQ�

JYRGMSREQIRXS��2S�&VEWMP��E�TVMQIMVE�IWXEËÇS�HI�8:�IQ�TVIXS�I�FVERGS�JSM�MREYKY�

VEHE�IQ�������RE�GMHEHI�HI�7ÇS�4EYPS��3�&VEWMP�EHSXSY�S�QIWQS�TEHVÇS�HI�8:�IQ�

TVIXS�I�FVERGS�NÅ�I\MWXIRXI�RSW�)WXEHSW�9RMHSW��4EHVÇS�1��

)Q�������JSM�HIJMRMHE�E�ZIVWÇS�JMREP�HS�WMWXIQE�RSVXI�EQIVMGERS�HI�8:�IQ�GSVIW��

WMWXIQE�2EXMSREP�8IPIZMWMSR�7]WXIQ�'SQQMXXII��287'��-RMGMEPQIRXI��EW�XVERWQMWWÙIW�

HI�8:� GSPSVMHE� RSVXI�EQIVMGEREW� ETVIWIRXEZEQ�TVSFPIQEW� HI� JMHIPMHEHI� HEW� GSVIW��

%WWMQ� WIRHS�� SW� TEÑWIW� IYVSTIYW� GVMEVEQ� SYXVSW� WMWXIQEW� TEVE� VIWSPZIV� S� VIJIVMHS�

TVSFPIQE��2E�*VERËE��WYVKMY�S�WMWXIQE�7IUYIRGMEP�'SYPIYV�%ZIG�1ÍQSMVI��7IGEQ��I�

RE�%PIQERLE��JSM�GVMEHS�S�WMWXIQE�4LEWI�%PXIVREXMSR�0MRI��4%0��)Q�������S�&VEWMP�

EHSXSY�S�WMWXIQE�4%0�HI�8:�IQ�GSVIW��TSVÍQ�GSQTEXÑZIP�GSQ�S�WMWXIQE�HI�8:�TVI�

XS�I�FVERGS�NÅ�I\MWXIRXI��TEHVÇS�1�

)Q�������WYVKMVEQ�EW�TVMQIMVEW�XVERWQMWWÙIW�HI�8:�HMKMXEP�XIVVIWXVI��TVSTEKEËÇS�

TIPS� EV��3W�)WXEHSW�9RMHSW� EHSXEVEQ�S� WMWXIQE�%HZERGIH�8IPIZMWMSR�7]WXIQW�'SQ�

QMXXII��%87'�I�SW�IYVSTIYW��S�WMWXIQE�(MKMXEP�:MHIS�&VSEHGEWXMRK�8IVVIWXVMEP��(:&�

8��2S�.ETÇS�� JSM�GVMEHS�S� WMWXIQE�-RXIKVEXIH�7]WXIQ�(MKMXEP�&VSEHGEWXMRK�8IVVIWXVMEP�

�-7(&�8��UYI�WSQIRXI�IRXVSY�IQ�STIVEËÇS�GSQIVGMEP�E�TEVXMV�HI�������)Q�������

JSM� VIEPM^EHS� GSRZÎRMS� IRXVI� E�9RMZIVWMHEHI� 4VIWFMXIVMERE�1EGOIR^MI�� E�%WWSGMEËÇS�

&VEWMPIMVE� HI�)QMWWSVEW� HI�6ÅHMS� I�8IPIZMWÇS� �%FIVX� I� E� 7SGMIHEHI� HI�)RKIRLEVME�

HI�8IPIZMWÇS� �7IX�� GSQ�S�SFNIXMZS�HI� XIWXEV� SW� XVÎW� WMWXIQEW�HI�8:�HMKMXEP��%87'��

(:&�8�I�-7(&�8��3W�VIWYPXEHSW�HSW�XIWXIW�JSVEQ�IRGEQMRLEHSW�Ä�%KÎRGME�2EGMSREP�

HI�8IPIGSQYRMGEËÙIW� �%REXIP� TEVE� WIVZMV� HI� WYFWÑHMS� TEVE� YQE� JYXYVE� HIGMWÇS� HS�

KSZIVRS�FVEWMPIMVS�WSFVI�S�WMWXIQE�HI�8:�HMKMXEP�E�WIV�EHSXEHS�RS�&VEWMP��1EMW�VIGIR�

XIQIRXI�� IQ������� JSM� VIEPM^EHS�RSZS�GSRZÎRMS� IRXVI� E�9RMZIVWMHEHI�4VIWFMXIVMERE�

1EGOIR^MI��E�%FIVX�I�E�7IX��GSQ�S�SFNIXMZS�HI�EREPMWEV�E�IZSPYËÇS�HSW�XVÎW�WMWXIQEW�

HI�8:�HMKMXEP�

����3�WMWXIQE�HI�8:�IQ�TVIXS�I�FVERGS

������'EVEGXIVÑWXMGEW�TVMRGMTEMW

%W�TVMQIMVEW�XVERWQMWWÙIW�HI�8:�FEWIEVEQ�WI�RS�ERXMKS�GMRIQE�IQ�TVIXS�I�FVER�

GS��2S�TEHVÇS�RSVXI�EQIVMGERS��XEQFÍQ�EHSXEHS�RS�&VEWMP��E�VIPEËÇS�HI�EWTIGXS�HE�
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MQEKIQ� �PEVKYVE�EPXYVE� Í� ����� YWEQ�WI� ���� PMRLEW� TSV� UYEHVS� I� WÇS� XVERWQMXMHSW�

���UYEHVSW�TSV�WIKYRHS��'EHE�UYEHVS�Í�GSRWXMXYÑHS�TSV�PMRLEW�MRXIVGEPEHEW�HI�HSMW�

GEQTSW�GSRWIGYXMZSW��SY�WINE��I\MWXIQ����GEQTSW�TSV�WIKYRHS�

%�8:�IQ�TVIXS�I�FVERGS�W×�JSM�TSWWÑZIP�KVEËEW�Ä�GYVZE�HI�PYQMRSWMHEHI�VIPEXMZE�HS�

SPLS�LYQERS��*MKYVE����4IPE�JMKYVE��TSHI�WI�SFWIVZEV�UYI�EW�HMZIVWEW�GSVIW�ZMWÑZIMW��

GYNS�GSQTVMQIRXS�HI�SRHE�WI�PSGEPM^E�IRXVI����Q ��QMPMQMGVS�I����Q ��HÇS�WIRWE�

ËÙIW�HI�FVMPLS�HMJIVIRXIW�ES�SPLS�LYQERS��%WWMQ�WIRHS��RE�GÆQIVE�HI�8:�IQ�TVIXS�

I�FVERGS��YQ�JIM\I�IPIXVØRMGS�IR\IVKE�E�MQEKIQ�GSRJSVQI�IWWE�GYVZE�I�GVME�YQ�WMREP�

GSRLIGMHS�TIPS�RSQI�HI�wPYQMRÆRGMEx�SY�w=x��2S�VIGITXSV��S�WMREP�w=x�WYTIVTSWXS�

E�YQ�JIM\I�IPIXVØRMGS�JE^�GSQ�UYI�WINEQ�VITVSHY^MHEW�IQ�YQE�XIPE�PYQMRIWGIRXI�EW�

WIRWEËÙIW�HI�wIWGYVSx�I�wGPEVSx�UYI�JSVEQ�GETXEHEW�TIPE�GÆQIVE��

Figura 1 Curva de luminosidade relativa do olho humano

Fonte: Elaborada pelos autores.

%� *MKYVE� �� QSWXVE� S� TVMRGÑTMS� HE� ZEVVIHYVE� MRXIVGEPEHE��2S� TVMQIMVS� GEQTS��

EHQMXMRHS�WI�UYI�RS�MRÑGMS�S�JIM\I�IPIXVØRMGS�IWXÅ�RE�TEVXI�MRJIVMSV�Ä�HMVIMXE�HE�XIPE��

WÇS�TIVHMHEW����PMRLEW�TEVE�S�JIM\I�WYFMV�EXÍ�S�GERXS�WYTIVMSV�Ä�IWUYIVHE�HE�XIPE��3�

XIQTS� GSVVIWTSRHIRXI� E� IWWEW� ��� PMRLEW� Í� GSRLIGMHS� GSQS� 6IXSVRS� HS� 4VMQIMVS�

'EQTS��%�WIKYMV��MRMGME�WI�E�ZEVVIHYVE�IJIXMZE�HS�TVMQIMVS�GEQTS��S�JIM\I�XVEËE�PMRLEW�

�TIVGSVVIRHS�E�XIPE�HE�IWUYIVHE�TEVE�E�HMVIMXE��I�WIQTVI�VIXSVRERHS�VETMHEQIRXI�TEVE�

E�IWUYIVHE�HIWHI�E�PMRLE����EXÍ�E�QIXEHI�HE�PMRLE������UYERHS�WI�EXMRKI�S�GIRXVS�

HE�FSVHE�MRJIVMV�HE�XIPE�I�WI�MRMGME�S�VIXSVRS�HS�WIKYRHS�GEQTS��UYI�XEQFÍQ�GSVVIW�

TSRHI�E����PMRLEW��%WWMQ��RE�QIXEHI�HE�PMRLE������S�JIM\I�IWXÅ�RS�GIRXVS�HE�FSVHE�

WYTIVMSV�HE�XIPE�I�MRMGME�WI�E�ZEVVIHYVE�IJIXMZE�HS�WIKYRHS�GEQTS��HI�XEP�QSHS�UYI�

RS�JMQ�HE�PMRLE�����S�JIM\I�ZSPXI�ES�GERXS�MRJIVMSV�Ä�HMVIMXE�HE�XIPE��'SQS�WI�TSHI�

SFWIVZEV�� E� MRJSVQEËÇS� GSQTPIXE� HI� YQ� UYEHVS� Í� SFXMHE� TIPS� MRXIVGEPEQIRXS� HEW�

PMRLEW�HI�HSMW�GEQTSW�
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Figura 2�2�SULQFtSLR�GD�YDUUHGXUD�LQWHUFDODGD

Fonte: Elaborada pelos autores.

������:EVVIHYVE�LSVM^SRXEP�I�ZEVVIHYVE�ZIVXMGEP

'SQS�JSM�ZMWXS��GSRGPYM�WI�UYI�E�MQEKIQ�HI�XIPIZMWÇS�Í�S�VIWYPXEHS�HI�HSMW�WMWXI�

QEW�HI�HIJPI\ÇS�

(IJPI\ÇS�ZIVXMGEP�z��S�QSZMQIRXS�HS�JIM\I�HI�GMQE�TEVE�FEM\S��GSQ�TSWXIVMSV�

VIXSVRS�TEVE�GMQE��'SQS�IWXI�QSZMQIRXS�GSVVIWTSRHI�E�YQ�GEQTS��GSRGPYM�

WI�UYI�E�JVIUàÎRGME�HI�HIJPI\ÇS�ZIVXMGEP�Í�J
:
�!���,^��%WWMQ�WIRHS��S�TIVÑSHS�

HE�HIJPI\ÇS�ZIVXMGEP� Í�8
:
�!������QW�� WIRHS�UYI�S� XIQTS�GSVVIWTSRHIRXI�ES�

VIXSVRS�����PMRLEW�Í�HI�����QW�

(IJPI\ÇS�LSVM^SRXEP�z��S�QSZMQIRXS�HS�JIM\I�HE�IWUYIVHE�TEVE�E�HMVIMXE��GSQ�

TSWXIVMSV�VIXSVRS�TEVE�E�IWUYIVHE��'SQS�YQ�UYEHVS�TSWWYM�����PMRLEW�I�XIQ�

WI����UYEHVSW�TSV�WIKYRHS��GSRGPYM�WI�UYI�E�JVIUàÎRGME�HI�HIJPI\ÇS�LSVM^SRXEP�

Í�J
,
�!�����\����!������,^��%WWMQ�WIRHS��S�TIVÑSHS�HE�HIJPI\ÇS�LSVM^SRXEP�Í�

8
,
�!����� W��%�RSVQE�TVIZÎ���	�HI�8

,
�TEVE�S�XIQTS�HI�VIXSVRS�LSVM^SRXEP��

SY�WINE������� W�

(ITIRHIRHS�WI�S�WMWXIQE�HI�HIJPI\ÇS�Í�IPIXVSWXÅXMGS�SY�IPIXVSQEKRÍXMGS��TSHI�WI�

EWWSGMEV�ES�QSZMQIRXS�HI�ZEVVIHYVE�YQE�JSVQE�HI�SRHE�wHIRXI�HI�WIVVE�HI�XIRWÇSx�

SY�HI�GSVVIRXI��%W�JMKYVEW��E�I��F�QSWXVEQ�SW�HIRXIW�HI�WIVVE�GSVVIWTSRHIRXIW��VIW�

TIGXMZEQIRXI��Ä�HIJPI\ÇS�LSVM^SRXEP�I�Ä�HIJPI\ÇS�ZIVXMGEP�

          Figura 3a 'HIOH[mR�KRUL]RQWDO������������������������������������3b�'HIOH[mR�YHUWLFDO

Fonte: Elaboradas pelos autores.
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������3�WMREP�HI�ZÑHIS

%�*MKYVE��E�QSWXVE�S�EWTIGXS�HS�WMREP�HI�ZÑHIS�KIVEHS�TIPE�IWXEËÇS�GSVVIWTSRHIR�

XI�E�YQE�PMRLE�LSVM^SRXEP��(YVERXI�S�XIQTS�HI�ZEVVIHYVE�HE�IWUYIVHE�TEVE�E�HMVIMXE�

�ZIV�S�GSVVIWTSRHIRXI�HIRXI�HI�WIVVE�HE�*MKYVE��E�Í�IRZMEHS�S�WMREP�HI�PYQMRÆRGME�

w=x�UYI�TSHI�I\GYVWMSREV�IRXVI���	�UYI�GSVVIWTSRHI�ES�FVERGS�EXÍ���	�UYI�GSV�

VIWTSRHI� ES� TVIXS��(YVERXI� S� XIQTS� HI� VIXSVRS�LSVM^SRXEP� SGSVVI� S� wETEKEQIRXS�

LSVM^SRXEPx�� SY� WINE�� S� WMREP� JMGE� wQEMW� TVIXS� HS� UYI� TVIXSx�� (YVERXI� S� MRXIVZEPS�

HI� wETEKEQIRXS� LSVM^SRXEPx�� E� IWXEËÇS� IRZME� YQ� WMREP� GSRLIGMHS� GSQS� wTYPWS� HI�

WMRGVSRMWQS�LSVM^SRXEPx�GYNE�JYRËÇS�Í�WMRGVSRM^EV�S�HIRXI�HI�WIVVE�HS�LSVM^SRXEP�HS�

VIGITXSV�GSQ�E�IWXEËÇS�

%�*MKYVE��F�QSWXVE�S�EWTIGXS�HS�WMREP�HI�ZÑHIS�HYVERXI�EW����PMRLEW�GSVVIWTSR�

HIRXIW�ES�MRXIVZEPS�HI� VIXSVRS�ZIVXMGEP��(YVERXI�IWWI�XIQTS��SGSVVI�S�wETEKEQIRXS�

ZIVXMGEPx�HI�XEP�QSHS�UYI�EW�PMRLEW�HI�VIXSVRS�JMGEQ�MRZMWÑZIMW��2E�*MKYVE��F��SW�TYP�

WSW�QEMW�PEVKSW�IRZMEHSW�REW�PMRLEW������I���GSRWXMXYIQ�S�wWMRGVSRMWQS�ZIVXMGEPx�GYNE�

JYRËÇS�Í�WMRGVSRM^EV�S�HIRXI�HI�WIVVE�HS�ZIVXMGEP�HS�VIGITXSV�GSQ�E�IWXEËÇS�

Figura 4a�$VSHFWR�GR�VLQDO�GH�YtGHR�GXUDQWH�XPD�OLQKD�KRUL]RQWDO

Fonte: Elaborada pelos autores.

Figura 4b�$VSHFWR�GR�VLQDO�GH�YtGHR�GXUDQWH�R�WHPSR�GH�UHWRUQR�YHUWLFDO

Fonte: Elaborada pelos autores.
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8SHSW�SW�WMWXIQEW�VITVSHYXSVIW�HI�MQEKIQ�TSWWYIQ�PMQMXEËÙIW��3�QIRSV�HIXEPLI�

GETE^�HI�WIV� VITVSHY^MHS�TSV�YQ�HIXIVQMREHS�WMWXIQE�Í�HIRSQMREHS�IPIQIRXS�HI�

MQEKIQ�� SY� TM\IP� �TMGXYVI� IPIQIRX��%� VIWSPYËÇS� HI� YQ� WMWXIQE� Í� IWTIGMJMGEHE� TIPS�

RÞQIVS�HI�TM\IPW�UYI�IPI�VITVSHY^��4SV�I\IQTPS��S�ERXMKS�GMRIQE�HI���QQ��HS�UYEP�

WI�SVMKMRSY�E�8:�IQ�TVIXS�I�FVERGS��TSWWYM�YQE�VIWSPYËÇS�HI�����QMP�TM\IPW�

2S�GEWS�HE� XIPIZMWÇS��S�QIRSV�HIXEPLI� GETE^�HI� WIV� VITVSHY^MHS�RE�ZIVXMGEP� WIVME�

GSVVIWTSRHIRXI�Ä�IWTIWWYVE�HI�YQE�PMRLE��)RXVIXERXS��HITIRHIRHS�HS�XMTS�HI�MQEKIQ�

E�WIV�VITVSHY^MHS��RIQ�XSHEW�EW�PMRLEW�XIVMEQ�IJIMXS��%WWMQ�WIRHS��HIXIVQMRSY�WI�YQ�

JEXSV�IWXEXÑWXMGS�/��GLEQEHS�HI�*EXSV�HI�/IPP��UYI�IWXEFIPIGI�S�RÞQIVS�IJIXMZS�HI�PMRLEW�

RE�ZIVXMGEP��3�WIY�ZEPSV�Í�/�!�������9Q�UYEHVS�HI�XIPIZMWÇS�TSWWYM�IJIXMZEQIRXI�����

PMRLEW��TSMW����WÇS�TIVHMHEW�HYVERXI�S�VIXSVRS�HSW�HSMW�GEQTSW��)RXÇS��S�RÞQIVS�IJIXM�

ZS�HI�TM\IPW�RE�ZIVXMGEP�Í�GSRWIKYMHS�TIPE�IUYEËÇS������\�����!������%HQMXMRHS�WI�TM\IP�

UYEHVEHS��GSRGPYM�WI�UYI�S�RÞQIVS�XSXEP�HI�TM\IPW�RE�LSVM^SRXEP�WIVME�����\������!������

*MREPQIRXI��TSHI�WI�GSRGPYMV�UYI�E�VIWSPYËÇS�HE�XIPIZMWÇS�Í�����\�����!���������TM\IPW��

SY�WINE��Í�TVEXMGEQIRXI�MHÎRXMGE�Ä�VIWSPYËÇS�HS�ERXMKS�GMRIQE�HI���QQ�

3�QIRSV� HIXEPLI� GETE^� HI� WIV� VITVSHY^MHS� RE� LSVM^SRXEP� WIVME� YQE� WIUàÎRGME�

GÑGPMGE�HI�TM\IPW�TVIXSW�I�FVERGSW�XEMW�UYI�S�RÞQIVS�XSXEP�HI�GMGPSW�WIVME�������!������

3�HIWIRLS� ��QSWXVE� UYEP� WIVME� S� EWTIGXS� HS� WMREP� HI� ZÑHIS� GSVVIWTSRHIRXI� E� IWWE�

WMXYEËÇS��'SQS�S�XIQTS�IJIXMZS�HI�ZEVVIHYVE�Í������\�8
,
�!������ W��GSRGPYM�WI�UYI�

S�ZEPSV�QÅ\MQS�HE�JVIUàÎRGME�HS�WMREP�HI�ZÑHIS�Í�SFXMHS�E�TEVXMV�HE�IUYEËÇS������

GMGPSW��������� W� ��1,^��

2SXI�WI�UYI��WI�JSWWI�IQTVIKEHE�ZEVVIHYVE�TVSKVIWWMZE��SY�WINE��JSWWIQ�IRZMEHSW�

���UYEHVSW�TSV�WIKYRHS�� WIQ�E�YXMPM^EËÇS�HI�HSMW�GEQTSW��S�ZEPSV�QÅ\MQS�HE� JVI�

UàÎRGME�HS�WMREP�HI�ZÑHIS�WIVME� ��1,^�

Figura 5�'HWHUPLQDomR�GR�YDORU�Pi[LPR�GD�IUHT�rQFLD�GR�VLQDO�GH�YtGHR
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������3W�GEREMW�HI�8:�HS�TEHVÇS�1

2S� TEHVÇS� 1�� IWXEFIPIGIY�WI� TEVE� GEHE� GEREP� HI� XVERWQMWWÇS� YQE� FERHE� HI�

�1,^��%�8EFIPE���QSWXVE�E�HMWXVMFYMËÇS�HSW�GEREMW�EÍVISW�I�E�VIWTIGXMZE�RSQIRGPE�

XYVE�REW�JEM\EW�HI�:,*�I�9,*�

TABELA 1

&DQDLV�DpUHRV�GH�9+)�H�8+)

Canal
)UHT�rQFLD

Banda, MHz
Canal

)UHT�rQFLD

Banda, MHz
Canal

)UHT�rQFLD

Banda, MHz

2 54-60 25 536-542 48 674-680

3 60-66 26 542-548 49 680-686

4 66-72 27 548-554 50 686-692

5 76-82 28 554-560 51 692-698

6 82-88 29 560-566 52 698-704

7 174-180 30 566-572 53 704-710

8 180-186 31 572-578 54 710-716

9 186-192 32 578-584 55 716-722

10 192-198 33 584-590 56 722-728

11 198-204 34 590-596 57 728-734

12 204-210 35 596-602 58 734-740

13 210-216 36 602-608 59 740-746

14 470-476 37 608-614 60 746-752

15 476-482 38 614-620 61 752-758

16 482-488 39 620-626 62 758-764

17 488-494 40 626-632 63 764-770

18 494-500 41 632-638 64 770-776

19 500-506 42 638-644 65 776-782

20 506-512 43 644-650 66 782-788

21 512-518 44 650-656 67 788-794

22 518-524 45 656-662 68 794-800

23 524-530 46 662-668

24 530-536 47 668-674

Fonte: elaborada pelos autores.

%�*MKYVE���QSWXVE�E�HMWXVMFYMËÇS�HEW�JVIUàÎRGMEW�HIRXVS�HI�YQ�GEREP��3�WMREP�HI�

ZÑHIS�QSHYPE�IQ�%1��EQTPMXYHI�QSHYPEHE�YQE�TSVXEHSVE�HI�ZÑHIS��J
4:
�PSGEPM^EHE�

E�����1,^�HS�MRÑGMS�HS�GEREP��%�QSHYPEËÇS�Í�HS�XMTS�%1�:7&��wZIWXMKMEP�WMHI�FERHx�

SY�FERHE�PEXIVEP�ZIWXMKMEP��E�FERHE�PEXIVEP�WYTIVMSV�Í�GSQTPIXE�I�XVERWQMXI�WI�ETIREW�

����1,^�HE�FERHE� PEXIVEP� MRJIVMSV��4EVE� E� XVERWQMWWÇS�HS� WMREP� HI� ÅYHMS�� YXMPM^E�WI�

YQE�TSVXEHSVE��J
47
�PSGEPM^EHE����1,^�EGMQE�HE�TSVXEHSVE�HI�ZÑHIS��3�WMREP�HI�ÅYHMS�

QSHYPE�E�TSVXEHSVE�HI�WSQ�IQ�*1��JVIUàÎRGME�QSHYPEHE�GSQ�HIWZMS�HI�JVIUàÎRGME�

HI���O,^��2SXI�WI�UYI��RS�VIGITXSV�HI�8:��E�MRJSVQEËÇS�HI�ÅYHMS�Í�SFXMHE�EXVEZÍW�HI�

YQE�MRXIVTSVXEHSVE�HI�WSQ�HI����1,^�KIVEHE�TIPE�HMJIVIRËE�IRXVI�J
4:
�I�J
47
�



��

7MWXIQE�HI�8:�(MKMXEP

Figura 6�'LVWULEXLomR�GH�IUHT�rQFLDV�HP�XP�FDQDO�GR�SDGUmR�0

%�*MKYVE���QSWXVE�S�EWTIGXS�HE�TSVXEHSVE�HI�ZÑHIS��J
4:
�QSHYPEHE�TIPS�WMREP�HI�

ZÑHIS�

Figura 7�3RUWDGRUD�GH�YtGHR�PRGXODGD
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������4VMRGÑTMS�FÅWMGS

%�8:�IQ�GSVIW� W×� JSM� TSWWÑZIP� TSVUYI� S� SPLS�LYQERS� TSWWYM� WIRWSVIW� �GSRIW�

TVIHSQMRERXIW�TEVE�XVÎW�GSVIW�TVMQÅVMEW��ZIVQIPLS��6��ZIVHI��+�I�E^YP��&��GSQS�

QSWXVE�E�*MKYVE����%W�HIQEMW�GSVIW�WÇS�GSRWIUàÎRGMEW�HI�I\GMXEËÙIW�TVSTSVGMSREMW�HEW�

XVÎW�GSVIW�TVMQÅVMEW��%WWMQ�WIRHS��XIQ�WI�

�6�+�!��EQEVIPS���+�&�!��GMER���6�&�!��QEKIRXE�I��6�+�&�!��FVERGS

Figura 8 Sensibilidade dos cones do olho humano

&EWIEHE� RIWWI� TVMRGÑTMS�� E� IWXEËÇS� YXMPM^E� YQE� GÆQIVE� XVMGVSQÅXMGE� GSQ� JMPXVSW�

IWTIGMEMW�UYI�EREPMWEQ�E�MQEKIQ�GSRJSVQI�EW�GYVZEW�HE�*MKYVE����'VMEQ�WI�EWWMQ�XVÎW�

WMREMW�6��+�I�&�GSQ�JEM\E�HI��1,^��2S�VIGITXSV�YXMPM^E�WI�YQE�XIPE� PYQMRIWGIRXI�

GSQ�XVÎW�JIM\IW�UYI��ES�VIGIFIVIQ�SW�WMREMW�6��+�I�&��I\GMXEQ�TVSTSVGMSREPQIRXI�EW�

GSVIW�ZIVQIPLE��ZIVHI�I�E^YP��VITVSHY^MRHS�EWWMQ�E�MQEKIQ�SVMKMREP�

������3�TVSFPIQE�HE�GSQTEXMFMPMHEHI�IRXVI�8:�IQ�GSVIW�I�8:�IQ�TVIXS�I�FVERGS�

%�8:�IQ�GSVIW� JSM� MQTPERXEHE� ET×W� GIVGE�HI���� ERSW�HI� I\MWXÎRGME� HE�8:�IQ�

TVIXS�I�FVERGS��SY�WINE��NÅ�I\MWXMEQ�QMPLÙIW�HI�VIGITXSVIW�IQ�TVIXS�I�FVERGS�RS�QIV�

GEHS��2S�MRÑGMS�HE�MQTPERXEËÇS��SW�VIGITXSVIW�HI�8:�IQ�GSVIW�IVEQ�QYMXS�GEVSW��I�

E�TIUYIRE�UYERXMHEHI�HI�VIGITXSVIW�RÇS�NYWXMJMGEVME�E�GVMEËÇS�HI�TVSKVEQEW�IQ�GSVIW�

I\GPYWMZSW��%WWMQ�WIRHS��GLIKSY�WI�Ä�GSRGPYWÇS�HI�UYI�E�QIPLSV�WSPYËÇS�WIVME�XSVREV�

SW�HSMW�WMWXIQEW�GSQTEXÑZIMW�IRXVI�WM��SY�WINE��SW�VIGITXSVIW�IQ�GSVIW�HIZIVMEQ�JYR�

GMSREV� GSVVIXEQIRXI�IQ�TVIXS�I�FVERGS�UYERHS�VIGIFIWWIQ�S�WMREP�HI�YQE�IWXEËÇS�

TVIXS�I�FVERGS��I�SW�VIGITXSVIW�IQ�TVIXS�I�FVERGS�HIZIVMEQ�JYRGMSREV�RSVQEPQIRXI�

IQ�TVIXS�I�FVERGS�UYERHS�VIGIFIWWIQ�S�WMREP�HI�YQE�IWXEËÇS�IQ�GSVIW�

9PXVEZMSPIXE -RJVEZIVQIPLS
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������7MREP�=�E�TEVXMV�HI�6��+�I�&

4EVE�WEXMWJE^IV�SW�VIGITXSVIW�IQ�TVIXS�I�FVERGS��E�IWXEËÇS�IQ�GSVIW�HIZI�XVERWQMXMV�

S�WMREP�HI�PYQMRÆRGME��=��%WWMQ��SW�XVÎW�WMREMW�6��+�I�&�UYI�WEIQ�HE�GÆQIVE�XVMGVS�

QÅXMGE�WÇS�GSQFMREHSW�GSRJSVQI�SW�VIWTIGXMZSW�TIWSW�RS�FVMPLS�HE�MQEKIQ�SFXMHSW�

E�TEVXMV�HE�GYVZE�HI�PYQMRSWMHEHI�VIPEXMZE�HE�*MKYVE����SY�WINE��S�WMREP�w=x�Í�SFXMHS�

EXVEZÍW�HE�IUYEËÇS�

� =�!�����6�����+�����&� ��

������7MREMW�wHMJIVIRËE�HI�GSVx���6�=�I��&�=

'SQS�SW�VIGITXSVIW�HI�8:�IQ�GSVIW�TVIGMWEQ�HSW�WMREMW�6��+�I�&��E�IWXEËÇS�HI�

8:� IQ�GSVIW� EPÍQ�HI� XVERWQMXMV� S� WMREP�=�� XEQFÍQ�IRZME� SW� WMREMW� �6�=� I� �&�=��

%WWMQ�WIRHS��TSV�WMQTPIW�GÅPGYPSW�QEXIQÅXMGSW��S�VIGITXSV�HI�8:�IQ�GSVIW�VIGYTIVE�

SW�WMREMW�6��+�I�&��

Figura 9 Sinais R, G e B a partir de Y, (R-Y) e (B-Y)

%�*MKYVE���QSWXVE�S�HMEKVEQE�HI�FPSGSW�HE�STIVEËÇS�QEXIQÅXMGE�UYI�Í�JIMXE�RS�

VIGITXSV�HI�8:�IQ�GSVIW�TEVE�SFXIV�SW�WMREMW�6��+�I�&��2SXI�WI�UYI�RÇS�Í�RIGIWWÅVME�

E�XVERWQMWWÇS�HS�WMREP��+�=��TSMW�

� =�!�����6�����+�����&� ��

� SY������=�����+�����&�!�����6�����+�����&

� SY�������+�=�!�������6�=������&�=

I��JMREPQIRXI��XIQ�WI�

� �+�=�!�������6�=������&�=� ��

)WXYHSW�HS�GSQTSVXEQIRXS�HE�ZMWÇS�LYQERE�QSWXVEVEQ�UYI�E�WIRWMFMPMHEHI�HS�

SPLS�LYQERS�TEVE�EW�GSVIW�Í�MRJIVMSV�Ä�VIWTIGXMZE�WIRWMFMPMHEHI�TEVE�S�FVMPLS��%WWMQ�

WIRHS�GSRGPYMY�WI�UYI�� ETIWEV�HI�S� WMREP�=�GSRXIV� JVIUàÎRGMEW� EXÍ��1,^��SW� WMREMW�

wHMJIVIRËE�HI�GSVx�RÇS�TVIGMWEVMEQ�GSRXIV�JVIUàÎRGMEW�EGMQE�HI����1,^�
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������3�WMREP�HI�ZÑHIS�GSQTSWXS�HE�8:�IQ�GSVIW

4EVE� XVERWQMXMV� �&�=� I� �6�=�� E� IWXEËÇS�HI�8:� IQ� GSVIW� GVME� HSMW� WMREMW��9� !�

������&�=� I�:�!�������6�=��3W� WMREMW�9� I�:�QSHYPEQ�YQE� WYFTSVXEHSVE� GSQ�

JVIUàÎRGME� J
WG�
� ����1,^�� 3� TVSGIWWS� HI� QSHYPEËÇS� Í� %1�:7&�7'� �EQTPMXYHI�

QSHYPEHE�GSQ�FERHE�PEXIVEP�ZIWXMKMEP�I�TSVXEHSVE�WYTVMQMHE�HI�XEP�QSHS�UYI�S�WMREP�

9�QSHYPE�E�TSVXEHSVE�E�^IVS�KVEY�I�:�QSHYPE�E�TSVXEHSVE�E�RSZIRXE�KVEYW��3�WMREP�

EWWMQ�SFXMHS��XEQFÍQ�GSRLIGMHS�TIPS�RSQI�HI�wWMREP�HI�GVSQMRÆRGMEx�Í�WYTIVTSWXS�

ES�WMREP�=��%�*MKYVE����QSWXVE�E�HMWXVMFYMËÇS�HI�JVIUàÎRGMEW�RE�JEM\E�HS�WMREP�=�

Figura 10�)DL[D�GH�IUHT�rQFLDV�GR�VLQDO�GH�FURPLQkQFLD�VXSHUSRVWR�DR�VLQDO�<

5YERHS�WI�MRMGMEVEQ�EW�XVERWQMWWÙIW�IQ�GSVIW��E�JEM\E�HS�WMREP�=�JSM�EYQIRXEHE�HI�

�1,^�TEVE����1,^�GSQS�QSWXVE�E�*MKYVE�����2E�*MKYVE����XEQFÍQ�WI�TSHI�SFWIV�

ZEV�UYI�S�WMREP�HI�GVSQMRÆRGME�TSWWYM�E�FERHE�PEXIVEP�MRJIVMSV�GSQTPIXE�����1,^�I�

E�FERHE�PEXIVEP�WYTIVMSV�Í�ZIWXMKMEP�� ����O,^�

%�*MKYVE����QSWXVE�S�EWTIGXS�HS�WMREP�HI�ZÑHIS�GSQTSWXS�HI�8:�IQ�GSVIW�TEVE�

YQ�TEHVÇS�HI�FEVVEW�GSPSVMHEW��'SQS�WI�TSHI�SFWIVZEV��HYVERXI�E�ZEVVIHYVE�LSVM^SR�

XEP��S�WMREP�HI�GVSQMRÆRGME�JMGE�WYTIVTSWXS�ES�WMREP�=��3�ZEPSV�I\EXS�HE�WYFTSVXEHSVE�

HI�GSV�J
WG
�JSM�GYMHEHSWEQIRXI�IWGSPLMHS�TEVE�UYI�S�WMREP�HI�GVSQMRÆRGME�JMGEWWI�GSQ�

FEM\E�ZMWMFMPMHEHI�RE�MQEKIQ�HSW�VIGITXSVIW�IQ�TVIXS�I�FVERGS��2E�*MKYVE����XEQ�

FÍQ�WI�TSHI�SFWIVZEV�UYI�RS�T×VXMGS�TSWXIVMSV�ES�TYPWS�HI�WMRGVSRMWQS��E�IWXEËÇS�HI�

8:�IQ�GSVIW�IRZME���GMGPSW�HI�EQSWXVE�HE�WYFTSVXEHSVE�HI�GSV��J
WG
��)WWE�MRJSVQEËÇS�

Í�GSRLIGMHE�GSQS�wWMRGVSRMWQS�HI�GSVx�SY�wFYVWXx��%�JMREPMHEHI�HS�wFYVWXx�Í�WMRGVS�

RM^EV�S�SWGMPEHSV�HI�����1,^�UYI�Í�RIGIWWÅVMS�RS�VIGITXSV�TEVE�TSHIV�HIQSHYPEV�

GSVVIXEQIRXI�SW�WMREMW�9�I�:�
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Figura 11�6LQDO�GH�YtGHR�FRPSRVWR�GH�79�HP�FRUHV

3W�WMREMW�9�I�:�WÇS�I\EXEQIRXI�SW�QIWQSW�XERXS�TEVE�S�WMWXIQE�RSVXI�EQIVMGERS�

287'�GSQS�TEVE�S�WMWXIQE�4%0�1�YWEHS�RS�&VEWMP��3W�MXIRW�EFEM\S�QSWXVEQ�QEMW�

EPKYRW�HIXEPLIW�WSFVI�SW�HSMW�WMWXIQEW�

E� 5YERHS�WI�MRMGMEVEQ�EW�XVERWQMWWÙIW�HI�8:�IQ�GSVIW�WYVKMY�YQE�MRXIVJIVÎR�

GME�RE�MQEKIQ�VIWYPXERXI�HS�FEXMQIRXS�IRXVI�E�JVIUàÎRGME�HE�MRXIVTSVXEHSVE�

HI� WSQ� ����1,^� I� E� JVIUàÎRGME� HE� WYFTSVXEHSVE� HI� GSV� J
WG
� ����1,^��

,SYZI�RIGIWWMHEHI�HI�VIHY^MV�E�ZMWMFMPMHEHI�HIWWE�MRXIVJIVÎRGME�HI�JVIUàÎRGME�

����1,^�����1,^� ����O,^��'SQS�RÇS�WI�TSHIVME�EPXIVEV�E�JVIUàÎRGME�HE�

MRXIVTSVXEHSVE�HI�WSQ�����1,^�WSF�TIRE�HI�QMPLÙIW�HI�VIGITXSVIW�HI�8:�

NÅ� I\MWXIRXIW�RS�QIVGEHS�HIM\EVIQ�HI� VIGIFIV� S� WMREP� HI� ÅYHMS�� GSRGPYMY�WI�

UYI�WIVME�QEMW�TVÅXMGS�EPXIVEV�PMKIMVEQIRXI�SW�ZEPSVIW�HI�J
,
�I�J
:�
��TSMW�NÅ�I\MWXME�

XEQFÍQ�E�RIGIWWMHEHI�HI� J
WG
� XIV�FEM\E�ZMWMFMPMHEHI��%WWMQ� WIRHS�� XERXS�TEVE�

S�WMWXIQE�287'�GSQS�TEVE�S�WMWXIQE�4%0�1�XIQ�WI�� J
,
�!������,^�I�J

:
�!�

�����,^�

F� 'ÅPGYPSW�XI×VMGSW�QSWXVEVEQ�UYI��RS�WMWXIQE�287'��TEVE�WI�VIHY^MV�WMQYPXE�

RIEQIRXI�E�ZMWMFMPMHEHI�HEW�MRXIVJIVÎRGMEW�J
WG
�I�����1,^�z�J

WG
��EQFEW�EW�MRXIV�

JIVÎRGMEW�HIZIVMEQ�XIV�JVIUàÎRGMEW�GSQ�ZEPSV�QÞPXMTPS�ÑQTEV�HI�J
,
����%WWMQ�

WIRHS��IWGSPLIY�WI�S�ZEPSV�J
WG
�!���������1,^�

G� 3�WMWXIQE�4%0�1�JSM�YQE�IZSPYËÇS�HS�WMWXIQE�287'��2S�WMWXIQE�4%0�1�S�

WMREP�:�WSJVI�MRZIVWÙIW�HI��
�
�TEVE����

�
�IQ�PMRLEW�GSRWIGYXMZEW�WYGIWWMZEQIRXI�

ERXIW� HI�QSHYPEV� E� WYFTSVXEHSVE� HI� GSV� J
WG
�� 4SV� IWWI�QSXMZS�� WI� S� WMWXIQE�

4%0�1�YXMPM^EWWI� S�QIWQS�ZEPSV� HI� J
WG
� HS� WMWXIQE�287'�� EW� MRXIVJIVÎRGMEW�
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JMGEVMEQ�GSQ�EPXE�ZMWMFMPMHEHI��)WXYHSW�XI×VMGSW�QSWXVEVEQ�UYI�TEVE�WI�VIHY^MV�

E� ZMWMFMPMHEHI�HEW� MRXIVJIVÎRGMEW� J
WG�
I� ����1,^�z� J

WG
��RS� WMWXIQE�4%0�EQFEW�

EW�MRXIVJIVÎRGMEW�HIZIVMEQ�XIV�JVIUàÎRGMEW�GSQ�ZEPSV�QÞPXMTPS�ÑQTEV�HI�J
,
����

%HSXSY�WI�S�ZEPSV�J
WG
�!�����������1,^�

����(MKMXEPM^EËÇS�HSW�WMREMW�HI�XZ�EREP×KMGE

%XYEPQIRXI�TVEXMGEQIRXI�XSHSW�SW�TVSGIHMQIRXSW�HI�IWXÞHMS�NÅ�WÇS�HMKMXEMW��%XÍ�

QIWQS�SW�VIGITXSVIW�HI�8:�EREP×KMGE�VIGSVVIQ�E�XÍGRMGEW�HI�HMKMXEPM^EËÇS�TEVE�E�I\I�

GYËÇS�HI�JYRËÙIW�QEMW�WSJMWXMGEHEW�XEMW�GSQS��MRWIVËÇS�HI�VIP×KMS�I�XI\XSW��QIQSVM^E�

ËÇS�I�JYRËÇS�4-4��wTMGXYVI�MR�TMGXYVIx�SY�MRXVSHYËÇS�HE�MQEKIQ�HI�YQ�GEREP�HIRXVS�

HE�MQEKIQ�HI�SYXVS�GEREP�

+IVEPQIRXI�WI�HMKMXEPM^EQ�SW�WMREMW�=��6��+�I�&�UYI�TSWWYIQ�JEM\E�HI����1,^�I�

�&�=���6�=��9�I�:�UYI�TSWWYIQ�JEM\E�HI����1,^��8EQFÍQ�JSVEQ�TEHVSRM^EHSW�SW�

WMREMW�wHMJIVIRËE�HI�GSVx�4
&
�I�4
6
��GSQ�JEM\E�HI����1,^��GSQ�ZEPSVIW��4

&
�!�������&�=�

I�4
6
�!�������6�=��3W�GSIJMGMIRXIW�HI�4

&
�I�4

6
��XEQFÍQ�GSRLIGMHSW�GSQS�'

&
�I�'

6
�

JSVEQ�IWGSPLMHSW�TEVE�UYI�E�EQTPMXYHI�TMGS�E�TMGS�HIWWIW�WMREMW�JMGEWWI�MKYEP�Ä�EQTPM�

XYHI�HS�WMREP�HI�PYQMRÆRGME�=��WIQ�SW�TYPWSW�HI�WMRGVSRMWQS�

3� TVSGIWWS� HI� HMKMXEPM^EËÇS� �*MKYVE� ��� GSRWMWXI� IQ� EQSWXVEV� HMWGVIXEQIRXI� S�

WMREP�GSQ�YQE�JVIUàÎRGME�HI�EQSWXVEKIQ�J
%�
I��E�GEHE�RÑZIP�HI�EQTPMXYHI��JE^IV�GSVVIW�

TSRHIV�YQE�VIWTIGXMZE�GSQFMREËÇS�HI�FMXW��%�XISVME��EXVEZÍW�HS�XISVIQE�HI�2]UYMWX��

QSWXVE�UYI�S�ZEPSV�HE� JVIUàÎRGME�HI� EQSWXVEKIQ�HIZI� XIV�TIPS�QIRSW�S�HSFVS�HS�

ZEPSV�HE�QÅ\MQE�JVIUàÎRGME�HS�WMREP�EQSWXVEHS�

Figura 12�3ULQFtSLR�GD�DPRVWUDJHP

)QFSVE�RS�MRÑGMS�RÇS�I\MWXMWWI�YQ�ZEPSV�IWTIGÑJMGS�TEVE�J
%
��EXYEPQIRXI�E�VIGSQIR�

HEËÇS�GSRLIGMHE�GSQS�-896����TEHVSRM^SY�GSQS�YRMHEHI�JYRHEQIRXEP�HI�EQSW�

XVEKIQ�S�ZEPSV�J
9*
�!������1,^��)WWI�ZEPSV�JSM�IWGSPLMHS��TSMW�Í�YQ�RÞQIVS�QÞPXMTPS�

HE� JVIUàÎRGME�HI�HIJPI\ÇS�LSVM^SRXEP� J
,�
XERXS�TEVE�S�TEHVÇS�1������PMRLEW�GSQ�J

:
�!�

�����,^�GSQS�TEVE�S�TEHVÇS�YXMPM^EHS�RE�)YVSTE������PMRLEW�GSQ�J
:
!��,^��%WWMQ��
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J
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�YXMPM^EHS�RE�EQSWXVEKIQ�

E� *SVQEXS�������z�)WXI�JSVQEXS�Í�YWEHS�TEVE�XIPITVSHYËÙIW�HI�EPXÑWWMQE�UYEPMHE�

HI��)PI�VIJIVI�WI�E�6��+�I�&��XSHSW�EQSWXVEHSW�GSQ��J
9*
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&
�I�4

6
��XSHSW�

EQSWXVEHSW�GSQ��J
9*
�

F� *SVQEXS�������z�)WXI�JSVQEXS�VIJIVI�WI�E�=�EQSWXVEHS�GSQ��J
9*
���4
&
�EQSWXVEHS�

GSQ��J
9*
�I�4
6
�EQSWXVEHS�GSQ��J

9*
��)WXI�JSVQEXS�Í�S�QEMW�YXMPM^EHS��JSVRIGIR�

HS�YQE�MQEKIQ�HI�QYMXS�FSE�UYEPMHEHI�

G� *SVQEXS� ������ z� )WXI� JSVQEXS� VIJIVI�WI� E�=� EQSWXVEHS� GSQ� �J
9*
� I� 4

&
� I� 4

6
�

EQSWXVEHSW�GSQ��J
9*
�

H� *SVQEXS�������z�2IWXI�JSVQEXS�S�WMREP�HI�YQE�PMRLE�Í�EQSWXVEHS�GSQ�������

I�S�HE�PMRLE�WIKYMRXI�EQSWXVEHS�GSQ��������SY�WINE�WIQ�4
&
�I�WIQ�4

6
��-WWS�Í�

TSWWÑZIP�TSVUYI�S�SPLS�LYQERS�XIQ�QIRSV�WIRWMFMPMHEHI�TEVE�EW�GSVIW�HS�UYI�

TEVE�E� PYQMRÆRGME��%�ZERXEKIQ�HIWXI�JSVQEXS�Í�E�IGSRSQME�RE� XE\E�HI�FMXW�

VIWYPXERXI�

%�*MKYVE����QSWXVE�HIXEPLIW�HE�IWXVYXYVE�HS�JSVQEXS�������

Figura 13 Detalhes da estrutura de amostragem do formato 4:2:2

%� XE\E�HI�FMXW� HS� JSVQEXS�������HI����FMXW�TSHI� WIV� GEPGYPEHE� GSQS�QSWXVEHS�

EFEM\S�

�8E\E�HI�FMXW�!�?��\���������\���������\�������1IKE�EQSWXVEW�WA�\���&MX�EQSWXVE

SY��8E\E�HI�FMXW�!����1&MX�W�!����1FTW
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2SXI�WI� UYI� S� ZEPSV� HE� XE\E� HI� FMXW� Í� FEWXERXI� EPXS� I� UYI� XEP� MRJSVQEËÇS� RÇS�

TSHIVME�WIV�XVERWQMXMHE�TSV�QÍXSHSW�GSRZIRGMSREMW�EXVEZÍW�HE�FERHE�HI��1,^�HSW�

GEREMW�HI�8:�

����8IPIZMWÇS�HI�EPXE�HIJMRMËÇS�SY�,(8:��,MKL�(IJJMRMXMSR�8:�

������3�GSRGIMXS�HI�,(8:

%�8:�EREP×KMGE�XVEHMGMSREP�WI�FEWISY�RS�ERXMKS�GMRIQE�HI���QQ��)RXVIXERXS��S�

GMRIQE�IZSPYMY��E�VIWSPYËÇS�QIPLSVSY�I�EW�MQEKIRW�JMGEVEQ�QEMW�PEVKEW��EYQIRXERHS�

S� GEQTS� HI� ZMWÇS��(IWHI� ����� JSVEQ� JIMXEW� ZÅVMEW� I\TIVMÎRGMEW� HI� XVERWQMWWÇS� HI�

8:�HI�EPXE�HIJMRMËÇS��XEMW�GSQS�S�WMWXIQE�NETSRÎW�HE�2,/��2MLSR�,SWSY�/]SOY�

I�S�WMWXIQE�IYVSTIY�)YVIOE��)RXVIXERXS��E�XVERWQMWWÇS�HI�,(8:�EXVEZÍW�HSW�GEREMW�

EÍVISW�HI�8:�W×�JSM�TSWWÑZIP�ET×W�E�MQTPERXEËÇS�HE�8:�(MKMXEP�GSQS�WIVÅ�QSWXVEHS�

RSW�GETÑXYPSW���I���HIWXI�XVEFEPLS�

Figura 14 HDTV

%�VIPEËÇS�HI�EWTIGXS�IQTVIKEHE�RSW�TEHVÙIW�HI�,(8:�Í�������*MKYVE�����2SW�

)WXEHSW�9RMHSW�I\MWXIQ�HSMW�JSVQEXSW�TEVE�,(8:�

SY�WINE����UYEHVSW�TSV�WIKYRHS��3�RÞQIVS�HI�PMRLEW�EXMZEW�TSV�UYEHVS�Í�������

)WWI�WMWXIQE�XEQFÍQ�Í�GLEQEHS�HI�����M�

TSV�WIKYRHS��3�RÞQIVS�HI�PMRLEW�EXMZEW�TSV�UYEHVS�Í������)WWI�WMWXIQE�XEQ�

FÍQ�Í�GSRLIGMHS�GSQS����T�

3� ZEPSV� QÅ\MQS� HE� JVIUàÎRGME� HS� WMREP� HI� ZÑHIS� EREP×KMGS� VIWYPXEVME� IQ� YQ�

RÞQIVS�WYTIVMSV�E���1,^�TEVE�EQFSW�SW�WMWXIQEW��SY�WINE��WIVME�MQTSWWÑZIP�XVERWQM�

XMV�IWXI�WMREP�EXVEZÍW�HE�FERHE�HI��1,^�HSW�GEREMW�HI�8:�NÅ�I\MWXIRXIW�
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� TEVE�,(8:

'SQS�NÅ�JSM�ZMWXS�ERXIVMSVQIRXI��MXIQ��������SW�WMREMW�wHMJIVIRËE�HI�GSVx�JSVEQ�

GVMEHSW�TEVE�GSQTEXMFMPM^EV�E�8:�IQ�GSVIW�EREP×KMGE�GSQ�E�8:�IQ�TVIXS�I�FVERGS��

2S� GEWS� HE�8:�HMKMXEP�� TEVE� E� XVERWQMWWÇS� HS� WMREP� HI�,(8:�� TSHIVMEQ� XIV� WMHS�

YWEHEW� SYXVE� WSPYËÙIW�� )RXVIXERXS� GLIKSY�WI� Ä� GSRGPYWÇS� HI� UYI� E�QIPLSV� WSPYËÇS�

WIVME� GSRXMRYEV�YWERHS�SW� WMREMW�=��4
&
� I�4

6
��4EVE�,(8:��E�RSVQE�7148)����1�

TEHVSRM^SY�SW�XVÎW�WMREMW�GSRJSVQI�SW�ZEPSVIW�QSWXVEHSW�EFEM\S�

� =�!�����6������+������&� ��

� 4
&
�!�������&�=� ��

� 4
6
�!�������6�=� ��

������(MKMXEPM^EËÇS�HSW�WMREMW�HI�,(8:

)WXI�WMWXIQE�TSWWYM������PMRLEW�EXMZEW�TSV�UYEHVS��SY�WINE��TSWWYM������TM\IPW�RE�

ZIVXMGEP�

0SKS���RÞQIVS�HI�TM\IPW�RE�LSVM^SRXEP�!�����\������!�����

)RXÇS��XIQ�WI�������\�����TM\IP�UYEHVS�!�����1TM\IP�UYEHVS�

3Y��XIQ�WI�������1TM\IP�UYEHVS\���UYEHVSW�W�!�����1TM\IP�W�

*MREPQIRXI�� PIQFVERHS�UYI�S�SPLS�LYQERS�TSWWYM�QIRSV�WIRWMFMPMHEHI�TEVE�EW�

GSVIW��TSHI�WI�JE^IV�EQSWXVEKIQ�XSXEP�TEVE�=�I�EQSWXVEV�SW�WMREMW�HMJIVIRËE�HI�GSV�E�

GEHE�HSMW�TM\IPW��%WWMQ��WYTSRHS�YQ�WMWXIQE�HI����FMXW��GSRGPYM�WI�

�XE\E�QÑRMQE�HI�FMXW�!�?�����\��������������\��������������\���A1FTW�!�����+FTW�

)WXI� WMWXIQE�TSWWYM����� PMRLEW� EXMZEW�TSV� UYEHVS��SY� WINE��TSWWYM�����TM\IPW�RE�

ZIVXMGEP�

0SKS���RÞQIVS�HI�TM\IPW�RE�LSVM^SRXEP�!����\������!�����

)RXÇS��XIQ�WI������\�����TM\IP�UYEHVS�!��������TM\IP�UYEHVS�

3Y��XIQ�WI����������TM\IP�UYEHVS\���UYEHVSW�W�!�����1TM\IP�W�

*MREPQIRXI�� PIQFVERHS�UYI�S�SPLS�LYQERS�TSWWYM�QIRSV�WIRWMFMPMHEHI�TEVE�EW�

GSVIW��TSHI�WI�JE^IV�EQSWXVEKIQ�XSXEP�TEVE�=�I�EQSWXVEV�SW�WMREMW�HMJIVIRËE�HI�GSV�E�

GEHE�HSMW�TM\IPW��%WWMQ��WYTSRHS�YQ�WMWXIQE�HI����FMXW��GSRGPYM�WI�

�XE\E�QÑRMQE�HI�FMXW�!�?����\�����������\������������\���A1FTW�!����+FTW
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������3YXVEW�GSRWMHIVEËÙIW

E� %�RSVQE�7148)����1�TEHVSRM^SY��TEVE�S�XVEXEQIRXS�HSW�WMREMW�HI�,(8:��

S�JSVQEXS����������

� %WWMQ�WIRHS��TEVE�S�WMWXIQE�HI����FMXW��GSRGPYM�WI�UYI�

�8E\E�HI�FMXW�!�?���\����������\����������\�������1IKEEQSWXVEW�WA�\��&MX�EQSWXVE

SY��8E\E�HI�FMXW�!������+FTW

F� 'SQ�S�EHZIRXS�HE�8:�(MKMXEP�I�HE�,(8:��RSW�)WXEHSW�9RMHSW�JSM�TEHVSRM�

^EHS�XEQFÍQ�YQ�WMWXIQE�HI�7(8:��8:�HI�HIJMRMËÇS�RSVQEP�SY�wWXERHEVH�

HIJJMRMXMSR�8:x�� )WWI� WMWXIQE� Í� WIQIPLERXI� ES� WMWXIQE� XVEHMGMSREP� HI�8:�

EREP×KMGE��GSQ�����PMRLEW�I�ZEVVIHYVE�MRXIVGEPEHE�HI����UYEHVSW�TSV�WIKYRHS��

TSVÍQ�GSQ�VIPEËÇS�HI�EWTIGXS�������%�HMKMXEPM^EËÇS�HSW�WMREMW�HIWWI�WMWXIQE�

VIWYPXE�IQ�YQE�XE\E�HI�FMXW�MKYEP�E����1FTW��

G� 3W�WMWXIQEW�HI�8:�HMKMXEP� �%87'��(:&�8�I� -7(&�8�IQTVIKEQ�TVSGIWWSW�

HI�QSHYPEËÇS�GETE^IW�HI�XVERWQMXMV�YQ�WMREP�GSQ�XE\E�HI�FMXW�HI� ���1FTW�

EXVEZÍW� HE� FERHE� HI� �1,^� HSW� XVEHMGMSREMW� GEREMW� NÅ� I\MWXIRXIW� TEVE� E�8:�

EREP×KMGE��3�'ETÑXYPS���HIWXI�XVEFEPLS�QSWXVE�GSQS�Í�TSWWÑZIP�GSQTVMQMV�E�

XE\E�HI�FMXW�HS�WMREP�HI�,(8:�HI������1FTW�TEVE���1FTW�

H� 2SXI�WI�UYI�S�ZEPSV�HE�XE\E�HI�FMXW�HE�,(8:�Í���ZI^IW�WYTIVMSV�ES�ZEPSV�HE�

XE\E�HI�FMXW�HE�7(8:��

� %WWMQ�WIRHS��RS�PYKEV�HI�YQE�TVSKVEQEËÇS�HI�,(8:�Í�TSWWÑZIP�XVERWQMXMV�

UYEXVS�TVSKVEQEËÙIW�HI�7(8:�

����1SRMXSVIW�HI�,(8:

)RUYERXS�I\MWXME�ETIREW�E�8:�EREP×KMGE�HI�����PMRLEW�UYEHVS�I�VIPEËÇS�HI�EWTIGXS�

����� S� XVEHMGMSREP� GMRIWG×TMS� Ä� ZÅPZYPE�� GSRLIGMHS� GSQS� wXYFS�HI� VEMSW� GEX×HMGSWx�

�'68�SY�wGEXSHI�VE]�XYFIx��JSM�WIQTVI�GSRWMHIVEHS�GSQS�E�QIPLSV�WSPYËÇS�TEVE�E�

VITVSHYËÇS�HE�MQEKIQ�RE�XIPE��3W�IWXYHSW�QSWXVEQ�UYI��TEVE�IZMXEV�UYI�WINEQ�RSXE�

HEW�HIJMGMÎRGMEW�RE�MQEKIQ�HE�8:�HI�����PMRLEW�MRXIVGEPEHEW��S�XIPIWTIGXEHSV�HIZI�WI�

PSGEPM^EV�E�YQE�HMWXÆRGME�IUYMZEPIRXI�E���ZI^IW�E�EPXYVE�HE�XIPE��ZINE�E�*MKYVE�����-WWS�

WMKRMJMGE�UYI��TEVE�YQE�XIPE�HI����TSPIKEHEW��QIHMHE�HE�HMEKSREP��S�YWYÅVMS�HIZI�WI�

PSGEPM^EV�E���QIXVSW�HI�HMWXÆRGME�HS�VIGITXSV�
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Figura 15�3RVLomR�LGHDO�GR�WHOHVSHFWDGRU�SDUD�XPD�79�GH�GHILQLomR�QRUPDO

4EVE�ETVSZIMXEV�XSHE�E�UYEPMHEHI�HE�,(8:��SW�IWXYHSW�QSWXVEQ�UYI�S�XIPIWTIG�

XEHSV�HIZI�WI�PSGEPM^EV�E�YQE�HMWXÆRGME�IUYMZEPIRXI�E�ETIREW���ZI^IW�E�EPXYVE�HE�XIPE�

HE�MQEKIQ��ZINE�E�*MKYVE�����)Q�SYXVEW�TEPEZVEW��YQ�VIGITXSV�HI�,(8:��GSQ�XIPE�

HI����TSPIKEHEW��ZEPSV�HE�HMEKSREP�I�VIPEËÇS�HI�EWTIGXS�HI�������HIZI�WIV�EWWMWXMHS�

E�YQE�HMWXÆRGME�HI�ETIREW�����QIXVS��'SQS�WI�TSHI�SFWIVZEV��S�EHZIRXS�HE�,(8:�

IWXÅ� VIZSPYGMSRERHS� S�QIVGEHS� HI�QSRMXSVIW� HI�8:�� TSMW� VIGITXSVIW� GSQ� XIPEW� HI�

XEQERLS� KVERHI� TSHIVÇS� WIV� YXMPM^EHSW� IQ� WEPEW� HI� TIUYIREW� HMQIRWÙIW�� 3YXVE�

SFWIVZEËÇS� MQTSVXERXI� Í�UYI� E�TVSJYRHMHEHI�HS�'68�Í� VIPEXMZEQIRXI�KVERHI��TSV�

I\IQTPS��YQ�ETEVIPLS�VIGITXSV�HI�,(8:�GSQ�'68�HI����TSPIKEHEW�TSWWYM�GIVGE�

HI����GIRXÑQIXVSW�HI�TVSJYRHMHEHI��RÞQIVS�IWWI�UYI�WI�XSVRE�WMKRMJMGEXMZS�UYERHS�

GSQTEVEHS�GSQ�E�HMWXÆRGME�IQ�UYI�WI�TSWMGMSRE�S�XIPIWTIGXEHSV������QIXVS��4SV�IWWI�

QSXMZS��ET×W�S�EHZIRXS�HE�,(8:��EW�MRHÞWXVMEW�GSQIËEVEQ�E�MRZIWXMV�GEHE�ZI^�QEMW�

RS�HIWIRZSPZMQIRXS�HI�XIPEW�HI�FEM\E�TVSJYRHMHEHI��I�IRXVI�IPEW�HIWXEGEQ�WI�EW�XIPEW�

HI�TPEWQE�I�HI�GVMWXEP�PÑUYMHS��0'(�SY�wPMUYMH�GLVMWXEP�HMWTPE]x��

Figura 16�3RVLomR�LGHDO�SDUD�DVVLVWLU�+'79
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2IWXI�GETÑXYPS�WIVÇS�ETVIWIRXEHEW��HI�JSVQE�KIRÍVMGE��EW�IWXVYXYVEW�HS�XVERWQMW�

WSV�I�HS�VIGITXSV�HI�8:�(MKMXEP��ZMWXS�UYI�HI�YQ�QSHS�KIVEP�SW�XVERWQMWWSVIW�I�SW�

VIGITXSVIW�HI�XSHSW�SW�TEHVÙIW�HI�8:�(MKMXEP�XÎQ�IWXVYXYVEW�WIQIPLERXIW��ZEVMERHS�

ETIREW�IQ�EPKYRW�HIXEPLIW�

����8VERWQMWWSV�HI�8:�HMKMXEP

3W�GMVGYMXSW�HS�XVERWQMWWSV�XÎQ�E�JYRËÇS�HI�GSRZIVXIV�E�MRJSVQEËÇS�UYI�WI�HIWI�

NE� PIZEV� HE� IQMWWSVE� EXÍ� SW� XIPIWTIGXEHSVIW� IQ� WMREMW� HI� GEVEGXIVÑWXMGEW� TSWWÑZIMW� HI�

YWEV�S�IWTEËS� PMZVI�GSQS�QIMS�HI� XVERWTSVXI��4EVE� MWWS��S�GSRXIÞHS�HE� MRJSVQEËÇS�

Í�GSRZIVXMHS�IQ�YQ�WMREP�UYI�WI�TSWWE�TVSTEKEV�TIPS�EV�WIQ�HMJMGYPHEHI��(IGMHM�WI�

IRUYEHVEV�E�XVERWQMWWÇS�HI�WMREMW�HI�8:�(MKMXEP�REW�QIWQEW�GSRHMËÙIW�NÅ�I\MWXIRXIW�

TEVE�8:�EREP×KMGE��SY�WINE��E�PEVKYVE�HI�FERHE�HI�GEHE�GEREP�Í��1,^�I�SW�GEREMW�WÇS�

SW�QIWQSW�NÅ�QSWXVEHSW�RE�8EFIPE���HS�'ETÑXYPS����)QFSVE�RÇS�I\MWXEQ�HMJIVIRËEW�

JYRHEQIRXEMW�IRXVI�SW�XVERWQMWWSVIW�TEVE�8:�EREP×KMGSW�I�HMKMXEMW��E�QEMSV�QYHERËE�

IWXÅ�RS�TVSGIWWS�HI�QSHYPEËÇS�I�HIQSHYPEËÇS�

3W�WMREMW�HI�8:�WI�TVSTEKERHS�RS�IWTEËS�PMZVI�IWXÇS�WYNIMXSW�E�ZÅVMEW�JSVQEW�HI�

HIKVEHEËÇS�QSXMZEHEW� TSV� MRXIVJIVÎRGMEW�� XEMW� GSQS� S� VYÑHS� MQTYPWMZS� KIVEHS� TSV�

QSXSVIW�IPÍXVMGSW��I�VYÑHS�HI�MKRMËÇS�HI�EYXSQ×ZIMW��TSV�WMREMW�TVSZIRMIRXIW�HI�QYPXM�

TIVGYVWS�HIZMHS�E�VIJPI\ÙIW�IQ�SFWXÅGYPSW��TSV�MRXIVJIVÎRGME�HI�GEREMW�EHNEGIRXIW�SY�

EXÍ�QIWQS�JVIUàÎRGMEW�HI�8:�GSGEREMW��TVSFPIQEW�IWWIW�UYI�WI�TSHIQ�RSXEV�RSW�XIPI�

ZMWSVIW�EREP×KMGSW�GSQS�MQEKIRW�JERXEWQEW�SY�JEM\EW�LSVM^SRXEMW�RS�QIMS�HE�XIPE��2SW�

XIPIZMWSVIW�HMKMXEMW�IWWIW�IJIMXSW�WÇS�TIVGIFMHSW�GSQS�EVXIJEXSW��QMRÞWGYPSW�UYEHVEHSW�

UYI�WI�IWTEPLEQ�RE�XIPE��2S�HIWIRZSPZMQIRXS�HE�8:�(MKMXEP�WI�TVSGYVSY�QMRMQM^EV�

IWWIW�IJIMXSW�GSQ�S�YWS�HI�QSHYPEËÇS�QEMW�VSFYWXE�GSQ�ETPMGEËÇS�HI�VIGYVWSW�GSQS�

HMWXVMFYMËÇS�EPIEX×VME�HSW�FMXW��GSVVIXSV�HI�IVVSW��IQFEVEPLEQIRXS�HS�GSRXIÞHS�HSW�

HEHSW�IXG��3W�HIXEPLIW�HIWWIW�VIGYVWSW�WIVÇS�ZMWXSW�RS�'ETÑXYPS���

2E�*MKYVE����IWXÅ�QSWXVEHE�E�IWXVYXYVE�FÅWMGE�HI�YQ�XVERWQMWWSV�HI�8:�(MKMXEP�
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Figura 17 Diagrama do transmissor

'SQS�JSM�ZMWXS�RS�MXIQ��������S�WMREP�HI�ZÑHIS�HI�EPXE�HIJMRMËÇS��,(8:�HMKMXE�

PM^EHS�XIQ�YQE�XE\E�HI�FMXW�QYMXS�IPIZEHE��HE�SVHIQ�HI��+FMX�W��MRGSQTEXÑZIP�GSQ�

S�QIMS�HI�XVERWQMWWÇS�ZME�EV�TEVE�S�UYEP�IWXÅ�VIWIVZEHE�E�PMQMXEHE�PEVKYVE�HI�FERHE�

HI� �1,^�� %WWMQ� WIRHS� IWWI� WMREP� TEWWE� TSV� YQ� TVSGIWWS� HI� GSQTVIWWÇS� YWERHS�

QÍXSHSW� XEMW� GSQS�S�14)+�� �1SZMRK�4MGXYVI�)\TIVX�+VSYT��3� WSQ� XEQFÍQ�Í�

HMKMXEPM^EHS�I�GSQTVMQMHS�TSV�EPKSVMXQS�TV×TVMS��)WWI�EWWYRXS�WIVÅ�ZMWXS�IQ�HIXEPLIW�

RS�'ETÑXYPS���

8SHSW�IWWIW� WMREMW� NÅ�GSQTVMQMHSW��ZÑHIS��WSQ�I�HEHSW�WÇS�QYPXMTPI\EHSW�TIPS�

GMVGYMXS�QYPXMTPI\EHSV�GSQS�TSHI�WIV�ZMWXS�RE�*MKYVE�����%�XE\E�HI�FMXW�RE�WEÑHE�HS�

QYPXMTPI\EHSV�HITIRHI�HEW�GEVEGXIVÑWXMGEW�HI�GEHE�WMWXIQE��%WWMQ�S�WMREP�HI�QSHY�

PEËÇS� �:7&� ���:IWXMKMEP� 7MHI� &ERH� IQTVIKEHS� RS� WMWXIQE� %87'� YWE� E� XE\E� JM\E�

HI������1FMXW�W�IRUYERXS�SW�WMWXIQEW�UYI�YWEQ�E�QSHYPEËÇS�'3*(1�XÎQ�XE\EW�

ZEVMÅZIMW�GSRJSVQI�E�GSRJMKYVEËÇS�HI�XVERWQMWWÇS�IWGSPLMHE�

3W�WMREMW�HMKMXEMW�WÇS�QYMXS�QEMW�WIRWÑZIMW�ESW�TVSFPIQEW�HI�HMWXSVËÇS�RÇS�PMRIEV�

GSQTEVEHSW� GSQ�SW� WMREMW� EREP×KMGSW�� HI� JSVQE� UYI� SW� JMPXVSW� I� SW� EQTPMJMGEHSVIW�

HIZIQ�STIVEV�RE�VIKMÇS�PMRIEV��PSRKI�HS�TSRXS�HI�WEXYVEËÇS�

'SQS�JSM�HMXS�ERXIW��GEHE�TEHVÇS�HI�8:�(MKMXEP�XVEXE�SW�TVSFPIQEW�HI�HIKVEHEËÇS�

TVSZSGEHE�TSV�VYÑHSW�I�MRXIVJIVÎRGMEW�HI�QERIMVE�HMJIVIRXI��I�MWWS�Í�GSRWIKYMHS�TVMRGM�

TEPQIRXI�GSQ�HMJIVIRXIW�QÍXSHSW�HI�TVSGIWWEQIRXS�HS�WMREP�RS�GMVGYMXS�QSHYPEHSV��

3�'ETÑXYPS���HIWGVIZI�IQ�HIXEPLI�E�IWXVYXYVE�HI�QSHYPEËÇS�HI�GEHE�TEHVÇS�HI�8:�

(MKMXEP�

3�EQTPMJMGEHSV�HI�*-��RE�JVIUàÎRGME�HI����1,^��GSRIGXEHS�Ä�WEÑHE�HS�QSHYPEHSV�

Í�HSXEHS�HI�YQ�JMPXVS�TEWWE�JEM\E�HI���1,^�HI�PEVKYVE�HI�FERHE��GYNS�SFNIXMZS�Í�IPM�

QMREV�EW�JVIUàÎRGMEW�MRHIWINÅZIMW�KIVEHEW�RS�TVSGIWWS�HI�QSHYPEËÇS��3�EQTPMJMGEHSV�

TSWWYM�XEQFÍQ�YQ�GSRXVSPI�EYXSQÅXMGS�HI�KERLS�TEVE�KEVERXMV�YQ�RÑZIP�IWXÅZIP�RE�

IRXVEHE�HS�GMVGYMXS�QMWXYVEHSV�

3� GMVGYMXS�9T� GSRZIVXIV� QSWXVEHS� RE� *MKYVE� ��� XIQ� E� JYRËÇS� HI� XVERWPEHEV� E�

JVIUàÎRGME�HI�*-����b��1,^�TEVE�JVIUàÎRGME�JMREP�HI�XVERWQMWWÇS�TSV�QIMS�HI�GSR�

ZIVWÇS�HI�JVIUàÎRGME��+IVEPQIRXI�Í�GSRWXMXYÑHS�HI�YQ�QMWXYVEHSV�GSQ�YQ�HMSHS�HI�



6IZMWXE�1EGOIR^MI�HI�)RKIRLEVME�I�'SQTYXEËÇS��%RS����R�����T�������

��

EPXS�KVEY�HI�RÇS�PMRIEVMHEHI��S�UYEP�VIGIFI�S�WMREP�HI�*-�[
M
�I�JVIUàÎRGME�HS�SWGMPEHSV

�

PSGEP�[
S
��I�KIVE�GSQS�TVMRGMTEMW�TVSHYXSW�SW�GSQTSRIRXIW�HE�)UYEËÇS���

\�XGSW�[
M�
X��GSW�[

S
�X�!�����\�X�GSW�[

S
��
�
[
M�
X�������\�X�GSW�[

S�
�
�
[M
�
�X���

SRHI�[
M
�!�JVIUàÎRGME�MRXIVQIHMÅVME�I�[

S
�!�JVIUàÎRGME�HS�SWGMPEHSV

)WWI�TVSHYXS�GSRXÍQ�EW�GSQTSRIRXIW�WSQE� [
S�
�
�
[
M �
I�HMJIVIRËE� [

S�
��[M ��GEHE�

YQE�QSHYPEHE�TSV�\�X��)WWE�QYPXMTPMGEËÇS�TVSZSGE�E�XVERWPEËÇS�HS�IWTIGXVS�SVMKMREP�

TEVE� S� IRXSVRS�HI�HYEW�RSZEW� TSVXEHSVEW� HMJIVIRXIW�� �JM�JS� I� �JS�JM��9WERHS�YQE�

JMPXVEKIQ�EHIUYEHE��S�WMREP�Í�GSRZIVXMHS�Ä�TSVXEHSVE�WYTIVMSV�SY�Ä�TSVXEHSVE�MRJIVMSV��

%�*MKYVE����MPYWXVE�IWWE�GSRZIVWÇS�

 

Figura 18 Up converter

3�SWGMPEHSV�PSGEP�UYI�MVÅ�KIVEV�E�JVIUàÎRGME�HI�6*�Í�HIWPSGEHS�HE�JVIUàÎRGME�TEVE�

FEM\S�SY�TEVE�GMQE�GSQ�YQ�ZEPSV�MKYEP�ES�HE�JVIUàÎRGME�GIRXVEP�HI�*-����1,^�

2E�8:�(MKMXEP�S� JMPXVS�HIZI� XIV� PEVKYVE�HI�FERHE�HI��1,^�I� WIV�S�QEMW� PMRIEV�

TSWWÑZIP�TEVE�IZMXEV�MRXVSHY^MV�HMWXSVËÇS�RS�WMREP�KIVEHS�

3�GMVGYMXS�I\GMXEHSV�TVÍ�EQTPMJMGE�S�WMREP�HI�VEHMSJVIUàÎRGME�E�YQ�RÑZIP�EHIUYEHS�

TEVE�EPMQIRXEV�S�EQTPMJMGEHSV�HI�TSXÎRGME��2SVQEPQIRXI�Í�HSXEHS�HI�JMPXVS�HI�6*�TEVE�

IZMXEV�IRZMEV�ES�IWXÅKMS�JMREP�SW�TVSHYXSW�MRHIWINÅZIMW�KIVEHSW�RS�GMVGYMXS�ERXIVMSV�

3�IWXÅKMS�HI�TSXÎRGME�XIQ�E�JMREPMHEHI�HI�IPIZEV�S�WMREP�ES�RÑZIP�RIGIWWÅVMS�TEVE�

S� XVERWQMWWSV� XIV� TSXÎRGME� GETE^� HI� GSFVMV� HIXIVQMREHE� ÅVIE� HIWINEHE�� 4SHI� ZEVMEV�

HIWHI�E�TSXÎRGME�HI����;�EXÍ�HI^IREW�HI�/;��4IPE�XIGRSPSKME�EXYEP�HI�WIQMGSRHY�

XSV��Í�TSWWÑZIP�SFXIV�TSXÎRGME�HI�EXÍ���/;�IQ�IWXEHS�W×PMHS�YXMPM^ERHS�S�TVSGIWWS�HI�

GSQFMREËÇS�HI�ZÅVMSW�GMVGYMXSW�IQ�TEVEPIPS��4EVE�TSXÎRGMEW�QEMSVIW��EMRHE�WÇS�YWEHEW�

ZÅPZYPEW�HI�IQMWWÇS�MØRMGE�

%� PMRIEVMHEHI� HIWWI� ÞPXMQS� GMVGYMXS� Í� XEQFÍQ�QYMXS� MQTSVXERXI� TEVE� KEVERXMV�

E�UYEPMHEHI�HS� WMREP� XVERWQMXMHS��'YMHEHSW� IWTIGMEMW� WÇS�RIGIWWÅVMSW�GSQ�VIPEËÇS�E�

TIVJIMXS�GEWEQIRXS�HI�MQTIHÆRGME�IRXVI�IWXI�IWXÅKMS�I�E�ERXIRE��TSMW�E�VIJPI\ÇS�TSHI�

GEYWEV�HIKVEHEËÇS�TSV�HMWXSVËÇS�HI�JEWI�I�EQTPMXYHI�HS�WMREP�XVERWQMXMHS�

Up converter
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����6IGITXSV�HI�8:�(MKMXEP

3W�VIGITXSVIW�I\IVGIQ�E�JYRËÇS�MRZIVWE�HS�XVERWQMWWSV��TSVXERXS�SW�WIYW�GMVGYMXSW�

I\IGYXEQ� S� TVSGIWWS� I\EXEQIRXI� MRZIVWS� HS� UYI� SGSVVI� RS� XVERWQMWWSV��3� KVERHI�

HIWEJMS�UYI�SW�TVSNIXMWXEW�HI�VIGITXSVIW�IRJVIRXEQ�Í�GSRWIKYMV�HIWIRZSPZIV�YQ�IUYM�

TEQIRXS�UYI�EXIRHE�ÄW�GEVEGXIVÑWXMGEW�XÍGRMGEW�TEVE�YQE�FSE�VIGITËÇS�I��ES�QIWQS�

XIQTS��WIV�YQ�TVSHYXS�HI�FEM\S�GYWXS��-WWS�TSVUYI��IRUYERXS�RE�XVERWQMWWÇS�Í�RIGIW�

WÅVMS�YQ�W×�ETEVIPLS�TSV�IWXEËÇS��TSVXERXS�S�GYWXS�Í�YQ�TEVÆQIXVS�QIRSW�MQTSV�

XERXI��HS�PEHS�HE�VIGITËÇS�WÇS�RIGIWWÅVMSW�QMPLEVIW�HI�YRMHEHIW�I�EMRHE�WIV�EGIWWÑZIP�Ä�

KVERHI�QEMSVME�HE�TSTYPEËÇS��+VERHI�ENYHE�RIWWI�WIRXMHS�IWXÅ�WIRHS�TVSTSVGMSREHE�

TIPE� KVERHI� IZSPYËÇS� XIGRSP×KMGE� RE� ÅVIE� HI� WIQMGSRHYXSVIW�� TVMRGMTEPQIRXI� RS�

HIWIRZSPZMQIRXS�HI�GLMTW�S�UYEP�TSWWMFMPMXE�I\IGYXEV�XEVIJEW�GSQTPI\EW�IQ�YQ�ÞRMGS�

HMWTSWMXMZS��%�*MKYVE����MPYWXVE�SW�TVMRGMTEMW�GSQTSRIRXIW�HI�YQ�VIGITXSV�

Figura 19 Diagrama do receptor de TV Digital

'SQS�S�RÑZIP�HI� WMREP� VIGIFMHS�TIPE�ERXIRE�Í�I\XVIQEQIRXI�FEM\S��HE�SVHIQ�HI�

�� :��Í�RIGIWWÅVMS�WYFQIXÎ�PS�E�YQ�IWXÅKMS�HI�EQTPMJMGEËÇS�GSQ�FEM\S�VYÑHS�XÍVQMGS��

)RXÇS��RYQE�TVMQIMVE�IXETE��S�WMREP�HITSMW�HI�WIV�EQTPMJMGEHS��HE�SVHIQ�HI���H&��ZEM�

TEVE�S�GMVGYMXS�WMRXSRM^EHSV�HI�GEREP�UYI�WIPIGMSRE�S�GEREP�HI�MRXIVIWWI��%�WIKYMV�S�WMREP�

TEWWE�TSV�YQ�GMVGYMXS�(S[R�GSRZIVXIV�I�TSV�YQ�JMPXVS�UYI�XIQ�E�JMREPMHEHI�HI�IJIXYEV�

E� XVERWPEËÇS�TEVE�E� JVIUàÎRGME�QEMW�FEM\E��TEWWERHS�TIPS�TVSGIWWS� MRZIVWS�ES�UYI� JSM�

IJIXYEHS�RS�GMVGYMXS�9T�GSRZIVXIV�HE�XVERWQMWWÇS��%�JVIUàÎRGME�HI�*-�EWWMQ�SFXMHE�ZEM�

TEVE�SW�IWXÅKMSW�HI� JMPXVEKIQ�HI�GEREP��EQTPMJMGEËÇS�I�HIQSHYPEËÇS��3�HIQSHYPEHSV�

I\IGYXE�EW�JYRËÙIW�I\EXEQIRXI�MRZIVWEW�ÄW�UYI�SGSVVIVEQ�RS�QSHYPEHSV��'SQS�S�WMREP�

VIGIFMHS�TIPE�ERXIRE��HITIRHIRHS�HE�HMWXÆRGME��JVIUàÎRGME�I�GSRHMËÙIW�HI�TVSTEKEËÇS��

TSHI�ZEVMEV�HIWHI�EPKYRW� :�EXÍ�ZÅVMSW�Q:��IWWI�GMVGYMXS�XIQ�IQFYXMHS�YQ�HMWTSWMXMZS�

HI�GSRXVSPI�EYXSQÅXMGS�HI�KERLS��'%+�GSQ�JEM\E�HMRÆQMGE�HE�SVHIQ�HI���H&��S�UYI�

TSWWMFMPMXE�E�IRXVIKE�ES�GMVGYMXS�HIQSHYPEHSV�HI�YQ�RÑZIP�HI�WMREP�IWXÅZIP�I�GSRWXERXI�

MRHITIRHIRXIQIRXI�HS�WMREP�HI�IRXVEHE��%�WIPIËÇS�HS�GEREP�HIWINEHS�HITIRHI�YRMGE�

QIRXI�HE�JVIUàÎRGME�HS�SWGMPEHSV�PSGEP�HS�(S[R�GSRZIVXIV��)WWE�QYHERËE�HI�JVIUàÎRGME�

HS�SWGMPEHSV�Í�GSRWIKYMHE�EPXIVERHS�WI�E�XIRWÇS�HI�GSRXVSPI�HS�HMSHS�ZEVMGET�I\MWXIRXI�

HIRXVS�HS�GMVGYMXS��2S�'ETÑXYPS���IWXÅ�HIWGVMXS�QEMW�HIXEPLIW�E�VIWTIMXS�HIWWI�X×TMGS�

3�WMREP�HIQSHYPEHS��ERXIW�HI�MV�TEVE�S�HMWTPE]�TEWWE�TIPS�TVSGIWWS�HI�HIGSQTVIW�

WÇS�HS�WMREP�14)+��
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2IWXI�TSRXS�I\MWXIQ�HYEW�TSWWMFMPMHEHIW��7I�S�VIGITXSV�JSV�HS�XMTS�(MKMXEP�S�WMREP�

HI� 8:� HMKMXEPM^EHS� SVMYRHS� HS� HIGSQTVIWWSV� 14)+�� ZEM� HMVIXS� TEVE� HMWTPE]� HS�

ETEVIPLS�

7I�S�VIGITXSV�JSV�HS�XMTS�EREP×KMGS��S�WMREP�HE�WEÑHE�HS�HIGSQTVIWWSV�Í�GSRZIVXMHS�

RSZEQIRXI�� WIRHS�QSHYPEHS�TEVE� E�ZIVWÇS�HI�8:�EREP×KMGE�TEVE�HITSMW� WIV�IRZMEHS�

TEVE�S�ETEVIPLS�HI�VIGITËÇS�GSQYQ��2IWWI�ÞPXMQS�GEWS��S�GSRNYRXS�Í�HIRSQMREHS�7IX�

8ST�&S\�I�TSHI�WIV�EHUYMVMHS�TEVE�WIV�YWEHS�IQ�GSRNYRXS�GSQ�S�XIPIZMWSV�NÅ�I\MWXIRXI�

�%PKYRW�VIGITXSVIW�TSHIQ�EMRHE�WIV�HSXEHSW�HI�VIGYVWSW�EHMGMSREMW�GSQS�IUYEPM^E�

HSVIW��ERXIREW�EHETXEXMZEW�SY�GSQFMREHSV�HI�HMZIVWMHEHI�UYI�TIVQMXIQ�YQE�QIPLSVME�

EHMGMSREP�TEVE�GSRHMËÙIW�I\XVIQEW�HI�HIKVEHEËÇS�HIZMHS�E�VYÑHSW�I�MRXIVJIVÎRGMEW�

��463')7737�()�'3146)77§3

3�WMREP�HI�ZÑHIS�HMKMXEPM^EHS�GSRWXMXYM�YQE�XE\E�HI�FMXW�XÇS�IPIZEHE�UYI�TSHI�WYTI�

VEV���+FTW��S�UYEP�RÇS�Í�TSWWÑZIP�WIV�XVERWQMXMHS�RE�PEVKYVE�HI�FERHE�HI��1,^�VIWIV�

ZEHE�TEVE�SW�GEREMW�HI�XIPIZMWÇS��3W�TVSGIWWSW�HI�QSHYPEËÇS�IQTVIKEHSW�RSW�WMWXIQEW�

%87'��(:&�8�I�-7(&�8��ZINE�S�'ETÑXYPS���TIVQMXIQ�XVERWQMXMV�YQ�RÑZIP�GSQ�XE\E�

HI�FMXW�HI� ���1FTW�RE�FERHE�HI��1,^�HSW�GEREMW�HI�8:��%WWMQ�WIRHS��XSVRSY�WI�

RIGIWWÅVME�E�VIHYËÇS�HE�XE\E�HI�FMXW�HI���+FTW�TEVE���1FTW��E�JMQ�HI�UYI�S�WMREP�TEVE�

E�XVERWQMWWÇS�RE�FERHE�WINE�HI��1,^�HSW�GEREMW�HI�8:��)WWI�TVSGIWWS�HI�VIHYËÇS�HI�

XE\E�HI�FMXW�Í�GSRLIGMHS�TSV�wGSQTVIWWÇSx��)Q�������YQ�KVYTS�HI�IWXYHS�HIRSQMRE�

HS�.SMRX�4LSXSKVETL�)\TIVX�+VSYT��.4)+��WSF�SW�EYWTÑGMSW�HS�-RXIVREXMSREP�7XERHEVH�

3VKERM^EXMSR��-73��JSM�GVMEHS�GSQ�S�SFNIXMZS�HI�HIWIRZSPZIV�I�TEHVSRM^EV�YQ�QÍXSHS�

HI�GSQTVIWWÇS�HI�WMREP�HMKMXEPM^EHS�HI�MQEKIRW�IWXÅXMGEW��%RSW�QEMW�XEVHI�HIGMHMY�WI�

GVMEV�YQ�QÍXSHS�HI�GSQTVIWWÇS�HI�MQEKIRW�HMRÆQMGEW�FEWIEHS�RS�TVMRGÑTMS�.4)+��

)WWI�KVYTS�JSM�HIRSQMREHS�1SZMRK�4MGXYVIW�)\TIVX�+VSYT��14)+�I�HIY�SVMKIQ�

ES� TEHVÇS�HI� GSQTVIWWÇS�HI� ZÑHIS�� GSRLIGMHS� GSQS�14)+��� YXMPM^EHS� TIPSW� XVÎW�

WMWXIQEW�HI�8:�HMKMXEP��%87'��(:&�8�I� -7(&�8��8EQFÍQ�I\MWXIQ�QYMXSW�SYXVSW�

QÍXSHSW� HI� GSQTVIWWÇS� HI� ZÑHIS�� GSQS� S� 14)+���,���� I� S�;1�� �;MRHS[W�

1IHME����'SRXYHS��TSV�WIV�S�14)+��S�QÍXSHS�QEMW�GSRWEKVEHS�TEVE�YWS�IQ�8:�

(MKMXEP��IWXI�WIVÅ�HIWGVMXS�RIWXI�XVEFEPLS��3�SFNIXMZS�Í�JSVQEV�YQE�RSËÇS�HSW�TVMRGÑ�

TMSW�UYI�RSVXIMEQ�S�TVSGIWWS�HI�GSQTVIWWÇS��WIQ�IRXVEV�IQ�HIXEPLIW�TVSJYRHSW�WSFVI�

S�JYRGMSREQIRXS�HSW�FPSGSW�IRZSPZMHSW�

����14)+�

3�TVMRGMTMS�FÅWMGS�HS�TVSGIWWS�14)+��QSWXVEHS�RS�HMEKVEQE�HE�*MKYVE����Í�

YXMPM^EV�XÍGRMGEW�UYI�VIHY^IQ�E�UYEPMHEHI�HE�MQEKIQ�HI�QSHS�MQTIVGITXÑZIP��NYRXE�
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QIRXI�GSQ�XÍGRMGEW�UYI�RÇS�EJIXEQ�E�UYEPMHEHI�HE�MQEKIQ��YWERHS�TVMRGMTEPQIRXI�

S�TVSGIWWS�HI�IPMQMREV�VIHYRHÆRGMEW�RE�MRJSVQEËÇS�

Figura 20 'LDJUDPD�HP�EORFRV�GD�FRGLILFDomR�03(*�

������%QSWXVEKIQ�I�HMKMXEPM^EËÇS�HI�ZÑHIS

3�TVMQIMVS�TEWWS�HS�TVSGIWWS�Í�JE^IV�E�EQSWXVEKIQ�I�E�HMKMXEPM^EËÇS�HSW�WMREMW�HI�

ZÑHIS��GSQS�QSWXVEHS�RSW�MXIRW������������I��������'SQS�JSM�ZMWXS��E�HMKMXEPM^EËÇS�HSW�

WMREMW�=��4
&
��4
6
�HI�8:�EREP×KMGE�XVEHMGMSREP�GSQ�JSVQEXS�������SGSVVIY�TEVE�E�XE\E�

HI�FMXW�HI����1FTW��.Å�E�HMKMXEPM^EËÇS�HSW�WMREMW�=��4
&
��4
6�
HI�,(8:�GSQ�JSVQEXS�

���������TSHI�PIZEV�E�YQE�XE\E�HI�FMXW�HI������+FTW�

6IHYRHÆRGME�8IQTSVEP��GSRWMWXI�RS�ETVSZIMXEQIRXS�HE�WMQMPEVMHEHI�I\MWXIRXI�

IRXVI�SW�UYEHVSW�WYGIWWMZSW�UYI�JSVQEQ�YQE�MQEKIQ�HMRÆQMGE��9Q�I\IQTPS�

TVÅXMGS� WIVME� E� MQEKIQ� HI� YQ� NSKEHSV� HI� KSPJI� WEGERHS� YQE� FSPE�� %T×W� S�

WEUYI��E�HMJIVIRËE�IRXVI�SW�UYEHVSW�WYGIWWMZSW�WIVME�WSQIRXI�E�TSWMËÇS�HE�FSPE�E�

GEHE�MRWXERXI��(IWWE�QERIMVE��S�EPKSVMXQS�IRZMEVME�E�MRJSVQEËÇS�HI�YQ�UYEHVS�

GSQTPIXS�QEMW�S�ZIXSV�HI�HIWPSGEQIRXS�HE�MQEKIQ�IJIXMZEQIRXI�HMRÆQMGE��%�

HMJIVIRËE�IRXVI�S�UYEHVS�2�I�S�UYEHVS�2�����HE�*MKYVE����Í�S�HIWPSGEQIRXS�HS�

FPSGS��4SVXERXS��IQ�ZI^�HI�IRZMEV�SW�HEHSW�HSW�HSMW�UYEHVSW�GSQTPIXSW��IRZME�

WI�E�MRJSVQEËÇS�HS�UYEHVS�2�GSQTPIXE�QEMW�E�MRJSVQEËÇS�HS�ZIXSV�QSZMQIRXS�

HS�UYEHVS�2�����

Figura 21�6HQVLELOLGDGH�GR�ROKR�KXPDQR�j�IUHT�rQFLD�HVSDFLDO
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)\MWXI�YQ�NSKS�HI�GSQTVSQMWWS�RIWWI�TVSGIWWS��TSMW�GEWS�LENE�YQ�IVVS�RE�XVERW�

QMWWÇS�HS�UYEHVS�2��TSV�I\IQTPS��S�UYEHVS�2�����RÇS�TSHIVÅ�WIV�JSVQEHS�GSVVI�

XEQIRXI��4EVE�QMRMQM^EV�IWWI�TVSFPIQE��HYVERXI�E�XVERWQMWWÇS��WÇS�IRZMEHSW�EPKYRW�

UYEHVSW�GSQ�MRJSVQEËÇS�GSQTPIXE�HIRXVS�HE�WIUàÎRGME�HI�UYEHVSW��WIUàÎRGME�IWWE�

HIRSQMREHE�+VSYT�SJ�4MGXYVIW��+34�

%� GSQTIRWEËÇS� HI� QSZMQIRXSW� WI� FEWIME� REW� WIQIPLERËEW� IRXVI� EW� MQEKIRW�

WYFWIUàIRXIW� I�TIVQMXI� E� XVERWQMWWÇS� ETIREW�HEW�HMJIVIRËEW��)WWI�QÍXSHS�TSHI� WIV�

IRXIRHMHS�GSQS�E�WYFXVEËÇS�HI�YQE�MQEKIQ�TIPE�WYE�TVIHIGIWWSVE��SY�WINE��MQEKIQ�

M
���X�
WIVÅ�WYFXVEÑHE�TIPE�MQEKIQ�M

���
�X� ��S�UYI�GSVVIWTSRHI�E�YQE�WYFXVEËÇS�IQ�RÑZIP�

HI�TM\IPW�RS�QIWQS�PYKEV�\��]�

4EVE�KEVERXMV�UYI�IWWI�TVSGIWWS�RÇS�KIVI�TIVHEW��S�GEQMRLS�HI�VIEPMQIRXEËÇS�HS�

GSHMJMGEHSV�GSRXÍQ�YQ�HIGSHMJMGEHSV�JYRGMSREP�UYI�MVÅ�WYFXVEMV�I\EXEQIRXI�S�WMREP�

UYI�YQ�GSHMJMGEHSV�XIVÅ�Ä�HMWTSWMËÇS�TEVE�WSQEV�ES�WMREP�VIGIFMHS�

%�*MKYVE����QSWXVE�E�WIUàÎRGME�HI�UYEHVSW�IQ�UYI�SW�WÑQFSPSW�XÎQ�SW�WIKYMRXIW�

WMKRMJMGEHSW�

-�z�-RXVE�*VEQIW��UYEHVSW�GSQTPIXSW��YWEHSW�RS�MRMGMS�HE�WIUàÎRGME�

&� z�&MHMVIGXMSREP�*VEQIW�� TSWWYIQ�E� MRJSVQEËÇS� HEW� HMJIVIRËEW� IRXVI� S� UYEHVS�

EXYEP�I�S�UYEHVS�ERXIVMSV�I�TSWXIVMSV��

4��4VIHMGXIH�*VEQIW�� WÇS�FEWIEHSW�RS� ERXIVMSV��TSWWYIQ�YQE�EPXE� GSQTVIWWÇS� I�

XVE^IQ�QYHERËE�IQ�VIPEËÇS�ES�ÞPXMQS�UYEHVS��TSHIRHS�EMRHE�WIV�YWEHSW�GSQS�VIJI�

VÎRGME�TEVE�S�TV×\MQS�UYEHVS�

7I� JSV� XVERWQMXMHE�YQE� MQEKIQ�GSQ�S� JEXSV�2�!����I�1�!��� �IQ�UYI�2�Í�S�

RÞQIVS�XSXEP�HI�UYEHVSW�I�1�Í�S�RÞQIVS�HI�UYEHVSW�XMTS�&�UYI�JMGE�IRXVI�HSMW�UYE�

HVSW�XMTS�4��XIQ�WI�E�XVERWQMWWÇS�QSWXVEHE�RE�*MKYVE����GSQ�E�WIKYMRXI�WIUàÎRGME�

HI�UYEHVSW�

-�&�4�&�&�&�4�&�&�&�4�&�&�&�4

Figura 22 7UDQVPLVVmR�GH�TXDGURV�QR�VLVWHPD�03(*�

%PÍQ�HI�MRXVSHY^MV�S�GSRGIMXS�HI�IWXMQEËÇS�HI�QSZMQIRXSW��S�14)+��MRXVSHY^�

YQ�QÍXSHS�TEVE� VIKYPEV� E� XE\E�HI� XVERWQMWWÇS� EXVEZÍW� HS�GSRXVSPI�HS�TVSGIWWS�HI�

UYERXMJMGEËÇS��9Q�FYJJIV�RE�WEÑHE�HS�GSHMJMGEHSV�MVÅ�TIVQMXMV�YQE�XE\E�HI�XVERWQMWWÇS�
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GSRWXERXI��'EWS�S�FYJJIV�WI�IRGSRXVI�TV×\MQS�HI�I\GIHIV�WYE�GETEGMHEHI�HI�EVQE^IRE�

QIRXS��IPI�MVÅ�SVHIREV�UYI�S�TVSGIWWS�HI�UYERXMJMGEËÇS�HMQMRYE�E�VIWSPYËÇS�HS�ZÑHIS��

HMQMRYMRHS�EWWMQ�S�QSRXERXI�HI�HEHSW�KIVEHSW�

6IHYRHÆRGME�)WTEGMEP��E�VIHYRHÆRGME�IWTEGMEP�SY�JVIUàÎRGME�IWTEGMEP�GSRWMWXI�

RE�WIQIPLERËE�HSW�TM\IPW�EHNEGIRXIW�HI�YQE�MQEKIQ��9Q�I\IQTPS�Í�YQ�EZMÇS�

TEWWERHS�RS�GÍY�WIQ�RYZIRW��IQ�UYI�E�MRJSVQEËÇS�VIPIZERXI�E�WIV�XVERWQMXMHE�

Í�S� EZMÇS�� I�S� JYRHS� Í� E� TEVXI� HE� MQEKIQ�E^YP� GYNS� GSRXIÞHS�HI� MQEKIQ�Í�

TVEXMGEQIRXI�YRMJSVQI�

%�*MKYVE����QSWXVE�UYI�S�SPLS�LYQERS�TSWWYM�FEM\E�WIRWMFMPMHEHI�TEVE�JVIUàÎR�

GMEW�IWTEGMEMW�EPXEW�

Figura 23 6HQVLELOLGDGH�GR�ROKR�KXPDQR�j�IUHT�rQFLD�HVSDFLDO

&EWIERHS�WI�RIWWI�GSRGIMXS�JÑWMGS�HI�UYI�EW�EPXEW�JVIUàÎRGMEW�TSHIQ�WIV�IPMQMREHEW�

WIQ� GEYWEV� HIKVEHEËÙIW� TIVGITXÑZIMW� RE� MQEKIQ�� E� MHÍME� HS�14)+�� Í� GSRZIVXIV� E�

EQTPMXYHI�IWTEGMEP�HE�MQEKIQ�IQ�JVIUàÎRGME�IWTEGMEP�EXVEZÍW�HE�('8��XVERWJSVQEHE�

HMWGVIXE�HI�GS�WIRS��%�MQEKIQ�Í�WYFHMZMHMHE�IQ�FPSGSW�HI���\���TM\IPW��GSQS�QSWXVE�

E�*MKYVE����

Figura 24 Amostragem da figura a ser comprimida



6IZMWXE�1EGOIR^MI�HI�)RKIRLEVME�I�'SQTYXEËÇS��%RS����R�����T�������

��

'EHE�FPSGS� Í� GSQTSWXS�TSV����ZEPSVIW�UYI�TSHIQ�ZEVMEV� �UYERHS�HMKMXEPM^EHS�

IQ���FMXW�� XIQ�WI��
�
�!�����HI���E�����TEVE�E� PYQMRÆRGME�SY�z����E������TEVE�E�

GVSQMRÆRGME��%�IWWI�FPSGS�Í�ETPMGEHE�E�('8��UYI�VIWYPXEVÅ�IQ����GSIJMGMIRXIW�UYI�

VITVIWIRXEQ� E� JVIUàÎRGME� IWTEGMEP�� WIRHS� UYI� S� TVMQIMVS� GSIJMGMIRXI� RS� XSTS� I� Ä�

IWUYIVHE�VITVIWIRXE�S�GSQTSRIRXI�('��I�S�ÞPXMQS�GSIJMGMIRXI�PSGEPM^EHS�EFEM\S�Í�E�

QEMSV�JVIUàÎRGME�IWTEGMEP�GSRXMHE�RE�MRJSVQEËÇS�

%�('8�SFIHIGI�Ä�IUYEËÇS���

� � ��

(ITIRHIRHS�HS�RÞQIVS�HI�HIXEPLIW�GSRXMHSW�RS�FPSGS�SVMKMREP��FSE�TEVXI�HSW�

GSIJMGMIRXIW� EWWYQMVÅ� ZEPSVIW� TV×\MQSW�HI� ^IVS�� WIRHS� IWWIW� ZEPSVIW� TEWWÑZIMW� HI� WIV�

HIWGEVXEHSW��

%�ETPMGEËÇS�HS�('8�VIHY^�GSRWMHIVEZIPQIRXI�E� XE\E�HE�MRJSVQEËÇS�E� WIV�XVERW�

QMXMHE��I�Í�GSRWMHIVEHE�YQE�GSQTVIWWÇS� WIQ�TIVHEW�I�YQ�TVSGIWWS�GSQTPIXEQIRXI�

VIZIVWÑZIP��%TVSZIMXERHS�WI�HEW�GEVEGXIVÑWXMGEW�HI�VIHY^MHE�WIRWMFMPMHEHI�HS�SPLS�LYQE�

RS�ÄW�EPXEW� JVIUàÎRGMEW� IWTEGMEMW�� Í�TSWWÑZIP�� WIQ�HIKVEHEËÇS�TIVGITXÑZIP�HE� MQEKIQ��

IPMQMREVIQ�WI�EPKYRW�GSIJMGMIRXIW�VIWYPXERXIW�HS�TVSGIWWS�('8��)WWI�TVSGIWWS�Í�HIRS�

QMREHS� PMQMEVM^EËÇS��XLVIWLSPHMRK��%T×W�E� PMQMEVM^EËÇS��SW�GSIJMGMIRXIW�VIWXERXIW� WÇS�

UYERXM^EHSW�GSQ�YQE�TVIGMWÇS�UYI�HIGVIWGI�MRZIVWEQIRXI�TVSTSVGMSREP�Ä�QIHMHE�UYI�

LÅ�YQ�EGVÍWGMQS�HEW�EPXEW�JVIUàÎRGMEW�IWTEGMEMW��GSQS�QSWXVEHS�RE�*MKYVE�����%T×W�E�

ETPMGEËÇS�HE�PMQMEVM^EËÇS�I�UYERXM^EËÇS��S�TVSGIWWS�XSVRE�WI�HS�XMTS�wGSQ�TIVHEWx��TSMW�

TEVXI�HEW�MRJSVQEËÙIW�JSM�GSQTPIXEQIRXI�HIWGEVXEHE�I�RÇS�TSHI�QEMW�WIV�VIGYTIVEHE�

:EVEFPI�0IRKLX�'SHI��:0'�I�6YR�0IRKLX�'SHI��60'��ET×W�S�WMREP�TEWWEV�

TIPE� UYERXM^EËÇS�� IPI� Í� GSHMJMGEHS� TIPS� TVSGIWWS� HIRSQMREHS� 60'�� QYMXS�

IQTVIKEHS�IQ� WSJX[EVIW�HI�GSQTVIWWÇS�GSQS�S�>-4��TSV�TSWWYMV� KVERHI�IJM�

GMÎRGME�IQ�QIRWEKIRW�GSQ�IPIQIRXSW�WIQIPLERXIW�VITIXMHSW�

)\IQTPMJMGERHS��XSQERHS�WI�E�TEPEZVE�%6%6%59%6%��IQ�ZI^�HI�XVERWQMXMV�E�

TEPEZVE�MRXIMVE��XVERWQMXI�WI�S�TSWMGMSREQIRXS�HEW�PIXVEW�I�S�GSRXIÞHS�HE�TEPEZVE���%��

�6���5�I��9��5YERXS�QEMSV�S�RÞQIVS�HI�IPIQIRXSW�VITIXMHSW��QEMSV�Í�E�IJMGMÎRGME�

HE�GSHMJMGEËÇS�

)Q� GSRNYRXS�� Í� ETPMGEHS� S� G×HMKS� :06�� XEQFÍQ� HIRSQMREHS� EPKSVMXQS� HI�

,YJJQER��GYNS�TVMRGÑTMS�FÅWMGS�Í�EXVMFYMV�WÑQFSPSW�HI�QIRSV�GSQTVMQIRXS�ÄW�MRJSV�

QEËÙIW�QEMW�JVIUàIRXIW��%TPMGERHS�S�TVSGIWWS�Ä�TEPEZVE�%6%6%59%6%��XIQ�WI�

��GEVEGXIVIW�%

��GEVEGXIVIW�6

��GEVEGXIVI�5

��GEVEGXIVI�9
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7I�TSWWYÑVIQ�HMWTSRÑZIMW�ETIREW�UYEXVS�WÑQFSPSW�HI�HMJIVIRXIW�GSQTVMQIRXSW�WIVÅ�

EXVMFYÑHE�E�WIKYMRXI�GSHMJMGEËÇS�

7ÑQFSPS�w�x�TEVE�PIXVE�%

7ÑQFSPS�w��xTEVE�PIXVE�6

7ÑQFSPS�w���xTEVE�PIXVE�5

7ÑQFSPS�w�����x�TEVE�PIXVE�9

� GPEVS� UYI� SW�QÍXSHSW� IQTVIKEHSW� RS�14)+�� WÇS�QEMW� GSQTPI\SW� HS� UYI�

S� WMQTPIW� I\IQTPS�QSWXVEHS�EGMQE��)RXVIXERXS�� IPI� WIVZI�TEVE�QSWXVEV�S�TVMRGÑTMS�

IQTVIKEHS�TEVE�GSQTVMQMV�SW�HEHSW�HI�YQE�XVERWQMWWÇS�HI�ZÑHIS�

&YJJIV�� Í� S�HMWTSWMXMZS�HIWXMREHS� E� GSRXVSPEV� S� JPY\S�HI�HEHSW�HS�14)+���

KEVERXMRHS�UYI�E�XE\E�HI�FMXW�RE�WEÑHE�HS�GSQTVIWWSV�WINE�WIQTVI�GSRWXERXI��3�

GSRXVSPI�HIWWE�XE\E�Í�JIMXS�HYVERXI�S�TVSGIWWS�HI�UYERXM^EËÇS��4EVE�MWWS��S�GMV�

GYMXS�HI�GSRXVSPI�HI�JPY\S�VIEPMQIRXE�GSQ�MRJSVQEËÇS�WSFVI�S�WXEXYW�HS�JPY\S�

HI�WEÑHE��TEVE�UYI�S�GMVGYMXS�HI�UYERXM^EËÇS�HS�('8�TSWWE�WIQTVI�EHIUYEV�S�

RÑZIP�HI�UYERXM^EËÇS�

������'SRWMHIVEËÙIW�KIVEMW

%T×W� XSHEW� IWWEW� IXETEW��E� XE\E�HI�GSQTVIWWÇS�SFXMHE�TSHI� WIV� WYTIVMSV� E�������

S�UYI� WMKRMJMGE�UYI�YQ�WMREP�HI�ZÑHIS�HI�,(8:�HMKMXEPM^EHE�UYI�TSWWYM�YQE�XE\E�

WYTIVMSV�E���+FTW�TEWWE�E�XIV�YQE�XE\E�HI� ���1FTW�HITSMW�HI�GSQTVMQMHS�

)\MWXIQ� ZÅVMSW� SYXVSW�QÍXSHSW� HI� GSQTVIWWÇS�� GSQS� S�14)+��� S�;1�� I� S�

,�����QEW�GSQS�RS�QSQIRXS�IWXIW�RÇS�IWXÇS�WIRHS�YWEHSW�TEVE�XVERWQMWWÇS�HI�8:�

XIVVIWXVI��RÇS�WIVÇS�HMWGYXMHSW�RIWXI�XVEFEPLS��

����'SQTVIWWÇS�HI�ÅYHMS

%�KEQE�HI�JVIUàÎRGMEW�EYHÑZIMW�TIPS�SYZMHS�LYQERS�ZEM�HI���,^�E���O,^��I�S�

PMQMXI� WYTIVMSV� ZEVME�HI�TIWWSE�TEVE�TIWWSE��4EVE�SFXIV� E�UYEPMHEHI�HI�'(��SFIHI�

GIRHS�ES�GVMXÍVMS�HI�2]UYMWX��Í�TVIGMWS�EQSWXVEV�S�WMREP�HI�ÅYHMS�TIPS�QIRSW��������

ZI^IW�TSV�WIKYRHS��9XMPM^ERHS�WI�G×HMKS�HI����FMXW��XIQ�WI�����/FMXW��WI�E�XVERWQMWWÇS�

JSV�TEVE�QÞWMGE�IWXÍVIS��E� XE\E� WIVÅ�HI����1FTW��7YVKI� IRXÇS�E�RIGIWWMHEHI�HI�YQ�

EPKSVMXQS�HI�GSQTVIWWÇS�UYI�VIHY^E�IWWE�XE\E�HI�FMXW��TEVE�TSWWMFMPMXEV�YQE�XVERWQMW�

WÇS�HI�QERIMVE�IJMGMIRXI�

3�GSHMJMGEHSV�HI�ÅYHMS�14)+�GSRWIKYI�VIHY^MV�E�XE\E�HI�HEHSW�HI�YQ�'(�IQ�

ETVS\MQEHEQIRXI����ZI^IW��WIQ�TIVHE�WMKRMJMGEXMZE�HE�UYEPMHEHI�

3�TVMRGMTEP�JEXSV�HS�UYEP�S�TVSGIWWS�WI�ZEPI�TEVE�IWWE�VIHYËÇS�GSRWMWXI�RS�YWS�HE�

GEVEGXIVÑWXMGE�HS�SYZMHS�LYQERS�HI�RÇS�WIV�YQ�ETEVIPLS�TIVJIMXS�TEVE�GETXEV�WSRW��S�

14)+�ETVSZIMXE�IWWEW�MQTIVJIMËÙIW�TEVE�GSQTVMQMV�S�ÅYHMS�
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%S� WI� SYZMV� YQE� SVUYIWXVE� XSGERHS� WMQYPXERIEQIRXI� ZMSPMRSW�� XVSQFIXEW� I� SW�

MRWXVYQIRXSW�HI�TIVGYWWÇS��SW�SYZMRXIW�RÇS�WÇS�GETE^IW�HI�GETXEV�XSHSW�SW�WSRW�WMQYP�

XERIEQIRXI�TSVUYI� EPKYRW�HSW� WSRW� IWXÇS� GEQYJPEHSW�TIPSW� WSRW�HSW� MRWXVYQIRXSW�

QEMW�JSVXIW��YQE�ZI^�UYI�S�SYZMHS�LYQERS�Í�QEMW�WIRWÑZIP�ESW�WSRW�QEMW�KVEZIW�HS�

UYI�ESW�WSRW�QEMW�EKYHSW�

9QE�KVEZEËÇS�IQ�'(�HIWWE�SVUYIWXVE�GSRXÍQ�XSHSW�SW�WSRW�HSW�MRWXVYQIRXSW�HE�

SVUYIWXVE��1EW��WI�EW�TEVXIW�UYI�EW�TIWWSEW�RÇS�WÇS�GETE^IW�HI�SYZMV�JSVIQ�VIQSZMHEW��

GSRWIKYI�WI�SYZMV�E�QIWQE�SVUYIWXVE�GSQ�E�QIWQE�UYEPMHEHI�HS�'(��(I�QERIMVE�

KIVEP��IWWI�Í�S�JYRGMSREQIRXS�HS�WMWXIQE�HI�GSQTVIWWÇS�HS�14)+�¥YHMS�

3�14)+�Í�S�TVMQIMVS�TEHVÇS�MRXIVREGMSREP�RS�HSQÑRMS�HI�GSQTVIWWÇS�HI�ÅYHMS�

HI�EPXE�JMHIPMHEHI��)Q�TEVXMGYPEV��S�14)+�HIJMRI�E�WMRXE\I�HE�WIUàÎRGME�HI�FMXW�HI�

ÅYHMS�GSHMJMGEHS�E�FEM\EW� XE\EW�HI�FMXW��3�EPKSVMXQS�HI�GSHMJMGEËÇS�RÇS�Í�HIJMRMHS�

TIPE�RSVQE�14)+�

Figura 25 +LHUDUTXLD�HQWUH�DV�FDPDGDV������H���GR�03(*�iXGLR

%�*MKYVE����QSWXVE�EW�LMIVEVUYMEW�HEW�GEQEHEW�HS�14)+�¥YHMS�

������14)+��¥YHMS

3�14)+��TVSZMHIRGME�S�IWUYIQE�HI�GSQTVIWWÇS�TEVE�JSRXIW�HI�ÅYHMS�IWXÍVIS�I�

QSRS�GSQ�UYEPMHEHI�WIQIPLERXI�E�'(�¥YHMS��%�TEVXI�HS�EPKSVMXQS�GSVVIWTSRHIRXI�

ES� ÅYHMS� Í� HMZMHMHE� IQ� XVÎW� GEQEHEW�� ���14)+��¥YHMS�'EQEHE����UYI� SJIVIGI�

QIRSV�XE\E�HI�GSQTVIWWÇS��I�Í�YWEHS�IQ�WMWXIQEW�HI�ÅYHMS�HI�GSRWYQS��%�WYE�ZER�

XEKIQ�Í�QIRSV�GYWXS�HI�MQTPIQIRXEËÇS�����14)+��¥YHMS�'EQEHE����UYI�SJIVIGI�

QEMSV�XE\E�HI�GSQTVIWWÇS���IRGSRXVEHS�IQ�ETPMGEËÙIW�TVSJMWWMSREMW�SY�IQ�ETPMGEËÙIW�

HI�GSRWYQS�QEMW� WSJMWXMGEHS��I� ���14)+��¥YHMS�'EQEHE����UYI�SJIVIGI�QEMSV�

XE\E�HI�GSQTVIWWÇS�I�Í�IRGSRXVEHS�IQ�6IHI�(MKMXEP�HI�7IVZMËSW�-RXIKVEHSW��6(7-��

3�WIY�GYWXS�Í�QEMSV�I�ETVIWIRXE�QEMSV�GSQTPI\MHEHI�HI�GSHMJMGEËÇS�I�HIGSHMJMGEËÇS�
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%�MHÍME�TVMRGMTEP�Í�UYI�YQE�ETPMGEËÇS�HS�14)+��ZMEFMPM^E�YWEV� E� GEQEHE�UYI�

SJIVIGI�S�QIPLSV�GSQTVSQMWWS�IRXVI�E�RIGIWWMHEHI�HI�GSQTYXEËÇS�I�S�HIWIQTIRLS�

HI�GSQTVIWWÇS��3�ÅYHMS�TSHI�WIV�GSHMJMGEHS�IQ�UYEPUYIV�YQE�HEW�GEQEHEW�

3�14)+��¥YHMS�HIWXMRE�WI�E�XVERWJSVQEV�WMREMW�HI�ÅYHMS�EQSWXVEHSW�E�XE\EW�HI�

��/,^������/,^�SY���/,^�I�GSHMJMGÅ�PSW�TEVE�YQE�XE\E�HI���/FTW�E����/FTW�

������14)+��¥YHMS

3�14)+��¥YHMS�JSM�HIWIRZSPZMHS�GSQ�FEWI�RS�14)+���JE^IRHS�GSQ�UYI�SW�

FIRIJÑGMSW�HIWXI�TVSTSVGMSREWWIQ�QEMSV�UYEPMHEHI�I�QEMSV�IJMGMÎRGME��TVSTMGMERHS�YQ�

TEHVÇS�HI�UYEPMHEHI�TEVE�WEXMWJE^IV�SW�VIUYMWMXSW�RIGIWWÅVMSW�TEVE�EW�VIHIW�HMKMXEMW�

Figura 26 &RGLILFDGRU�03(*�ÉXGLR

%PÍQ�HSW�GEREMW�QSRS�I�IWXÍVIS�UYI�S�14)+��WYTSVXE��JSM�EHMGMSREHS�WYTSVXI�

TEVE�QÞPXMTPSW�GEREMW��%WWMQ��S�14)+��XIQ�E�TSWWMFMPMHEHI�HI� WYTSVXEV�EXÍ�GMRGS�

GEREMW�HI�WSQ��IWUYIVHS��HMVIMXS��GIRXVS�I�HSMW�GEREMW�HI�WYVVSYRH�I�QEMW�YQ�GEREP�

HI�KVEZIW��SY��IQ�I\XIRWÇS��WIXI�GEREMW�QEMW�YQ�GEREP�HI�KVEZIW��-WWS�TSWWMFMPMXE�XIV�

IQ�GEWE�S�WSQ�GSQ�S�QIWQS�HIWIQTIRLS�HI�EPKYQEW�WEPEW�HI�GMRIQE��TIVQMXMRHS�E�

VITVSHYËÇS�HI�WSQ�IWXIVISJØRMGS�QEMW�VIEPMWXE��%W�JMKYVEW����I����QSWXVEQ�E�IWXVYXYVE�

HI�14)+�¥YHMS�

3�14)+��TSWWYM�SYXVEW�JYRËÙIW��GSQS�E�GEVEGXIVÑWXMGE�wQYPXMPÑRKàIx��TIVQMXMR�

HS��TSV�I\IQTPS��UYI�YQ�JMPQI�TSWWE�WIV�SYZMHS�IQ�HMJIVIRXIW�PMRKYEKIRW��HI�EGSVHS�

GSQ�E�IWGSPLE�HS�XIPIWTIGXEHSV��

Figura 27 'HFRGLILFDGRU�03(*�ÉXGLR

4EVE�IJIXYEV�E�GSQTVIWWÇS�HI�ÅYHMS��I\MWXIQ�HYEW�EPXIVREXMZEW��E�TVMQIMVE�GSRWMWXI�

IQ�VIHY^MV�E�JVIUàÎRGME�HI�EQSWXVEKIQ��I�E�WIKYRHE��IQ�VIHY^MV�E�VIWSPYËÇS�HE�EQSW�

XVE�TEVE�YQ�ZEPSV�MRJIVMSV��4EVE�WI�SFXIV�YQE�FSE�UYEPMHEHI��RÇS�WI�TSHI�JE^IV�KVERHIW�

EPXIVEËÙIW�RE� JVIUàÎRGME�HI�EQSWXVEKIQ��TSMW�S�SYZMHS�LYQERS�IWGYXE�EXÍ���O,^��

4IPS�XISVIQE�HI�2]UYMWX��Í�RIGIWWÅVMS�XIV�YQE�XE\E�HI�EQSWXVEKIQ�IUYMZEPIRXI�E�HYEW�

ZI^IW�E�JVIUàÎRGME�UYI�WI�HIWINE�XVERWQMXMV��TSVXERXS��Í�TVIGMWS�MV�EXÍ�����/�EQSWXVEW�

TSV�WIKYRHS�
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%�VE^ÇS�HI�IWGSPLIV�G×HMKS�HI����FMXW�HIZI�WI�ES�HIWINS�HI�SFXIV�FSE�VIPEËÇS�WMREP�

VYÑHS��HI�UYERXMJMGEËÇS�TVSZIRMIRXI�HS�TVSGIWWS�HI�HMKMXEPM^EËÇS�HS�WMREP��4EVE�GEHE�

FMX�UYI� WI� EHMGMSRE�ES� G×HMKS�LÅ�YQE�QIPLSVME�HI��H&�RE�VIPEËÇS� WMREP�VYÑHS��%S�

WI�YXMPM^EV�G×HMKS�HI���FMXW�TSV�EQSWXVE��TSHI�WI�EMRHE�TIVGIFIV�VYÑHS�HI�JYRHS�RSW�

QSQIRXSW�HI�WMPÎRGMS�HI�QÞWMGE��1EW��TEVE�IWWI�RÑZIP�HI�GSHMJMGEËÇS��WI�S�RÑZIP�HS�

WSQ�Í�IPIZEHS��RÇS�WI�SYZI�RIRLYQ�VYÑHS��)WWI�IJIMXS�Í�GLEQEHS�HI�)JIMXS�1ÅWGEVE��

I�Í�E�GLEZI�TEVE�S�QÍXSHS�HI�GSHMJMGEËÇS�YXMPM^EHS�TIPS�14)+��

'SQ�S� WMWXIQE�HI�'(�¥YHMS� GSRWIKYI�WI�YQE� VIPEËÇS� WMREP�VYÑHS�HI���H&��S�

UYI�IWXÅ�HIRXVS�HE�KEQE�HMRÆQMGE�HS�SYZMHS�LYQERS��TSMW�RIWXE�JEM\E�RÇS�WI�SYZI�

RIRLYQ�VYÑHS�

������1SHIPS�TWMGSEGÞWXMGS��IJIMXS�QÅWGEVE�I�FERHEW�GVÑXMGEW

3�QSHIPS�TWMGSEGÞWXMGS�FEWIME�WI�RS�IJIMXS�HE�WIRWMFMPMHEHI�HS�SYZMHS�LYQERS��

UYI� XIQ�YQE�KEQE�HMRÆQMGE�HI���H&�IQ�RÑZIMW�HI� WSQ��GYNE� JVIUàÎRGME�ZEVME�HI�

��,^�E���O,^��)RXVIXERXS��E�WIRWMFMPMHEHI�RÇS�Í�YRMJSVQI�TEVE�XSHE�KEQE�HI�JVI�

UàÎRGME��WIRHS�QEMW�WIRWÑZIP�RE�JEM\E�HI��O,^�E��O,^�

5YERHS�HSMW� XSRW�HI� JVIUàÎRGMEW� TV×\MQEW� IWXÇS� WMQYPXERIEQIRXI�TVIWIRXIW��S�

SYZMHS�LYQERS�TIVGIFI�QIPLSV�S�WSQ�GSQ�RÑZIP�QEMW�IPIZEHS��5YERHS�SW�HSMW�XSRW�

XÎQ�JVIUàÎRGMEW�QEMW�EJEWXEHEW�YQE�HE�SYXVE��S�SYZMHS�LYQERS�TIVGIFI�QEMW�RMXMHE�

QIRXI�E�TVIWIRËE�WMQYPXÆRIE�HSW�HSMW��%�IWWI�IJIMXS�HÅ�WI�S�RSQI�HI�)JIMXS�1ÅWGEVE�

z�IJIMXS�UYI�TIVQMXI�EYQIRXEV�S�RÑZIP�HI�VYÑHS�HI�JYRHS�Ä�ZSPXE�HS�WSQ�JSVXI��YQE�

ZI^�UYI�S�VYÑHS�NÅ�WIVÅ�QEWGEVEHS�

%� PEVKYVE� HI� FERHE� HEW� GYVZEW� HSW� WMREMW� UYI� GEYWEQ� S� )JIMXS�1ÅWGEVE� RÇS� Í�

TVSTSVGMSREP�Ä�JVIUàÎRGME��)WWE�PEVKYVE��GLEQEHE�HI�(MQIRWÇS�HI�&ERHE�'VMXMGE��Í�

HI�GIVGE�HI����,^�TEVE�FEM\EW�JVIUàÎRGMEW��EYQIRXERHS�QYMXS�TEVE�JVIUàÎRGMEW�QEMW�

IPIZEHEW�

YQ�FERGS�HI�JMPXVSW�TSPMJÅWMGSW�GSQ����WYF�FERHEW��SW�UYEMW�XÎQ�E�GEVEGXIVÑWXMGE�HI�

GSQFMREV�E�FEM\E�GSQTPI\MHEHI�GSQTYXEGMSREP�GSQ�STËÙIW�HI�MQTPIQIRXEËÇS�JPI\Ñ�

ZIMW��)WWEW�WYF�FERHEW�WÇS�MKYEPQIRXI�IWTEËEHEW�IQ�JVIUàÎRGME�

3�QSHIPS�TWMGSEGÞWXMGS�YWE�YQE�*EWX�*SYVMIV�8VERWJSVQIV��**8�HI�����TSRXSW�

��
��
��HI�QSHS�E�SFXIV�YQE�MRJSVQEËÇS�IWTIGXVEP�HIXEPLEHE�HS�WMREP��%�WEÑHE�HE�**8�

Í�YWEHE�TEVE�HIXIVQMREV�EW�QÅWGEVEW�XSREMW�I�QSRSXSREMW�HS�WMREP��VYÑHS��'EHE�QÅW�

GEVE�TVSHY^�YQ�PMQMEV�HI�QEWGEVEQIRXS�HITIRHIRXI�HE�WYE�XSREPMHEHI��MRXIRWMHEHI�

I�JVIUàÎRGME��4EVE�GEHE�WYF�FERHE��SW�PMQMEVIW�HI�QEWGEVEQIRXS�WÇS�GSQFMREHSW�HI�

QSHS�E�JSVQEV�YQ�PMQMEV�KPSFEP�HI�QEWGEVEQIRXS��)WWI�PMQMEV�Í�GSQTEVEHS�GSQ�S�

RÑZIP�HS�WMREP�TEVE�GEHE�WYF�FERHE��TVSHY^MRHS�YQE�VIPEËÇS�WMREP�QÅWGEVE��SY�7MKREP�

1EWO�6EXI��716��UYI�Í�E�IRXVEHE�HS�UYERXM^EHSV�



��
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3�UYERXM^EHSV�GSHMJMGEHSV� I\EQMRE� EW� EQSWXVEW� HI� GEHE� WYF�FERHE�� TVSGYVE� S�

ZEPSV�QÅ\MQS�EFWSPYXS�I�UYERXM^E�E���FMXW��)WWI�ZEPSV�Í�GLEQEHS�HI�JEXSV�HI�IWGEPE�

HE�WYF�FERHE��%�WIKYMV��HIXIVQMRE�E�EPSGEËÇS�HI�FMXW�TEVE�GEHE�WYF�FERHE���TSWWÑZIP�

QIWQS�UYI�IQ�FERHEW�QYMXS�QEWGEVEHEW�WINE�SFXMHS�S�VIWYPXEHS�w��FMXx��HI�QSHS�

UYI� RIRLYQE� EQSWXVE� WINE� GSHMJMGEHE�� *MREPQIRXI�� EW� EQSWXVEW� HE� WYF�FERHE� WÇS�

PMRIEVQIRXI�UYERXM^EHEW��3�IQTEGSXEHSV�HE�XVEQE�XIQ�YQ�XVEFEPLS�QYMXS�WMQTPIW��

'EHE�XVEQE�GSQIËE�GSQ�YQE�MRJSVQEËÇS�HI�GEFIËEPLS�UYI�WIVÅ�YWEHE�TEVE�WMRGVSRM�

^EËÇS�I�GSRXEFMPM^EËÇS�I�YQ�G×HMKS�GÑGPMGS��'6'��YWEHS�TEVE�HIXIGËÇS�I�GSVVIËÇS�HI�

IVVSW��'EHE�YQE�HEW����WYF�FERHEW�YWE���FMXW�TEVE�EPSGEËÇS�HI�FMXW�I���FMXW�TEVE�JEXSV�

HI�IWGEPE��3W�FMXW�VIWXERXIW�HE�XVEQE�WÇS�YWEHSW�TEVE�EQSWXVEW�HE�WYF�FERHE��GSQ�YQE�

GEYHE�EHMGMSREP�TEVE�MRJSVQEËÇS�I\XVE�

'EQEHE����9WE� YQ�FERGS�HI� JMPXVSW� TSPMJÅWMGSW� HI���� WYF�FERHEW��3�QSHIPS�TWM�

GSEGÞWXMGS� Í� WIQIPLERXI� ES�HE�'EQEHE���TSVÍQ�YWE�YQE�*EWX�*SYVMIV�8VERWJSVQIV�

�**8�HI�������TSRXSW�TEVE�QEMSV�VIWSPYËÇS�HI�JVIUàÎRGME��9WE�XEQFÍQ�S�QIWQS�

TVSGIHMQIRXS�UYI�E�'EQEHE���TEVE�TVSHY^MV�EW�VIPEËÙIW�WMREP�QÅWGEVE�TEVE�GEHE�YQE�

HEW����WYF�FERHEW�

3�UYERXM^EHSV�GSHMJMGEHSV�Í�XEQFÍQ�WIQIPLERXI�ES�HE�'EQEHE����KIVERHS�JEXS�

VIW�HI�IWGEPE�HI���FMXW�TEVE�GEHE�WYF�FERHE��%W�XVEQEW�HE�'EQEHE��� WÇS� XVÎW�ZI^IW�

QEMW� PSRKEW�UYI�EW� XVEQEW�HE�'EQEHE����EWWMQ�E�'EQEHE���TIVQMXI�E�GEHE�FERHE�

YQE�WIUàÎRGME�HI�XVÎW�JEXSVIW�HI�IWGEPE�WYGIWWMZSW��I�S�GSHMJMGEHSV�YWE�YQ��HSMW�SY�

XVÎW��HITIRHIRHS�HS�UYERXS�IPIW�HMJIVIQ�YRW�HSW�SYXVSW��-WWS�VIWYPXE�RYQ�JEXSV�HI�

HSMW�RE�VIHYËÇS�HS�HÍFMXS�FMRÅVMS�TEVE�SW�JEXSVIW�HI�IWGEPE��UYERHS�GSQTEVEHS�GSQ�

SW�HE�'EQEHE����%W�EPSGEËÙIW�HI�FMXW�WÇS�GEPGYPEHEW�HI�QERIMVE�WMQMPEV�Ä�HE�'EQEHE�

���3�IQTEGSXEHSV�HE�XVEQE�YWE�YQE�IWXVYXYVE�HI�GEFIËEPLS�I�G×HMKS�GÑGPMGS��'6'�

WMQMPEV�ES�HE�'EQEHE���

3�RÞQIVS�HI�FMXW� YWEHSW� TEVE� HIWGVIZIV� EW� EPSGEËÙIW� HI� FMXW� ZEVME� GSQ� E� WYF�

FERHE�

��TEVE�EW�WYF�FERHEW�FEM\EW

��TEVE�EW�WYF�FERHEW�MRXIVQIHMÅVMEW

��TEVE�EW�WYF�FERHEW�EPXEW

3W� JEXSVIW�HI�IWGEPE� �YQ��HSMW�SY� XVÎW��HITIRHIRHS�HSW�HEHSW� WÇS�GSHMJMGEHSW�

IQ�GSRNYRXS�GSQ�YQ�G×HMKS�HI���FMXW�UYI�HIWGVIZI�UYEP�GSQFMREËÇS�HI�JEXSVIW�HI�

IWGEPE�WI�XVEXE�

%W� EQSWXVEW� HE� WYF�FERHE� WÇS� UYERXMJMGEHEW� HI� EGSVHS� GSQ� E� VIPEËÇS� HI� FMXW��

WIRHS�IRXÇS�GSQFMREHEW�IQ�KVYTSW�HI�XVÎW�HIRSQMREHSW�KVÆRYPSW��'EHE�KVÆRYPS�Í�

GSHMJMGEHS�GSQ�YQE�TEPEZVE�HI�G×HMKS��-WWS�TIVQMXI�UYI�E�'EQEHE���GETXYVI�QYMXS�

QEMW�VIHYRHÆRGME�HS�WMREP�UYI�E�'EQEHE���
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JMPXVSW�TSPMJÅWMGSW�TEVE�E�HMZMWÇS�REW����FERHEW�TVMRGMTEMW��WIKYMHE�HI�YQE�JMPXVEKIQ�

YWERHS�1SHMJMIH�(MWGVIX�'SWIRS�8VERWJSVQIV� �1('8�TEVE� WYFHMZMWÇS� IQ���� WYF�

FERHEW�HI�GEHE�YQE�HEW����WYF�FERHEW�TVMRGMTEMW��VIWYPXERHS�IQ�����WYF�FERHEW��

TVSZIRHS�YQ�GÅPGYPS�QEMW�TVIGMWS�HSW�PMQMEVIW�HI�QEWGEVEQIRXS�

3�UYERXM^EHSV�GSHMJMGEHSV�Í�QEMW�WSJMWXMGEHS�I�TIVQMXI�XVEQEW�HI�JSVQEXS�ZEVMÅZIP��

%�VIHYRHÆRGME�Í�EGSQTERLEHE�TSV�YQ�TVSGIWWS�HI�GSHMJMGEËÇS�HI�,YJJQER��E�JMQ�HI�

ETVSZIMXEV�EW�TVSTVMIHEHIW�IWXEXÑWXMGEW�HS�WMREP�HI�WEÑHE�HS�IWXÅKMS�TWMGSEGÞWXMGS�

3�IQTEGSXEHSV�HE�XVEQE� MRGPYM�YQE�VIWIVZE�HI�FMXW�UYI�TIVQMXI�UYI�QEMW�FMXW�

WINEQ�YWEHSW�IQ�TSVËÙIW�HS�WMREP�UYI�HIPIW�RIGIWWMXIQ��XSVRERHS�WI�EWWMQ�RYQ�JSV�

QEXS�:EVMEFPI�&MX�6EXI���&6�

%�'EQEHE���XIQ�GSQS�SFNIXS�ETPMGEËÙIW�IQ�UYI�YQE�RIGIWWMHEHI�GVÑXMGE�HI�FEM\SW�

HÍFMXSW�FMRÅVMSW�NYWXMJMUYI�S�WSJMWXMGEHS�WMWXIQE�HI�GSHMJMGEËÇS�UYI�I\MKI�KVERHI�TSHIV�

GSQTYXEGMSREP�� 4IVQMXI� VIWYPXEHSW� HI� EPXE� UYEPMHEHI� E� XE\EW� HI� XVERWQMWWÇS�QYMXS�

FEM\EW��GSQS���/FTW��4SHI�WIV�YWEHE�IQ�VIHI�HI�6IHI�(MKMXEP�HI�7IVZMËSW�-RXIKVEHSW�

�6(7-��UYI�TSHI�XVERWTSVXEV�ÅYHMS�IQ�XIQTS�VIEP�GSQ�UYEPMHEHI�HI�'(�

3� RÑZIP� HI� GSQTVIWWÇS� I� HI� UYEPMHEHI� EPGERËEHSW� TSV� IWXI� WMWXIQE� HIZIQ�WI�

TVMRGMTEPQIRXI� Ä� YXMPM^EËÇS� HS� TVSGIWWS� HI� GSHMJMGEËÇS� TSV� WYF�FERHE�� I� FEWIEHS�

RYQ�QSHIPS�TWMGSEGÞWXMGS�HS�SYZMHS�LYQERS�UYI�TIVQMXI�QEWGEVEV�E�TIVGITËÇS�HI�

UYEPUYIV�VYÑHS�MRXVSHY^MHS�RS�WMREP�HI�ÅYHMS�ET×W�S�TVSGIWWS�HI�GSQTVIWWÇS��

��4%(6¹)7�()�8:�(-+-8%0

2IWXI� GETÑXYPS� WIVÇS� ETVIWIRXEHEW� EW� TVMRGMTEMW� GEVEGXIVÑWXMGEW� HI� XVERWQMWWÇS� I�

VIGITËÇS�HSW�XVÎW�TVMQIMVSW�TEHVÙIW�HI�8:�(MKMXEP��E�WEFIV�

E�%87'��%HZERGIH�8IPIZMWMSR�7]WXIQ�'SQMXII��%QIVMGERS

F�(:&�z8��(MKMXEP�:MHIS�&VSEHGEWXMRK�z�8IVVIWXVMEP��)YVSTIY

G�-7(&�z�8��-RXIKVEXIH�7]WXIQ�(MKMXEP�&VSEHGEWXMRK�z�8IVVIWXVMEP��.ETSRÎW

9QE�MQEKIQ�HI�ZÑHIS�HI�EPXE�HIJMRMËÇS�GSQS�E�HI�,(8:��,MKL�(IJMRMXMSR�8:��

UYERHS�HMKMXEPM^EHE��GSRZIVXI�WI�IQ�YQ�JIM\I�HMKMXEP�HI�EPXÑWWMQE�XE\E�HI�FMXW�HE�SVHIQ�

HI��+FTW��ZIPSGMHEHI�MRGSQTEXÑZIP�GSQ�E�PEVKYVE�HI�FERHE�HI��1,^�VIWIVZEHE�TEVE�

XVERWQMWWÇS�HI�YQ�GEREP�HI�8:��4SV�IWWE�VE^ÇS�XSVRSY�WI�RIGIWWÅVMS�GSQTVMQMV�S�JIM\I�

HMKMXEP�HI��+FTW�TEVE�YQE�XE\E�HI�FMXW�HI�ETVS\MQEHEQIRXI���1FTW�

)WWE�EPXE�XE\E�HI�GSQTVIWWÇS�JSM�EPGERËEHE�TIPE�ETPMGEËÇS�HS�EPKSVMXQS�HI�GSQ�

TVIWWÇS�HIRSQMREHS�14)+���MKYEPQIRXI�EHSXEHS�TIPSW�XVÎW�TEHVÙIW�HI�8:�(MKMXEP�

2ÇS�WSQIRXI�E� MQEKIQ��QEW� XEQFÍQ�S�WSQ�WSJVIY�QIPLSVMEW�GSRWMHIVÅZIMW�RE�

UYEPMHEHI�� MRGSVTSVERHS� JEGMPMHEHIW� TEVE� TIVQMXMV� E� YXMPM^EËÇS� HS� WSQ� QYPXMGEREP�

�QEMW�HI�HSMW�GEREMW��2IWWI�GEWS��JSM�XEQFÍQ�RIGIWWÅVMS�GSQTVMQMV�S�WMREP�HI�ÅYHMS�

HMKMXEPM^EHS��5YERXS� ES� ÅYHMS�� GEHE�TEHVÇS�HI�8:�(MKMXEP� IWGSPLIY� EPKSVMXQSW�HI�



��
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HMKMXEPM^EËÇS�I�SY�GSQTVIWWÇS�HMJIVIRXIW��UYI�WIVÇS�GSQIRXEHSW�UYERHS�HE�HIWGVMËÇS�

HI�GEHE�YQ�HSW�TEHVÙIW�

%PÍQ�HS�ÅYHMS�I�ZÑHIS��EPKYQEW�MRJSVQEËÙIW�GSQTPIQIRXEVIW�I�JEGMPMHEHIW�STIVE�

GMSREMW�WÇS�QYPXMTPI\EHEW�ÄW�MRJSVQEËÙIW�GSQTVMQMHEW�HI�ÅYHMS�I�ZÑHIS�TEVE�JSVQEV�

S�JIM\I�HMKMXEP��ETVS\MQEHEQIRXI���1FTW�UYI�IRXVE�RS�1SHYPEHSV�

3�1SHYPEHSV��MRHITIRHIRXIQIRXI�HS�TEHVÇS��Í�GSRWXMXYÑHS�FEWMGEQIRXI�TSV�XVÎW�

FPSGSW�JYRGMSREMW��E�WEFIV�

'SHMJMGEHSV��GSRJIVI�E�RIGIWWÅVME�VSFYWXI^�E�MRXIVJIVÎRGMEW�ES�WMREP�HMKMXEPM^EHS�

)WXVYXYVEHSV�HI�UYEHVS��QSRXE�E�IWXVYXYVE�HI�UYEHVS�HI�WMREP�HMKMXEP�I�EGVIWGIRXE�

E�IWXVYXYVE�HI�UYEHVS�HI�WMREP�HMKMXEP�I�MRJSVQEËÙIW�HI�WMRGVSRMWQS�I�GSRXVSPI�

1SHYPEHSV� �:7&� SY� '3*(1�� IJIXYE� E�QSHYPEËÇS� HE� TSVXEHSVE� SY� TSVXE�

HSVEW�� I� XVERWTSVXE� S� WMREP�QSHYPEHS� TEVE� E� *VIUàÎRGME� -RXIVQIHMÅVME� �*-��

SGYTERHS�YQ�GEREP�HI��1,^�HI�FERHE�

%T×W�E�QSHYPEËÇS��WIKYI�WI�YQE�IXETE�HI�GSRZIVWÇS�HI�JVIUàÎRGME�UYI�XVERWJIVI�

S�WMREP�QSHYPEHS�IQ�*-�TEVE�E�JVIUàÎRGME�HS�GEREP�HI�8:�(MKMXEP�HIWINEHS��%�IXETE�

HI� GSRZIVWÇS� WIKYI� E� HI� I\GMXEËÇS� I� EQTPMJMGEËÇS� HI� TSXÎRGME�� SRHI� IRXÇS� S� WMREP�

QSHYPEHS�WIVÅ�MRWIVMHS�RE�ERXIRE�HI�XVERWQMWWÇS�

�����7MWXIQE�SY�TEHVÇS�%87'

3�WMWXIQE�EQIVMGERS�%87'
�
JSM�MRXVSHY^MHS�RSW�)WXEHSW�9RMHSW�IQ�������I�XIQ�

GSQS�TVMRGMTEP�GEVEGXIVÑWXMGE�WIV�QSRSTSVXEHSVE��TSVXEHSVE�ÞRMGE�GSQ�QSHYPEËÇS�

HI�EQTPMXYHI�HI���RÑZIMW�RE�ZIVWÇS���:IWXMKMEP�7MHIFERH���:7&��SGYTERHS�E�QIWQE�

FERHE�HI��1,^�YXMPM^EHE�RS�WMWXIQE�EREP×KMGS��%�*MKYVE����QSWXVE�E�IWXVYXYVE�HI�

YQ�XVERWQMWWSV�GSQ�QSHYPEËÇS��:7&�HS�WMWXIQE�%87'�

Figura 28 Diagrama do modulador 8VSB
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3�WMWXIQE�HI�GSQTVIWWÇS�HI�WMREP�HI�ZÑHIS�Í�S�14)+���)WWI�ZÑHIS�GSQTVMQMHS��

QEMW�SW�GEREMW�HI� WSQ�GSQTVMQMHS�I�QEMW�S�GEREP�HI�HEHSW�GSQTPIQIRXEVIW�QYP�

XMTPI\EHSW� JSVQEQ�S� JIM\I�HMKMXEP�HI�XE\E�HI�FMXW�GSRWXERXI�������1FTW�UYI�IRXVE�

RS�QSHYPEHSV��%�*MKYVE����HIXEPLE�YQ�HMEKVEQE�IQ�FPSGSW�HS�1SHYPEHSV��:7&�

GSQTPIXS�I�GMVGYMXSW�GSQTPIQIRXEVIW�

7IVÇS�E�WIKYMV�HIWGVMXEW��HI�JSVQE�VIWYQMHE��EW�JYRËÙIW�HI�GEHE�FPSGS�UYI�GSQTÙI�

SW�QEGVSFPSGSW�HS�'SHMJMGEHSV��)WXVYXYVEHSV�HI�5YEHVS�I�1SHYPEHSV��:7&�

������'SHMJMGEHSV

3�QEGVSFPSGS�HS�'SHMJMGEHSV�Í�JSVQEHS�TIPSW�FPSGSW�HS�7MRGVSRM^EËÇS�HI�5YE�

HVS��%PIEXSVM^EHSV�HI�(EHSW��6ERHSQM^IV��'SHMJMGEHSV�6IIH�7SPSQSR��)RXVIPEËEHSV�

HI�(EHSW�I�S�'SHMJMGEHSV�HI�8VIPMËE��8VIPPMW�)RGSHIV�

��������7MRGVSRM^EHSV�HI�UYEHVS�

3� JIM\I� HMKMXEP� HI� �����1FTW� UYI� IRXVE� RIWXI� FPSGS� Í� JSVQEHS� TSV� TEGSXIW�

WIUàIRGMEMW�HI�����F]XIW��WIRHS���F]XI�HI�WMRGVSRMWQS��MHIRXMJMGE�S�MRÑGMS�HS�TEGSXI�

I�����F]XIW�HI�MRJSVQEËÇS�ÞXMP��HEHSW�ÞXIMW��)WXI�FPSGS�MHIRXMJMGE�SW�TSRXSW�HI�MRÑGMS�

I�S�JMQ�HI�GEHE�TEGSXI�I�VIQSZI�S�F]XI�HI�WMRGVSRMWQS��UYI�RÇS�XIQ�QEMW�YXMPMHEHI�

EPKYQE��ERXIW�HI�MRNIXÅ�PSW�RS�%PIEXSVM^EHSV�HI�(EHSW�

��������6ERHSQM^IV�SY�EPIEXSVM^EHSV

%�WYE�TVMRGMTEP�JYRËÇS�Í�XSVREV�EPIEX×VME�E�HMWXVMFYMËÇS�HSW�F]XIW�HIRXVS�HI�GEHE�

TEGSXI�HI�HEHSW��)WXE�EPIEXSVM^EËÇS�HSW�F]XIW�Í�RIGIWWÅVME�TEVE�IZMXEV�UYI��HIZMHS�Ä�

VITIXMËÇS�HI�TEHVÙIW�HI�HEHSW��S� IWTIGXVS�HI� JVIUàÎRGMEW�HS� WMREP�QSHYPEHS�TSWWE�

GSRXIV� IRIVKME� GSRGIRXVEHE� IQ� HIXIVQMREHEW� JVIUàÎRGMEW� HIWXI� IWTIGXVS�� 7I� MWWS�

EGSRXIGIWWI��TSHIVME�GSQTVSQIXIV�E�MQYRMHEHI�ÄW�MRXIVJIVÎRGMEW�HS�WMREP�XVERWQMXMHS�

HI�,(8:� I� EYQIRXEVME� E� TSWWMFMPMHEHI� HI� MRXIVJIVÎRGME� IQ� SYXVSW� GEREMW� HI�8:��

TVMRGMTEPQIRXI�RSW�HI�8:�EREP×KMGE�

3�EPIEXSVM^EHSV�TVSHY^�YQ�IWTIGXVS�WIQIPLERXI�ES�VYÑHS�FVERGS�I�Í�GSRWXMXYÑHS�

FEWMGEQIRXI� TSV� YQ� KIVEHSV� HI�4WIYHS� 6ERHSQ� &]REV]� 7IUYIRGI� �46&7� WSQEHS�

GSQ�YQ�WSQEHSV�Q×HYPS���ES�WMREP�ÞXMP�HI�HEHSW�

��������6IIH�7SPSQSR

)WXI�GSHMJMGEHSV��QSWXVEHS�RE�*MKYVE�����XIQ�GSQS�JYRËÇS�TVMRGMTEP�TIVQMXMV�ES�

VIGITXSV�HIXIGXEV�I�GSVVMKMV�IVVSW�UYI�ETEVIËEQ�RS�WMREP�HMKMXEP�HIQSHYPEHS�I�VIKIRI�

VEHS��)PI�Í�YQ�*SV[EVH�)VVSV�'SVVIGXMSR�'SHI��*)'�TIVXIRGIRXI�Ä�JEQÑPME�HSW�&PSG�

'SHIW�HS�XMTS�&',�
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Figura 29 Codificador Reed Solomon��'DGRV�GH�HQWUDGD�H�VDtGD

4EVE�GEHE�����F]XIW�IPI�EGVIWGIRXE����F]XIW�HI�VIHYRHÆRGME��3�GSRNYRXS�HI�����

F]XIW�EWWMQ�JSVQEHS�Í�RSQIEHS�HI�(EXE�7IKQIRX�YWIJYPP��(7
9
��)WWI�GSHMJMGEHSV�TIV�

QMXI�ES�VIGITXSV�HIXIGXEV�I�GSVVMKMV�EXÍ����F]XIW�IVVEHSW�VIGIFMHSW�IQ�GEHE�(7
9
�
�
)WXI�

GSHMJMGEHSV�6IIH�7SPSQSR��HIZMHS�ES�EGVÍWGMQS�HI�F]XIW�HI�VIHYRHÆRGME��EYQIRXE�E�

XE\E�HI�FMXW�HS�WMREP�HMKMXEP�HI�IRXVEHE�UYI�IVE�HI������1FTW�TEVE������1FTW��S�UYI�

UYI�Í�IUYMZEPIRXI�E��������(7
9�
TSV�WIKYRHS��%�*MKYVE����MPYWXVE�SW�WMREMW�RE�IRXVEHE�

I�WEÑHE�HS�GSHMJMGEHSV�6IIH�7SPSQSR�

��������)RXVIPEËEHSV�HI�HEHSW�SY�(EXE�-RXIVPIEZIV

8IQ�TSV�TVMRGMTEP� JYRËÇS�IQFEVEPLEV�SW�F]XIW�HS�GEREP�HI�IRXVEHE��3�SFNIXMZS�

HIWXI�IQFEVEPLEQIRXS�Í�TIVQMXMV�ES�HIWIQFEVEPLEHSV��PSGEPM^EHS�RS�VIGITXSV��IWTE�

PLEV�YRMJSVQIQIRXI�SW�IVVSW�GEYWEHSW�TSV�MRXIVJIVÎRGMEW�HS�XMTS�FYVWX��VYÑHS�MQTYPWM�

ZS��TSV�I\IQTPS�UYI�SGSVVI�RE�XVERWQMWWÇS�HS�GEREP�HI�8:��-RXIVJIVÎRGMEW�HIWWI�XMTS�

YWYEPQIRXI�TVSZSGEQ�IVVSW�IQ�GEWGEXE�RS�WMREP�HMKMXEP�HIQSHYPEHS�TIPS�VIGITXSV��3�

HIGSHMJMGEHSV�6IIH�7SPSQSR�TIVHI�IJMGMÎRGME�UYERHS�SW�IVVSW�ETEVIGIQ�XSHSW�EKVY�

TEHSW�WIUàIRGMEPQIRXI��%S�TIVQMXMV�IWTEPLEV�IWWIW�IVVSW��S�HIWIQFEVEPLEHSV�TVSTMGME�

YQ�JYRGMSREQIRXS�QEMW�IJMGMIRXI�HS�HIGSHMJMGEHSV�6IIH�7SPSQSR�

)WXI�HIWIQFEVEPLEHSV�HMWTIVWE�SW�HEHSW�WSFVI�YQ�MRXIVZEPS�HI��QW��IUYMZEPIRXI�

E����WIKQIRXSW�(7
9
�

%�XE\E�HI�FMXW�RE�WEÑHE�HIWXI�FPSGS�Í�E�QIWQE�TVIWIRXI�RE�WYE�IRXVEHE�

%
�
STIVEËÇS�HIWXI�HIWIQFEVEPLEHSV�IWXÅ�WMRGVSRM^EHE�Ä�JMKYVE�HS�WMRGVSRMWQS�HI�

UYEHVS��*VEQI�7]RG�HS�WMWXIQE��ZINE�S�FPSGS�)WXVYXYVEHSV�HI�5YEHVS�

��������'SHMJMGEHSV�GSRZSPYGMSREP�SY�8VIPPMW�)RGSHIV�

)WXI�GSHMJMGEHSV�EKI�HI�JSVQE�GSQTPIQIRXEV�ES�GSHMJMGEHSV�6IIH�7SPSQSR�I�XEQ�

FÍQ�XIQ�TSV�TVMRGMTEP�SFNIXMZS�HIXIGXEV�I�GSVVMKMV�IVVSW�MRXVSHY^MHSW�TIPEW�MRXIVJIVÎR�

GMEW�RS�GEREP�HI�XIPIZMWÇS��3�UYI�S�HMJIVI�HS�6IIH�7SPSQSR�Í�E�QERIMVE�HI�GSVVMKMV�SW�

IVVSW��8IGRMGEQIRXI�JEPERHS��IPI�Í�YQ�GSHMJMGEHSV�'SRZSPYGMSREP�HS�XMTS�9RKIVFSIGO�
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'SHI�PMRIEV�HI�UYEXVS�IWXEHSW��4EVE�GEHE�HSMW�FMXW�KIVEHSW�RE�WYE�IRXVEHE�WÇS�KIVEHSW�

XVÎW�FMXW�RE�WYE�WEÑHE��WIRHS�S�TVMQIMVS�FMX�HI�IRXVEHE�GSTMEHS�RE�WEÑHE��3�WIKYRHS�

FMX�HI�IRXVEHE�KIVE�HSMW�FMXW�RE�WEÑHE��YWERHS�YQ�GSHMJMGEHSV�HI�VE^ÇS������%WWMQ��

UYEXVS�TSWWÑZIMW�IWXEHSW�HI�IRXVEHE���
�
�VIWYPXEQ�IQ�SMXS�TSWWÑZIMW�IWXEHSW�RE�WEÑHE�

��
�
��3FXÍQ�WI��TSVXERXS�YQ�GSHMJMGEHSV�HI�XVIPMËE�HI�VE^ÇS�����

'EHE�YQ�HIWWIW�XVÎW�FMXW�HI�WEÑHE�Í�GLEQEHS�HI�WÑQFSPS��)\MWXIQ��TSVXERXS�SMXS�

��
�
�WÑQFSPSW�HMJIVIRXIW��I�GEHE�WÑQFSPS�MVÅ�VITVIWIRXEV�YQ�IWXEHS�HMJIVIRXI�HI�EQTPM�

XYHI�HS�WMREP�QSHYPEHS�RS�FPSGS�QSHYPEHSV�

2E�IRXVEHE�HS�GSHMJMGEHSV��YQ�(EXE�7IKQIRX��(7�VITVIWIRXE�����F]XIW��(7
9
�I�

QEMW�YQ�F]XI�HI�WMRGVSRMWQS�HS�(7��ZINE�E�*MKYVE�����%S�TEWWEV�TIPS�GSHMJMGEHSV�HI�

XVIPMËE�HI�VE^ÇS������SW�������FMXW�HSW�����F]XIW�I�SW���FMXW�HI�WMRGVSRMWQS�WI�XVERWJSV�

QEQ��VIWTIGXMZEQIRXI��IQ�������FMXW�I����FMXW��SY�WINE������WÑQFSPSW�I���WÑQFSPSW�

Figura 30 &RGLILFDGRU�GH�WUHOLoD�²�'DGRV�QD�HQWUDGD�H�VDtGD

%�XE\E�HI�FMXW�RE�WEÑHE�HS�GSHMJMGEHSV�EYQIRXSY�RE�VE^ÇS�HI������SY�WINE��TEWWSY�

HI�ETVS\MQEHEQIRXI������1FTW�TEVE�������1FTW�

������)WXVYXYVEHSV�HI�UYEHVS

3�QEGVSFPSGS�HS�)WXVYXYVEHSV�HI�5YEHVS�Í�JSVQEHS�TIPSW�FPSGSW�HS�1YPXMTPI�

\EHSV�I�HS�-RWIVWSV�HI�TMPSXS�

��������1YPXMTPI\EHSV

%� TVMRGMTEP� JYRËÇS� HIWXI� FPSGS� Í�� E� TEVXMV� HSW�(EXE� 7IKQIRX� �(7� HI� IRXVEHE��

QSRXÅ�PSW�HIRXVS�HE�IWXVYXYVE�HI�YQ�UYEHVS��GSQS�QSWXVEHS�RE�*MKYVE�����'EHE�

UYEHVS��(EXE�*VEQI�GSRWMWXI�IQ�HSMW�GEQTSW��(EXE�*MIPH��GEHE�YQ�GSRXIRHS�����

(7W��(EXE�7IKQIRX�
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Figura 31 Estrutura do quadro

3�TVMQIMVS�(7�HI�GEHE�GEQTS�GSRXÍQ�S�WMREP�SY�JMKYVE�HI�WMRGVSRMWQS�HI�UYE�

HVS��(EXE�*MIPH�7]RG��)WXE�JMKYVE�TIVQMXI�ES�VIGITXSV�MHIRXMJMGEV�SW�GEQTSW�IQ�UYI�

SW�(7W�JSVEQ�EKVYTEHSW�I�XEQFÍQ�TVSZÎ�E�WIUàÎRGME�HI�XVIMREQIRXS�YXMPM^EHE�TIPS�

IUYEPM^EHSV�HS�VIGITXSV�

Figura 32 0DSHDGRU�GH�VtPERORV
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'EHE� WIKQIRXS�GEVVIKE�RSW�UYEXVS�TVMQIMVSW� WÑQFSPSW� E� JMKYVE�HI� WMRGVSRMWQS�

HS�WIKQIRXS��(EXE�*MIPH�7]RG�UYI�WIVZI�TEVE�S� VIGITXSV� PSGEPM^EV�S� MRÑGMS�HI�GEHE�

WIKQIRXS�

1YPXMTPI\EHSV�EGVIWGIRXE�EW�JMKYVEW�HS�WMRGVSRMWQS�HI�UYEHVS��(EXE�*MIPH�7]RG�I�

HS�WMRGVSRMWQS�HI�WIKQIRXS��(EXE�7IKQIRX�7]RG��KIVEHEW�I\XIVREQIRXI�ESW�(7W�HI�

IRXVEHE�TEVE�GSQTSV�S�WMREP�HI�WEÑHE�HS�QYPXMTPI\EHSV�

%�XE\E�HI�FMXW�RE�WEÑHE�HS�QYPXMTPI\EHSV�Í�EKSVE�HI�ETIREW������1FTW��SY�WINE��

ETVS\MQEHEQIRXI�������1IKE�WÑQFSPSW�TSV�WIKYRHS��

��������-RWIVWSV�HI�TMPSXS

2IWXI�FPSGS�S�WMREP�HMKMXEP�Í�GSRZIVXMHS��WÑQFSPS�TSV�WÑQFSPS��IQ�YQ�HSW�SMXS�

RÑZIMW� RSQMREMW� HI� XIRWÇS�� GSRJSVQI� E� IUYMZEPÎRGME� QSWXVEHE� RE� *MKYVE� ���� 9Q�

TIUYIRS�WMREP�('��������Í�EGVIWGIRXEHS�E�GEHE�WÑQFSPS��HI�QSHS�UYI�RE�QSHY�

PEËÇS��:7&�IWXI�WMREP�KIVI�YQ�TMPSXS�IQ�JEWI�I�RE�QIWQE�JVIUàÎRGME�HE�TSVXEHSVE�

WYTVMQMHE�TIPS�QSHYPEHSV�%1�(7&�7'�UYI�WYGIHI�ES�FPSGS�HS�-RWIVWSV�HI�4MPSXS��

)WWI�VIWÑHYS�HI�TSVXEHSVE��TMPSXS�TIVQMXI�ES�VIGITXSV�VIEPM^EV�E�HIXIGËÇS�WÑRGVSRE�

HS�WMREP��:7&��%�TSXÎRGME�HIWXI�TMPSXS�IWXÅ�ETVS\MQEHEQIRXI�E�����H&�EFEM\S�HE�

TSXÎRGME�QÍHME�HS�WMREP�HI�HEHSW�QSHYPEHS�IQ��:7&��-WWS�GSVVIWTSRHI�E�ETVS\MQE�

HEQIRXI��	�HE�TSXÎRGME�XSXEP�XVERWQMXMHE�

������1SHYPEHSV��:7&�

3�FPSGS�1SHYPEHSV��:7&�Í�JSVQEHS�TIPSW�FPSGSW�%1�(7&�7'��*MPXVS�HI�:7&�I�

*MPXVS�HI�2]UYMWX��%�*MKYVE����MPYWXVE�IWWIW�XVÎW�FPSGSW�UYI�GSRWXMXYIQ�S�QSHYPEHSV�

�:7&�

��������1SHYPEHSV�%1�(7&�7'��%QTPMXYHI�1SHYPEXIH�z�(SYFPI�7MHI�&ERH��

7YTTVIWWIH�'EVVMIV

%�TVMRGMTEP�JYRËÇS�HIWXI�FPSGS�Í�QSHYPEV�YQE�TSVXEHSVE�WIRSMHEP�RE�*VIUàÎRGME�

-RXIVQIHMÅVME� �*-� GSQ� SW� SMXS� TSWWÑZIMW� IWXEHSW� HI� EQTPMXYHI��QEMW� S� GSQTSRIRXI�

('�HS�TMPSXS�HS�WMREP�HI�IRXVEHE��WEÑHE�HS�FPSGS�QYPXMTPI\EHSV��)WWE�QSHYPEËÇS�Í�HI�

EQTPMXYHI��GSQ�E�HYTPE�FERHE�PEXIVEP�I�TSVXEHSVE�WYTVMQMHE��%1�(7&�7'��%�TIUYI�

RE�XIRWÇS�('�HS�TMPSXS�KIVE��RE�WEÑHE�HS�QSHYPEHSV��YQ�VIWÑHYS�HI�TSVXEHSVE�RE�*-��%�

FERHE�HI�JVIUàÎRGMEW�SGYTEHE�TIPS�WMREP�QSHYPEHS�Í�HI������1,^����\������1,^��%�

FERHE�ÞXMP�HS�WMREP�QSHYPEHSV�Í�MKYEP�Ä�WYE�XE\E�HI�WÑQFSPSW��SY�WINE�������1,^�

��������*MPXVS�HI�:7&��:IWXMKMEP�7MHI�&ERH

%�TVMRGMTEP�JYRËÇS�HIWXI�FPSGS�Í�JMPXVEV�S�WMREP�HI�%1�(7&�TEVE�VIHY^MV�E�FERHE�

SGYTEHE�TSV�IWXI�WMREP�������1,^�UYI�IWXÅ�QYMXS�EGMQE�HE�FERHE�HI��1,^�VIWIV�
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ZEHE�TEVE�XVERWQMWWÇS�HS�GEREP�HI�XIPIZMWÇS��3�WMREP�VIWYPXERXI�HIWWE�JMPXVEKIQ�SGYTE�

E�FERHE�PEXIVEP�WYTIVMSV�HS�WMREP�%1�(7&�I�YQ�ZIWXÑKMS�QYMXS�TIUYIRS�HE�FERHE�

PEXIVEP�MRJIVMSV��2IWWI�WMREP��E�JVIUàÎRGME�HS�VIWÑHYS�HI�TSVXEHSVE��TMPSXS�IWXÅ�ETIREW�

���O,^�EGMQE�HS�PMQMXI�MRJIVMSV�HE�FERHE�SGYTEHE�TIPS�WMREP�RE�WEÑHE�HS�JMPXVS�

(I�YQE�JSVQE�WMQTPMJMGEHE��TSHI�WI�HM^IV�UYI�E�FERHE�HS�WMREP�RE�WEÑHE�HS�JMPXVS�

Í�HI������1,^�������1,^����

2SXI�WI�UYI�IWXE�FERHE�EMRHE�Í�WMKRMJMGEXMZEQIRXI�WYTIVMSV�Ä�FERHE�SFNIXMZS�HI�

�1,^�

��������*MPXVS�HI�2]UYMWX

%�TVMRGMTEP�JYRËÇS�HIWXI�FPSGS�Í�GSRJMREV�S�WMREP�HI������1,^�HI�FERHE�E�FERHE�

HS�GEREP�HI�XIPIZMWÇS���1,^��4EVE�XEP��YXMPM^E�WI�YQ�JMPXVS�HI�2]UYMWX�GSQ�GSIJMGMIR�

XI�HI�VSPP�SJJ�TV×\MQS�HI�^IVS��)WXI�JMPXVS�XIQ�E�TVSTVMIHEHI�HI�VIHY^MV�E�FERHE�HS�WMREP�

TVEXMGEQIRXI�TIPE�QIXEHI��WIQ�TVSZSGEV�-RXIVJIVÎRGME�-RXIVWMQF×PMGE��-7-�

'SQ�MWWS��GSRWIKYI�WI�VIHY^MV�E�FERHE�HS�WMREP�Ä�WEÑHE�HS�FPSGS�TEVE��ETVS\MQE�

HEQIRXI������1,^�������1,^�����ZEPSV�UYI�GEFI�TIVJIMXEQIRXI�HIRXVS�HE�FERHE�

HI��1,^�HS�GEREP�HI�XIPIZMWÇS�

%�*MKYVE����QSWXVE� E� SGYTEËÇS�HS� GEREP� HI� XIPIZMWÇS�TIPS� WMREP�QSHYPEHS� IQ�

�:7&�

Figura 33 2FXSDomR�GR�FDQDO��QRUPDO�

%�WEÑHE�HIWXI�FPSGS�GSRXÍQ�IRXÇS�YQ�WMREP�HI�XIPIZMWÇS�HMKMXEP�QSHYPEHS�IQ��:7&��

I�GSRJMREHS�IQ�YQE�FERHE�HI��1,^��RE�JVIUàÎRGME�MRXIVQIHMÅVME�HI���1,^��TEHVÇS�

FVEWMPIMVS��UYI�ZEM�HI���1,^�E���1,^�

4EVE�GLIKEV�EXÍ�E�ERXIRE�XVERWQMWWSVE��IWWI�WMREP�TVIGMWE�EMRHE�WIV�GSRZIVXMHS�TEVE�E�

JVIUàÎRGME�HS�GEREP�HI�8:�EYXSVM^EHS��YWERHS�YQ�YT�GSRZIVXIV�I�EQTPMJMGEHS�EXVEZÍW�

HI�YQ�GMVGYMXS�I\GMXEHSV�WIKYMHS�HI�YQ�EQTPMJMGEHSV�HI�TSXÎRGME�

������'EREP�HI�WSQ

4EVE� S� GEREP� HI� WSQ�� S�%87'�IWGSPLIY�S�TEHVÇS�%'��(SPF]�(MKMXEP�� UYI� Í� S�

QIWQS� TEHVÇS� YWEHS� TEVE� SW� HMWGSW�(:(��)WWI� TEHVÇS� TIVQMXI� GSRJMKYVEËÙIW� HI�
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ÅYHMS� HIWHI� YQ� GEREP� �1SRS� EXÍ� WIMW� GEREMW� �1YPXMGEREP�� 9XMPM^E� YQ� EPKSVMXQS�

TVSTVMIXÅVMS�HI�GSQTVIWWÇS�HS�WMREP�GSRLIGMHS�KIRIVMGEQIRXI�TSV�TIVGITXYEP�GSHMRK��

'SQ�IWWE� XÍGRMGE��Í�TSWWÑZIP� VIHY^MV�WI� WYFWXERGMEPQIRXI�EW� XE\EW�HI�FMXW�� WIQ�YQE�

TIVHE�WIRWÑZIP�RE�UYEPMHEHI�HS�WSQ��2S�QSHS�QYPXMGEREP�GSQ�WIMW�GEREMW��GLEQEHS�

HI������ET×W�E�GSQTVIWWÇS��E�XE\E�ÞXMP�HI�FMXW�Í�HI����/FTW�

����7MWXIQE�TEHVÇS�(:&�8

3�WMWXIQE�IYVSTIY�HI�XIPIZMWÇS�HMKMXEP�XIZI�SW�WIYW�TVMRGMTEMW�TEVÆQIXVSW�HIJMRMHSW�

IQ�NYRLS�HI�������TSV�QIMS�HS�HSGYQIRXS�(:&�(SGYQIRX�%3���JSV�(MKMXEP�8IVVIW�

XVMEP�8IPIZMWMSR��)WWI�HSGYQIRXS�GSRXIQTPE�HI�JSVQE�KIRIVEPM^EHE�E�ZIVWÇS�7XERHEVH�

I�E�ZIVWÇS�,(8:�HE�8:�(MKMXEP�

3W�IYVSTIYW�STXEVEQ�TSV�MQTPERXEV�E�ZIVWÇS�7XERHEVH��UYI�TIVQMXME�QEMW�HI�YQ�

GEREP�HI�8:�(MKMXEP� IQ�GEHE�FERHE�HI��1,^� �TEHVÇS� IYVSTIY��*SM� WSQIRXI� IQ�

������ GSQ�E�HIGMWÇS�HE�%YWXVÅPME��UYI� S�TEHVÇS�,(8:� XIZI� E� WYE� MRXVSHYËÇS�RS�

QIVGEHS�QYRHMEP��

3�&VEWMP�JSM�S�TVMQIMVS�TEÑW�UYI��IRXVI������I�������XIWXSY�IQ�PEFSVEX×VMS�I�IQ�

GEQTS�E�ZIVWÇS�,(8:�TEVE�YQE�FERHE�HI��1,^��FERHE�EHSXEHE�RS�&VEWMP�I�IQ�

SYXVSW�TEÑWIW�

3� TEHVÇS� (:&�8� WI� HMJIVIRGME� JYRHEQIRXEPQIRXI� HE� %87'� RS� QÍXSHS� HI�

QSHYPEËÇS�IQTVIKEHS��3�QÍXSHS�YWEHS�TIPS�%87'�Í�HI�QSRSTSVXEHSVE�QSHYPEHE�

IQ�EQTPMXYHI�GSQ�FERHE�PEXIVEP�ZIWXMKMEP���:7&��3�QÍXSHS�YWEHS�TIPS�(:&�8�Í�S�

HI�QYPXMTSVXEHSVE��QMPLEVIW�QSHYPEHE�IQ�547/����5%1�SY���5%1�I�QYPXMTPI�

\EHEW�TSV�HMZMWÇS�HI�JVIUàÎRGME��*(1�

)WWI�QÍXSHS�HI�QSHYPEËÇS�Í�GSRLIGMHS�TSV�'SHIH�3VXLSKSREP�*VIUYIRG]�1YPXM�

TPI\��'3*(1�IQ�UYI�E�TEPEZVE�GSHIH�WMKRMJMGE�UYI�S�WMREP�HMKMXEP�ERXIW�HI�MRKVIW�

WEV� RS�QSHYPEHSV�3*(1� Í� GSHMJMGEHS� TSV� G×HMKS� GSVVIXSV� HI� IVVS� UYI� EYQIRXE�

WMKRMJMGEXMZEQIRXI�E�VSFYWXI^�HS�WMREP�HMKMXEP�ÄW�MRXIVJIVÎRGMEW�TVSZMRHEW�HS�QIMS�HI�

XVERWQMWWÇS�

(E�QIWQE�JSVQE�UYI�RS�%87'��TSHI�WI�HMWXMRKYMV�RS�(:&�8�XVÎW�QEGVSFPSGSW�

UYI�GSQTÙIQ�S�1SHYPEHSV�'3*(1��E�WEFIV��S�FPSGS�'SHMJMGEHSV��S�FPSGS�)WXVY�

XYVEHSV�HI�5YEHVS�I�S�FPSGS�1SHYPEHSV�3*(1��%�*MKYVE���� MPYWXVE�S�HMEKVEQE�

IQ�FPSGSW�HS�1SHYPEHSV�'3*(1��7IVÇS�E�WIKYMV�HIWGVMXEW��HI�JSVQE�VIWYQMHE��EW�

JYRËÙIW�HI�GEHE�FPSGS�UYI�GSQTÙI�SW�QEGVSFPSGSW�WYTVEGMXEHSW�
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Figura 34 0RGXODGRU�&2)'0�²�'9%�7

������'SHMJMGEHSV

(I�JSVQE�KIVEP��S�'SHMJMGEHSV�TSWWYM�EW�QIWQEW�JYRËÙIW�HS�'SHMJMGEHSV�%87'�

I� Í� MQTPIQIRXEHS� GSQ�SW�QIWQSW�FPSGSW� JYRGMSREMW�� 7IVÇS�� TSVXERXS�� IRJEXM^EHEW�

ETIREW�EW�HMJIVIRËEW�WMKRMJMGEXMZEW�

)PI�Í�JSVQEHS�TIPSW�FPSGSW�(MZMWSV�HI�7MREMW�7TPMXXIV��%HETXEËÇS�HI�1Y\�I�(MW�

TIVWÇS�HI�)RIVKME��'SHMJMGEHSV�)\XIVRS��)RXVIPEËEHSV�)\XIVRS��'SHMJMGEHSV�-RXIVRS�

I�)RXVIPEËEHSV�-RXIVRS�

��������(MZMWSV�HI�WMREMW��7TPMXXIV

2S�GEWS�HI�(:&�8��S�WMREP�HMKMXEP�HI�IRXVEHE�TSHI�WIV�WITEVEHS�IQ�HSMW�JIM\IW�

GSQ�GSRXIÞHSW�HMKMXEMW� HMJIVIRXIW�� TEVE� JSVQEV� E� IWXVYXYVE�LMIVÅVUYMGE��%WWMQ��TSV�

I\IQTPS��YQ�JIM\I�TSHIVÅ�GSRXIV�YQ�WMREP�HI�8:�HMKMXEP�7XERHEVH�I�S�SYXVS�JIM\I�YQ�

WMREP�HI�SYXVS�GEREP�HI�8:�HMKMXEP�HIWXMREHS�ES�WIVZMËS�Q×ZIP�

3�FPSGS�(MZMWSV�HI�7MREMW�IJIXYE�E�HMZMWÇS�HS�JIM\I�SVMKMREP�HI�HEHSW�

4EVE�YQ�GEREP�ÞRMGS�HI�,(8:��WIVÅ�YXMPM^EHS�ETIREW�YQ�JIM\I�HMKMXEP�I��TSVXERXS��

I\MWXMVÅ�WMREP�HMKMXEP�ETIREW�IQ�YQE�HEW�WEÑHEW�HS�(MZMWSV�HI�7MREMW�

9QE�HMJIVIRËE�JYRHEQIRXEP�IRXVI�S�TEHVÇS�%87'�I�S�(7:�8�Í�UYI�RS�%87'�S�

WMREP�HMKMXEP�HI�IRXVEHE�XIQ�YQE�XE\E�HI�FMXW�GSRWXERXI�HI������1FTW��MRHITIRHIR�

XIQIRXI�HS�GSRXIÞHS�HMKMXEP�HS�JIM\I��2S�(:&�8��IWWE�XE\E�HI�FMXW�Í�ZEVMÅZIP�HITIR�

HIRHS�HE�GSRJMKYVEËÇS�HS�WMWXIQE��%WWMQ��QSHYPEËÙIW�HEW�WYFTSVXEHSVEW�GSQ�QIRSV�

RÞQIVS�HI�IWXEHSW�I�GSHI�VEXI�QIRSVIW�HS�'SHMJMGEHSV�-RXIVRS��QIRSVIW�EW�JVEËÙIW�HS�

GSHI�VEXI�PIZEQ�E�XE\E�HI�FMXW�QIRSVIW�TEVE�S�WMREP�HMKMXEP�HI�IRXVEHE��'SQS�I\IQTPS��
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YQE�QSHYPEËÇS�IQ�547/����IWXEHSW�PIZE�YQE�XE\E�ÞXMP�HI�FMXW�RE�IRXVEHE�QIRSV�

UYI�YQE�QSHYPEËÇS�IQ���5%1�����IWXEHSW�SY����5%1�����IWXEHSW��(E�QIWQE�

JSVQE��YQ�GSHI�VEXI�HI�����PIZE�YQE�XE\E�HI�FMXW�QIRSV�UYI�YQ�GSHI�VEXI�HI�����

3�YWS�HI�HMJIVIRXIW�QÍXSHSW�HI�QSHYPEËÇS�I�HMJIVIRXIW�GSHI�VEXI�EPXIVE�RÇS�W×�E�

XE\E�ÞXMP�HI�FMXW��QEW�XEQFÍQ�E�MQYRMHEHI�HS�WMREP�HMKMXEP�E�MRXIVJIVÎRGMEW��2SVQEP�

QIRXI��UYERXS�QEMW�VSFYWXS�Ä�MRXIVJIVÎRGME�Í�YQ�WMREP�HMKMXEP�QSHYPEHS��QIRSV�Í�E�

XE\E�ÞXMP�HI�FMXW�HMWTSRÑZIMW�

4EVE�QIPLSV�IRXIRHMQIRXS�MRMGMEP�HSW�GSRGIMXSW�FÅWMGSW�IRZSPZMHSW��WIVÅ�WYTSWXS�

UYI�S� WMREP�HMKMXEP�Ä� WEÑHE�HS�(MZMWSV�HI�7MREMW� WINE�ÞRMGS�I� MQEKMREHS�E�TVMRGÑTMS�

GSQS�YQ� WMREP� HI�,(8:��5YERHS� EFSVHEVQSW� E� XVERWQMWWÇS� LMIVÅVUYMGE� �ZINE� S�

MXIQ��������WIVÇS�JIMXEW�EW�GSRWMHIVEËÙIW�WSFVI�E�I\MWXÎRGME�HSW�HSMW�JIM\IW�HMKMXEMW�RE�

WEÑHE�HS�7TPMXXIV�

��������%HETXEËÇS�HS�1Y\�I�HMWTIVWÇS�HI�IRIVKME

3�WMREP�HMKMXEP�TVSZIRMIRXI�HS�1Y\�14)+���WMREP�HI�ZÑHIS���WSQ���HEHSW�ETE�

VIGI�RE�JSVQE�QSWXVEHE�RE�*MKYVE�����IQ�UYI�GEHE�TEGSXI�Í�JSVQEHS�TSV�����F]XIW�

HI�GEVKE�ÞXMP��TE]PSEH�I���F]XI�HI�WMRGVSRMWQS��7]RG�F]XI�

Figura 35 Pacote de MPEG2

%�WIKYMV��IWWIW�TEGSXIW�WSJVIQ�YQ�TVSGIWWS�HI�EPIEXSVM^EËÇS�HSW�HEHSW�GYNE�JYR�

ËÇS�Í�MHÎRXMGE�Ä�HIWGVMXE�TEVE�S�FPSGS�%PIEXSVM^EHSV�HI�(EHSW�HS�%87'��ZINE�S�MXIQ�

���������%T×W�E�EPIEXSVM^EËÇS��SW�TEGSXIW�HI�HEHSW�WÇS�SVKERM^EHSW��GSQS�QSWXVEHS�

RE�*MKYVE�����I�MRNIXEHSW�RS�FPSGS�HS�'SHMJMGEHSV�)\XIVRS�

Figura 36 Pacotes randomizados. Bytes de sincronismo e bytes de dados randomizados

��������'SHMJMGEHSV�I\XIVRS

)WXI�GSHMJMGEHSV� XIQ�E�QIWQE�JYRËÇS�HIWGVMXE�TEVE�S�GSHMJMGEHSV�6IIH�7SPSQSR�

HS�%87'��ZINE�S�MXIQ���������I�Í�YQ�*)'��*SV[EVH�)VVSV�'SVVIGXSV�HS�QIWQS�XMTS�

UYI�S�HS�%87'��%�ÞRMGE�HMJIVIRËE�Í�UYI�IPI�EYQIRXE����F]XIW�HI�VIHYRHÆRGME�IQ�
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ZI^�HI����F]XIW�EGVIWGIRXEHSW�TIPS�%87'��-WWS�HMQMRYM� PMKIMVEQIRXI�E� VSFYWXI^�HS�

WMWXIQE�ÄW�MRXIVJIVÎRGMEW�

%�*MKYVE����MPYWXVE�SW�TEGSXIW�HI�HEHSW�RE�WEÑHE�HS�GSHMJMGEHSV�NÅ�TVSXIKMHSW�TIPSW�

���F]XIW�HI�TEVMHEHI�

Figura 37 Pacotes protegidos de erros pelo Teed Solomon

(IZMHS�Ä�TVIWIRËE�HI�F]XIW�HI�TEVMHEHI��IWXI�FPSGS�EYQIRXE�IQ�ETVS\MQEHEQIRXI�

�������ZI^IW�����������E�XE\E�HI�FMXW�HS�WMREP�HMKMXEP�

��������)RXVIPEËEHSV�I\XIVRS

)WXI�FPSGS�XIQ�E�QIWQE�JYRËÇS�HS�FPSGS�)RXVIPEËEHSV�HI�(EHSW�HS�%87'��ZINE�

MXIQ���������

%T×W�S� IRXVIPEËEQIRXS�HI�F]XIW� HI�TVSJYRHMHEHI� MKYEP� E� ��� �-����� SW� TEGSXIW�

WI�ETVIWIRXEQ�GSQS�RE�*MKYVE�����3�IRXVIPEËEHSV�YXMPM^EHS�Í�HS�XMTS�'SRZSPYGMSREP�

F]XI�[MWI��3� TVSGIWWS� HI� IQFEVEPLEQIRXS� GSRZSPYGMSREP� Í� FEWIEHS� RE� EFSVHEKIQ�

HI�*SVRE]��UYI�Í�GSQTEXÑZIP�GSQ�E�EFSVHEKIQ�HI�6EQWI]�XMTS�---�TEVE�-�!�����)WWI�

TVSGIWWS�RÇS�MRXVSHY^�EPXIVEËÙIW�RE�XE\E�HI�FMXW�HS�WMREP�RE�IRXVEHE�

Figura 38 (VWUXWXUD�GH�GDGRV�DSyV�HQWUHODoDPHQWR�H[WHUQR�GH�E\WHV

��������'SHMJMGEHSV�MRXIVRS

)WXI�GSHMJMGEHSV�TIVXIRGI�Ä�JEQÑPME�HSW�G×HMKSW�GSRZSPYGMSREMW�TYRGXYEHSW�I�IWXÅ�

FEWIEHS�IQ�YQ�G×HMKS�QÇI�GYNE�VE^ÇS�HI�G×HMKS��GSHI�VEXI�Í�HI������SY�WINE��TEVE�

GEHE�FMX�HI�IRXVEHE�WEIQ�HSMW�RE�WEÑHE��%�JYRËÇS�HIWXI�GSHMJMGEHSV�Í�MKYEP�I�GSQTPI�

QIRXEV�Ä�GSHMJMGEËÇS�6IIH�7SPSQSR��SY�WINE��TIVQMXMV�ES�VIGITXSV�HIXIGXEV�I�GSVVMKMV�

IVVSW�MRXVSHY^MHSW�TSV�MRXIVJIVÎRGMEW�TVIWIRXIW�RS�QIMS�HI�XVERWQMWWÇS�

3�GSHMJMGEHSV�GSRZSPYGMSREP�YWEHS�RS�(:&�8�Í�WIQIPLERXI�ES�GSHMJMGEHSV�XVIPMËE�

YWEHS�RS�%87'��%�TVMRGMTEP�HMJIVIRËE�Í�UYI�S�GSHI�VEXI�RS�%87'�Í�ÞRMGS�I�MKYEP�E�

�����IRUYERXS�RS�(:&�8��E�TEVXMV�HS�GSHI�VEXI�QÇI�HI������EXVEZÍW�HS�TVSGIWWS�HI�

TYRGMSREQIRXS�� Í� TSWWÑZIP� IWGSPLIV� SYXVSW� GSHI� VEXIW�� %WWMQ�� TSHI�WI� GSRJMKYVEV� S�

'SHMJMGEHSV�-RXIVRS�TEVE�XVEFEPLEV�GSQ�SW�GSHI�VEXI�HI��������������������I�����
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2SXI�WI�UYI�EKSVE�E�XE\E�HI�FMXW�RE�WEÑHE�HS�GSHMJMGEHSV��IQ�VIPEËÇS�Ä�IRXVEHE��

HITIRHI�HS�GSHI�VEXI�IWGSPLMHS��5YERXS�QIRSV�JSV�S�ZEPSV�HE�JVEËÇS��QEMSV�WIVÅ�E�XE\E�

HI�FMXW�HI�WEÑHE�IQ�VIPEËÇS�Ä�IRXVEHE�

%�I\TVIWWÇS�EFEM\S�TIVQMXI�GEPGYPEV�E�XE\E�HI�FMXW��FMX�VEXI�RE�WEÑHE�HS�GSHMJMGEHSV�

IQ�JYRËÇS�HE�XE\E�HI�FMXW�RE�IRXVEHE�I�HS�ZEPSV�HS�GSHI�VEXI�

����������������8E\E�HI�FMXW�RE�WEÑHE�!�8E\E�HI�FMXW�RE�IRXVEHE�\��������������������

����������������������������������������������������������������������������������GSHIVEXI

)\IQTPS��TEVE�GSHI�VEXI�HI������8E\E�HI�FMXW�HI�WEÑHE�!�8E\E�HI�FMXW�HI�IRXVEHE�

\�����

5YERXS�QIRSV� JSV�E� JVEËÇS�HS�GSHI� VEXI��QIRSV�Í� E�HMJIVIRËE�IRXVE�EW� XE\EW�HI�

FMXW�HI�IRXVEHE�I�WEÑHE��QEW�TMSV�Í�E�VSFYWXI^�E�MRXIVJIVÎRGMEW�UYI�S�G×HMKS�GSRJIVI�

ES�WMWXIQE��%WWMQ��TSV�I\IQTPS��YQ�GSHI�VEXI�HI�����HSFVE�E�XE\E�HI�FMXW�HS�WMREP�Ä�

WEÑHE��QEW�GSRJIVI�QYMXS�QEMW�VSFYWXI^�ES�WMWXIQE�HS�UYI�YQ�GSHI�VEXI�HI������GYNE�

XE\E�HI�FMXW�RE�WEÑHE�Í�ETIREW�����ZI^IW�QEMSV�UYI�E�HI�IRXVEHE�

2SXI�WI��IRXVIXERXS��UYI�GEHE�ZI^�UYI�WI�YXMPM^E�YQ�GSHI�VEXI�QEMW�VSFYWXS��HMQM�

RYM�WI� E� XE\E� HI� FMXW� HMWTSRÑZIP� RE� IRXVEHE� HS�1SHYPEHSV� I�� TSVXERXS�� HMQMRYM� E�

HIJMRMËÇS�HE�MQEKIQ�

��������)RXVIPEËEHSV�MRXIVRS

)WXI� IRXVIPEËEHSV� Í� GSRWXMXYÑHS� TSV� XVÎW� FPSGSW� JYRGMSREMW� HMWXMRXSW�� E� WEFIV��

(IQYPXMTPI\EHSV��)RXVIPEËEHSV�HI�&PSGSW� I�)RXVIPEËEHSV�HI� 7ÑQFSPSW� �ZINE� E�*MKYVE�

����%W�JYRËÙIW�VIWYQMHEW�HI�GEHE�YQ�HIWWIW�FPSGSW�IWXÇS�E�WIKYMV�HIWGVMXEW�

(IQYPXMTPI\EHSV��S�HIQYPXMTPI\EHSV�HMZMHI�S� JIM\I�HI�IRXVEHE�IQ�HSMW� JIM\IW�

HI�WEÑHE��TEVE�E�QSHYPEËÇS�547/�SY�UYEXVS�JIM\IW�HI�WEÑHE�TEVE�E�QSHYPEËÇS�

��5%1��SY�EMRHE�WIMW�JIM\IW�TEVE�E�QSHYPEËÇS���5%1�

)RXVIPEËEHSV�HI�FPSGSW��SW�IRXVIPEËEHSVIW�IQ�RÞQIVS�HI����547/�������5%1�

SY������5%1��IQFEVEPLEQ�SW�FMXW�GSRXMHSW�IQ�FPSGSW�HI�����FMXW�IQ�GEHE�

FPSGS�

'SQS�GEHE� WÑQFSPS�RS�3*(1�XIQ������ WYFTSVXEHSVEW�ÞXIMW�RS�QSHS��/�I�

������WYFTSVXEHSVEW�ÞXIMW�RS�QSHS��/��WIVÇS�RIGIWWÅVMSW����GSRNYRXSW�HI�FPSGSW�IQ�

TEVEPIPS�TEVE�XVERWQMXMV�YQ�WÑQFSPS�RS�QSHS��/�SY����GSRNYRXSW�RS�QSHS��/�

'EPGYPERHS����\�����!��������QSHS��/�

E����\�����!��������QSHS��/

'SQS� S� RÞQIVS� HI� WYFTSVXEHSVEW� YXMPM^EHEW� Í� YQE� GSRWXERXI� TEVE� YQ� HEHS�

QSHS�HI�STIVEËÇS��Í�JÅGMP�ZIVMJMGEV�UYI�S�RÞQIVS�HI�FMXW�TSV�WÑQFSPS��2FMXW�HITIRHI�

HS�QÍXSHS�HI�QSHYPEËÇS�
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%�IUYEËÇS�KIVEP�WIVÅ�

2FMX�W�!�wZx�\�������QSHS��/����I

2FMX�W�!�wZx�\�������QSHS��/����

3RHI�2FMX�W�!�RÞQIVS�HI�FMXW�TSV�WIKYRHS

wZx�!�RÞQIVS�HI�FMXW�TSV�IWXEHS�HE�WYFTSVXEHSVE

)RXÇS�� 547/� wZx�!���� 2FMX�W�!���\�������!������

� ��5%1�wZx�!��� 2FMX�W�!���\�������!������

� ��5%1�wZx�!��� 2FMX�W�!���\�������!������

2SXI�WI�UYI�S�IQFEVEPLEQIRXS�Í�JIMXS�I\GPYWMZEQIRXI�RSW�FMXW�ÞXIMW�

2E�WEÑHE�HS�)QFEVEPLEHSV�HI�&PSGSW��SW�wZx�FMXW�������SY���WÇS�EKVYTEHSW�TEVE�

GSVVIWTSRHIV�E�YQ�HSW�IWXEHSW�HE�WYFTSVXEHSVE�UYI�ZEM�WIV�QSHYPEHE��%WWMQ��E�WEÑHE�

HS�GMVGYMXS�EKVYTEHS�WIVÅ�JSVQEHE�TSV�WIUàÎRGMEW�HI�wZx�FMXW��IQ�UYI�S�TVMQIMVS�FMX��

S�QEMW�WMKRMJMGEXMZS��WIVÅ�VITVIWIRXEHS�TIPE�WEÑHE�HS�IRXVIPEËEHSV����I�EWWMQ�WYGIWWM�

ZEQIRXI���ZINE�E�*MKYVE����

)RXVIPEËEHSV�HI�7ÑQFSPS��SW� WMREMW�EKVYTEHSW�IQ�wZx�FMXW�������SY���FMXW�WÇS�

WIUàIRGMEPM^EHSW� TEVE� JSVQEV� YQ� WÑQFSPS� 3*(1�� IQ� UYI� GEHE� YQE� HEW�

������WYFTSVXEHSVEW�RS�QSHS��/�SY�������WYFTSVXEHSVEW�RS�QSHS��/�EWWY�

QMVÇS�YQ�HSW��
Z
� IWXEHSW�TSWWÑZIMW��3�IQFEVEPLEQIRXS�HSW� WMREMW�HMKMXEMW�HI�

wZx�FMXW�WIVÅ�VIEPM^EHS�HIRXVS�HS�TV×TVMS�WÑQFSPS�IQ�UYI�IWXÇS�MRWIVMHSW�

(I�YQE�JSVQE�KIVEP��SW�IQFEVEPLEQIRXSW�TVSZMHSW�TIPS�QEGVSFPSGS�HS�)RXVIPE�

ËEHSV�-RXIVRS�XÎQ�YQE�JYRËÇS�KPSFEP�WIQIPLERXI�Ä�I\IVGMHE�TIPS�)RXVIPEËEHSV�)\XIV�

RS�� SY� WINE�� TIVQMXMV� UYI� S�(IGSHMJMGEHSV� -RXIVRS�� HI� JSVQE� SVKERM^EHE�� XVEFEPLI�

QEMW�IJMGMIRXIQIRXI�TSWWÑZIP�TEVE�IZMXEV�UYI�FYVWX�HI�IVVSW�MRXVSHY^MHSW�RS�QIMS�HI�

XVERWQMWWÇS�ZIRLEQ�E�HIKVEHEV�E�VIGITËÇS�HS�WMREP�

������)WXVYXYVEHSV�HI�UYEHVS�

3�FPSGS�)WXVYXYVEHSV�HI�5YEHVS� XIQ�GSQS�TVMRGMTEMW� JYRËÙIW�QETIEV�S� WMREP�

HI�IRXVEHE�HIRXVS�HI�YQE�IWXVYXYVE�HI�UYEHVS�EHIUYEHE��I�MRWIVMV�RIWXE�IWXVYXYVE�SW�

WMREMW�UYI�XIVÇS�E�VIWTSRWEFMPMHEHI�HI�IRZMEV�EW�GSRJMKYVEËÙIW�HS�VIGITXSV��SY�8VERW�

QMWWMSR�4EVEQIXIV�7MKREPW��847��I�EW�MRJSVQEËÙIW�XVERWTSVXEHEW�TIPSW�TMPSXSW�TEVE�S�

WMRGVSRMWQS�HI�UYEHVS��WMRGVSRMWQS�HI�JVIUàÎRGME��IWXMQEËÇS�HI�GEREP�I�MHIRXMJMGEËÇS�

HS�QSHS�HI�XVERWQMWWÇS�

)WXI� QEGVSFPSGS� Í� GSRWXMXYÑHS� TIPSW� WIKYMRXIW� FPSGSW� JYRGMSREMW�� 1ETIEHSV� I�

)WXVYXYVEHSV�HI�5YEHVS�
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��������1ETIEHSV

3�1ETIEHSV�TIVQMXI� IWXEFIPIGIV�YQE� VIPEËÇS�IRXVI�SW�wZx�FMXW� ������SY���FMXW�

SVMYRHSW�HS�FPSGS�)RXVIPEËEHSV�HI�7ÑQFSPSW�I�SW�IWXEHSW�HI�JEWI�EQTPMXYHI�HEW�WYF�

TSVXEHSVEW�HE�QSHYPEËÇS�3*(1�

%WWMQ��EW�JMKYVEW���E����F�I���G�YXMPM^EQ�S�G×HMKS�HI�+VE]�TEVE�QETIEV�SW�wZx�FMXW�

RSW�VIWTIGXMZSW�IWXEHSW�HEW�QSHYPEËÙIW�IQ�547/����5%1�I���5%1�

Figura 39a &RQVWHODomR�436.��������������������������������Figura 39b�&RQWHODomR����4$0

Figura 39c�&RQVWHODomR���4$0

4SV�I\IQTPS��RYQE�WYFTSVXEHSVE�QSHYPEHE�IQ���5%1��ZINE�E�*MKYVE���F��RSW�

��FMXW�UYI�MHIRXMJMGEQ�YQ�IWXEHS��RS�G×HMKS�HI�'EVE]��SW�HSMW�TVMQIMVSW�FMXW�MHIR�

XMJMGEQ�S�UYEHVERXI�IQ�UYI�WI�IRGSRXVE�S�IWXEHS�I�SW�SYXVSW�HSMW�FMXW�MHIRXMJMGEQ�E�

TSWMËÇS�HS�IWXEHS�HIRXVS�HS�UYEHVERXI��4SV�I\IQTPS��E�WIUàÎRGME������MHIRXMJMGE�YQ�

HIXIVQMREHS�IWXEHS�HS�WIKYRHS�UYEHVERXI��ZINE�E�*MKYVE���F�
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2E�QSHYPEËÇS�LMIVÅVUYMGE��HSMW�JIM\IW�HMKMXEMW�GSQ�HMJIVIRXIW�QSHYPEËÙIW�TSHIQ�

WIV�QETIEHSW�IQ�YQ�ÞRMGS�JIM\I�HI�HEHSW��)RXVIXERXS��E�QSHYPEËÇS�LMIVÅVUYMGE�WIVÅ�

SFNIXS�HI�YQ�GETÑXYPS�Ä�TEVXI��ZINE�S�MXIQ�������

��������%HETXEËÇS�HI�UYEHVS

%SW�WMREMW�QETIEHSW�TIPS�1ETIEHSV��WÇS�EGVIWGIRXEHSW�SW�WMREMW�HI�TMPSXS�I�847��

TEVE�GSQTSV�E�EVUYMXIXYVE�HI�UYEHVS�HS�'3*(1�

%�8EFIPE���VIWYQI�SW�ZEPSVIW�HSW�TVMRGMTEMW�TEVÆQIXVSW�HI�WÑQFSPS�'3*(1��3W�

ZEPSVIW�HEHSW�RE�XEFIPE�W×�HITIRHIQ�HS�QSHS��/�SY��/��2ÇS�HITIRHIQ�HS�QÍXSHS�

HI�QSHYPEËÇS�IWGSPLMHS��HS�ZEPSV�HS�GSHI�VEXI�HS�*)'�GSRZSPYGMSREP��I�RIQ�HS�ZEPSV�

HE�FERHE�HI� KYEVHE� IWGSPLMHE�� 7ÇS� ZEPSVIW� EHSXEHSW� GSQS�FÅWMGSW� TIPS� KVYTS�UYI�

HIJMRMY�S�TEHVÇS�(:&�8�

TABELA 2 

3ULQFLSDLV�SDUkPHWURV�GR�6tPEROR�2)'0

3DUkPHWUR Modo 8K Modo 2K

1~PHUR�GH�SRUWDGRUDV�. 6817 1705

1~PHUR�GD�SRUWDGRUD�LQIHULRU�.PLQ 0 0

1~PHUR�GD�SRUWDGRUD�VXSHULRU�.PD[ 6816 1704

'XUDomR�GH�7X 1194.667us 298.6667us

(VSDoDPHQWR�GH�SRUWDGRUDV���7X 0.837054kHz 3.348214kHz

(VSDoDPHQWR�HQWUH�D�SRUWDGRUD�LQIHULRU�H�VXSHULRU 5.71MHz 5.71MHz

2SXI�UYI�S�RÞQIVS�XSXEP�HI�WYFTSVXEHSVEW�Í�QEMSV�UYI�S�RÞQIVS�HI�WYFTSVXEHS�

VEW�YWEHEW�TEVE�XVERWQMXMV�S�JIM\I�HMKMXEP�ÞXMP�TVIWIRXI�RE�IRXVEHE�HS�)WXVYXYVEHSV�HI�

5YEHVS��)WWE�HMJIVIRËE�TVIRHI�WI�ES�JEXS�UYI�TEVXI�HIWWEW�WYFTSVXEHSVEW�WÇS�YXMPM^EHEW�

TEVE�E�XVERWQMWWÇS�HEW�MRJSVQEËÙIW�GSRXMHEW�RSW�TMPSXSW��GSQS�NÅ�JSM�QIRGMSREHS�

%� XVERWQMWWÇS�HS� WMREP�HMKMXEP� GSQTSWXS� WI� JE^� TIPE� XVERWQMWWÇS� WIUàIRGMEP� HSW�

WÑQFSPSW�3*(1��%�GEHE�����������W�RS�QSHS��/�I���������W�RS�QSHS��/�� Í�

IRZMEHE�E�TEVXI�ÞXMP�HS�WÑQFSPS��8Y��2SXI�UYI�IWWIW�ZEPSVIW�WÇS�ZÅPMHSW�WSQIRXI�TEVE�

S�GEREP�HI�8:�HI��1,^�HI�FERHE�

'EHE����WÑQFSPSW�3*(1�JSVQEQ�YQ�UYEHVS�I�GEHE�UYEXVS�UYEHVSW�GSRWXMXYIQ�

YQ� WYTIVUYEHVS��'EHE� WÑQFSPS� XIQ�HYVEËÇS�HI�8W�� I� IWXE� HYVEËÇS� Í� GSQTSWXE�HI�

HYEW�TEVXIW�

8W�!�8Y��� ����

SRHI�

8Y�!�XIQTS�ÞXMP�HS�WÑQFSPS�I�HEHS�TIPE�8EFIPE��

�!�-RXIVZEPS�HI�KYEVHE��ZINE�E�HIWGVMËÇS�RS�MXIQ��������
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������1SHYPEHSV

��������1SHYPEHSV�3*(1

2E�QSHYPEËÇS�3VXLSKSREP�*VIUYIRG]�(MZMWMSR�1YPXMTPI\��3*(1��EW�WYFTSVXEHS�

VEW�JSVQEQ�YQ�GSRNYRXS�HI�JYRËÙIW�SVXSKSREMW�IRXVI�WM��SY�WINE��E�MRXIKVEP�HS�TVSHY�

XS�IRXVI�HYEW�UYEMWUYIV�HIWXEW�JYRËÙIW�HIRXVS�HS�MRXIVZEPS�HI�YQ�WÑQFSPS�Í�RYPE�

�IWWE�SVXSKSREPMHEHI�UYI�KEVERXI�UYI�E�MRXIVJIVÎRGME�MRXIVWMQF×PMGE�REW�JVIUàÎR�

GMEW�HEW�WYFTSVXEHSVEW�WINE�RYPE��%�*MKYVE����MPYWXVE�S�IJIMXS�HE�SVXSKSREPMHEHI��4SV�

SYXVS�PEHS��IPE�KEVERXI�XEQFÍQ�UYI�E�FERHE�SGYTEHE�TIPS�WMREP�QSHYPEHS�HI�3*(1�

WINE�E�QIRSV�TSWWÑZIP��-WWS�TIVQMXI�UYI�S�WMREP�QSHYPEHS�IQ�3*(1�GEMFE�HIRXVS�HS�

GEREP�HI��1,^�HI�FERHE�HE�8:�(MKMXEP�

Figura 40�2UWRJRQDOLGDGH�GD�PRGXODomR�2)'0

2SXI��RE�*MKYVE�����UYI�E�JVIUàÎRGME�HE�TVMQIMVE�WYFTSVXEHSVE��JS�Í�I\EXEQIRXI�

MKYEP�ES�MRZIVWS�HE�HYVEËÇS�HS�WÑQFSPS����8Y�

2S�QSHS��/��JS�ZEPI��������,^�I�RS�QSHS��/�ZEPI����������,^��)WWIW�ZEPSVIW�

GEPGYPEHSW�HI�JS��JS�!���8Y�HIGSVVIQ�HE�RIGIWWMHEHI�EFWSPYXE�HI�QERXIV�E�SVXSKSRE�

PMHEHI�IRXVI�EW�WYFTSVXEHSVEW�

'EHE�WYFTSVXEHSVE�ZEM�EKSVE�WIV�QSHYPEHE�IQ�547/����5%1�SY���5%1�TSV�

YQ�HSW� GSRNYRXSW� HI� wZx�FMXW�QETIEHSW�TIPS� FPSGS� TSWXIVMSV� �1ETIEHSV�� %� GEHE�

GSRNYRXS�HI�wZx�FMXW�������SY���FMXW�GSVVIWTSRHIVÅ�YQ�HIXIVQMREHS�IWXEHS�HI�JEWI�

EQTPMXYHI�HE�WYFTSVXEHSVE��(YVERXI�YQ�WÑQFSPS��8Y��SW�IWXEHSW�HEW�WYFTSVXEHSVEW�

TIVQERIGIQ�MREPXIVEHSW��2S�TV×\MQS�WÑQFSPS��IPEW�EHUYMVMVÇS�RSZSW�IWXEHSW�IQ�JYR�
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ËÇS�HSW�RSZSW�GSRNYRXSW�HI�wZx�FMXW�UYI�WI�ETVIWIRXEQ�RE�IRXVEHE�HSW�QSHYPEHSVIW�

HI�GEHE�WYFTSVXEHSVE�

�MQTSVXERXI�WEPMIRXEV�UYI�SW�IWXEHSW�HEW�WYFTSVXEHSVEW��HIRXVS�HE�XVERWQMWWÇS�HI�

YQ�WÑQFSPS��GEVVIKEQ�E�MRJSVQEËÇS�HS�IWTIGXVS�HI�JVIUàÎRGMEW�HMWGVIXM^EHEW�HS�WMREP�

3*(1��4EVE�GSRZIVXÎ�PS�ES�HSQÑRMS�HS�XIQTS��Í�YXMPM^EHE�YQE�JIVVEQIRXE�QEXI�

QÅXMGE�GSRLIGMHE�TSV�-RZIVWI�*EWX�*SYVVMIV�8VERWJSVQIV��-**8��8SHEW�IWWEW�STIVEËÙIW�

HI�QSHYPEËÇS�I�SFXIRËÇS�TIPE�ETPMGEËÇS�HS�EPKSVMXQS�-**8�HS�WMREP�QSHYPEHS�IQ�

3*(1�WÇS�VIEPM^EHEW�HMKMXEPQIRXI�EXVEZÍW�HI�TVSGIWWEHSVIW�HMKMXEMW�

3�WMREP�3*(1�EWWMQ�SFXMHS�IWXÅ�RE�JSVQE�HMKMXEP�I�TVSRXS�TEVE�WIV�MRNIXEHS�RS�

TV×\MQS�FPSGS��SRHI�WIVÅ�MRWIVMHE�E�FERHE�SY�MRXIVZEPS�HI�KYEVHE�

��������-RWIVËÇS�HI�FERHE�HI�KYEVHE

%�FERHE�SY� MRXIVZEPS�HI�KYEVHE�Í�YQ� MRXIVZEPS�HI� XIQTS�ZE^MS�HI� MRJSVQEËÇS�

ÞXMP� EHMGMSREHS� ERXIW� HE� XVERWQMWWÇS� HI� GEHE� WÑQFSPS�� )WXE� FERHE� HI� KYEVHE� XIQ�

TSV� JYRËÇS� IPMQMREV� SY� HMQMRYMV� WMKRMJMGEXMZEQIRXI� E� MRXIVJIVÎRGME� IRXVI� WÑQFSPSW�

UYERHS�S�WMREP�MRXIVJIVIRXI�Í�YQ�IGS�HS�WMREP�TVMRGMTEP��QEW�S�ZEPSV�HI�EXVEWS�WSJVMHS�

TSV�IWXI�IGS�Í�QIRSV�UYI�S�ZEPSV�HE�FERHE�HI�KYEVHE��)WWIW�IGSW�WÇS�TVSHY^MHSW�TSV�

VIJPI\ÙIW�HS�WMREP�TVMRGMTEP�IQ�SFWXÅGYPSW�I\MWXIRXIW�RS�IWTEËS�IRXVI�S�XVERWQMWWSV�I�

S�VIGITXSV�

7V� �7HPSR�GH�XP�VtPEROR��7X� �7HPSR�GR�VtPEROR��N� � �7X��N� �5D]mR�GH�JXDUGD

Figura 41 ,QWHUYDOR�GH�JXDUGD���'HILQLo}HV

%�*MKYVE����MPYWXVE�E�XVERWQMWWÇS�HI�HSMW�WÑQFSPSW�IRGEFIËEHSW�TIPSW�WIYW�VIWTIG�

XMZSW�MRXIVZEPSW�HI�KYEVHE�� ���HIRSQMREHE�6E^ÇS�HI�KYEVHE��O�E�VIPEËÇS�IRXVI�S�

ZEPSV�HS�MRXIVZEPS�HI�KYEVHE�I�S�XIQTS�ÞXMP��8Y��SY�WINE�

O�!��� ���KYEVH�VEXMS

8Y

%�*MKYVE����QSWXVE�E�VIGITËÇS�HSW�WÑQFSPSW�HS�WMREP�TVMRGMTEP�I�HS�QIWQS�WMREP�

EXVEWEHS��IGS�HI�YQ�ZEPSV�QIRSV�UYI� �
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Eco com atraso <�

Figura 42 Intervalo de guarda com atraso menor que 

4SHI�WI�ZIV�UYI�RIWWI�GEWS�RÇS�LÅ�MRXIVJIVÎRGME�IRXVI�WÑQFSPSW�2�I�2������%�*MKYVE�

���MPYWXVE�S�GEWS�IQ�UYI�S�EXVEWS��E�Í�QEMSV�UYI� ��2IWWI�GEWS�I\MWXI� MRXIVJIVÎRGME�

IRXVI�SW�WÑQFSPSW�2�I�2������I�E�VIGITËÇS�WSJVIVÅ�YQE�HIKVEHEËÇS�RS�WIY�HIWIQTIRLS��

XERXS�QEMSV�UYERXS�QEMSV�JSV�S�ZEPSV�HS�EXVEWS�I�QEMSV�JSV�E�EQTPMXYHI�HS�IGS�

Eco com atraso >�

Figura 43 Intervalo de guarda com atraso maior que 

(I�YQE�JSVQE�KIVEP��TSHI�WI�HM^IV�UYI�E�FERHE�HI�KYEVHE�GSRJIVI�E�QSHYPEËÇS�

'3*(1�HS�(:&�8�E� WYE�FSE� MQYRMHEHI�Ä� MRXIVJIVÎRGME�HI�QYPXMTIVGYVWS� �IGSW�

GYNSW�EXVEWSW�GEMEQ�HIRXVS�HIWXE�FERHE�HI�KYEVHE��2E�TVÅXMGE��TEVE�QERXIV�E�SVXS�

KSREPMHEHI�IRXVI�EW�WYFTSVXEHSVEW��E�FERHE�HI�KYEVHE�Í�TVIIRGLMHE�GSQ�YQE�G×TME�

�4VIJM\S�'ÑGPMGS�HE�TEVXI�JMREP�HS�WÑQFSPS�3*(1��GSQS�QSWXVEHS�RE�*MKYVE����

Figura 44 ,QWHUYDOR�GH�JXDUGD�SRU�XPD�FySLD�GD�SDUWH�ILQDO�GR�VtPEROR�2)'0
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3�(:&�8�TIVQMXI�YXMPM^EV�UYEXVS�ZEPSVIW�HMJIVIRXIW�TEVE�E�VE^ÇS�HI�KYEVHE�� �

8Y�

%�8EFIPE���QSWXVE��TEVE�SW�QSHSW��/�I��/��E�HYVEËÇS�HSW�MRXIVZEPSW�HI�KYEVHE�

TEVE�E�VE^ÇS�HI�KYEVHE����������������I������

5YERXS�QEMSV�E�HYVEËÇS�HS�MRXIVZEPS�HI�KYEVHE��QEMW�VSFYWXS�Ä�HMWXSVËÇS�HI�QYP�

XMTIVGYVWS��IGSW�Í�S�WMREP�'3*(1��QEW�QIRSV�Í�E�XE\E�ÞXMP�HI�FMXW�HS�WMREP�HMKMXEP�

RE�IRXVEHE�HS�1SHYPEHSV�

%�XE\E�HI�FMXW�HS�JIM\I�HMKMXEP�RE�IRXVEHE�HS�1SHYPEHSV�(:&�8��WMREP�HI�IRXVEHE�

HI�FPSGS�(MZMWSV�HI�7MREMW�Í�YQE�ZEVMÅZIP�UYI�HITIRHI�HE�GSRJMKYVEËÇS�HS�WMWXIQE�

(:&�8�

TABELA 3 

'XUDomR�GR�,QWHUYDOR�GH�*XDUGD�SDUD�'9%�7

Modo Modo 8K Modo 2K

Intervalo de guarda /Tu 1/4 1/8 1/16 1/32 1/4 1/8 1/16 1/32

'XUDomR�GR�VtPEROR�7X�� s)
8192. T

1194,667

2048. T

298,667

'XUDomR�GR�,QWHUYDOR�GH

guarda  ( s)
2048T 102T 512T 256T 2048T 102T 512T 256T

'XUDomR�GR�6tPEROR

Ts=Tu+  ( s)

10240T

1493,3

9216T

144,0

8704T

1269,3

8448T

1232,0

2560T

373,3

2304T

336,0

2176T

317,3

2112T

308,0

%�IUYEËÇS�UYI�TIVQMXI�GEPGYPEV��ETVS\MQEHEQIRXI��S�ZEPSV�HIWXE�XE\E�HI�FMXW�TEVE�

YQ�GEREP�HI��1,^�HI�FERHE�Í�E�WIKYMRXI�

V
F��M�!�
�������\�PSK

��
1�\�'6

W�
\�'6

G�
\�����O����

SRHI�

V
F��M�
!
�
8E\E�HI�FMXW�IQ�1FTW�RE�IRXVEHE�HS�1SHYPEHSV�(:&�8

1�!�2ÞQIVS�HI�IWXEHSW�HE�WYFTSVXEHSVE��WIRHS�

1�!���TEVE�547/��1�!����TEVE���5%1�I�1�!����TEVE���5%1

'6
W
�!���������GSHI�VEXI�HS�SYXIV�GSHI

'6
G
�!��������������������SY������GSHI�VEXI�MRRIV�GSHI

/�!����������������SY�������VE^ÇS�HI�KYEVHE

(I�YQE�QERIMVE�KIVEP��UYERXS�QIRSV�JSV�E�XE\E�HI�FMXW�RE�IRXVEHE��V
F��M
��QEMSV�

WIVÅ�E�VSFYWXI^�HS�WMWXIQE�ÄW�MRXIVJIVÎRGMEW��I�ZMGI�ZIVWE��4SV�WYE�ZI^��UYERXS�QIRSV�

V
F��M
�
�
QIRSV�WIVÅ�E�UYEPMHEHI�HE�MQEKIQ�UYI�WI�TSHI�SFXIV�

3�(:&�8�Í��TSVXERXS��YQ�WMWXIQE�GSRJMKYVÅZIP�IQ�UYI�SW�TEVÆQIXVSW�TSHIQ�WIV�

ENYWXEHSW�TEVE�WEXMWJE^IV�ÄW�I\MKÎRGMEW�HSW�HMJIVIRXIW�WIVZMËSW�TVIWXEHSW��XIRHS�WI�IQ�

GSRXE�S�GSQTVSQMWWS�IRXVI�E�UYEPMHEHI�HE�MQEKIQ�I�E�VSFYWXI^�ÄW�MRXIVJIVÎRGMEW��
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������'SRZIVWSV�(�%

8SHEW�EW�STIVEËÙIW�HI�SFXIRËÇS�HS�WMREP�HI�3*(1�VIEPM^EHEW�RSW�FPSGSW�ERXI�

VMSVIW�EGSRXIGIQ�RS�HSQÑRMS�HSW�WMREMW�HMKMXEMW��)\MWXI��TSVXERXS��RE�WEÑHE�HS�FPSGS�

-RWIVËÇS�HS�-RXIVZEPS�HI�+YEVHE��YQ�WMREP�HMKMXEP�UYI�VITVIWIRXE�S�WMREP�QSHYPEHS�

IQ�3*(1��NÅ�MRWIVMHE�HMKMXEPQIRXI�E�FERHE�HI�KYEVHE��%KSVE�Í�RIGIWWÅVMS�GSRZIVXIV�

IWWI�WMREP�TEVE�S�HSQÑRMS�EREP×KMGS��GSQ�E�JMREPMHEHI�HI�TSHIV�GSRJMRÅ�PS�Ä�FERHE�HI�

�1,^��)WWE�GSRZIVWÇS�Í�VIEPM^EHE�TSV�YQ�GSRZIVWSV�(�%��HMKMXEP�EREP×KMGS��%�TEVXMV�

HIWWE�GSRZIVWÇS��S�WMREP�Í�XVERWJIVMHS�TEVE�SGYTEV�E�VIKMÇS�HS�IWTIGXVS�IQ�XSVRS�HE�

JVIUàÎRGME�HI�*-��SY�WINE��HI���1,^�E���1,^�

������'MVGYMXS�HI�WEÑHE�HI�XVERWQMWWÇS

)WXI�GMVGYMXS�Í�GSQTSWXS�TSV�HSMW�FPSGSW��9T�'SRZIVXIV��GSRZIVWSV�TEVE�GMQE�I�

%QTPMJMGEHSV�HI�4SXÎRGME��3�TVMQIMVS�XIQ�E�JYRËÇS�HI�XVERWJIVMV�S�WMREP�HI�*-�TEVE�E�

JVIUàÎRGME�HS�GEREP�HI�XIPIZMWÇS�HIWMKREHS�Ä�XVERWQMWWÇS�HS�WMREP�HI�8:��3�WIKYRHS�

XIQ�E�JYRËÇS�HI�EQTPMJMGEV�S�WMREP�XVERWJIVMHS�I�MRWIVM�PS�RE�ERXIRE�HI�XVERWQMWWÇS�HI�

8:�&VSEHGEWXMRK�

������8VERWQMWWÇS�LMIVÅVUYMGE

3�UYI�JSM�ZMWXS�RSW�MXIRW�ERXIVMSVIW�EFSVHSY�I\GPYWMZEQIRXI�E�XVERWQMWWÇS�HI�YQ�

WMREP�Ä�IRXVEHE�HS�1SHYPEHSV�(:&�8�GSRXIQTPEHS�GSQ�YQE�ÞRMGE�GSRJMKYVEËÇS�HI�

TEVÆQIXVSW�HS�(:&�8��RÇS�MQTSVXERHS�WI�E�XVERWQMWWÇS�IVE�HI�ETIREW�YQ�GEREP�SY�

ZÅVMSW�GEREMW�QYPXMTPI\EHSW��3�JEXS�WMKRMJMGEXMZS�Í�UYI��RÇS�MQTSVXERHS�S�GSRXIÞHS�

HS�JIM\I�HMKMXEP�HI�IRXVEHE��XSHS�IWWI�GSRXIÞHS�IWXÅ�IJIXYEHS�TIPE�QIWQE�GSRJMKYVEËÇS�

I��TSVXERXS��I\MKI�S�QIWQS�KVEY�HI�VSFYWXI^�ÄW�MRXIVJIVÎRGMEW�

3�(:&�8�TIVQMXI�GVMEV��E�TEVXMV�HS�HMJIVIRXI�GSRXIÞHS�HS�WMREP�HI�IRXVEHE�HS�

1SHYPEHSV�(:&�8��HSMW� WMREMW� GSQ�HMJIVIRXIW� KVEYW�HI� VSFYWXI^� ÄW� MRXIVJIVÎRGMEW��

4SV�I\IQTPS��TSHI�WI� XIV�YQ�GEREP�HI�FSE�HIJMRMËÇS�TEVE�E� VIGITËÇS�JM\E��QEW�RÇS�

HI�KVERHI�VSFYWXI^�Ä� MRXIVJIVÎRGME�I�SYXVS�GEREP�HI�HIJMRMËÇS�QEMW�TSFVI�HIWXMREHS�

Ä� XVERWQMWWÇS�Q×ZIP��QEW�HI� VSFYWXI^�QEMW� IPIZEHE��%�IWWI� XMTS�HI� XVERWQMWWÇS�HI�

GEREMW�GSQ�HMJIVIRXIW�GSRJMKYVEËÙIW�HIRXVS�HS�QIWQS�WMREP�QSHYPEHS�HÅ�WI�S�RSQI�

HI�8VERWQMWWÇS�,MIVÅVUYMGE�

%� YXMPM^EËÇS� HI� HMJIVIRXIW� GSRJMKYVEËÙIW� XSVRE� RIGIWWÅVME� E� YXMPM^EËÇS� HS� FPSGS�

(MZMWSV�HI�7MREMW��ZINE�S�MXIQ����������UYI�WITEVE�SW�HSMW�JIM\IW�LMIVEVUYM^EHSW��I�E�

HYTPMGEËÇS�HSW�FPSGSW�JYRGMSREMW�%HETXEËÇS�HI�1Y\�I�(MWTIVWSV�HI�)RIVKME��'SHM�

JMGEHSV�)\XIVRS��)RXVIPEËEHSV�)\XIVRS�I�'SHMJMGEHSV�-RXIVRS��'SQ�IWWE�HYTPMGEËÇS��

TSHI�WI�XIV�HSMW�JIM\IW�GSQ�HMJIVIRXI�VE^ÇS�HI�G×HMKS��GSHI�VEXI�TEVE�S�'SHMJMGEHSV�
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-RXIVRS��3�QETIEQIRXS�HIWWIW�HSMW�JIM\IW�TEVE�JSVQEV�RSZEQIRXI�YQ�W×�JIM\I�TIV�

QMXI� YXMPM^EV� XMTSW�QSHYPEËÙIW� HMJIVIRXIW� TEVE� SW� HSMW� JIM\IW��QEW� E� IWGSPLE� HIWXEW�

QSHYPEËÙIW�RÇS�Í�HI�JSVQE�MRHITIRHIRXI�YQE�HE�SYXVE��2E�ZIVHEHI��I\MWXIQ�HYEW�

GSQFMREËÙIW� TSWWÑZIMW�� SY� SW� HSMW� JIM\IW� IWXÇS� QSHYPEHSW� IQ�547/� SY� YQ� IWXÅ�

QSHYPEHS�IQ�547/�I�S�SYXVS�IQ���5%1��5YERHS�SW�HSMW�JIM\IW�WÇS�547/��S�UYI�

ETVIWIRXE�QEMSV�VSFYWXI^�Ä�MRXIVJIVÎRGME�Í�HIRSQMREHS�HI�EPXE�TVMSVMHEHI��I�MRHMGEHS�

TIPSW�HSMW�TVMQIMVSW�FMXW�HEW�TEPEZVEW�HI�UYEXVS�FMXW��5YERHS�SW�JIM\IW�WÇS�IQ�547/�

I���5%1��S�JIM\I�547/��SW�HSMW�TVMQIMVSW�FMXW�HE�TEPEZVE�HI�WIMW�FMXW�Í�GSRWMHIVEHS�

HI�EPXE�TVMSVMHEHI�I�S�JIM\I���5%1��HI�FEM\E�TVMSVMHEHI�

2IWWIW�QETIEQIRXSW�HI�YQ�JIM\I�HIRXVS�HI�SYXVS��TSHI�WI�YXMPM^EV�IWTEËEQIRXSW�

HMJIVIRXIW� IRXVI� EW� GSRWXIPEËÙIW�547/�SY�547/� I���5%1��)WWI� JEXSV� HI� IWTEËE�

QIRXS�Í�GLEQEHS�HI� �I�TSHI�XIV�ZEPSVIW�HI� �!���� �!���I� �!����4EVE� �!����S�

IWTEËEQIRXS�IRXVI�EW�GSRWXIPEËÙIW�Í�S�RSVQEP��GSQS�ETVIWIRXEHS�REW�JMKYVEW����F�I�

���G��4EVE� �!����EW�GSRWXIPEËÙIW�547/�IWXÇS�WITEVEHEW�GSQS�RE�*MKYVE�����0IQFVEV�

UYI�RIWWE�JMKYVE�SW�TVMQIMVSW�HSMW�FMXW�MRHMGEQ�S�UYEHVERXI�IQ�UYI�IWXÇS�EW�GSRWXIPE�

ËÙIW�I�GSVVIWTSRHIQ�ES�JIM\I�547/�HI�EPXE�TVMSVMHEHI��I�S�VIWXERXI��HSMW�FMXW��MRHMGE�

E�TSWMËÇS�HI�IWXEHSW�HIRXVS�HI�GEHE�GSRWXIPEËÇS�I�GSVVIWTSRHI�ESW�IWXEHSW�HI�JIM\IW�

547/�HI�FEM\E�TVMSVMHEHI��2SXI�WI� XEQFÍQ�UYI�E�QSHYPEËÇS� GSQFMREHE�HI�HSMW�

JIM\IW�547/�GSVVIWTSRHI�E�YQE�QSHYPEËÇS�HI���5%1�

Figura 45�&RQVWHODomR����4$0�FRP�  =2

'SQ�E�WITEVEËÇS�HEW�GSRWXIPEËÙIW�QEMSV�UYI�S�GEWS�HI� �!����RSVQEP��S�JIM\I�HI�

EPXE�TVMSVMHEHI�KERLE�QEMSV�VSFYWXI^�ÄW�MRXIVJIVÎRGMEW�HS�UYI�I\MWXME�IQ� �!����)Q�

GSQTIRWEËÇS��SW�IWXEHSW�HIRXVS�HEW�GSRWXIPEËÙIW�IWXÇS�QEMW�TV×\MQSW�IRXVI�WM��S�UYI�

VIHY^�E�WYE�VSFYWXI^�IQ�VIPEËÇS�Ä�HI� �!���
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%� *MKYVE� ���QSWXVE� E� WMXYEËÇS� TEVE� � !� �� RE� GSQFMREËÇS�547/� I� ��5%1��

%UYM��SW�HSMW�TVMQIMVSW�FMXW�HI�GEHE�IWXEHS�VITVIWIRXEQ�E�QSHYPEËÇS�547/�HI�EPXE�

TVMSVMHEHI��I�SW�VIWXERXIW�UYEXVS�FMXW�VITVIWIRXEQ�E�QSHYPEËÇS���5%1�HI�FEM\E�TVMS�

VMHEHI��9WERHS�VEGMSGÑRMS�ERÅPSKS�ES�YWEHS�TEVE�E�GSQFMREËÇS�547/�547/��TSHI�WI�

SFWIVZEV�UYI�E�QSHYPEËÇS�547/�Í�QEMW�VSFYWXE�UYI�E�547/�TEVE� �!���I�E���5%1�

Í�QIRSW�VSFYWXE�UYI�E���5%1�TEVE� �!����2SXI�WI�UYI�S�JIM\I�GSQFMREHS�VITVIWIRXE�

YQE�QSHYPEËÇS�IQ���5%1�

Figura 46 &RQVWHODomR���4$0�FRP�  = 2

%W� JMKYVEW� ��� I� ��� VITVIWIRXEQ� EW� GSRWXIPEËÙIW� TEVE� 547/�547/� I� 547/�

��5%1�TEVE� �!���

Figura 47 &RQVWHODomR���4$0�FRP�  = 4             Figura 48 &RQVWHODomR���4$0�FRP� =4
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4EVE� GÅPGYPS� HEW� XE\EW� HI� FMXW� RE� IRXVEHE� HS�1SHYPEHSV�(:&�8� TEVE� SW� HSMW�

GEREMW�LMIVÅVUYMGS��TSHIQ�WIV�ETPMGEHEW�EW�IUYEËÙIW�WIKYMRXIW�

4EVE�JIM\I�547/�HI�EPXE�TVMSVMHEHI�

6
F��M�
!���������\�'6

G��
\�������������1FTW����

����������������������O

SRHI�'6
G��
!�GSHI�VEXI�IWGSPLMHS�TEVE�S�JIM\I���I�O�!�VE^ÇS�HI�KYEVHE�IWGSPLMHE�

4EVE�S�JIM\I�547/�HI�FEM\E�TVMSVMHEHI�

6
F��M�
!���������\�'6

G��
\��1FTW����

SRHI�'6
G��
!�GSHI�VEXI�IWGSPLMHS�TEVE�S�JIM\I���

4EVE�S�JIM\I���5%1�HI�FEM\E�TVMSVMHEHI�

6
F��M�
!����������\�'6

G��
\�������������1FTW����

����������������������O

SRHI�'6
G��
!�GSHI�VEXI�IWGSPLMHS�TEVE�S�JIM\I���

2SXE��S�ZEPSV�HI�O�XIQ�UYI�WIV�S�QIWQS�TEVE�SW�HSMW�JIM\IW�

)\IQTPS�

*IM\I����547/��'6
G��
!����I�O�!����

*IM\I������5%1��'6
G��
!�����I�O�!����

6
F��M�
!���������\�¡�\������������!������1FTW

������������������

6
F��M�
!����������\����

�
\������������!��������1FTW

������������������

2IWXI�I\IQTPS��S�JIM\I���TSHIVME�WIV�YWEHS�TEVE�YQE�XVERWQMWWÇS�Q×ZIP��TSMW�E�

QSHYPEËÇS�547/�I�SW�ZEPSVIW�IWGSPLMHSW�HI�'6
G��
I�O�GSRJIVIQ�KVERHI�VSFYWXI^�ÄW�

MRXIVJIVÎRGMEW��3�JIM\I����QIRSW�VSFYWXS��QEW�GSQ�YQE�XE\E�HI�FMXW�QEMSV��TSHIVME�WIV�

YWEHS�TEVE�VIGITËÇS�JM\E�HI�XIPIZMWÇS�GSQ�YQE�EPXE�UYEPMHEHI�HI�MQEKIQ�

������'EREP�HI�WSQ�TEVE�(:&�8

3� WMWXIQE� HI� GSHMJMGEËÇS�GSQTVIWWÇS� HI� WSQ� YXMPM^EHS� TIPS� TEHVÇS� IYVSTIY� Í�

HIRSQMREHS�1EWOMRK�4EXXIVR�9RMZIVWEP�7YF�FERH�-RXIKVEXIH�'SHMRK�ERH�1YPXMTPI\MRK�

�1YWMGEQ�

3� 1YWMGEQ� IQTVIKE� XÍGRMGEW� TWMGSQÍXVMGEW� HI� GSHMJMGEËÇS� IWTIGMJMGEHEW� TIPS�

TEHVÇS�14)+��%YHMS�0E]IV�--���YQ�WMWXIQE�HI�GSQTVIWWÇS�HMKMXEP�UYI�ETVSZIMXE�

EW�GEVEGXIVÑWXMGEW�HI�QEWGEVEQIRXS�HS�SYZMHS�TEVE�S� WSQ�HI�RÑZIP�QEMW�FEM\S�I�HI�

JVIUàÎRGMEW�TV×\MQEW�E�YQ�GIVXS�WSQ�TVSIQMRIRXI�
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4SHI�SJIVIGIV�GEREMW�RE�GSRJMKYVEËÇS�QSRS��IWXÍVIS�I�QYPXMGEREP�TEVE�XE\EW�HI�FMXW�

HI�EXÍ����/FTW��SY�QEMW�

2ÇS�Í�GSQTEXÑZIP�GSQ�S�GEREP�%'��(SPF]�HS�TEHVÇS�EQIVMGERS�SY�S�%%'�HS�

TEHVÇS�NETSRÎW�

����7MWXIQE�-7(&�8

3�WMWXIQE�NETSRÎW�-7(&�8�Í�YQE�IZSPYËÇS�HS�WMWXIQE�(:&�8��YWERHS�S�QIWQS�

WMWXIQE�HI�QYPXMTSVXEHSVEW��QSHYPEËÇS�3*(1�I� MRWIVËÇS�HI� MRXIVZEPS�HI�KYEVHE��

)Q�ZMVXYHI�HI�E�QEMSVME�HE� JYRGMSREPMHEHI�HSW�GMVGYMXSW� NÅ� XIV� WMHS�GSQIRXEHE�RS�

MXIQ� ERXIVMSV�� EUYM� WIVÇS� GSQIRXEHSW� ETIREW� SW� MXIRW� EHMGMSREMW� MRXVSHY^MHSW�� 3�

TEHVÇS� -7(&�TSWWYM� XVÎW�QSHSW�HI�QYPXMTSVXEHSVEW���/���/�I��/��9QE� MRSZEËÇS�

HIWXI�WMWXIQE�Í�E�WIKQIRXEËÇS�HI�FERHE�UYI�HMZMHI�E�PEVKYVE�HI��1,^�HS�GEREP�IQ�

���WIKQIRXSW�I��GSRJSVQI�S�XMTS�HI�XVERWQMWWÇS�IWGSPLMHE��YXMPM^E�YQ�SY�QEMW�WIK�

QIRXSW�TEVE�GEHE�GEQEHE��GSQ�E�TSWWMFMPMHEHI�HI�XVERWQMXMV�EXÍ�XVÎW�JIM\IW�HI�HEHSW�

WMQYPXÆRISW�GSQ�QSHYPEËÙIW�HMJIVIRXIW�IRXVI�WM��

%�*MKYVE����MPYWXVE�E�WIKQIRXEËÇS�HS�GEREP�HI�6*�IQ����WIKQIRXSW�HI�FERHE�

Figura 49 Espectro do canal de RF segmentado

4SHI�WI�HMZMHMV�S�WMWXIQE�-7(&�8�IQ�XVÎW�FPSGSW��VIQYPXMTPI\EËÇS��GSHMJMGEËÇS�HI�

GEREP�I�QSHYPEËÇS��%�*MKYVE����MPYWXVE�YQ�HMEKVEQE�FÅWMGS�HS�WMWXIQE�-7(&�8�

Figura 50�'LDJUDPD�EiVLFR�GR�PRGXODGRU�,6'%�7
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3�QSHYPEHSV�VIGIFI�XVÎW�WIUàÎRGMEW�HI�TEGSXIW�HI�HEHSW�GLEQEHSW�HI�8VERWTSVX�

7XVIEQ� �87� UYI� GSRXÍQ� MRJSVQEËÇS�QYPXMTPI\EHE� GSQTVMQMHE� HI� ZÑHIS�� ÅYHMS� I�

HEHSW�� 3� WMWXIQE� -7(&�8� TSWWYM� HYEW� MRXIVJEGIW� HI� IRXVEHE�� E� (:&�74-�(MKMXEP�

:ÑHIS�&VSEHGEWXMRK�7]RGLVSRSYW�4EVEPPIP�-RXIVJEGI�I�E�%W]RGLVSRSYW�7IVMEP�-RXIVJEGI�%7-��

%W�IRXVEHEW�WÇS�HIRSQMREHEW�HI�GEQEHEW�%��&�I�'��2E�XVERWQMWWÇS�LMIVÅVUYMGE��IWWEW�

GEQEHEW� WÇS�YXMPM^EHEW� VIEPM^ERHS�WI�EXVMFYMËÙIW�ESW����WIKQIRXSW�HI�6*�TEVE�GEHE�

JIM\I�HI�HEHSW�HEW�GEQEHEW�

3�IWXÅKMS�HI�GSHMJMGEËÇS�Í�HMZMHMHS�TSV�YQ�FPSGS�HI�GSHMJMGEËÇS�I\XIVRE�I�MRXIVRE��

3�IWXÅKMS�HI�GSHMJMGEËÇS�I\XIVRE�Í�JM\S��JSVQEHS�TSV�YQ�EPIEXSVM^EHSV�HI�HEHSW�I�YQ�

GSHMJMGEHSV�6IIH�7SPSQSR�GSQ�IRXVIPEËEHSV�HI�F]XIW��3�IWXÅKMS�HI�GSHMJMGEËÇS�MRXIVRE�

Í� JPI\ÑZIP�� JSVQEHS� TIPS� GSHMJMGEHSV� GSRZSPYGMSREP� HI� XE\E�QÇI� ���� GSQ�ENYWXI� HI�

TYRGMSREQIRXS�TEVE�������������������������GSQ�IRXVIPEËEQIRXS�HI�FMXW�I�WÑQFSPSW��

3�TVMQIMVS�IWXÅKMS�HI�QSHYPEËÇS�Í�JSVQEHS�TSV�YQE�QSHYPEËÇS�TVMQÅVME�UYI�TSHI�

WIV�IWGSPLMHE�IRXVI�547/�����5%1�SY����5%1��%W�GEQEHEW�%��&�I�'�WÇS�GSQFMRE�

HEW�I�IRXVIPEËEHEW�RS�XIQTS�����������SY����QW�I�IQ�JVIUàÎRGME�TSV�YQ�EPKSVMXQS�

EPIEXSVM^EHSV��9QE�IWXVYXYVE�HI�WMRGVSRMWQS�Í�EHMGMSREHE�GSQ�E�MRWIVËÇS�HI�TMPSXSW�

HI�VIJIVÎRGME��WMREPM^EËÇS�I�GSRXVSPI��3�WIKYRHS�IWXÅKMS�HI�QSHYPEËÇS�Í�JSVQEHS�TSV�

YQ�QSHYPEHSV�3*(1�UYI�STIVE�GSQ�-**8�HI�XEQERLS��O���O�SY��O��2E�WEÑHE�HS�

QSHYPEHSV�3*(1�Í�EHMGMSREHS�YQ�TVIJM\S�GÑGPMGS�UYI�KEVERXI�E�VSFYWXI^�HS�WMWXIQE�

GSRXVE�MRXIVJIVÎRGME�MRXIVWMQF×PMGE��3W�WMREMW�WÇS�GSRZIVXMHSW�TEVE�EREP×KMGS�IQ�FERHE�

FÅWMGE�HI��1,^�RE�JVIUàÎRGME�GIRXVEP�HI������1,^�

������6IQYPXMTPI\EËÇS

3�VIQYPXMTPI\EHSV�VIGIFI�XVÎW�87�14)+���I�EKVYTE�SW�IQ�YQ�ÞRMGS�87�14)+�

���3�EKVYTEQIRXS�Í�VIEPM^EHS�IQ�TEGSXIW�14)+���87��874��GSQS�TSHI�WIV�ZMWXS�

RE� *MKYVE� ����3� XEQERLS� HS�87� VIQYPXMTPI\EHS� ZEVME� GSQ�S� MRXIVZEPS� HI� KYEVHE�

YXMPM^EHS��GSQS�TSHI�WIV�ZMWXS�RE�8EFIPE����%�VIQYPXMTPI\EËÇS�EMRHE�XIQ�E�JYRËÇS�HI�

QETIEV�SW�TEGSXIW�HI�HEHSW�HI�IRXVEHE�TEVE�WYEW�VIWTIGXMZEW�GEQEHEW�RS�IWXÅKMS�HI�

GSHMJMGEËÇS�HI�GEREP��4EVE�MWWS��YQ�WMREP�HI�GSRXVSPI�Í�IRZMEHS�HS�VIQYPXMTPI\EHSV�EXÍ�

S�FPSGS�HI�GSHMJMGEËÇS�HI�GEREP�

Figura 51�([HPSOR�GD�UHPXOWLSOH[DomR�GR�transport stream (Modo 2k, intervalo de guarda = 1/8)
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TABELA 4

&RQILJXUDomR�GR�TXDGUR�PXOWLSOH[DGR

Modo
Intervalo de guarda

1/4 1/8 1/16 1/32

2k 1280 1152 1088 1056

4k 2560 2304 2176 2112

8k 5120 4608 4352 4224

������'SHMJMGEËÇS�HI�GEREP

%�*MKYVE���� MPYWXVE�S�HMEKVEQE�HI�FPSGSW�HS� IWXÅKMS�HI� GSHMJMGEËÇS�HS� WMWXIQE�

-7(&8�

Figura 52 Diagrama do codificador de canal

%� WEÑHE� HS� VIQYPXMTPI\EHSV� Í� JSVQEHE� TSV� TEGSXIW� HI� ���� F]XIW��'EHE� TEGSXI�

TSWWYM���F]XI�HI� WMRGVSRMWQS����
,)<
�I�����F]XIW�HI� MRJSVQEËÇS�ÞXMP��%�*MKYVE����

MPYWXVE�YQ�TEGSXI�HI�HEHSW�SVMKMREHS�RE�WEÑHE�QYPXMTPI\EHSV�

Figura 53�3DFRWH�GH�GDGRV�QD�VDtGD�GR�FRGLILFDGRU�03(*��

��������6IIH�7SPSQSR��GSHMJMGEËÇS�I\XIVRE

%�GSHMJMGEËÇS�I\XIVRE�Í�GSRWXMXYÑHE�TSV�YQ�G×HMKS�HI�FPSGS�HS�XMTS�6IIH�7SPSQSR�

67
�R�O�X
��SRHI�O�Í�E�IRXVEHE��R�Í�E�WEÑHE�I�X�Í�E�GETEGMHEHI�HI�GSVVIËÇS�HI�IVVSW��2S�WMWXI�

QE�-7(&�8�Í�YXMPM^EHS�GSQS�IRXVEHE�O�!�����I�R�!�����HI�WEÑHE��%�HMWXÆRGME�QÑRMQE�

TSHI�WIV�GEPGYPEHE�TSV�H
QMR�
!�R�O����)WWI�G×HMKS�TSWWYM����WÑQFSPSW�HI�TEVMHEHI�!�R�O�

I�GETEGMHEHI�HI�GSVVIËÇS�X�!��H
QMR
������%�*MKYVE����MPYWXVE�YQ�TEGSXI�HI�HEHSW�SVMKM�

REHS�RE�WEÑHE�HS�GSHMJMGEHSV�6IIH�7SPSQSR��IQ�UYI�GEHE�WÑQFSPS�TSWWYM�Q�!���FMXW�

Figura 54 Pacote com Reed-Solomon RS(204,188,8)

Reed

Solomon
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'×HMKS�TSPMRSQMEP�KIVEHSV��K�\�!��\� ��\� ��\� �����\� ����SRHI� !���
,)<

4SPMRØQMS�KIVEHSV�HI�GEQTS��T�\�!�\���\���\���\����

4EVE�VIEPM^EV�E�MQTPIQIRXEËÇS�HIWWI�G×HMKS��JSM�RIGIWWÅVMS�EGVIWGIRXEV����F]XIW�I�

TVIIRGLÎ�PSW�GSQ�^IVSW��3�GSHMJMGEHSV�TSWWYM�E�GSRJMKYVEËÇS�67������������X�!���

��������7ITEVEËÇS�HS�87

3�87�RE�WEÑHE�HS�GSHMJMGEHSV�6IIH�7SPSQSR�Í�HMZMHMHS�IQ�����F]XIW�I�SVHIREHS�

IQ�XVÎW�GEQEHEW�HI�EGSVHS�GSQ�E�VIQYPXMTPI\EËÇS��2IWWI�TVSGIWWS��GEHE�87�Í�HMVI�

GMSREHS�TEVE�WYE�VIWTIGXMZE�GEQEHE�%��&�SY�'��7I�E�XVERWQMWWÇS�LMIVÅVUYMGE�RÇS�Í�

YXMPM^EHE��XSHS�87�Í�HMVIGMSREHS�TEVE�YQE�ÞRMGE�GEQEHE�

%�*MKYVE����MPYWXVE�S�TVSGIWWS�HI�HMZMWÇS�HS�87�

Figura 55�3URFHVVR�GH�GLYLVmR�GR�76

��������%PIEXSVM^EHSV��HMWTIVWSV�HI�IRIVKME

'SQ�SFNIXMZS�HI�IWTEPLEV�SW�HEHSW�IRXVERXIW�HS�GSHMJMGEHSV�14)+���I�IPMQMREV�

WIUàÎRGMEW�VITIXMHEW�HI�^IVSW�I�YRW�UYI�TSHIVMEQ�KIVEV�YQ�RÑZIP�('�GEYWERHS�YQE�

MRXIVJIVÎRGME�MRXIVWMQF×PMGE��SW�HEHSW�WÇS�WIVMEPM^EHSW�I�WSQEHSW�E�YQE�WIUàÎRGME�FMRÅ�

VME�TWIYHS�EPIEX×VME�46&7�JSVQEHE�TIPS�KIVEHSV�TSPMRSQMEP�����\
��
���\
��
�
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3W�VIKMWXVEHSVIW�HI�HIWPSGEQIRXS�HIWWI�KIVEHSV�46&7�WÇS�GEVVIKEHSW�GSQ�YQE�

WIUàÎRGME�MRMGMEP�w���������������x��3�XEQERLS�HE�WIUàÎRGME�HS�EPIEXSVM^EHSV�HI�

HEHSW�Í�HI��
��
�z���!�������

%�*MKYVE����MPYWXVE�S�IWUYIQE�HS�EPIEXSVM^EHSV�HIWEPIEXSVM^EHSV�HI�HEHSW�YXM�

PM^EHS�

Figura 56 Aleatorizador/desaleatorizador de dados

��������%NYWXI�HI�EXVEWS

3�IRXVIPEËEHSV�HI�F]XI�XIQ�GSQS�SFNIXMZS�VIEPM^EV�E�GSQTIRWEËÇS�HI�EXVEWS�HEW�

XVÎW�GEQEHEW�HI�HEHSW��%�8EFIPE���MPYWXVE�SW�ZEPSVIW�HI�EXVEWS�TEVE�EW�GSRJMKYVEËÙIW�

TSWWÑZIMW�RS�WMWXIQE�

TABELA 5

$MXVWH�GH�$WUDVR�GR�(QWUHODoDGRU�GH�%\WHV

0RGXODomR Taxa
$MXVWH�GH�DWUDVR��Q~PHUR�GH�763V�WUDQVPLWLGRV�

Modo 2k Modo 4k Modo 8k

DQPSK

QPSK

1/2 12 x N-11 24 x N-11 48 x N-11

2/3 16 x N-11 32 x N-11 64 x N-11

3/4 18 x N-11 36 x N-11 72 x N-11

5/6 20 x N-11 40 x N-11 80 x N-11

7/8 21 x N-11 42 x N-11 84 x N-11

16QAM

1/2 24 x N-11 48 x N-11 96 x N-11

2/3 32 x N-11 64 x N-11 128 x N-11

3/4 36 x N-11 72 x N-11 144 x N-11

5/6 40 x N-11 80 x N-11 160 x N-11

7/8 42 x N-11 84 x N-11 168 x N-11

64QAM

1/2 36 x N-11 72 x N-11 144 x N-11

2/3 48 x N-11 96 x N-11 192 x N-11

3/4 54 x N-11 108 x N-11 216 x N-11

5/6 60 x N-11 120 x N-11 240 x N-11

7/8 63 x N-11 126 x N-11 252 x N-11

1� �Q~PHUR�GH�VHJPHQWRV�XWLOL]DGRV�
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��������)RXVIPEËEHSV�HI�F]XIW

3�IRXVIPEËEHSV�HI�F]XIW�XIQ�GSQS�SFNIXMZS�IWTEPLEV�SW�TEGSXIW�TVSZIRMIRXIW�HS�

6IIH�7SPSQSR�I�HS�EPIEXSVM^EHSV��HMWTIVWSV�HI�IRIVKME�TEVE�EYQIRXEV�WYE�IJMGMÎRGME�

TIVERXI�IVVSW�HI�FPSGS��'SQS�TSHI�WIV�ZMWXS�RE�*MKYVE����IPI�Í�GSRWXMXYÑHS�TSV�YQ�

IRXVIPEËEHSV�GSRZSPYGMSREP�GSQ�-�!����VEQSW�I�VIKMWXVEHSVIW��HI�HIWPSGEQIRXS�GSQ�

XEQERLS�1�!����F]XIW��'EHE�VEQS�TSWWYM��-���\����VIKMWXVEHSVIW�I�GEHE�WÑQFSPS�XIQ�

XEQERLS�HI���FMXW��3W����VEQSW�IWXÇS�GSRIGXEXSW�GMGPMGEQIRXI�RE�WEÑHE�HS�6IIH�

7SPSQSR�I�XVERWJIVIQ���WÑQFSPS�HI�GEHE�ZI^�IQ�GEHE�VEQS�

3�VEQS�-�!���RÇS�TSWWYM�QIQ×VME��I�SW�WÑQFSPSW�WÇS�XVERWJIVMHSW�MQIHMEXEQIRXI�

TEVE�E�WEÑHE��(IWWE�JSVQE��SW�WÑQFSPSW�HI�WMRGVSRMWQS�WÇS�IRZMEHSW�RS�VEQS�-�!����%�

*MKYVE����MPYWXVE�YQ�TEGSXI�TVSZIRMIRXI�HE�WEÑHE�HS�IRXVIPEËEHSV�HI�F]XIW�

Figura 57�'LDJUDPD�GR�HQWUHODoDGRU�GHVHQWUHODoDGRU

Figura 58�3DFRWH�GH�GDGRV�QD�VDtGD�GR�HQWUHODoDGRU�GH�E\WHV

��������'SHMJMGEËÇS�GSRZSPYGMSREP

%�GSHMJMGEËÇS�Í�JSVQEHE�TSV�YQ�GSHMJMGEHSV�GSRZSPYGMSREP�GSQ�TYRGMSREQIRXS��

8IQ�E�JYRËÇS�HI�EGVIWGIRXEV�FMXW�TEVE�EYQIRXEV�E�GETEGMHEHI�HI�GSVVIËÇS�HI�FMXW��)PI�

Í�GSRWXMXYÑHS�TSV�YQ�G×HMKS�GSRZSPYGMSREP�HI�XE\E�QÇI�6�!�����I����IWXEHSW��3�G×HM�

KS�GSRZSPYGMSREP�KIVEHS�TEVE�WEÑHE�<�Í�+
��
!����

3'8
�I�TEVE�E�WEÑHE�=�Í�+

�
�!����

3'8
�

%�*MKYVE����MPYWXVE�S�HMEKVEQE�HIWWI�GSHMJMGEHSV�GSRZSPYGMSREP�
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Figura 59 Codificador convolucional (2,1,6) de taxa 1/2

'SHMJMGEHSV�'SRZSPYGMSREP��R�O�Q

SRHI�

+
�
�!���������������!���(�(

�
�(
�
�(
�

+
�
�!���������������!���(

�
�(
�
�(
�
�(
�

R�!�WEÑHE��RÞQIVS�HI�WSQEHSVIW�Q×HYPS��

O�!�IRXVEHE

Q�!�QIQ×VME��RÞQIVS�HI�VIKMWXVEHSVIW�HI�HIWPSGEQIRXS

3�'×HMKS�GSRZSPYGMSREP��HIWGVMXS�ERXIVMSVQIRXI��TSWWYM�XE\E�QÇI������4EVE�EPXI�

VEV�IWWE�XE\E��Í�YXMPM^EHS�YQ�TYRGMSREQIRXS�I�GSRWIKYI�WI�EW�XE\EW�HI���������������I�

����GSQS�TSHI�WIV�ZMWXS�RE�*MKYVE����I�8EFIPE���

Figura 60�3XQFLRQDPHQWR�GR�FyGLJR�FRQYROXFLQDO
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TABELA 6 

&DUDFWHUtVWLFD�GR�3XQFLRQDPHQWR

&yGLJR 7D[D�GR�FyGLJR

K G
1

G
2

1/2 2/3 3/4 5/6 7/8

P d
free

P d
free

P d
free

P d
free

P d
free

7 71
oct

33
oct

X=1

Y=1

10 X=10

Y=11

6 X=101

Y=110

5 X=10101

Y=11010

4 X=1000101

Y=1111010

3

P = puncionamento

d
free
� �GLVWkQFLD�OLYUH

������1SHYPEËÇS

%�*MKYVE���� MPYWXVE�S�HMEKVEQE�HI�FPSGSW�HS� IWXÅKMS�HI�QSHYPEËÇS�HS� WMWXIQE�

-7(&�8�

Figura 61 Diagrama em blocos do modulador 

������%NYWXI�HI�EXVEWS

3�IRXVIPEËEHSV�HI�FMXW�XIQ�GSQS�JYRËÇS�VIEPM^EV�YQ�IRXVIPEËEQIRXS�GSQ�EXVEWS�

HI� ���� WÑQFSPSW� GSQTPI\SW� �-�N5� GSQ� XEQERLS� JM\S� TEVE� GEHE� GSRJMKYVEËÇS� HI�

QSHYPEËÇS�GSQS�TSHI�WIV�ZMWXS�RE�8EFIPE����SRHI�2�VITVIWIRXE�S�RÞQIVS�HI� WIK�

QIRXSW�YWEHSW�IQ�GEHE�GEQEHE�

TABELA 7

Ajuste do atraso do Bit Interleaver

0RGXODomR
Quantidade de bits atrasados

Modo 2k Modo 4k Modo 8k

DQPSK/QPSK 384xN-240 768xN-240 1536xN-240

16QAM 768xN-480 1536xN-240 3072xN-240

64QAM 1152xN-720 2304xN-720 4608xN-720
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������)RXVIPEËEQIRXS�HI�FMXW�I�QETIEQIRXS

3�IRXVIPEËEQIRXS�HI�FMXW�Í�GSRWXMXYÑHS�TSV�YQ�GSRZIVWSV�WIVMEP�TEVEPIPS�HI�XEQE�

RLS�ZEVMÅZIP�HI�EGSVHS�GSQ�S�QÍXSHS�HI�QSHYPEËÇS�EGVIWGMHS�HI�YQ�EXVEWS�HI�FMX�

��������(547/

%W�JMKYVEW����I����MPYWXVEQ�S�HMEKVEQE�HI�FPSGSW�HS�QSHYPEHSV�I�WYE�VIWTIGXMZE�

GSRWXIPEËÇS�

Figura 62 Modulador DQPSK

Figura 63�&RQVWHODomR�'436.

��������547/

%W�JMKYVEW����I����MPYWXVEQ�S�HMEKVEQE�HI�FPSGSW�HS�QSHYPEHSV�I�WYE�VIWTIGXMZE�

GSRWXIPEËÇS�
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Figura 64 Modulador QPSK

Figura 65�&RQVWHODomR�436.

�����������5%1

%W�JMKYVEW����I����MPYWXVEQ�S�HMEKVEQE�HI�FPSGSW�HS�QSHYPEHSV�I�WYE�VIWTIGXMZE�

GSRWXIPEËÇS�

Figura 66 Modulador 16-QAM

Figura 67�&RQVWHODomR����4$0
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�����������5%1

%W�JMKYVEW����I����MPYWXVEQ�S�HMEKVEQE�HI�FPSGSW�HS�QSHYPEHSV�I�WYE�VIWTIGXMZE�

GSRWXIPEËÇS�

Figura 68 Modulador 64-QAM

Figura 69�&RQVWHODomR����4$0

��������*EXSV�HI�RSVQEPM^EËÇS

'SQ�S�SFNIXMZS�HI�QERXIV�E�TSXÎRGME�QÍHME�GSRWXERXI�IQ�XSHEW�EW�QSHYPEËÙIW�

YXMPM^EHEW��YWE�WI�YQ�JEXSV�HI�RSVQEPM^EËÇS�RE� GSRWXIPEËÇS�GSQS�TSHI�WIV�ZMWXS�RE�

8EFIPE���

TABELA 8

)DWRU�GH�1RUPDOL]DomR

(VTXHPD�GH�PRGXODomR )DWRU�GH�QRUPDOL]DomR

DQPSK c = z

QPSK c = z

16-QAM c = z

64-QAM c = z



��

7MWXIQE�HI�8:�(MKMXEP

������7IKQIRXS�HI�HEHSW

'SQS�TSHI�WIV�ZMWXS�RE�*MKYVE�����SW�WIKQIRXSW�HI�HEHSW�WÇS�JSVQEHSW�TSV�YQ�

GSRNYRXS�HI�WÑQFSPSW�GSQTPI\SW�TVSZIRMIRXIW�HS�IWXÅKMS�HI�QETIEQIRXS��3�GSRNYR�

XS�HI����WÑQFSPSW�GSQTPI\SW�IQ�����WÑQFSPSW�3*(1�JSVQE�YQ�WIKQIRXS�HI�HEHSW�

RS�QSHS� �O��3� GSRNYRXS� HI� ���� WÑQFSPSW� GSQTPI\SW� IQ� ���� WÑQFSPSW�3*(1�

JSVQE�YQ�WIKQIRXS�HI�HEHSW�RS�QSHS��O��3�GSRNYRXS�HI�����WÑQFSPSW�GSQTPI\SW�

IQ�����WÑQFSPSW�3*(1�JSVQE�YQ�WIKQIRXS�HI�HEHSW�RS�QSHS��O�

Figura 70 Estrutura de segmentos de dados. (a) Modo 2k, (b) Modo 4k e (c) Modo 8k
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������7ÑRXIWI�HEW�GEQEHEW�HI�HEHSW

(ITSMW�HE�GSHMJMGEËÇS�HI�GEREP�I�QETIEQIRXS��SW�WIKQIRXSW�HI�HEHSW�WÇS�GSQFM�

REHSW�JSVQERHS�YQ�ÞRMGS�WIKQIRXS�HI�HEHSW�GSQS�TSHI�WIV�ZMWXS�RE�*MKYVE����

Figura 71 Combinador de segmento de dados

������)RXVIPEËEHSV�XIQTSVEP

(ITSMW�HS� WMRXIXM^EHSV�HI� GEQEHEW��S� WMREP� Í� IRXVIPEËEHS��3�IRXVIPEËEHSV� XIQ�

TSVEP� Í� JSVQEHS�TSV�YQ�IRXVIPEËEHSV�HI�FPSGSW�UYI� XIQ�GSQS�SFNIXMZS� IRXVIPEËEV�

EW�WYFTSVXEHSVEW�HIRXVS�HI�ZÅVMSW� WÑQFSPSW�3*(1��3�IRXVIPEËEHSV�XIQTSVEP�EXYE�

WITEVEHEQIRXI�IQ�GEHE�WIKQIRXS�3*(1�HI�HEHSW�I�Í�GSQFMREHS�GMGPMGEQIRXI�RE�

WEÑHE��3� XEQERLS�HS� IRXVIPEËEQIRXS�TSHI� WIV� ENYWXEHS� ZEVMERHS�WI� S�TEVÆQIXVS� -�

GSQS�TSHI�WIV�ZMWXS�RE�)UYEËÇS����

�M�!�-���QSH�����M��2G�� ���

SRHI�

-�!�%NYWXI�HS�XEQERLS�HS�IRXVIPEËEHSV

M�!�)RXVEHE�HS�IRXVIPEËEHSV�XIQTSVEP

�M�!�7EÑHE�HS�IRXVIPEËEHSV�XIQTSVEP

2G�!�2ÞQIVS�HI�TSVXEHSVEW��2G�!���������SY�����TEVE�SW�QSHSW��O���O�I��O��

VIWTIGXMZEQIRXI�
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3� %XVEWS� KIVEHS� TIPS� IRXVIPEËEHSV� XIQTSVEP� TSHI� WIV� GEPGYPEHS� YWERHS�WI� E�

)UYEËÇS����

� %
8-
�!�8

*�
�����2

*
�2
7%
� ���

%
8-
�!�%XVEWS�HS�IRXVIPEËEHSV�XIQTSVEP

8
*
�!�(YVEËÇS�HS�WÑQFSPS�3*(1

2
*
�!�2ÞQIVS�HI�UYEHVSW�3*(1�EXVEWEHSW

2
7%
�!�2ÞQIVS�HI�WÑQFSPSW�TEVE�ENYWXI

%W�JMKYVEW��������I����MPYWXVEQ�KVÅJMGSW�HI�HMWTIVWÇS�HS�IRXVIPEËEHSV�XIQTSVEP�RSW�

QSHSW��O���O�I��O��VIWTIGXMZEQIRXI��3W�ZEPSVIW�XÑTMGSW�HI�EXVEWS�TEVE�IWWI�IRXVIPEËE�

HSV�TSHIQ�WIV�ZMWYEPM^EHSW�RE�8EFIPE���

TABELA 9

$WUDVRV�JHUDGRV�SHOR�(QWUHODoDGRU�7HPSRUDO

Modo 2k Modo 4k Modo 8k

Tamanho

(I)

1~PHUR�GH�

VtPERORV�

OFDM 

atrasados

Atraso

(ms)

Tamanho

(I)

1~PHUR�GH�

VtPERORV�

OFDM

atrasados

Atraso

(ms)

Tamanho

(I)

1~PHUR�GH�

VtPERORV

OFDM 

atrasados

Atraso

(ms)

0 0 0 0 0 0 0 0 0

4 380 95.76 2 190 95.76 1 95 95.76

8 760 191.52 4 380 191.52 2 190 191.52

16 1504 379.00 8 760 379.00 4 380 379.00

Figura 72�(VSDOKDPHQWR�GR�HQWUHODoDGRU�WHPSRUDO�QR�PRGR��N
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Figura 73�(VSDOKDPHQWR�GR�HQWUHODoDGRU�WHPSRUDO�QR�PRGR��N

Figura 74�*UiILFR�GH�GLVSHUVmR�GR�HQWUHODoDGRU�WHPSRUDO�QR�PRGR��N

��������)RXVIPEËEQIRXS�IQ�JVIUàÎRGME

(YVERXI�E�HMZMWÇS�HS�87��SW�WIKQIRXSW�HI�HEHSW�WÇS�HMVIGMSREHSW�TEVE�WYEW�VIWTIG�

XMZEW�GEQEHEW��TEVGMEP��HMJIVIRGMEP�SY�GSIVIRXI�HI�QSHYPEËÇS�TEVE�WIVIQ�IRXVIPEËEHSW�

3�IRXVIPEËEQIRXS�IRXVI�WIKQIRXSW�WSQIRXI�Í�YXMPM^EHS�UYERHS�WI�YXMPM^EQ�HSMW�

SW�QEMW�WIKQIRXSW�HIRXVS�HI�YQE�QIWQE�GEQEHE�I�Í�YWEHS�TEVE�QE\MQM^EV�SW�IJIM�

XSW�HS�IRXVIPEËEQIRXS�IQ�JVIUàÎRGME��%�*MKYVE����MPYWXVE�S�HMEKVEQE�HI�FPSGSW�HS�

IRXVIPEËEQIRXS�HI�JVIUàÎRGME�
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Figura 75�&RQILJXUDomR�GR�HQWUHODoDPHQWR�GH�IUHT�rQFLD

������)RXVIPEËEQIRXS�IRXVI�WIKQIRXSW

3�IRXVIPEËEQIRXS�IRXVI�WIKQIRXSW�Í�YXMPM^EHS�TEVE�IWTEPLEV�SW�WÑQFSPSW�GSQTPI�

\SW�TVSZIRMIRXIW�HE�QSHYPEËÇS�HMJIVIRGMEP��(547/�SY�GSIVIRXI��547/�����5%1�

I����5%1�IRXVI�WIKQIRXSW�GSQS�TSHI�WIV�ZMWXS�RE�*MKYVE����

Figura 76�(QWUHODoDPHQWR�HQWUH�VHJPHQWRV���D��0RGR��N���E��0RGR��N�H��F��0RGR��N
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��������)RXVIPEËEQIRXS�HIRXVS�HI�WIKQIRXSW

3�IRXVIPEËEQIRXS�HIRXVS�HI�WIKQIRXSW�SGSVVI�IQ�HSMW�TEWWSW��VSXEËÇS�HI�JEWI�I�

EPIEXSVM^EËÇS�HI�TSVXEHSVEW�

%�*MKYVE����MPYWXVE�E�VSXEËÇS�HI�JEWI�VIEPM^EHE�RSW�QSHSW��O���O�I��O��(ITSMW�E�

EPIEXSVM^EËÇS�Í�VIEPM^EHE�HI�EGSVHS�GSQ�EW�XEFIPEW��������I����I�JMKYVEW��������I����

TEVE�SW�QSHSW��O���O�I��O��VIWTIGXMZEQIRXI�

Figura 77�5RWDomR�GH�IDVH�GDV�SRUWDGRUDV���D��0RGR��N���E��0RGR��N���F��0RGR��N

TABELA 10

Aleatorizador de portadoras dentro de segmentos no Modo 2k

Entrada 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

6DtGD 80 93 63 92 94 55 17 81 6 51 9 85 89 65 52 15 73 66 46 71 12 70 18 13

Entrada 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

6DtGD 95 34 1 38 78 59 91 64 0 28 11 4 45 35 16 7 48 22 23 77 56 19 8 36

Entrada 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71

6DtGD 39 61 21 3 26 69 67 20 74 86 72 25 31 5 49 42 54 87 43 60 29 2 76 84

Entrada 74 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95

6DtGD 83 40 14 79 27 57 44 37 30 68 47 88 75 41 90 10 33 32 62 50 58 82 53 24
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Figura 78�*UiILFR�GH�GLVSHUVmR�GR�DOHDWRUL]DGRU�GH�SRUWDGRUDV�GHQWUR�GH�VHJPHQWRV�QR�PRGR��N

TABELA 11

Aleatorizador de portadoras dentro de segmentos no Modo 4k

Entrada 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

6DtGD 98 35 67 116 135 17 5 93 73 168 54 143 43 74 165 48 37 69 154 150 107 76 176 79

Entrada 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

6DtGD 175 36 28 78 47 128 94 163 184 72 142 2 86 14 130 151 114 68 46 183 122 112 180 42

Entrada 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71

6DtGD 105 97 33 134 177 84 170 45 187 38 167 10 189 51 117 156 161 25 89 125 139 24 19 57

Entrada 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95

6DtGD 71 39 77 191 88 85 0 162 181 113 140 61 75 82 101 174 118 20 136 3 121 190 120 92

Entrada 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119

6DtGD 160 52 153 127 65 60 133 147 131 87 22 58 100 111 141 83 49 132 12 155 146 102 164 66

Entrada 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143

6DtGD 1 62 178 15 182 96 80 119 23 6 166 56 99 123 138 137 21 145 185 18 70 129 95 90

Entrada 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167

6DtGD 149 109 124 50 11 152 4 31 172 40 13 32 55 159 41 8 7 144 16 26 173 81 44 103

Entrada 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191

6DtGD 64 9 30 157 126 179 148 63 188 171 106 104 158 115 34 186 29 108 53 91 169 110 27 59

Figura 79�*UiILFR�GH�GLVSHUVmR�GR�DOHDWRUL]DGRU�GH�SRUWDGRUDV�GHQWUR�GH�VHJPHQWRV�QR�PRGR��N
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TABELA 12

 Aleatorizador de portadoras dentro de segmentos no Modo 8k

Entrada 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

6DtGD 62 13 371 11 285 336 365 220 226 92 56 46 120 175 298 352 172 235 53 164 368 187 125 82

Entrada 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

6DtGD 5 45 173 258 135 182 141 273 126 264 286 88 233 61 249 367 310 179 155 57 123 208 14 227

Entrada 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71

6DtGD 100 311 205 79 184 185 328 77 115 277 112 20 199 178 143 152 215 204 139 234 358 192 309 183

Entrada 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95

6DtGD 81 129 256 314 101 43 97 324 142 157 90 214 102 29 303 363 261 31 22 52 305 301 293 177

Entrada 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119

6DtGD 116 296 85 196 191 114 58 198 16 167 145 119 245 113 295 193 232 17 108 283 246 64 237 189

Entrada 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143

6DtGD 128 373 302 320 239 335 356 39 347 351 73 158 276 243 99 38 287 3 330 153 315 117 289 213

Entrada 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167

6DtGD 210 149 383 337 339 151 241 321 217 30 334 161 322 49 176 359 12 346 60 28 229 265 288 225

Entrada 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191

6DtGD 382 59 181 170 319 341 86 251 133 344 361 109 44 369 268 257 323 55 317 381 121 360 260 275

Entrada 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215

6DtGD 190 19 63 18 248 9 240 211 150 230 332 231 71 255 350 355 83 87 154 218 138 269 348 130

Entrada 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239

6DtGD 160 278 377 216 236 308 223 254 25 98 300 201 137 219 36 325 124 66 353 169 21 35 107 50

Entrada 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263

6DtGD 106 333 326 262 252 271 263 372 136 0 366 206 159 122 188 6 284 96 26 200 197 186 345 340

Entrada 264265266 267268 269 270 271 272 273 274 275 276 277 278 279 280 281 282283284285 286 287

6DtGD 349 103 84 228 212 2 67 318 1 74 342 166 194 33 68 267 111 118 140 195 105 202 291 259

Entrada 288 289290 291 292 293 294295 296 297 298299 300 301 302 303304 305306 307 308309 310 311

6DtGD 23 171 65 281 24 165 8 94 222 331 34 238 364 376 266 89 80 253 163 280 247 4 362 379

Entrada 312 313 314 315 316 317 318 319 320 321 322 323 324 325326 327 328 329 330 331 332333 334335

6DtGD 290 279 54 78 180 72 316 282 131 207 343 370 306 221 132 7 148 299 168 224 48 47 357 313

Entrada 336 337 338 339340 341 342343 344345 346 347 348 349350 351 352 353354 355 356 357 358359

6DtGD 75 104 70 147 40 110 374 69 146 37 375 354 174 41 32 304 307 312 15 272 134 242 203 209

Entrada 360 361 362 363364365 366367 368369 370 371 372 373 374 375 376 377 378 379 380 381 382383

6DtGD 380 162 297 327 10 93 42 250 156 338 292 144 378 294 329 127 270 76 95 91 244 274 27 51

Figura 80�*UiILFR�GH�GLVSHUVmR�GR�DOHDWRUL]DGRU�GH�SRUWDGRUDV�GHQWUR�GH�VHJPHQWRV�QR�PRGR��N
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�������)WXVYXYVE�HS�UYEHVS�3*(1

%�XVERWQMWWÇS�HS�WMREP�Í�SVKERM^EHE�IQ�UYEHVSW��'EHE�UYEHVS�TSWWYM�HYVEËÇS�8
*
��

I�GSRWMWXI�IQ�����WÑQFSPSW�3*(1�GSQS�TSHI�WIV�ZMWXS�REW�JMKYVEW����I�����'EHE�

WÑQFSPS�3*(1�GSQ����WIKQIRXSW�HI�FERHE�Í�GSRWXMXYÑHS�TSV�YQ�RÞQIVS�/�!������

TSVXEHSVEW�TEVE�S�QSHS�����O��/�!������TSVXEHSVEW�TEVE�S�QSHS�����O�I�/�!������

TSVXEHSVEW�QSHS�����O�RE�UYEP�WÇS�XVERWQMXMHEW�GSQ�E�HYVEËÇS�8
7
�
�
8W�Í�GSQTSWXS�

TSV�HYEW�TEVXIW��8
9
�UYI�Í�E�HYVEËÇS�HI�XIQTS�HEW�TSVXEHSVEW�I�S�MRXIVZEPS�HI�KYEVHE�

GSQ�HYVEËÇS� �3�MRXIVZEPS�HI�KYEVHE�GSRWMWXI�IQ�YQE�GSRXMRYEËÇS�GÑGPMGE�HI�8
9
�

UYI�Í�MRWIVMHE�ES�WIY�XÍVQMRS��9Q�WÑQFSPS�3*(1�GSQ����WIKQIRXSW�SGYTE�E�FERHE�

HI������1,^��%�8EFIPE�����MPYWXVE�MRJSVQEËÙIW�HI�YQ�UYEHVS�3*(1�

TABELA 13

3DUkPHWURV�GH�XP�VHJPHQWR�GR�TXDGUR�2)'0

Modo Modo 2k Modo 4k Modo 8k

Largura de banda 3000/7=428.57...kHz

(VSDoDPHQWR

entre portadoras
250/63=3.968... kHz 125/63=19841... kHz 125/126=0.99206... kHz

1~PHUR

de

portadoras

Total 108 108 216 264 432 432

Dados 96 96 192 192 384 384

SP 9 0 18 0 36 0

CP 0 1 0 1 0 1

TMCC 1 5 2 10 4 20

AC1 2 2 4 4 8 8

AC2 0 4 0 9 0 19

0RGXODomR

QPSK

16QAM

64QAM

DQPSK

QPSK

16QAM

64QAM

DQPSK

QPSK

16QAM

64QAM

DQPSK

6tPERORV�SRU�TXDGUR 204

7DPDQKR�VtPEROR

Intervalo de guarda

���V������

�����V������

������V�������

������V�������

����V������

���V������

�����V�������

������V�������

����V������

���V�������

�����V�������

Tamanho quadro

64.26ms (1/4)

57.834ms (1/8)

54.621ms (1/16)

53.0145ms (1/32)

128.52ms (1/4)

115.668ms (1/8)

109.242ms (1/16)

106.029ms (1/32)

257.04ms (1/4)

231.336ms (1/8)

218.484ms (1/16)

212.058ms (1/32)

)UHT�rQFLD�GH�

amostragem IFFT
512/63 = 8.12698... MHz

&RGLILFDomR�LQWHUQD Codificador convolucional (1/2, 2/3,3/4, 5/6, 7/8)

&RGLILFDomR�H[WHUQD RS (204, 188)
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�������)WXVYXYVE�HI�UYEHVS�3*(1�TEVE�QSHYPEËÇS�HMJIVIRGMEP

%�IWXVYXYVE�HI�UYEHVS�TEVE�QSHYPEËÇS�HMJIVIRGMEP�Í�GSRWXMXYÑHE�HI�����TSVXEHSVEW�

TEVE�S�QSHS��O������I�����TEVE�SW�QSHSW��O�I��O��VIWTIGXMZEQIRXI�

Figura 81�(VWUXWXUD�GH�TXDGUR�2)'0�SDUD�D�PRGXODomR�GLIHUHQFLDO

TABELA 14 

$UUDQMR�GH�SLORWRV��&3��$&�H�70&&��SDUD�D�PRGXODomR�GLIHUHQFLDO�QR�PRGR��N

Segmento No. 11 9 7 5 3 1 0 2 4 6 8 10 12

CP 0 0 0 0 0 0 0 0 0 0 0 0 0

AC1_ 1 10 53 61 11 20 74 35 76 4 40 8 7 98

AC1_ 2 28 83 100 101 40 100 79 97 89 89 64 89 101

AC2_ 1 3 3 29 28 23 30 3 5 13 72 36 25 10

AC2_ 2 45 15 41 45 63 81 72 18 93 95 48 30 30

AC2_ 3 59 40 84 81 85 92 85 57 98 100 52 42 55

AC2_ 4 77 58 93 91 105 103 89 92 102 105 74 104 81

TMCC 1 13 25 4 36 10 7 49 31 16 5 78 34 23

TMCC 2 50 63 7 48 28 25 61 39 30 10 82 48 37

TMCC 3 70 73 17 55 44 47 96 47 37 21 85 54 51

TMCC 4 83 80 51 59 47 60 99 65 74 44 98 70 68

TMCC 5 87 93 71 86 54 87 104 72 83 61 102 101 105
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TABELA 15

$UUDQMR�GH�SLORWRV��&3��$&�H�70&&��SDUD�D�PRGXODomR�GLIHUHQFLDO�QR�PRGR��N

Segmento No. 11 9 7 5 3 1 0 2 4 6 8 10 12

CP 0 0 0 0 0 0 0 0 0 0 0 0 0

AC1_ 1 10 61 20 35 4 8 98 53 11 74 76 40 7

AC1_ 2 28 100 40 79 89 64 101 83 101 100 97 89 89

AC1_ 3 161 119 182 184 148 115 118 169 128 143 112 116 206

AC1_ 4 191 209 208 205 197 197 136 208 148 187 197 172 209

AC2_ 1 3 29 23 3 13 36 10 3 28 30 5 72 25

AC2_ 2 45 41 63 72 93 48 30 15 45 81 18 95 30

AC2_ 3 59 84 85 85 98 52 55 40 81 92 57 100 42

AC2_ 4 77 93 105 89 102 74 81 58 91 103 92 105 104

AC2_ 5 108 108 108 108 108 108 108 108 108 108 108 108 108

AC2_ 6 111 136 138 113 180 133 111 137 131 111 121 144 118

AC2_ 7 123 153 189 126 203 138 153 149 171 180 201 156 138

AC2_ 8 148 189 200 165 208 150 167 192 193 193 206 160 163

AC2_ 9 166 199 211 200 213 212 185 201 213 197 210 182 189

TMCC 1 13 4 10 49 16 78 23 25 36 7 31 5 34

TMCC 2 50 7 28 61 30 82 37 63 48 25 39 10 48

TMCC 3 70 17 44 96 37 85 51 73 55 47 47 21 54

TMCC 4 83 51 47 99 74 98 68 80 59 60 65 44 70

TMCC 5 87 71 54 104 83 102 105 93 86 87 72 61 101

TMCC 6 133 144 115 139 113 142 121 112 118 157 124 186 131

TMCC 7 171 156 133 147 118 156 158 115 136 169 138 190 145

TMCC 8 181 163 155 155 129 162 178 125 152 204 145 193 159

TMCC 9 188 167 168 173 152 178 191 159 155 207 182 206 176

TMCC 10 201 194 195 180 169 209 195 179 162 212 191 210 213

TABELA 16 

$UUDQMR�GH�SLORWRV��&3��$&�H�70&&��SDUD�D�PRGXODomR�GLIHUHQFLDO�QR�PRGR��N

Segmento No. 11 9 7 5 3 1 0 2 4 6 8 10 12

CP 0 0 0 0 0 0 0 0 0 0 0 0 0

AC1_ 1 10 20 4 98 11 76 7 61 35 8 53 74 40

AC1_ 2 28 40 89 101 101 97 89 100 79 64 83 100 89

AC1_ 3 161 182 148 118 128 112 206 119 184 115 169 143 116

AC1_ 4 191 208 197 136 148 197 209 209 205 197 208 187 172

AC1_ 5 277 251 224 269 290 256 226 236 220 314 227 292 223

AC1_ 6 316 295 280 299 316 305 244 256 305 317 317 313 305

AC1_ 7 335 400 331 385 359 332 377 398 364 334 344 328 422

AC1_ 8 425 421 413 424 403 388 407 424 413 352 364 413 425

AC2_ 1 3 23 13 10 28 5 25 29 3 36 3 30 72

AC2_ 2 45 63 93 30 45 18 30 41 72 48 15 81 95

AC2_ 3 59 85 98 55 81 57 42 84 85 52 40 92 100

AC2_ 4 77 105 102 81 91 92 104 93 89 74 58 103 105

AC2_ 5 108 108 108 108 108 108 108 108 108 108 108 108 108

AC2_ 6 111 138 180 111 131 121 118 136 113 133 137 111 144

AC2_ 7 123 189 203 153 171 201 138 153 126 138 149 180 156

AC2_ 8 148 200 208 167 193 206 163 189 165 150 192 193 160

AC2_ 9 166 211 213 185 213 210 189 199 200 212 201 197 182

AC2_ 10 216 216 216 216 216 216 216 216 216 216 216 216 216

AC2_ 11 245 219 252 219 246 288 219 239 229 226 244 221 241
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AC2_ 12 257 288 264 231 297 311 261 279 309 246 261 234 246

AC2_ 13 300 301 268 256 308 316 275 301 314 271 297 273 258

AC2_ 14 309 305 290 274 319 321 293 321 318 297 307 308 320

AC2_ 15 324 324 324 324 324 324 324 324 324 324 324 324 324

AC2_ 16 352 329 349 353 327 360 327 354 396 327 347 337 334

AC2_ 17 369 342 354 365 396 372 339 405 419 369 387 417 354

AC2_ 18 405 381 366 408 409 376 364 416 424 383 409 422 379

AC2_ 19 415 416 428 417 413 398 382 427 429 401 429 426 405

TMCC 1 13 10 16 23 36 31 34 4 49 78 25 7 5

TMCC 2 50 28 30 37 48 39 48 7 61 82 63 25 10

TMCC 3 70 44 37 51 55 47 54 17 96 85 73 47 21

TMCC 4 83 47 74 68 59 65 70 51 99 98 80 60 44

TMCC 5 87 54 83 105 86 72 101 71 104 102 93 87 61

TMCC 6 133 115 113 121 118 124 131 144 139 142 112 157 186

TMCC 7 171 133 118 158 136 138 145 156 147 156 115 169 190

TMCC 8 181 155 129 178 152 145 159 163 155 162 125 204 193

TMCC 9 188 168 152 191 155 182 176 167 173 178 159 207 206

TMCC 10 201 195 169 195 162 191 213 194 180 209 179 212 210

TMCC 11 220 265 294 241 223 221 229 226 232 239 252 247 250

TMCC 12 223 277 298 279 241 226 266 244 246 253 264 255 264

TMCC 13 233 312 301 289 263 237 286 260 253 267 271 263 270

TMCC 14 267 315 314 296 276 260 299 263 290 284 275 281 286

TMCC 15 287 320 318 309 303 277 303 270 299 321 302 288 317

TMCC 16 360 355 358 328 373 402 349 331 329 337 334 340 347

TMCC 17 372 363 372 331 385 406 387 349 334 374 352 354 361

TMCC 18 379 371 378 341 420 409 397 371 345 394 368 361 375

TMCC 19 383 389 394 375 423 422 404 384 368 407 371 398 392

TMCC 20 410 396 425 395 428 426 417 411 385 411 378 407 429

�������)WXVYXYVE�HI�UYEHVS�3*(1�TEVE�QSHYPEËÇS�GSIVIRXI

4EVE�E�QSHYPEËÇS�GSIVIRXI��Í�RIGIWWÅVMS�XVERWQMXMV�TMPSXSW�HI�VIJIVÎRGME�IWTEPLE�

HSW�GSQS�TSHI�WIV�ZMWXS�RE�8EFIPE����

Figura 82�(VWUXWXUD�GH�TXDGUR�2)'0�SDUD�D�PRGXODomR�FRHUHQWH
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TABELA 17

$UUDQMR�GH�SLORWRV�$&�H�70&&�SDUD�D�0RGXODomR�&RHUHQWH

Modo 2k

Segmento No. 11 9 7 5 3 1 0 2 4 6 8 10 12

AC1_ 1 10 53 61 11 20 74 35 76 4 40 8 7 98

AC1_ 2 28 83 100 101 40 100 79 97 89 89 64 89 101

TMCC 1 70 25 17 86 44 47 49 31 83 61 85 101 23

Modo 4k

Segmento No. 11 9 7 5 3 1 0 2 4 6 8 10 12

AC1_ 1 10 61 20 35 4 8 98 53 11 74 76 40 7

AC1_ 2 28 100 40 79 89 64 101 83 101 100 97 89 89

AC1_ 3 161 119 182 184 148 115 118 169 128 143 112 116 206

AC1_ 4 191 209 208 205 197 197 136 208 148 187 197 172 209

TMCC 1 70 17 44 49 83 85 23 25 86 47 31 61 101

TMCC 2 133 194 155 139 169 209 178 125 152 157 191 193 131

Modo 8k

Segmento No. 11 9 7 5 3 1 0 2 4 6 8 10 12

AC1_ 1 10 20 4 98 11 76 7 61 35 8 53 74 40

AC1_ 2 28 40 89 101 101 97 89 100 79 64 83 100 89

AC1_ 3 161 182 148 118 128 112 206 119 184 115 169 143 116

AC1_ 4 191 208 197 136 148 197 209 209 205 197 208 187 172

AC1_ 5 277 251 224 269 290 256 226 236 220 314 227 292 223

AC1_ 6 316 295 280 299 316 305 244 256 305 317 317 313 305

AC1_ 7 335 400 331 385 359 332 377 398 364 334 344 328 422

AC1_ 8 425 421 413 424 403 388 407 424 413 352 364 413 425

TMCC 1 70 44 83 23 86 31 101 17 49 85 25 47 61

TMCC 2 133 155 169 178 152 191 131 194 139 209 125 157 193

TMCC 3 233 265 301 241 263 277 286 260 299 239 302 247 317

TMCC 4 410 355 425 341 373 409 349 371 385 394 368 407 347

�������7MREMW�HI�VIJIVÎRGME

:ÅVMEW�TSVXEHSVEW�HS�UYEHVS�3*(1�WÇS�QSHYPEHEW� GSQ� MRJSVQEËÙIW�HI� VIJI�

VÎRGME�GSRLIGMHEW�TIPS�VIGITXSV��)WWEW�TSVXEHSVEW�WÇS�XVERWQMXMHEW�GSQ�YQE�TSXÎRGME�

WYTIVMSV�E�HEW�TSVXEHSVEW�HI�HEHSW��%W�MRJSVQEËÙIW�XVERWQMXMHEW�RIWWEW�TSVXEHSVEW�WÇS�

GLEQEHEW�HI�TMPSXSW�GSRXÑRYEW�SY�IWTEPLEHEW�

'EHE� TMPSXS� GSRXÑRYS�� GSMRGMHI� GSQ� EW� TSVXEHSVEW� TMPSXSW� IWTEPLEHEW� E� GEHE�

UYEXVS�WÑQFSPSW��3�RÞQIVS�HI�TSVXEHSVEW�YWEHEW�TEVE�HEHSW�Í�GSRWXERXI�TEVE�GEHE�

WIKQIRXS�����TEVE�S�QSHS��O������TEVE�S�QSHS��O�I�����TEVE�S�QSHS��O�

%�MRJSVQEËÇS�QSHYPERXI�TEVE�EW�TSVXEHSVEW�TMPSXSW�GSRXÑRYEW�SY�IWTEPLEHEW�WÇS�

SVMKMREHEW�TSV�YQ�TSPMRØQMS�46&7�<
��
���<

�
����GSQS�TSHI�WIV�ZMWXS�RE�*MKYVE����

'EHE�WÑQFSPS�3*(1�TSWWYM�MRJSVQEËÇS�HI�HEHSW�I�VIJIVÎRGME�

)Q�VIWYQS��EPÍQ�HEW�TSVXEHSVEW�HI�HEHSW��YQ�UYEHVS�3*(1�XEQFÍQ�TSWWYM�

TSVXEHSVEW�TMPSXSW�
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)WTEPLEHEW��74�

'SRXÑRYEW��'4�

4EVÆQIXVSW�EY\MPMEVIW��%'�

4EVÆQIXVSW�HI�XVERWQMWWÇS��QYPXMTPI\EËÇS��GSRXVSPI�I�GSRJMKYVEËÇS��81''�

%W�TSVXEHSVEW�TMPSXSW�WÇS�YXMPM^EHEW�TEVE�E�WMRGVSRM^EËÇS�HI�UYEHVS��WMRGVSRM^EËÇS�

HI�JVIUàÎRGME��WMRGVSRM^EËÇS�HI�XIQTS��IWXMQEËÇS�HI�GEREP��MHIRXMJMGEËÇS�HS�QSHS�HI�

XVERWQMWWÇS�I�GSVVIËÇS�HI�VYÑHS�HI�JEWI�HE�QIWQE�JSVQE�UYI�RS�WMWXIQE�IYVSTIY�

�������0SGEPM^EËÇS�HEW�TSVXEHSVEW�TMPSXSW�IWTEPLEHEW

%W�TSVXEHSVEW�TMPSXSW�GSQ�MRJSVQEËÙIW�HI�VIJIVÎRGME�IWTEPLEHEW�WÇS�XVERWQMXMHEW�

GSQ�YQE�TSXÎRGME�WYTIVMSV�Ä�HEW�TSVXEHSVEW�HI�HEHSW��%�QSHYPEËÇS�YXMPM^EHE�TIPEW�

TSVXEHSVEW�TMPSXSW�Í�E�&47/�I�TSHI�WIV�VITVIWIRXEHE�TSV�

6I�'
Q�P�O
�!�����\�������z;

O


-Q�'
Q�P�O
�!��

;
O
�EWWYQI�ZEPSVIW���SY���TVSZIRMIRXIW�HS�KIVEHSV�46&7�

%�TSWMËÇS�HI�GEHE�TMPSXS�IWTEPLEHS�HIRXVS�HI�YQ�UYEHVS�3*(1�TSHI�WIV�GEPGY�

PEHE�YXMPM^ERHS�WI�E�)UYEËÇS����

� O�!�/
QMR
����QSH�P�������T� ���

3RHI�T�VITVIWIRXE�S�RÞQIVS�HI�TMPSXSW�EHMGMSREHS��T� �I�O�HIZI� JMGEV�IRXVI�

/
QMR�
I
�
/
QE\
�

�������(IJMRMËÇS�HE�WIUàÎRGME�HI�VIJIVÎRGME

%W� TSVXEHSVEW� TMPSXSW� GSRXÑRYEW� I� IWTEPLEHEW� WÇS�QSHYPEHEW� HI� EGSVHS� GSQ� E�

WIUàÎRGME�46&7�;
O
��GSVVIWTSRHIRXI�ES�WIY�VIWTIGXMZS�ÑRHMGI�O�

;
O
�EWWYQI�ZEPSVIW���SY����%�WIUàÎRGME�46&7�Í�MRMGMEPM^EHE�GSQ�E�TVMQIMVE�TSVXE�

HSVE�I�MRGVIQIRXEHE�E�GEHE�TSVXEHSVE�XVERWQMXMHE��TMPSXS�SY�RÇS��3�KIVEHSV�46&7�

Í�MRMGMEHS�GSQ�ZEPSV�HI�EGSVHS�GSQ�E�8EFIPE����

Figura 83 Gerador PRBS das portadoras pilotos
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TABELA 18

9DORUHV�GH�LQLFLDOL]DomR�GR�JHUDGRU�35%6

Segmento No.  Valor inicial modo 2k Valor inicial modo 4k Valor inicial modo 8k

11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

9 1 1 0 1 1 0 0 1 1 1 1 0 1 1 0 1 0 1 1 1 1 0 1 1 0 1 1 1 0 0 1 0 1

7 0 1 1 0 1 0 1 1 1 1 0 1 1 0 1 1 1 0 0 1 0 1 1 0 0 1 0 1 0 0 0 0 0

5 0 1 0 0 0 1 0 1 1 1 0 1 1 0 0 1 0 0 0 0 1 0 0 1 1 1 0 0 0 1 0 0 1

3 1 1 0 1 1 1 0 0 1 0 1 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 1

1 0 0 1 0 1 1 1 1 0 1 0 0 0 0 0 1 0 1 1 0 0 0 1 1 1 0 0 1 1 0 1 1 0

0 1 1 0 0 1 0 0 0 0 1 0 0 1 1 1 0 0 0 1 0 0 1 0 0 1 0 0 0 0 1 0 1 1

2 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 0 0 1 1 1 0 0 1 1 1 1 0 1

4 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 1 0 1 1 0 1 0 1 0 0 1 1

6 1 1 1 1 0 1 1 0 0 0 0 0 1 1 0 0 1 1 1 0 0 1 1 0 1 1 1 0 1 0 0 1 0

8 0 0 0 0 1 0 1 1 0 0 0 1 1 1 0 0 1 1 0 1 1 0 0 1 1 0 0 0 1 0 0 1 0

10 1 0 1 0 0 1 0 0 1 1 1 0 0 1 0 1 0 1 0 0 0 1 1 1 1 1 0 1 0 0 1 0 1

12 0 1 1 1 0 0 0 1 0 0 1 0 0 1 0 0 0 0 1 0 1 1 0 0 0 1 0 0 1 1 1 0 0

�������*SVQEXEËÇS�HE�81''

%W�8VERWQMWWMSR� ERH�1YPXMTPI\MRK�'SRJMKYVEXMSR�'SRXVSP� �81''�� 74� 7GEXXIVIH�

4MPSX� �74�I�%'�%Y\MPMEV]�'LERRIP� WÇS� XVERWQMXMHEW�IQ�(&47/�GSQ�E�MRJSVQEËÇS�

HI�HEHSW� I� XIQ� GSQS�SFNIXMZS� MRJSVQEV� ES� VIGITXSV� SW� TEVÆQIXVSW�HI� XVERWQMWWÇS�

I� MRJSVQEËÙIW� EY\MPMEVIW��%W�81''��74�I�%'� XEQFÍQ�WÇS� XVERWQMXMHEW� GSQ�YQE�

TSXÎRGME�WYTIVMSV����������I���������TEVE�EW�MRJSVQEËÙIW���I����VIWTIGXMZEQIRXI��%�

*MKYVE����HIXEPLE�SW�����FMXW�YXMPM^EHSW�RE�81''�

Figura 84 Quadro TMCC

�������7MREP�HI�6*

'SQS�S�WMREP�3*(1�Í�GSRWXMXYÑHS�HI�ZÅVMEW�TSVXEHSVEW�SVXSKSREMW�QSHYPEHEW��

GEHE�WÑQFSPS�TSHI�WIV�GSRWMHIVEHS�GSQS�YQE�ÞRMGE�TSVXEHSVE�GSQ�HYVEËÇS�8
9
�

� ������������������������������������������������������������� ���

������������������������������������������������������������������������������������������� ���
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3RHI�

O�� RÞQIVS�HI�TSVXEHSVEW

R�� RÞQIVS�HS�WÑQFSPS�3*(1

/�� RÞQIVS�HI�TSVXEHSVEW�XVERWQMXMHEW�RS�QSHS������I��

8
7
�� HYVEËÇS�HS�WÑQFSPS�3*(1�GSQ�MRXIVZEPS�HI�KYEVHE

8
9
�� HYVEËÇS�HS�WÑQFSPS�3*(1�WIQ�MRXIVZEPS�HI�KYEVHE

� HYVEËÇS�HS�MRXIVZEPS�HI�KYEVHE

JG�� JVIUàÎRGME�GIRXVEP�HS�GEREP�HI�6*

/G� ÑRHMGI�HE�TSVXEHSVE�VIPEXMZS�ES�GIRXVS�HE�JVIUàÎRGME

G
R�O
�� HEHS�E�WIV�XVERWQMXMHS�VITVIWIRXEHS�TSV�YQ�RÞQIVS�GSQTPI\S�UYI�QSHY�

PEVÅ�YQE�TSVXEHSVE�O�RS�WÑQFSPS�R�HS�UYEHVS�3*(1

W�X� WMREP�HI�6*

�������-RXIVZEPS�HI�KYEVHE

3�MRXIVZEPS�HI�KYEVHE�Í� MRWIVMHS�ET×W�E�QSHYPEËÇS�3*(1�I�GSRWMWXI�IQ�YQE�

I\XIRWÇS� GÑGPMGE�HS� WÑQFSPS�3*(1��3� XEQERLS�HE� VÍTPMGE�8Y�IUYMZEPI� Ä�HYVEËÇS�

HS� MRXIVZEPS�HI�KYEVHE��%�*MKYVE���� MPYWXVE�YQ�WÑQFSPS�3*(1�GSQ� MRXIVZEPS�HI�
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TABELA 19

7D[D�GH�ELWV�~WLO�SDUD�XP�VHJPHQWR

0RGXODomR Taxa

1~PHUR�GH�763V�

Transmitidos

(Modo 1/2/3)

Taxa de Dados (kbps)

Intervalo de guarda

1/4 1/8 1/16 1/32

DQPSK

QPSK

1/2 12/24/48 280.85 312.06 330.42 340.43

2/3 16/32/64 374.47 416.08 440.56 453.91

3/4 18/36/72 421.28 468.09 495.63 510.65

5/6 20/40/80 468.09 520.10 550.70 567.39

7/8 21/42/84 491.50 546.11 578.23 595.76

16QAM

1/2 24/48/96 561.71 624.13 660.84 680.87

2/3 32/64/128 748.95 832.17 881.12 907.82

3/4 36/72/144 842.57 936.19 991.26 1021.30

5/6 40/80/160 936.19 1040.21 1101.40 1134.78

7/8 42/84/168 983.00 1092.22 1156.47 1191.52

64QAM

1/2 36/72/144 842.57 936.19 991.26 1021.30

2/3 48/96/192 1123.43 1248.26 1321.68 1361.74

3/4 54/108/216 1263.86 1404.29 1486.90 1531.95

5/6 60/120/240 1404.29 1560.32 1652.11 1702.17

7/8 63/126/252 1474.50 1638.34 1734.71 1787.28
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TABELA 20

7D[D�GH�ELWV�~WLO�SDUD�WUH]H�VHJPHQWRV

0RGXODomR Taxa

1~PHUR�GH�763V�

Transmitidos

(Modo 1/2/3)

Taxa de Dados (Mbps)

Intervalo de guarda

1/4 1/8 1/16 1/32

DQPSK

QPSK

1/2 156/312/624 3.651 4.056 4.295 4.425

2/3 208/216/832 4.868 5.409 5.727 5.900

3/4 234/468/936 5.476 6.085 6.443 6.638

5/6 260/520/1040 6.085 6.761 7.159 7.376

7/8 273/546/1092 6.389 7.099 7.517 7.744

16QAM

1/2 312/624/1248 7.302 8.113 8.590 8.851

2/3 416/832/1664 9.736 10.818 11.454 11.801

3/4 468/936/1872 10.953 12.170 12.886 13.276

5/6 520/1040/2080 12.170 13.522 14.318 14.752

7/8 546/1092/2184 12.779 14.198 15.034 15.489

64QAM

1/2 468/936/1872 10.953 12.170 12.886 13.276

2/3 624/1248/2496 14.604 16.227 17.181 17.702

3/4 702/1404/2808 16.430 18.255 19.329 19.915

5/6 780/1560/3120 18.255 20.284 21.477 22.128

7/8 819/1638/3276 19.168 21.298 22.551 23.234


