
ÇÅ� - Ìå�Üäïóç �ëçñïöïñßáòÄ. ÔïõìðáêÜñçò 6 Éïõëßïõ 2011Ìå�Üäïóç �ëçñïöïñßáò - ØçöéáêÝò ÅðéêïéíùíßåòÅíäåéê�éêÝò ëýóåéò �åëéêïý äéáãùíßóìá�ïòPulse Duration Modulation (PDM) (66 ìïíÜäåò)Èåùñïýìå ìå�Üäïóç óå êáíÜëé AWGN ìå ÷ñÞóç äéáìüñöùóçò PDM.ÓõãêåêñéìÝíá, ï ðïìðüò ó�Ýëíåé Ýíá áðü K óÞìá�á �á ïðïßá äßíïí�áé áðü �éò ó÷Ýóåéòxk(t) = { A ãéá t ∈ [0; kT ]
0 áëëïý ; k = 1; 2; : : : ; K:ÕðïèÝó�å, åðßóçò, ü�é A 6= 0.H Ýîïäïò �ïõ êáíáëéïý éóïý�áé ìå y(t) = xk(t) + n(t).(á) (4 ìïíÜäåò)Ó÷åäéÜó�å �á óÞìá�á xk(t), k = 1; 2; : : : ; K ãéá K = 4.ÁðÜí�çóç:Ôá óÞìá�á Ý÷ïõí ó÷åäéáó�åß ó�ï Ó÷Þìá 1.(â) (5 ìïíÜäåò)Åßíáé �á xk(t) ïñèïãþíéá;ÁðÜí�çóç:¼÷é. Ôï ãéíüìåíï ïðïéùíäÞðï�å äýï óçìÜ�ùí xk(t) êáé xl(t) (k < l) éóïý�áé ìå A2 ó�ïäéÜó�çìá [0; kT ] êáé, åðïìÝíùò, �ï ïëïêëÞñùìá �ïõ ãéíïìÝíïõ éóïý�áé ìå kA2T > 0.(ã) (8 ìïíÜäåò)Âñåß�å �ç äéÜó�áóç, N , �ïõ ìéêñü�åñïõ õðï÷þñïõ, V, �ïõ ÷þñïõ �ùí óçìÜ�ùí ðåðåñá-óìÝíçò åíÝñãåéáò ï ïðïßïò ðåñéÝ÷åé �á K óÞìá�á xk(t). Áðáí�Þó�å ãéá ãåíéêÞ �éìÞ �ïõK (ü÷é Ê = 4).ÁðÜí�çóç:�áñá�çñïýìå ü�é �ï x1(t) ìå �ï x2(t) äåí åßíáé ïñèïãþíéá. ÅðïìÝíùò, ãéá K = 2,N = 2. Áí åöáñìüóïõìå �ç äéáäéêáóßá Gram-S
hmidt ãéá K = 3, ðáñá�çñïýìåü�é ðñïêýð�ïõí 3 ïñèïêáíïíéêÝò óõíáñ�Þóåéò. �åíéêÜ, êÜèå öïñÜ ðïõ áõîÜíïõìå �çí�éìÞ �ïõ K ìðïñïýìå íá ÷ñçóéìïðïéÞóïõìå �éò óõíáñ�Þóåéò âÜóçò ðïõ Ý÷ïõìå ÞäçäçìéïõñãÞóåé êáé íá ðñïóèÝóïõìå ìßá åðéðëÝïí. ÅðïìÝíùò, K = N .



Ó÷Þìá 1: ÓÞìá�á PDM (Ê = 4)(ä) (7 ìïíÜäåò)Âñåß�å �ç ìÝóç åíÝñãåéá, Ex, �ïõ áó�åñéóìïý �ùí Ê óçìÜ�ùí xk(t) áí �á óÞìá�áìå�áäßäïí�áé áðü �ïí ðïìðü ìå �çí ßäéá ðéèáíü�ç�á. Ç áðÜí�çóÞ óáò ìðïñåß íá ðåñéÝ÷åé�á Ô, A êáé K.�þò ìå�áâÜëëå�áé ç Ex óõíáñ�Þóåé �ïõ K;ÁðÜí�çóç:Ç åíÝñãåéá �ïõ xk(t) éóïý�áé ìå ∫ kT0
A2dt = kA2T: ÅðïìÝíùò,

Ex = 1K K
∑k=1

kA2T =
K(K + 1)

2K A2T =
K + 1

2
A2T:Ç Ex ìå�áâÜëëå�áé ãñáììéêÜ óõíáñ�Þóåé �ïõ K.(å) (2 ìïíÜäåò)Âñåß�å �çí �éìÞ �ïõ A þó�å Ex = 1.ÁðÜí�çóç: A =

√

2

(K + 1)T :2



(ó�) (7 ìïíÜäåò)�áñá�çñÞó�å ü�é ï ñõèìüò ìå�Üäïóçò R = log2KKT → 0 êáèþò �ï K → +∞. ¸íáò�ñüðïò íá êñá�Þóïõìå ó�áèåñü �ï R êáèþò �ï Ê áõîÜíåé åßíáé ìåéþíïí�áò �ï Ô. Ôéåðéð�þóåéò Ý÷åé áõ�Þ ç åðéëïãÞ ó�ï óýó�çìá;ÁðÜí�çóç:Ôá óÞìá�á ãßíïí�áé ðéï óýí�ïìá ó�ï ÷ñüíï ìå áðï�Ýëåóìá íá áðáé�åß�áé ìåãáëý�åñïåýñïò æþíçò ãéá �çí åðéêïéíùíßá. Åðßóçò, åðåéäÞ ç äéÜñêåéá êÜèå óÞìá�ïò êáé, åðïìÝíùò,ç åíÝñãåéÜ �ïõ, åëá��þíå�áé, �ï óýó�çìá ãßíå�áé ðéï åðéññåðÝò óå óöÜëìá�á. ÔïóõìðÝñáóìá áõ�ü ðñïêýð�åé ìå ðéï áõó�çñü �ñüðï áðü �çí Ýêöñáóç ãéá �çí ðéèáíü�ç�áóöÜëìá�ïò ðïõ åîÜãå�áé ó�ï åðüìåíï åñþ�çìá: Pe = Q ( d
2�) = Q( A√T
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) :Êáèþò �ï T åëá��þíå�áé, ç Pe áõîÜíåé.(æ) (12 ìïíÜäåò)Âñåß�å �çí ðéèáíü�ç�á óöÜëìá�ïò óõìâüëïõ ãéá �çí ðåñßð�ùóç üðïõ K = 2 åÜí ÷ñçóé-ìïðïéåß�áé âÝë�éó�ïò äÝê�çò. Èåùñïýìå ü�é �á x1(t) êáé x2(t) åßíáé éóïðßèáíá. ÈåùñÞó�åü�é ï èüñõâïò åßíáé AWGN ìå (äßðëåõñç) öáóìá�éêÞ ðõêíü�ç�á éó÷ýïò N0

2
.Ç áðÜí�çóÞ óáò ìðïñåß íá ðåñéÝ÷åé �ç óõíÜñ�çóç Q, êáèþò êáé �á A, T êáé N0.ÁðÜí�çóç:Áí ÷ñçóéìïðïéÞóïõìå �1(t) = 1√T ãéá t ∈ [0; T ] êáé �2(t) = 1√T ãéá t ∈ [T; 2T ],x1(t) = A√T�1(t) êáé x2(t) = A√T�1(t) + A√T�2(t):Ï áó�åñéóìüò ó÷åäéÜæå�áé ó�ï Ó÷Þìá 2. �áñá�çñïýìå ü�é ç áðüó�áóç ìå�áîý �ùíóçìÜ�ùí éóïý�áé ìå A√T . ÅðïìÝíùò, åðåéäÞ �á x1(t) êáé x2(t) åßíáé éóïðßèáíá,Pe = Q( d
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) :(ç) (10 ìïíÜäåò)Ó÷åäéÜó�å �ïí áðïäéáìïñöù�Þ ðñïóáñìïóìÝíùí ößë�ñùí ãéá K = 2. �ñÝðåé, ìå�áîýÜëëùí, íá äþóå�å êáé �éò êñïõó�éêÝò áðïêñßóåéò �ùí ðñïóáñìïóìÝíùí ößë�ñùí.ÁðÜí�çóç:ÅðåéäÞ �1(t) = 1√T ãéá 0 ≤ t ≤ T êáé �2(t) = 1√T ãéá T ≤ t ≤ 2T , �á ðñïóáñìïóìÝíáößë�ñá (áí äåéãìá�ïëçð�Þóïõìå �ç ÷ñïíéêÞ ó�éãìÞ t = T ) åßíáé �á �∗
1(T − t) = 1√T ãéá

0 ≤ t ≤ T êáé �∗
2(T − t) = 1√T ãéá −Ô ≤ t ≤ 0, áí�ßó�ïé÷á. �éï ñåáëéó�éêü åßíáéíá äåéãìá�ïëçð�Þóïõìå �ç ÷ñïíéêÞ ó�éãìÞ t = 2T êáé íá ÷ñçóéìïðïéÞóïõìå �á ößë�ñá�∗

1(2T − t) = 1√T ãéá T ≤ t ≤ 2T êáé �∗
2(2T − t) = 1√T ãéá 0 ≤ t ≤ T , áí�ßó�ïé÷á.Ï áðïäéáìïñöù�Þò ðñïóáñìïóìÝíùí ößë�ñùí ó÷åäéÜæå�áé ó�ï Ó÷Þìá 3.3



Ó÷Þìá 2: Áó�åñéóìüò PDM ãéá K = 2.

Ó÷Þìá 3: Áðïäéáìïñöù�Þò ðñïóáñìïóìÝíùí ößë�ñùí ãéá K = 2.
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(è) (11 ìïíÜäåò)Èåùñïýìå, êáé ðÜëé, �çí ðåñßð�ùóç üðïõ Ê = 2. ¸ó�ù y1; y2; : : : ; yÍ ïé Ýîïäïé �ùíðñïóáñìïóìÝíùí ößë�ñùí, üðïõ N ï áñéèìüò �ùí óõíáñ�Þóåùí âÜóçò (ãéá K = 2).�ïéïò åßíáé ï êáíüíáò ðïõ ÷ñçóéìïðïéåß ï âÝë�éó�ïò äÝê�çò ãéá íá åê�éìÞóåé ðïéï áðü�á x1(t) êáé x2(t) ìå�áäüèçêå óõíáñ�Þóåé �ùí y1; y2; : : : ; yÍ ;Ï êáíüíáò ðïõ èá äþóå�å èá ðñÝðåé íá åßíáé óõãêåêñéìÝíïò êáé üóï ãßíå�áé ðéï áðëüò.Ìå âÜóç �ïí êáíüíá ðïõ äþóá�å, ìðïñåß�å íá áðëïðïéÞóå�å �ïí áíé÷íåõ�Þ ðñïóáñìïóìÝ-íùí ößë�ñùí �ïõ Åñù�Þìá�ïò (ç) ãéá K = 2; �éï óõãêåêñéìÝíá, ìðïñåß�å íá ìåéþóå�å�ïõò êëÜäïõò �ïõ âÝë�éó�ïõ áíé÷íåõ�Þ ÷ùñßò íá åðçñåáó�åß ç ðéèáíü�ç�á óöÜëìá�ïò;ÕðïèÝ�ïõìå ü�é ï ðïìðüò ìå�áäßäåé ïðùóäÞðï�å Ýíá áðü �á x1(t) Þ x2(t) (äçëáäÞ äåíåðé�ñÝðå�áé íá ìç ìå�áäþóåé êáíÝíá óÞìá).ÁðÜí�çóç:Áðü �ï Ó÷Þìá 2 ðáñá�çñïýìå ü�é �ï üñéï �çò ðåñéï÷Þò áðüöáóçò åßíáé ç åõèåßá y =A√T
2
. Ïðü�å, ãéá íá áðïöáóßóïõìå, áñêåß íá êïé�Üîïõìå �çí Ýîïäï �ïõ äåý�åñïõðñïóáñìïóìÝíïõ ößë�ñïõ. Óõíåðþò,k =

{

1 ü�áí y2 ≤ A√T
2

2 ü�áí y2 > A√T
2H Ýîïäïò �ïõ ðñþ�ïõ ðñïóáñìïóìÝíïõ ößë�ñïõ éóïý�áé ðÜí�ï�å ìå Á√T+n1. ÅðïìÝíùò,äå ìáò ÷ñåéÜæå�áé ï ðñþ�ïò êëÜäïò. ¼ðùò ðáñá�Þñçóå óùó�Ü Ýíáò óõíÜäåëöüò óáò, çðñïâïëÞ �ïõ x1 êáé �ïõ x2 ó�ïí Üîïíá �ùí x ó�ï Ó÷Þìá 2 åßíáé ç ßäéá (Á√T ). Ïðü�å,ç ðñïâïëÞ ó�ïí Üîïíá �ùí x äå ìáò äßíåé êáìßá ðëçñïöïñßá ãéá �ï ðïéï áðü �á äýïóÞìá�á ìå�áäüèçêå.Ï áðëïðïéçìÝíïò áðïäéáìïñöù�Þò êáé áðïêùäéêïðïéç�Þò ó÷åäéÜæå�áé ó�ï Ó÷Þìá 4.

Ó÷Þìá 4: AðëïðïéçìÝíïò áðïäéáìïñöù�Þò êáé áðïêùäéêïðïéç�Þò ãéá K = 2.
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