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Frequency Shift Keying (FSK) 
Introduction 

,Q�SUHYLRXV�OHFWXUHV�ZH�KDYH�VWXGLHG�DQDORJ�PRGXODWLRQ��:H�QRZ�WXUQ�WR�GLJLWDO�PRGXODWLRQ��7KH�

WUHQG�LQ�ZLUHOHVV�V\VWHP�LV�RYHUZKHOPLQJO\�WRZDUGV�GLJLWDO�PRGXODWLRQ�IRU�D�YDULHW\�RI�UHDVRQV��

$Q�REYLRXV�UHDVRQ�LV�WKDW�LI�\RX�ZDQW�WR�WUDQVPLW�GLJLWDO�LQIRUPDWLRQ��H�J���ZLUHOHVV�LQWHUQHW��\RX�

QHHG� WR� HPSOR\� GLJLWDO� PRGXODWLRQ�� +RZHYHU�� HYHQ� IRU� DQDORJ� VLJQDOV� OLNH� YRLFH�� GLJLWDO�

PRGXODWLRQ� LV� YHU\� DWWUDFWLYH� EHFDXVH� LQ� WKH� GLJLWDO� GRPDLQ� \RX� FDQ� HPSOR\� coding� IRU� WKH�

SXUSRVHV� RI� GDWD� FRPSUHVVLRQ�� HQFU\SWLRQ�� DQG� HUURU� FRUUHFWLRQ�� 7KLV� UHVXOWV� LQ� D� V\VWHP� WKDW�

PDNHV� PXFK� PRUH� HIILFLHQW� XVH� RI� EDQGZLGWK� DQG� SRZHU� DQG� FDQ� SURYLGH� D� ZLGHU� DUUD\� RI�

VHUYLFHV�IRU�\RXU�FXVWRPHUV��

7KH�³UHDO�ZRUOG´�LV�DQDORJ��DW�OHDVW�DFFRUGLQJ�WR�FODVVLFDO�SK\VLFV���$V�VXFK�ZH�LPSOHPHQW�GLJLWDO�

PRGXODWLRQ�XVLQJ� DQDORJ� V\VWHPV��)RU� WKH� VDPH� UHDVRQV� WKDW�)0� LV� VXSHULRU� WR�$0�IRU�DQDORJ�

UDGLR�FRPPXQLFDWLRQ��PRVW�GLJLWDO�VFKHPHV�HPSOR\�IUHTXHQF\��RU�SKDVH�VKLIW�WHFKQLTXHV��

Digital Signals  

,Q�GLJLWDO�VLJQDOLQJ�ZH�VHHN�WR�VHQG�RQH�RI�WZR�ORJLF�VWDWHV��7UDGLWLRQDOO\�ZH�ODEHO�WKHVH�VWDWHV�DV�

ORJLF�³�´�RU�ORJLF�³�´��,Q�D�GLJLWDO�FLUFXLW�WKHVH�VWDWHV�DUH�XVXDOO\�UHSUHVHQWHG�E\�YROWDJHV�VXFK�DV�

�� 9� IRU� ORJLF� �� DQG� �� 9� IRU� ORJLF� ��� ,Q� 5)� LW� LV� DOPRVW� DOZD\V� PRUH� FRQYHQLHQW� WR� KDYH� D�

V\PPHWULF�UHSUHVHQWDWLRQ��VR�ZH�ZLOO�W\SLFDOO\�XVH��VD\���9�IRU�ORJLF���DQG�±��9�IRU�ORJLF����

$OWKRXJK� ZH� XOWLPDWHO\� DUH� LQWHUHVWHG� LV� FRPPXQLFDWLQJ� D� VWUHDP� RI� GLVFUHWH� ELWV�� ZH� PXVW�

LPSOHPHQW�WKLV�ZLWK�FRQWLQXRXV�WLPH�VLJQDOV��6D\�ZH�ZLVK�WR�VHQG�WKH�ELW�SDWWHUQ����«�ZLWK�RQH�

ELW�EHLQJ�VHQW�HYHU\�Tb� VHFRQGV��Tb� LV�FDOOHG� WKH�bit period.�7KH�bit rate��RU�QXPEHU�RI�ELWV�SHU�

VHFRQG��LV� bb TR ��= ��:H�FRPPXQLFDWH�D�ELW�SDWWHUQ�E\�IRUPLQJ�D�FRQWLQXRXV�WLPH�IXQFWLRQ� ��tm �

ZKHUH�� VD\�� ��� −=tm � IRU� bTt <≤� �� ��� +=tm � IRU� bb TtT �<≤ �� DQG�VR�RQ��:H�WKHQ�PRGXODWH�

��tm � RQWR� DQ� 5)� FKDQQHO�� WUDQVPLW� LW�� UHFHLYH� DQG� GHPRGXODWH� LW�� DQG� ILQDOO\� VDPSOH� LW� WR�

UHFRQVWUXFW� WKH�ELW�SDWWHUQ�� ,Q� WKH�SUHVHQFH�RI�QRLVH� WKLV�SURFHVV�PD\�IDLO�DQG�ZH�PLJKW�HQG�XS�

ZLWK�ORJLF���ZKHQ�ORJLF���ZDV�VHQW��RU�YLVH�YHUVD��,Q�WKLV�FDVH�ZH�VD\�ZH�KDYH�D�bit error.�7KH�

IUDFWLRQ�RI�DOO�ELWV�WKDW�DUH�LQ�HUURU�LV�FDOOHG�WKH�bit error rate�RU�%(5��7KH�%(5�LV�WKH�VDPH�DV�WKH�

SUREDELOLW\�WKDW�D�JLYHQ�ELW�ZLOO�EH�LQ�HUURU��ZKLFK�ZH�ZULWH�DV�Pe���

7KH�%(5�ZLOO�GHSHQG�RQ�WKH�FKRLFH�RI�PRGXODWLRQ��DPSOLWXGH��SKDVH��IUHTXHQF\��WKDW�ZH�XVH�WR�

VHQG� ��tm ��7KH�PRGXODWLRQ�VFKHPH�ZLOO�DOVR�DIIHFW�WKH�UHTXLUHG�5)�EDQGZLGWK���2QH�LPSRUWDQW�

TXHVWLRQ�LV��+RZ�PXFK�5)�EDQGZLGWK�LV�UHTXLUHG�WR�FRPPXQLFDWH�DW�D�ELW�UDWH�Rb"�$�PRGXODWLRQ�

VFKHPH� WKDW�XVHV� OHVV�5)�EDQGZLGWK� LV�VDLG� WR�EH�PRUH�bandwidth efficient��$QRWKHU� LPSRUWDQW�

TXHVWLRQ� LV�� :KDW� UHFHLYHG� SRZHU� OHYHO� LV� UHTXLUHG� WR� DFKLHYH� D� JLYHQ� %(5"� $� PRGXODWLRQ�

VFKHPH�WKDW�UHTXLUHV�OHVV�SRZHU�LV�VDLG�WR�EH�PRUH�power efficient��:KHWKHU�SRZHU�RU�EDQGZLGWK�

HIILFLHQW�LV�PRUH�LPSRUWDQW�GHSHQGV�RQ�RXU�DSSOLFDWLRQ��
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Sinc Function 

7KH� IROORZLQJ� W\SH� RI� ZDYHIRUP� RU� rectangular� pulse� DULVHV� TXLWH� RIWHQ� LQ� GLJLWDO�

FRPPXQLFDWLRQ��DW�OHDVW�LQ�WKHRU\��
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LV� WKH� ³VLQF´� IXQFWLRQ� �SURQRXQFHG�³VLQN´���7KH� VLQF� IXQFWLRQ�DQG� LWV� VTXDUH�DUH� VKRZQ� LQ�)LJ��
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)RU�WKLV�UHDVRQ��DQG�EHFDXVH��DV�VHHQ�LQ�)LJ�������WKH�ò�SRZHU�ZLGWK�RI�VLQF
H
�LV�YHU\�FORVH�WR����

ZH�FDQ�WDNH�WKH�FKDUDFWHULVWLF�ZLGWK�RI�WKH�VLQF�IXQFWLRQ�WR�EH����7KHUHIRUH�ZH�ZLOO�RIWHQ�VD\�WKDW�

WKH�VLQF�IXQFWLRQV�LQ��������KDYH�D�EDQGZLGWK�RI� bTB ��= �� WKDW�LV��D�EDQGZLGWK�HTXDO�WR�WKH�ELW�

UDWH��7KH�VSHFWUXP�LV�FHQWHUHG�DW�WKH�FDUULHU�IUHTXHQF\�fc�RU�LWV�QHJDWLYH��
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Figure 21.1: The sinc function, sinc function squared, and rect 
function. All three curves have unit area. About 90% of the area or 
“energy” of sinc2 lies in the main lobe (i.e., between –1 and 1). 
99% of the energy lies between –10 and 10. 

7KH�VLQF�IXQFWLRQ�LV�SORWWHG�LQ�G%�LQ�)LJ��������1RWH�WKH�sidelobes� LQ�EHWZHHQ�WKH�]HURV��$ERXW�

���� RI� WKH� WRWDO� HQHUJ\� LQ� VLQF
H
� OLHV� LQ� WKH� VLGH� OREHV�� 7KH� VLGHOREHV� DUH� PRUH� DSSDUHQW� ZKHQ�

YLHZHG�RQ�D�ORJDULWKPLF�VFDOH�DV�LQ�)LJ��������

7KH�SXOVH��������FDUULHV�DQ�DYHUDJH�SRZHU�RI� ��
k

cA �IRU�D�WLPH�Tb��3RZHU�WLPHV�WLPH�LV�HQHUJ\��

DQG�ZH�GHILQH�WKH�bit energy�DV�
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5HFDOO� DOVR�� WKDW� LI� D� UHFHLYHU� KDV� QRLVH� WHPSHUDWXUH� TN� WKHQ� WKH� QRLVH� VSHFWUDO� GHQVLW\� LV�

NkTN =m �� ZLWK� k� %ROW]PDQQ¶V� FRQVWDQW�� ,I� WKH� UHFHLYHG� VLJQDO� EDQGZLGWK� LV� B�� WKHQ� WKH� QRLVH�

SRZHU�LV�
n

o ��tnBNPN == ��LQWR�D���Ω� ORDG��ZKHUH� ��tn � LV�WKH�QRLVH�YROWDJH�DV�D�IXQFWLRQ�RI�

WLPH��
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Figure 21.2: ��VLQF
�

x  in dB vs. [. 

Frequency Shift Keying (FSK) 

&RQFHSWXDOO\�)6.�LV�YHU\�VLPSOH��,I�ZH�ZLVK�WR�VHQG�ELQDU\�GDWD��ZH�DVVRFLDWH�HDFK�RI�WKH�WZR�

ORJLF�VWDWHV�³�´�DQG�³�´�ZLWK�GLVWLQFW�IUHTXHQFLHV��VD\��f � �DQG�f � ��7R�VHQG�ORJLF�³�´�ZH�WXQH�RXU�

WUDQVPLWWHU� WR� f � �� WR�VHQG�ORJLF�³�´�ZH�WXQH�RXU�WUDQVPLWWHU�WR�f � ��$Q�DXGLR�DQDORJ\�ZRXOG�EH�WR�

SUHVV�RQH�RI�WZR�SDUWLFXODU�NH\V�RI�D�SLDQR�WR�VHQG�³�´�RU�³�´��7KH�UHFHLYHU�QHHG�RQO\�EH�DEOH�WR�

GLVWLQJXLVK�EHWZHHQ� WKH� WZR�IUHTXHQFLHV��7KLV�FDQ�EH�DFFRPSOLVKHG�E\��IRU�H[DPSOH��XVLQJ�WZR�

EDQG�SDVV� ILOWHUV�� RQH� FHQWHUHG� DW� f � � DQG� WKH� RWKHU� DW� f � � DQG� VHHLQJ� ZKLFK� SURGXFHV� WKH� ODUJHU�

RXWSXW��(UURUV�RFFXU�ZKHQ�QRLVH�UDQGRPO\�FDXVHV�WKH�ZURQJ�ILOWHU�WR�KDYH�D�ODUJHU�UHVSRQVH��

)6.� FDQ�� LQ� WKHRU\� DQG� LQ� SUDFWLFH�� EH� LPSOHPHQWHG� XVLQJ� DQDORJ� )0� WUDQVFHLYHUV�� 7KLV� LV� DQ�

DWWUDFWLYH�IHDWXUH�DQG�ZDV�HVSHFLDOO\�VR�LQ�WKH�SDVW�ZKHQ�DQDORJ�)0�WUDQVFHLYHU�WHFKQRORJ\�ZDV�

PXFK�PRUH�PDWXUH�WKDQ�WKH�FRUUHVSRQGLQJ�GLJLWDO�WHFKQRORJ\��7R�WUDQVPLW�)6.�XVLQJ�DQDORJ�)0�

ZH�VLPSO\�DSSO\�RQH�RI�WZR�GLVFUHWH�PRGXODWLRQ�YROWDJHV� �± �WR�WKH�WUDQVPLWWHU��$W�WKH�UHFHLYHU�

ZH�GR�DQ�DQDORJ�)0�GHPRGXODWLRQ�DQG� LGHDOO\� WKH� UHFHLYHU�ZLOO�RXWSXW� WKH�RULJLQDO�ELW�SDWWHUQ��

5HFDOO�WKDW�)0�SURGXFHV�DQ�5)�VLJQDO�RI�WKH�IRUP 

� 
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:H�WDNH� ��tm �WR�EH�D�ELQDU\�VLJQDO��L�H��� �±=m ��6LQFH�WKH�DPSOLWXGH�RI�WKH�PRGXODWLQJ�VLJQDO�LV�

XQLW\��WKH�IUHTXHQF\�GHYLDWLRQ�LV�HTXDO�WR�WKH�IUHTXHQF\�GHYLDWLRQ�FRQVWDQW��L�H��� fkf =∆ ��
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7KH�LQVWDQWDQHRXV�IUHTXHQF\�LV�

� ���� tmfftf c ∆+= � �������

7KLV� WDNHV�RQ�RQH�RI� WKH� WZR�GLVFUHWH�YDOXHV� fff c ∆±= ��7KXV��DV�ZH�FODLPHG��)6.� LQYROYHV�

WUDQVPLWWLQJ� RQH� RI� WZR� IUHTXHQFLHV� WR� UHSUHVHQW� RQH� RI� WKH� WZR� SRVVLEOH� ORJLF� VWDWHV�� /RJLF� ��

ZRXOG�EH�UHSUHVHQWHG�E\�D�IUHTXHQF\� fff c ∆+=¶ �DQG�ORJLF���E\� fff c ∆−=· ��$Q�H[DPSOH�RI�

DQ�)6.�VLJQDO�LV�VKRZQ�LQ�)LJ��������

� ��� � ��� � ��� �

�

���

�

���

�

�

Figure 21.3: Simulated FSK signal.(See Mathcad code in 
Appendix.) Square wave (thick curve) is the modulating signal. The 
bit period is 1. The thin waveform is the resulting “RF” signal. 

,Q� WKLV� H[DPSOH� WKH� FDUULHU� IUHTXHQF\� LV� �� DQG� WKH� IUHTXHQF\�GHYLDWLRQ� LV����6R�� DV� VHHQ� LQ� WKH�

ILJXUH��ORJLF���LV�UHSUHVHQWHG�E\�D�IUHTXHQF\�RI� ��� =+ �DQG�ORJLF���E\� ��� =− ��,Q�D�UHDO�V\VWHP�

WKHUH�ZRXOG�EH�PDQ\�PRUH�RVFLOODWLRQV�GXULQJ�HDFK�ELW�SHULRG���

5HFDOO� WKDW� IRU� )0� ZH� GHILQHG� WKH� PRGXODWLRQ� LQGH[� DV� mff �∆=β �� )RU� WKH� VTXDUH�ZDYH� ELW�

SDWWHUQ� VKRZQ� LQ�)LJ�������� WKH�SHULRG� LV� bT� �VR� WKH� IUHTXHQF\� LV� ����� bm Tf = �DQG� bTf∆=β � ��

8VXDOO\� WKH� V\PERO� ³h´� LV� XVHG� LQ� WKH� )6.� FDVH� DQG� ZH� ZULWH� WKH� modulation index� DV�

bTfh ∆= � ���

$OWKRXJK� DQ� LGHDO� )0� UHFHLYHU� ZRXOG� RXWSXW� ��tm �� LQ� WKH� SUHVHQFH� RI� QRLVH� WKLQJV� DUH� PRUH�

FRPSOLFDWHG���
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BER for FSK 

,Q�JHQHUDO��WR�GHPRGXODWH�DQ�)6.�VLJQDO�DQG�UHFRYHU�WKH�PRGXODWLRQ� ��tm ��ZH�QHHG�WR�GHWHUPLQH�

DW�ZKLFK�RI�WKH�IUHTXHQFLHV� ÚÛ � ff �WKHUH�LV�PRUH�SRZHU�SUHVHQW�GXULQJ�D�JLYHQ�ELW�SHULRG��,GHDOO\�

DOO�WKH�SRZHU�ZRXOG�EH�DW�RQH�RU�WKH�RWKHU�IUHTXHQF\�DQG�WKHQ�ZH�ZRXOG�NQRZ�ZKLFK�ORJLF�VWDWH�

ZDV�EHLQJ�VHQW��+RZHYHU��ZH�DUH�GRLQJ�WKLV�LQ�WKH�SUHVHQFH�RI�QRLVH��:LWK�QRLVH�LW�LV�SRVVLEOH�WKDW�

PRUH� SRZHU� ZLOO� DSSHDU� DW� WKH� ZURQJ� IUHTXHQF\� WKDQ� DW� WKH� ULJKW� RQH�� DQG� ZH� ZLOO� KDYH� D� ELW�

HUURU��:H�ZDQW�WR�ILJXUH�RXW�KRZ�RIWHQ�WKLV�KDSSHQV��

0DWKHPDWLFDOO\�� ZH� FDQ� WDNH� WKH� DSSURDFK� ZH� XVH� WR� FDOFXODWH� )RXULHU� VHULHV� FRHIILFLHQWV��

QDPHO\��PXOWLSO\�E\�D�VLQXVRLG�DQG�LQWHJUDWH��7KLV�FDQ�EH�LPSOHPHQWHG�LQ�KDUGZDUH�XVLQJ�PL[HUV�

DQG� LQWHJUDWRUV��$VVXPH�D� ORJLF�³�´� LV�EHLQJ�VHQW��7KH� UHFHLYHG�VLJQDO�ZLOO�EH� tAc ÜFRVω � IRU�D�

SHULRG�Tb��7KH�UHFHLYHU�DGGV�QRLVH�WR�JLYH�XV�D�WRWDO�VLJQDO�RI� ��FRV Ý tntAc +ω ��1RZ�FDOFXODWH�WKH�

)RXULHU�FRHIILFLHQW�DW� Þω ��:H�JHW�
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7KH�VHFRQG�WHUP�X á  LV�WKH�)RXULHU�FRHIILFLHQW�RI� tâFRVω �IRU�WKH�QRLVH��:H�DVVXPH�WKLV�LV�D�]HUR�

PHDQ� *DXVVLDQ� UDQGRP� YDULDEOH�� 6LQFH� WKH� WLPH� LQWHUYDO� LV� bT �� VSHFWUDO� FRPSRQHQWV� ZLWKLQ� D�

EDQGZLGWK�RI� bTB ��= �ZLOO�FRQWULEXWH�WR�WKLV��7KLV�FRUUHVSRQGV�WR�D�QRLVH�SRZHU�RI� BN ã �ZKHUH�

NkTN =ä � LV� WKH� QRLVH� VSHFWUDO� GHQVLW\�� 7KHUHIRUH�� WKH� YDULDQFH� LV� bTNBNX �åå
æ
ç == �� 1RZ�
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+HUH�ZH¶YH�DVVXPHG�WKDW� têFRVω �DQG� tëFRVω �DUH�orthogonal�RYHU�WKLV�LQWHUYDO��7KLV�VHWV�D�

FRQVWUDLQW�RQ�WKH�GLIIHUHQFH�RI�WKH�WZR�IUHTXHQFLHV��DV�ZH¶OO�VHH�ODWHU��X ì �LV�DQRWKHU�*DXVVLDQ�
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Figure 21.4: PDF of FSK detector output. 

:H�PDNH�DQ�HUURU�LQ�ILJXULQJ�RXW�WKH�ORJLF�VWDWH�LI� �<r ��7KH�SUREDELOLW\�RI�WKLV�LV�

�







σ
=

σπ
= ∫

∞−








σ
−−

c

Ar

e

A
Q

dreP
c

'
(
) *

�

�

� ��������

,I� WKH�ORJLF�VWDWH�KDG�EHHQ�³�´��ZH¶G�JHW�WKH�PLUURU�LPDJH�RI�)LJ�������DQG�ILQG�WKH�VDPH�HUURU��

7KHUHIRUH���������LV�WKH�BER��

/HW¶V�H[SUHVV� σ�cA �LQ�D�FRXSOH�RI�GLIIHUHQW�ZD\V�WR�JHW�VRPH�LQVLJKW�LQWR�WKLV�H[SUHVVLRQ��8VLQJ�

bTN �� %
&

=σ �DQG� ��
+

bcb TAE = ��ZH�FDQ�ZULWH� ,,
--

������ NENTAA bbcc ==σ ��VR�

� 





= .N

E
QP b

e � ��������

7KLV�LV�SORWWHG�LQ�)LJ��������*LYHQ�D�UHFHLYHU�QRLVH�WHPSHUDWXUH�� NkTN =/ �LV�GHWHUPLQHG��DQG�WKLV�

H[SUHVVLRQ� WHOOV� XV� WKH� UHFHLYHG� HQHUJ\� SHU� ELW� UHTXLUHG� WR� DFKLHYH� D� JLYHQ� BER.� )RU� H[DPSOH��

IURP�)LJ�������ZH�FDQ�VHH�WKDW�WR�JHW�D�BER�RI�DERXW�
0

��− �ZH¶G�QHHG� 1� NEb �WR�EH�DERXW����G%���



)UHTXHQF\�6KLIW�.H\LQJ��)6.�� � ������

23254 6�798�:�;<23=�>�? =�@�@�A�? = >CBED�AGFG@�H @�I�DKJLJ�M =�? I�N�O�? D�=�P Q�I�D	O O�R�M�S�PTDK=�U	V�N�P�W�? =�>�OXDK=�Q�O�N�OY@�Z[= ? \�@�A�P]? O ^ _�`	a�_ _�a�`�4
�

7KH� IDFW� WKDW� 1� NEb � GHWHUPLQHV� WKH� BER� KDV� LPSOLFDWLRQV� IRU� RXU� ELW� UDWH� bb TR ��= �� :LWK� D�

IL[HG� bN �ZH�QHHG�WR�NHHS� bE �IL[HG�WR�PDLQWDLQ�D�JLYHQ�BER��%XW� bWRbWRb RPTPE �cc == ��6R��LI�

ZH� LQFUHDVH�RXU�ELW� UDWH��ZH�PXVW� LQFUHDVH� UHFHLYHG�SRZHU�E\� WKH�VDPH�DPRXQW��&RQYHUVHO\�� LI�

UHFHLYHG�SRZHU�GHFUHDVHV��ZH�FDQ�PDLQWDLQ�RXU�BER�E\� UHGXFLQJ� WKH�ELW� UDWH��6R�� WKH�GDWD� UDWH�

\RXU�UDGLR�OLQN�ZLOO�RSHUDWH�DW�LV�DQ�LPSRUWDQW�FRQVLGHUDWLRQ�LQ�GHWHUPLQLQJ�WKH�UHTXLUHG�UHFHLYHG�

SRZHU��

5HFDOO�WKDW�IRU�D�EDQGZLGWK�RI� bTB ��= �DQG�D�QRLVH�VSHFWUDO�GHQVLW\� NkTN =d ��WKH�QRLVH�SRZHU�

LV� BNP WN ef = ��1RZ��

�

WN

WR

WR

bWRb

P

P

BN

P

N

TP

N

E

g
g

h
g

h
g

h

=

=

=

� ��������

7KDW�LV�� h� NEb �LV�DOVR�WKH�S/N�UDWLR��+RZHYHU��VLQFH�WKH�QRLVH�SRZHU�GHSHQGV�RQ�WKH�EDQGZLGWK��

ZKLFK�GHSHQGV�RQ�WKH�GDWD�UDWH�� h� NEb �LV�LQ�D�VHQVH�D�PRUH�IXQGDPHQWDO�TXDQWLW\��



)UHTXHQF\�6KLIW�.H\LQJ��)6.�� � ������

i3i5j k�l9m�n�o<i3p�q�r p�s�s�t�r p qCuEv�tGwGs�x s�y�vKzLz�{ p�r y�|�}�r v�p�~ ��y�v	} }���{���~TvKp��	��|�~���r p�q�}XvKp���}�|�}Ys��[p r ��s�t�~]r } � ���	��� ������j
�

0 2 4 6 8 10 12 14 16
-9

-8

-7

-6

-5

-4

-3

-2

-1

0

Eb/N0 (dB)

FSK: log(BER) vs. Eb/N0

coherent
incoherent

�

Figure 21.5: BER vs. �� NEb . Solid blue curve corresponds to 

coherent detection; dashed red curve corresponds to incoherent 
detection. 
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Figure 21.6: Power spectrum of the FSK signal shown in Fig. 
21.3. Power in dB vs. frequency. 
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Figure 21.7: Simulated Minimum Shift Keying (MSK) signals. At 
the top is “unfiltered” MSK. At the bottom is “filtered” GMSK. 
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Figure 21.8: MSK and GMSK power spectra, simulation and 
theory. Boxes/red curve is unfiltered MSK spectrum. Circles/blue 
curve is GMSK. Dotted magenta curves are theoretical spectra. 
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7KH�IROORZLQJ�LV�WKH�0DWFDG�FRGH�XVHG�WR�JHQHUDWH�PRVW�RI�WKH�ILJXUHV�LQ�WKH�WH[W��
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