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Abstract – The aim of this paper is to determinate error probability one of the variants of  complex ASK-FSK telecommunication system when Gaussian noise, Rayleigh fadine and narrowband noice are present. 





Sadržaj – Cilj ovog rada jeste određivanje verovatnoće greške jedne od varijanti složenog ASK-FSK telekomunikacionog sistema, pri čemu se pretpostavlja da su prisutni Gausov šum, Rejlijev feding i uskopojasne smetnje.





1. INTRODUCTION 





In real channels, such as radio, satellite and mobile channels, transfer errors are mostly caused in power changing of received signal. This is explained as fading.


In fields of cellulare mobile radio signals, buildings enviroments (such as houses, trees and buildings) behaves as reflectors of radio signals. 


These obstacles produce amplitudes and phases which are weak. If the transmit is signal modulated, than multiple reflected waves arrive in recieved antenna from differents directions with different time of arrival. These reflected waves are called the waves multiple paths. Because for the presece of different time and angle arrival, waves multiple paths will have diffrents phases into received side. On received antenna, sum of waves from any place in field can make constructive or destructive signal [1]. Amplitude fluctuation of received signal is fading signal. 





2. FUNCTION ANALYSIS





The observed complex telecommunication system is composed of a part for ASK and coherent FSK detection. Complex ASK-FSK system is shown on the figure:


�


Figure 1. Model complex ASK-FSK system





Transmit wave is binary signal, and it has next form [2]: 


�EMBED Equation.3���							(1)


After amplitude modulation, signal passes through frequency modulation. 


It is introdused four form of signal after modulation, �EMBED Equation.3���and �EMBED Equation.3��� on next way : �EMBED Equation.3���, when transmit information is in form 00, �EMBED Equation.3���, when transmit information is in form 01, �EMBED Equation.3���, when transmit information is in form 10, and �EMBED Equation.3���, when transmit information is in form 11. 


Form �EMBED Equation.3��� and �EMBED Equation.3��� will be considered in case �EMBED Equation.3���, and form �EMBED Equation.3��� and �EMBED Equation.3��� in case �EMBED Equation.3���.


To describe detailed analyses, it begins from case �EMBED Equation.3��� and it observes situation when signal is in form:


�EMBED Equation.3���. 


On input of filtar white Gaussian noise is added with zero main value, and variance �EMBED Equation.3��� and narrowband noise [1]:


�EMBED Equation.3���


where are �EMBED Equation.3��� and �EMBED Equation.3��� statistics independent Gaussian variables with zero main value and variance �EMBED Equation.3���. Phases �EMBED Equation.3��� and �EMBED Equation.3��� have uniform distribution


�EMBED Equation.3���							(2)


and since the signal is transmited over free space by transmitter to receiver, it will be considered that Rayleigh fading is present so that the amplitudes have Rayleigh distribution.


�EMBED Equation.3���			(3)


Signal will be followed through system to the output of transmitter:


�EMBED Equation.3���					(4)


Passing through filtar with central frequency �EMBED Equation.3��� it is obtained:


�EMBED Equation.3���															(5)


Now, signal is multipled with carrier frequency, and it is obtained


�EMBED Equation.3���				(6)


Passing by other filtar it is obtained:


�EMBED Equation.3���							(7)


Because signal �EMBED Equation.3��� passes through free space, it is considered that Rayleigh fading is present and his envelop will have this form:


�EMBED Equation.3���																(8)


Now, it is integrated with �EMBED Equation.3��� and �EMBED Equation.3���:


�EMBED Equation.3���	(9)


Figure 1. showes the envelop of signal �EMBED Equation.3���. After that signal is frequently modulated and it is obtained


�EMBED Equation.3���								(10)


On input of the receiver is present white Gaussian noise. In this case will be considered two hypothesis:


�EMBED Equation.3���


Here is the case where the hypothesis �EMBED Equation.3��� is achieved. In upper branch signal has form:


�EMBED Equation.3���	(11)


and after multipling with carrier frequency


�EMBED Equation.3���	(12)


in that way into upper branch putput signal here is 


�EMBED Equation.3���									(13)


In lower branch there is next situation


�EMBED Equation.3���	(14)


after multipling with carrier frequency


�EMBED Equation.3���	(15)


in that way into lower branch there is 


�EMBED Equation.3���							(16)


Output signal is


�EMBED Equation.3���		(17)


Now, it is 


�EMBED Equation.3���	(18)


where �EMBED Equation.3��� and �EMBED Equation.3��� are known from previous estimation and �EMBED Equation.3��� [2]. After integrating with �EMBED Equation.3��� and �EMBED Equation.3��� envelop of output signal is obtained when the hypothesis �EMBED Equation.3���is achieved


�EMBED Equation.3���


															(19)


Figure 2. shows the envelop of signal �EMBED Equation.3��� when hypothesis �EMBED Equation.3���is achieved.


Here is the case where is hypothesis �EMBED Equation.3���achieved.


�EMBED Equation.3���	(20)


after multipling with carrier frequency


�EMBED Equation.3���															(21)


in that way into upper branch there is 


�EMBED Equation.3���											(22)


In lower branch there is next situation


�EMBED Equation.3���


(23)


and after multipling with carrier frequency


�EMBED Equation.3���															(24)


in that way into upper branch there is 


�EMBED Equation.3���					(25)


Output signal is


�EMBED Equation.3���	(26)


Now, it is


�EMBED Equation.3���	(27)


where �EMBED Equation.3��� and �EMBED Equation.3��� are known and �EMBED Equation.3���. Here is the distribution of the envelop when is hypothesis �EMBED Equation.3��� achieved


�EMBED Equation.3���


										(28)


Figure 3. shows envelop signal �EMBED Equation.3��� when hypothesis �EMBED Equation.3��� is achieved.


Now, the case �EMBED Equation.3��� is considered. The signal has this form


 �EMBED Equation.3���							(29)


As in previous case, the signal will be followed to the output of transmmiter:


�EMBED Equation.3���					(30)


Passing through filtar with central frequency �EMBED Equation.3���, it is obtained 


�EMBED Equation.3���			(31)


Now, signal is multiplied with carrier frequency and it is obtained 


�EMBED Equation.3���	(32)


Again, passing through filtar, the signal has this form:


�EMBED Equation.3���							(33)


and envelop will have form on receiving:





�EMBED Equation.3���


															(34)


it is integrated by �EMBED Equation.3��� and �EMBED Equation.3���


�EMBED Equation.3���


															(35)


Figure 4. shows the envelop of signal �EMBED Equation.3���.


Signal is modulated and it is obtained


�EMBED Equation.3���								(36)


On the input of the receiver white Gaussian noise is present. In this case two hypothesis will be consider:


�EMBED Equation.3����EMBED Equation.3���In the case when hypothesis �EMBED Equation.3��� is achieved:


�EMBED Equation.3���	(37)


after multpling with carrier frequency


�EMBED Equation.3���																(38)


so in upper input branch there is


�EMBED Equation.3���								(39)


In lower branch is this situation


�EMBED Equation.3���	(40)


after multipling with carrier frequency


�EMBED Equation.3���															(41)


and in upper branch there is


�EMBED Equation.3���							(42)


Output signal is


�EMBED Equation.3���		(43)


Now, it is


�EMBED Equation.3���															(44)


where �EMBED Equation.3��� and �EMBED Equation.3��� are known. This is the distribution of the envelop,  when the hypothesis �EMBED Equation.3��� is achieved


�EMBED Equation.3���


(45)


Figure 5. shows envelop of signal �EMBED Equation.3��� when hypothesis �EMBED Equation.3��� is achieved.


When hypothesis �EMBED Equation.3��� is achieved 


�EMBED Equation.3���	(46)


after multipling with carrier frequency


�EMBED Equation.3���																	(47)


that is in upper output branch  


�EMBED Equation.3���											(48)


In lower branch there is 


�EMBED Equation.3���	(49)


after multipling with carrier frequency


�EMBED Equation.3���


															(50)


so in lower output branch there is


�EMBED Equation.3���					(51)


Output signal is


�EMBED Equation.3���		(52)


Now, it is


�EMBED Equation.3���																(53)


where �EMBED Equation.3��� and �EMBED Equation.3��� are known. This is the distribution when the hypothesis �EMBED Equation.3��� is achieved


�EMBED Equation.3���


															(54)


Figure 6. shows the envelop signal �EMBED Equation.3��� when the hypothesis �EMBED Equation.3��� is achieved.


Total error probability is


�EMBED Equation.3���				(55)





3. RESULTS





Figure 1. illustrates the envelop signal �EMBED Equation.3��� for case �EMBED Equation.3��� with �EMBED Equation.3���, �EMBED Equation.3��� and �EMBED Equation.3���.
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Figure 1. Envelop signala �EMBED Equation.3��� for case �EMBED Equation.3��� with �EMBED Equation.3���, �EMBED Equation.3��� i �EMBED Equation.3���.





Figure 2. illustrates the envelop signal �EMBED Equation.3��� for hypothesis �EMBED Equation.3��� with �EMBED Equation.3���.





�


Figure 2. Envelop signal �EMBED Equation.3���





Figure 3. illustrates envelop signal �EMBED Equation.3��� for hypothesis �EMBED Equation.3��� with �EMBED Equation.3���.





�


Figure 3. Envelop signal �EMBED Equation.3���





Figure 4. illustrates the envelop signal �EMBED Equation.3��� for case �EMBED Equation.3��� with �EMBED Equation.3���, �EMBED Equation.3��� and �EMBED Equation.3���.





�


Figure 4. Envelop signal �EMBED Equation.3���





Figure 5. illustrates the envelop signal �EMBED Equation.3��� for hypothesis �EMBED Equation.3��� with �EMBED Equation.3���.


� Figure 5. Envelop signal �EMBED Equation.3���





Figure 6. illustrates the envelop signal �EMBED Equation.3��� for hypothesis �EMBED Equation.3��� with �EMBED Equation.3���.





�


Figure  6. Envelop signal �EMBED Equation.3���





Figure 7. illustrates the total error probability of the whole system.


�



�


Figure 7. Characteristic of the total error probability of system 


�



4. CONCLUSION





In this paper, the complex telecommunication system is described with combination for modulation coherent ASK and FSK. Bipolar signal is brought to the input of receiver, which is modulated with ASK and then FSK. His considered that Rayleigh fading are present, Gaussian noise and narrowband noise. On the ground, coherent FSK detection is filtered and the results from the distributions of the envelopes are given in certain parts of the system.
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