
4$0� � ������

���������	��

��������� ��������� ��������������� �� ��"!#!%$����  �&�'(� ���*) +, ��-' ',./$�0�)1�"�*2-34&�)�5*� ����'6�"�%+�'(&7'8�
9:��� ;�����)<� ' = >�?-@7>BA"@(?��
�

QAM 
Introduction 

4$0�VWDQGV�IRU�Quadrature Amplitude Modulation��7KH�LGHD�LV�WR�XVH�ERWK�SKDVH�DQG�DPSOLWXGH�

PRGXODWLRQ�WR�WU\�DQG�JHW�PRUH�LQIRUPDWLRQ�WKURXJK�D�FKDQQHO�RI�D�JLYHQ�EDQGZLGWK��$V�ZH¶YH�

QRWHG�EHIRUH�� WU\LQJ�WR�XVH�AM�RQ�D�ZLUHOHVV�FKDQQHO� LV�TXLWH�SUREOHPDWLF�GXH�WR�WKH�DPSOLWXGH�

IOXFWXDWLRQV�LQWURGXFHG�E\�IDGLQJ��+RZHYHU��IRU�SRLQW�WR�SRLQW��RU�IL[HG�OLQNV��WKLV�LV�RIWHQ�QRW�D�

SUREOHP�DQG�4$0�LV�IHDVLEOH��4$0�LV�DOVR�XVHG�H[WHQVLYHO\�IRU�PRGHPV���
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� [ ]ttmttmats cQcI ω−ω= VLQ��FRV���� � �������

WKH� DPSOLWXGH� LV� ������
CC

tmtmatA QI += � DQG� WKH� SKDVH� LV� �������WDQ tmtmt IQ=φ �� $OORZLQJ�

QI mm � � WR� WDNH� RQ� YDOXHV� RWKHU� WKDQ� �± � ZLOO� LQ� JHQHUDO� UHVXOW� LQ� ERWK� SKDVH� and� DPSOLWXGH�

YDULDWLRQV��)RU�H[DPSOH��OHW� QI mm � �WDNH�RQ�DQ\�RI�WKH�IRXU�YDOXHV�±���±��������7KHQ�WKHUH�DUH����

SRVVLEOH� FRPELQDWLRQV� RI� QI mm � �� 7KH� UHVXOW� LV� 16-QAM�� 7KH� FRQVWHOODWLRQ� GLDJUDP� LV� VKRZQ�

EHORZ��$Q�H[DPSOH����4$0�VLJQDO�LV�VKRZQ�LQ�)LJ�������
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Figure 24.1: 16-QAM constellation diagram. The bit labels are a 
Gray code designed so that a symbol error causes only one bit 
error. 

6LQFH� WKHUH� DUH� VL[WHHQ� FRQVWHOODWLRQ� SRLQWV�� HDFK� SRLQW� RU� V\PERO�� FDQ� UHSUHVHQW� IRXU� ELWV��

'HPRGXODWLRQ�LV�QRZ�D�ELW� WULFNLHU��:H�ZRXOG�FDOFXODWH�DPSOLWXGHV�DORQJ�ERWK�WKH� tcωFRV �DQG�

tcω− VLQ �D[HV�RI�WKH�FRQVWHOODWLRQ�GLDJUDP��:H�WKHQ�ILQG�ZKLFK�FRQVWHOODWLRQ�SRLQW�ZH�DUH�FORVHVW�
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WR� DQG� DVVXPH� WKDW�ZDV� WKH� V\PERO� WUDQVPLWWHG��)RU�H[DPSOH�� WKH�JUD\�ER[� LQ�)LJ�������ZRXOG�

UHSUHVHQW� WKH� ³GHFLVLRQ� UHJLRQ´� IRU� WKH� V\PERO� ������ :H� PDNH� DQ� HUURU� LI� WKH� QRLVH� LV� ODUJH�

HQRXJK�WR�WDNH�XV�RXW�RI� WKLV�ER[��,I�a� LV� WKH�GLVWDQFH�LOOXVWUDWHG��WKHQ�IRU�WKH������V\PERO��WKH�

SUREDELOLW\� RI� HUURU� ZRXOG� EH� ����D nsyme aQP σ= �� 7KH� IDFWRU� RI� �� FRPHV� IURP� WKH� IDFW� WKDW� DQ�

HUURU�FDQ�EH�PDGH�E\�FURVVLQJ�DQ\�RI� WKH���VLGHV�RI� WKH�VTXDUH��)RU�VRPH�RI� WKH�V\PEROV��H�J���

������\RX�FDQ�RQO\�PDNH�DQ�HUURU�E\�FURVVLQJ�WZR�VLGHV��VR�WKH�IDFWRU�RI���ZRXOG�EHFRPH����,I�

\RX�DYHUDJH�RYHU�DOO�WKH�V\PEROV�\RX�ILQG�WKDW��RQ�DYHUDJH��\RX�KDYH�D�IDFWRU�RI����6LQFH�WKLQJV�

DUH�DUUDQJHG�VR�WKDW�D�V\PERO�HUURU�UHVXOWV�LQ�RQO\�D�VLQJOH�ELW�HUURU��RXW�RI���WRWDO�ELWV���WKH�WRWDO�
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7KH� IDFWRU� RI� ���� LQ� WKH� UDGLFDO� FRPHV� IURP� FDOFXODWLQJ� WKH� UHODWLRQVKLS� EHWZHHQ� a� DQG� WKH�

DYHUDJH�V\PERO�HQHUJ\��

F G H I J K<F K<G K<H K7II

H

G

F

G

H

I

�

Figure 24.2: Example of 16-Qam signal. 

,I�4$0�RSHUDWHV�ZLWK�D�V\PERO�SHULRG�RI�Ts�� WKH�VSHFWUXP�LV�D�VLQF�RI�QXOO�WR�QXOO�ZLGWK� sT�� ��

+RZHYHU��LI�WKHUH�DUH� M� �SRLQWV�LQ�WKH�FRQVWHOODWLRQ�GLDJUDP��WKHQ�HDFK�V\PERO�FRQYH\V�M�ELWV��

6R�WKH�EDQGZLGWK�HIILFLHQF\�LV� ��M=η ��)RU����4$0�WKLV�LV� �=η ��RU�WZLFH�WKDW�RI�436.��,W�LV�

SRVVLEOH� WR� XVH� ODUJHU� YDOXHV� RI� M.� 7KH� GUDZEDFN� LV� WKDW� WKH� %(5� GHJUDGHV� DQG� WKH� SRZHU�

HIILFLHQF\�GHFUHDVHV��
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