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Fig. 9 (a). The various tower heights which are produced from path simulations for the 

different nodes, taking into account all propagation anomalies. 

Fig. 8. The path profile of the longest link in DWWAN between nodes 24A &24B, 

showing the rugged mountain area with aheight of 3000m ASL. All propagation 

anomalies and region climate parameters are taken into account. 
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Fig. 9 (b). RX simulated power for the various links taking into account propagation 

anomalies and systems signature. 

 

 

Fig. 10. The simulated RX power per channel with the severely errored seconds (SES) 

fading margin. 
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6. Conclusion 

A digital wireless wide area network (DWWAN) design 
methodology is outlined for bands below 10 GHz, as these frequencies 
have very low rain attenuation and long propagation distances. Such a 
system is designed around the 4 GHz band that cover 56 nodes, 28 links 
in a rugged mountain zone with the longest link 53.44 Km. To combat 
the various fading mechanisms, digital microwave systems uses fixed 
MQAM modulation, with M=32…512, realizing SDH data rates that can 
reach to {2 x 155.52 Mbits/sec} per single frequency pair (orthogonal 
beams). A proposal to employ adaptive MQAM scheme is introduced, 
assuming frequency non selective slowly fading channels.  The symbol 
error rate and spectral efficiency equations of adaptive MQAM Rician 
fading channels are established. Adaptive modulation techniques can 
satisfy the growth in demand for wireless communications capacity, as 
the transmitted signal varies according to the instantaneous fading 
channel power. As a result, much higher bit rates relative to the 
conventional fixed signaling can be achieved. Simulations show that 
spectral efficiencies (SPE) up to 8.5 bits/sec/Hz at a BER = 1E-06 can be 
obtained for an average SNR of 32 dB., and this gives about 255 
Mbits/sec for a bandwidth of 30 MHz, while the Shannon limit values are 
{SPE= 15 bits/sec/Hz, at average SNR=33.39 dB}. As the bit error rate 
(BER) requirement is relaxed to 1E-3 simulation shows that SPE goes 
higher to 9.68 bits/sec/Hz for an average SNR of 32 dB.          
Simulations of the ITU performance parameters for the SDH payloads, 
namely the errored second ratio (ESR), severely errored second ratio 
(SESR) & background block error ratio (BBER) show that the designed 
link parameters meet the International Telecommunication Union (ITU) 
model target G.826.     

The above DWWAN can serve as a broadband wireless utility 
network when integrated with SCADA stations. The SCADA net 
employs remote terminal units (remote processors) and Load dispatch 
Centers (LDC) {cluster of large number of processors or supercomputer), 
this architecture provides power grid management functions covering the 
complex dynamic systems control and data collection.   

References 

[1] Tang, D. and Baker, M., “Analysis of a Metropolitan Area Wireless Network “Journal of 

Wireless Networks, 8(2/3):107-120 (2000), Kluwer Academic Publishers + ACM, The 

Netherlands.   



SCADA Wireless Wide Area Networks    59 

[2] Smida, B. and others,” MC-CDMA performance evaluation over multipath Fading channel 

Using the characteristic function method” IEEE Transactions on Communications, 49(8): 

1325-1328 (2001). 

[3] Wang, X. and others,” An overlapping Window Decorrelating Multiuser Detector for DS-

CDMA Channels” IEEE Transactions on Communications, 49(8): 1488-1495 (2001). 

[4] Woo So, J. and others, “Performance Analysis of DS/SSMA unslotted ALOHA system 

With Variable Length Data Traffic”, IEEE Journal on Selected Areas in Communications, 

19(11): 2215-2224 (2001). 

[5] Natarajan, B. and others, “Innovative Pulse Shaping for High Performance Wireless 

TDMA, “IEEE Communications Letter, 5(9): 372-374 (2001). 

[6] Taylor, D.F. and Shafi, M., “Decision Feedback Equalization For Multipath Induced 

Interference In Digital Microwave LOS Links”, IEEE Transactions on Communications, 

32(3): 267-279 (1984). 

[7] Annamalai, A. and Tellambura, C., “Error Rates for Nakagami-m Fading Multichannel 

Reception of Binary and M-ary Signals “, IEEE Transactions on Communications, 49, (1): 

58-68 (2001). 

[8] Turin., G. L. and others, “ Simulation of Urban Vehicle Monitoring Systems”, IEEE 

Transactions on Vehicular Tech., pp. 9-16, February (1972). 

[9] Suzuki, H., “A statistical Model for Urban Multipath Channels with Random Delay” IEEE 

Transactions on Communications, 25: 673-680 (1977). 

[10] Proakis, J. G., “Digital Communications “, McGraw-Hill Companies, Inc, USA (1995). 

[11] Rummler, W.D. “A new Selective Fading Model: Application to Propagation Data”, Bell 

System Tech. Journal, 58:1037-1071 (1979). 

[12] Adas, A. A., “Optical Nets Integrate Control Over Global Grids”, IEEE Computer 

Applications in Power, 11, (4): 52-56 (1998). 

[13] Fink, D. G. and Beaty, H. W., editors, “Standard Handbook for Electrical Engineers” 14th 

edition, McGraw-Hill Companies, Inc., USA ( 2000).  

[14] Kim, K II., Editor, “Handbook of CDMA System Design, Engineering and Optimization” 

Prentice-Hall PTR, Prentice-Hall. Inc, Upper Saddle River, New Jersey 07458, USA, (2000). 

[15] ANSI J-STD-008, “ Mobile Station- Base station Compatibility Requirements for 1.8 and 2 

GHz CDMA PCS” USA, March 1995.   

[16] ITU-T Recommendation G.826, “Series G: Transmission Systems & Media, Digital Systems 

& Networks” The International Telecommunication Union (ITU) – Geneva – Switzerland – 

Feb. 1999.  

[17] ITU-R Recommendation P.530-8, “Propagation Data & Prediction Methods Required for the 

Design of Terrestrial Line of Sight Systems “The International Telecommunication Union 

(ITU) – Geneva – Switzerland – 1999.  

[18] ITU-R Recommendation P.530-10 “Propagation Data & Prediction Methods Required for the 

Design of Terrestrial Line of Sight Systems “, the International Telecommunication Union 

(ITU) – Geneva – Switzerland – 2001. 

[19] Contract Telecommunication Engineering (CTE), “PATHLOSS 4.0 & 5.0 Systems”, 

http://www.pathloss.com, USA, 2009.   

[20] Goldsmith, A. J. and Chua, S. C., ” Variable-Rate Variable Power MQAM for Fading 

channels”,  IEEE Transactions on Communications,  45, (10): 1218-1230 (1997). 

[21] Gradshteyn., I. S. and Ryzhik, I. M., ” Tables of Integrals, Series, and Products” translated 

from Russian by Alan Jeffrey, Academic Press Inc, 111 5th Avenue, New York, NY 10003, 

USA (1980).  

[22] Ajose, S. O., Sadiku, M. N. and Goni, U., ” Computation of Attenuation, Phase, Rotation, 

and Cross-Polarization of Radio Waves Due to Rainfall in Tropical Regions”, IEEE 

Transactions on Antennas & Propagation, p. 1-5 (1995). 



Ahmed A. A. Adas 60 

[23] Morgan, M. A. and Mie, K. K., “Finite Element Computation of Scattering by 

Inhomogeneous Penetratable Bodies of Revolution”, IEEE Transactions on Antennas & 

Propagation, p.202-208 (1979). 

[24] Wolf, D. de and Ligthart, L., “Multipath Effects Due to Rain at 30-50 GHz Frequency 

Communication Links,” IEEE Transactions on Antennas & Propagation, 41(8):1132-1138 

(1993). 

[25] Morgan, M. A., “Finite Element Computation of Microwave Scattering by Raindrops”, 

Radio Science Journal, No.6:1109-1119 (1980).  

[26] Crane, R. K.,”Electromagnetic Wave Propagation through Rain”, Wiley, USA (1996).  

[27] Olsen, R. L., Rogers, D. V. and Hodge, D. B., ”The aRb Relation in the Calculation of Rain 

Attenuation”,  IEEE Transactions on Antennas & Propagation, 26( 2): 318-329 (1978). 

[28] Pratt, T. and Bostian, C. W., “Satellite Communications” John Wiley & Sons (1986).  

 
 
 



SCADA Wireless Wide Area Networks    61 

�������� 	
���
� ������� �������� ������ �
���� �� 

���
�	���� ��
���  

��� ����  

�������� 	�
��
 	��������� 	�
���� ��� - 	�
���� 	���  


�� ����� 	���� ������–� .� .��!�" #
� !$%�&  

 	������ 	������	�

����  

aadas@kau.edu.sa 

�������	. ���� �� ��	
�� �
���� ����
� ���� �
��
 �
 

 ���� �
��� ����� �� �
�������� ������ ! ��� "�
	
�#$����  "

 �&'(��
� ����  . ��)*
��� ������ +,�� ����	� (�� �
 )��

 -�)�� � /���0� �� ���
�0� ))� 1�, (��� �
��
�� ���
2
�

�3�� ������� �� ����4����0�� ����4� -
5�
 � �
��� �
��6
�� 

����
�� ����7 .)���� ��)*
��� �
���3�� ������� ����	� �
 

 ������� �
���8���� �

����9�)�
�� ����� ( ���*� ���
��

<�9��� (����.�7 (�
 ����� ��9
 �
���3�� �������= >?? 


��@�� �� ����@ 6�� -�
�� (����� �� �
A
� �B�A�� ! �#C?? 

����@ 6��\�
��@\6
�5 . ������ ������ ���� �
��
�� �,5 ��
9
�

 ������� D� E����
 ������ �
A
��� �B�A��� �
	�� -� �
��������

�
��*��.  
 
 


