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BPSK 
Introduction 

5HFDOO� WKDW� WKH� PRVW� JHQHUDO� PRGXODWLRQ� KDV� WKH� IRUP� �@�FRV>���� tttats c φ+ω= �� :H� UHPDUNHG�

HDUOLHU�WKDW�SKDVH�PRGXODWLRQ�ZDV�QRW�DQ�HIIHFWLYH�ZD\�WR�LPSOHPHQW�DQDORJ�FRPPXQLFDWLRQ��RQH�

UHDVRQ� EHLQJ� EHFDXVH� LW� UHTXLUHV� D� SKDVH� UHIHUHQFH�� )RU� GLJLWDO� V\VWHPV� WKLV� SUREOHP� FDQ� EH�

RYHUFRPH��3KDVH�PRGXODWLRQ�LV�DQ�HIIHFWLYH�GLJLWDO�FRPPXQLFDWLRQ�VWUDWHJ\��DQG�ZH�UHIHU�WR�LW�DV�

phase shift NH\LQJ�RU�36.��,Q�36.�ZH�OLPLW�RXUVHOYHV�WR�GLVFUHWH�YDOXHV�RI�WKH�SKDVH�� kφ=φ �VR�

WKDW�ZH�KDYH�D�GLVFUHWH�VHW�RI�5)�VLJQDOV�

� �FRV��� kcck tAts φ+ω= � �������

:H�XVH�WKH�GLIIHUHQW�SKDVHV�WR�UHSUHVHQW�GLIIHUHQW�ORJLF�VWDWHV��:H�FDQ�UHZULWH��������LQ�WKH�IRUP�
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ZKLFK�VKRZV�WKDW�SKDVH�VKLIW�NH\LQJ�VLJQDOV�DUH�OLQHDU�FRPELQDWLRQV�RI� tcωFRV �DQG� tcωVLQ ���

)RU� binary phase shift keying�� RU� %36.�� ZH� XVH� �=φ � WR� UHSUHVHQW� D� ORJLF� ³�´� DQG� π=φ � WR�

UHSUHVHQW�ORJLF�³�´��,Q�WKLV�FDVH�ZH�KDYH�VLPSO\�
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6LQFH�D�SKDVH�VKLIW�RI�π�MXVW�FKDQJHV�WKH�VLJQ�RI�WKH�FDUULHU��ZH�FDQ�ZULWH� �FRV����� ttmAts cc ω= �

ZKHUH� ��� ±=tm ��DQG� �+ �UHSUHVHQWV�ORJLF�³�´��DQG� �− �UHSUHVHQWV�ORJLF�³�´��7KXV�D�%36.�VLJQDO�

KDV�WKH�IRUP�RI�DQ�$0�VLJQDO��7KLV�LV�WKH�PRVW�XVHIXO�SRLQW�RI�YLHZ��SDUWLFXODUO\�ZKHQ�ILOWHULQJ�LV�

DSSOLHG�WR�UHGXFH�WKH�EDQGZLGWK��$Q�H[DPSOH�%36.�VLJQDO�LV�VKRZQ�LQ�)LJ��������
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Figure 22.1: BPSK signals. The modulation is ��� ±=tm  and the 
phase transitions are sharp.   

Constellation Diagram 

$V�VKRZQ�DERYH��SKDVH�VKLIW�NH\LQJ�VLJQDOV�DUH�OLQHDU�FRPELQDWLRQV�RI� tcωFRV �DQG� tcω− VLQ ��:H�

FDQ� UHSUHVHQW� RQH� RI� WKHVH� VLJQDOV� DV� D� SRLQW� LQ� &DUWHVLDQ� FRRUGLQDWHV� ZKHUH� WKH� KRUL]RQWDO�

FRRUGLQDWH� JLYHV� WKH� FRHIILFLHQW� ak DQG� WKH� YHUWLFDO� FRRUGLQDWH� bk. 7KH� UHVXOW� LV� FDOOHG� D�

constellation diagram.�,W�LV�VLPSO\�D�SKDVH�GLDJUDP�ZKHUH�DPSOLWXGH�DQG�SKDVH�DUH�JLYHQ�E\� cA �

DQG�φ��7KH�FRQVWHOODWLRQ�GLDJUDP�IRU�%36.�LV�LOOXVWUDWHG�LQ�)LJ��������
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Figure 22.2: Constellation diagram for BPSK. The black dots 
denote the phasors of the ideal signals that represent logic states 
“0” and “1”.  
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BPSK Demodulation 

3UHYLRXVO\�ZH�QRWHG�WKDW�SKDVH�PRGXODWLRQ�VXIIHUHG�IURP�WKH�IDFW�WKDW�SKDVH�LV�D�UHODWLYH�FRQFHSW��

VR�WR�SHUIRUP�GHPRGXODWLRQ�D�UHFHLYHU�ZRXOG�QHHG�WR�NQRZ�WKH�SKDVH�RI�WKH�FDUULHU�XVHG�LQ�WKH�

WUDQVPLWWHU�� :LWK� %36.� WKH� FDUULHU� FDQ� EH� REWDLQHG� E\� D� SURFHVV� FDOOHG� carrier recovery.� $�

%36.�VLJQDO� LV�SURSRUWLRQDO� WR� �± � WLPHV� tcωFRV ��6LQFH� ( ) ��
E

=± �� LI�ZH�VTXDUH�D�%36.�VLJQDO�

WKH�PRGXODWLRQ�GLVDSSHDUV�DQG�ZH�JHW� [ ] ���FRV�FRV
E

tt cc ω+=ω ��7KLV�LV�D�SXUH�VLQXVRLG�DW�WZLFH�

WKH�FDUULHU�IUHTXHQF\��SOXV�VRPH�'&���8VLQJ�³SKDVH�ORFN�ORRS´�FLUFXLWV�DQG�D�IUHTXHQF\�GLYLGHU��

WKH�FDUULHU� tcωFRV �FDQ�EH�³UHFRYHUHG´�IURP�WKLV��

$VVXPLQJ�ZH�KDYH�UHFRYHUHG�WKH�FDUULHU��ZH�FDQ�GHPRGXODWH�D�%36.�VLJQDO�E\�FDOFXODWLQJ�
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6D\� �−=m ��7KHQ�ZH�PDNH�DQ�HUURU�LI� cAX > �EHFDXVH�WKDW�ZLOO�FDXVH�r WR�EH�JUHDWHU�WKDQ�]HUR��

7KH�SUREDELOLW\�RI�WKLV�LV�

�







=







=

= ∫
∞







−

I

J
K

�

�

�

L

N

E
Q

A
Q

dxeP

b

n

c

A

x

n

e

c

n

σ

σπ
σ

� �������

&RPSDUH�WKLV�WR���������IRU�)6.��+HUH�ZH�JHW�DQ�DGGLWLRQDO�IDFWRU�RI����7KLV�PHDQV�WKDW�ZLWK�KDOI�

WKH�SRZHU�%36.�FDQ�JLYH�WKH�VDPH�%(5�DV�)6.��7KHUHIRUH��%36.�LV�PRUH�SRZHU�HIILFLHQW�WKDQ�

)6.��,Q�IDFW�ZH�FDQ�VD\�LW�LV�D�IDFWRU�RI����RU���G%��PRUH�HIILFLHQW��
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BPSK Spectrum 

5HFDOOLQJ�WKDW�RXU�%36.�VLJQDO�LV� �FRV����� ttmAts cc ω= ��ZH�FDQ�XVH�WKH�FRQYROXWLRQ�WKHRUHP�WR�

FDOFXODWH� LWV� VSHFWUXP�� 7KH� VSHFWUXP� RI� WKH� SURGXFW� RI� WZR� VLJQDOV� LV� WKH� FRQYROXWLRQ� RI� WKHLU�

LQGLYLGXDO�VSHFWUD��7KH�VSHFWUXP�RI� �FRV� tcω �LV� [ ] ������ cc ffff +δ+−δ ��VR�
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ZKHUH� �� fM �LV�WKH�)RXULHU�WUDQVIRUP�RI� ��tm ��7R�FDOFXODWH�WKLV�\RX¶G�QHHG�WR�NQRZ�WKH�VSHFLILF�

VHTXHQFH�RI� ORJLF�VWDWHV�� ,I�\RX�DVVXPH�WKH�ELWV�DUH� UDQGRP�� WKHQ�\RX�FDQ�VKRZ�WKDW� WKH�SRZHU�

VSHFWUXP�RI� ��tm �LV�LGHQWLFDO�WR�WKH�SRZHU�VSHFWUXP�RI�D�VLQJOH�ELW��+HQFH�ZH�KDYH�
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ZKHUH� ZH¶YH� OLPLWHG� RXUVHOYHV� WR� SRVLWLYH� IUHTXHQFLHV� DQG� QRUPDOL]HG� WKH� SRZHU� VSHFWUXP� WR�

KDYH�XQLW�HQHUJ\��7KLV�LV�LOOXVWUDWHG�LQ������DQG�FRPSDUHG�WR�WKH�06.�VSHFWUXP��
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Figure 22.3: BPSK spectrum (solid red curve) compared to MSK 
spectrum (dashed blue curve). Both curves have unit energy (on 
linear scale). Horizontal axis is normalized frequency bfT  relative 

to the carrier, vertical axis is amplitude in dB. 

7KH�ZLGHU�PDLQ�OREH�RI�%36.�DV�FRPSDUHG�WR�06.��DQG�WKH�PXFK�ODUJHU�VLGH�OREHV�VKRZ�WKDW�

%36.�LV�QRW�DV�EDQGZLGWK�HIILFLHQW�DV�06.��:H�FDQ�TXDQWLI\�EDQGZLGWK�HIILFLHQF\�DV�IROORZV�
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ZKHUH�Rb�LV�WKH�ELW�UDWH�DQG�BRF�LV�WKH�5)�EDQGZLGWK��7KLV��RI�FRXUVH��GHSHQGV�RQ�KRZ�ZH�GHILQH�

WKH� EDQGZLGWK�� $QG�� LQ� SUDFWLFH�� WKHVH� PRGXODWLRQ� WHFKQLTXHV� DUH� XVXDOO\� DFFRPSDQLHG� E\�

ILOWHULQJ�WR�UHGXFH�WKH�VLGH�OREHV��,I�ZH�WDNH�WKH�IUHTXHQF\�VSUHDG�EHWZHHQ�WKH�QXOOV�RI�WKH�PDLQ�

OREH� DV� DQ� HIIHFWLYH� EDQGZLGWK�� WKHQ�ZH� ILQG� WKDW� WKH� VSHFWUDO� HIILFLHQF\�RI�%36.� LV� ����=η �

ZKLOH�WKDW�RI�06.�LV� ����=η ��6R��ZH�JHW�����PRUH�ELWV�SHU�VHFRQG�WKURXJK�DQ�06.�FKDQQHO�

WKDQ�WKURXJK�D�%36.�FKDQQHO�ZLWK�WKH�VDPH�EDQGZLGWK��

7KH� VLGH� OREHV� RI� WKH� VLQF� IXQFWLRQ� �)LJ�� ������ DUH� YHU\� ODUJH� DQG� LV� OHIW� XQILOWHUHG� WKH\� FRXOG�

FDXVH� LQWHUIHUHQFH� ZLWK� DGMDFHQW� 5)� FKDQQHOV�� 7KHUHIRUH� ILOWHULQJ� LV� W\SLFDOO\� DSSOLHG�� 7KLV�

VPRRWKHV�WKH�UHFWDQJXODU�SXOVHV�WKDW�PDNH�XS� ��tm ��7KH�UHVXOW�IRU�D�VLQJOH�SXOVH�LV�VKRZQ�LQ�)LJ��
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Figure 22.4: Rectangular pulse and filtered versions. Horizontal 
axis is time in units of Tb. Solid (red) curve corresponds to 
elimination of all sidelobes of the BPSK spectrum. Dashed (blue) 
curve corresponds to keeping only the first sidelobes.  

7KLV�KDV�WKH�HIIHFW�RI�VPRRWKLQJ�WKH�ELW�WUDQVLWLRQV�DV�VKRZQ�LQ�)LJ��������
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Figure 22.5: Filtered BPSK. The bit transitions are smoothed, but 
this introduces amplitude fluctuations.  

7KH� ILOWHULQJ�� ZKLOH� UHGXFLQJ� VLGH� OREHV� DQG� KHQFH� WRWDO� EDQGZLGWK�� LQWURGXFHV� DPSOLWXGH�

IOXFWXDWLRQV�� 7KLV� FDQ� FDXVH� D� SUREOHP� LI� WKH� VLJQDO� SDVVHV� WKURXJK� D� QRQ�OLQHDU� 5)� SRZHU�

DPSOLILHU��DQG�DOO�UHDO�DPSOLILHUV�DUH�WR�VRPH�H[WHQW�QRQ�OLQHDU��7KH�UHVXOWLQJ�GLVWRUWLRQ�FDQ�OHDG�

WR� spectral regrowth� WKDW� FUHDWHV� XQZDQWHG� VLJQDOV� RXWVLGH� WKH� GHVLUHG� EDQGZLGWK�� 7KLV� LV� D�
UHODWLYH� GLVDGYDQWDJH� RI� %36.� DV� RSSRVHG� WR� )6.��:LWK� )6.� WKH� VLJQDO� DOZD\V� KDV� FRQVWDQW�

DPSOLWXGH��HYHQ�ZKHQ�WKH�ILOWHULQJ�LV�PRGXODWHG���
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