














DYNAMIC HARDWARE SIMULATION OF THE LEO SATELLITE CHANNEL

The principle and the basics of the simulator is the same as the software simulator and it
was described in the previous section. The overall hardware simulator consists of the
following and it will be described in the following sections:

1) Trajectory based selective fading simulator
2) Trajectory based Doppler Shift simulator
3) Trajectory based additive noise simulator
4) Trajectory based time shadowing simulator

TRAJECTORY BASED SELECTIVE FADING HARDWARE SIMULATOR

By changing either the delay or the phase we can generate different notches at different
locations. By shifting the phase continuously the location of the notch changes across the
spectrum and it appears as the notch sweeps across the spectrum [3] [5] [8].

The following figure shows the hardware block diagram for a multi paths selective fade
simulator for LEO. By using a voltage control phase shifter we can simulate the satellite
movement by using voltages proportional to the phase shift (equation XVI) resulted from
the movement of the satellite.
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Figure(5) Selective fading simulator

TRAJECTORY BASED DOPPLER SHIFT HARDWARE SIMULATOR

The following figure shows the Doppler Shift simulator It simply consists of a down
converter to the base band and again an up-converter to dffcf += . By feeding a
voltage proportional to the trajectory based Doppler Shift (equation XIX) to the VCO we
can simulate the Doppler Shift.
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Figure(6) Doppler shift simulator

PRELIMINARY HARDWARE RESULTS OBTAINED FROM MY CHANNEL
SIMULATOR

The following figures shows the preliminary hardware result obtained with the hardware
simulator. The modulation is FQPSK. [1] [2]

Figure(7) FQPSK before (top left) and after the channel



CONCLUSIONS

In this paper a dynamic trajectory based LEO satellite channel simulator and some
preliminary results were presented. Both the hardware simulator and the software
simulator were based on the same principle.
The presented simulator is flexible. The required level of complexity is directly
correlated to the type of application. By adding more realistic details we can obtain a
more realistic simulator but more paths results in more complexity.

REFERENCES

[1] K. Feher et al., U.S. patents: 4,567,602; 4,644,565; 5,491,457; 5,784,402; 6,198,777,
International Patent Cooperation Treaty (PCT) No: PCT US99/17995; Internat No: WO
00/10272, published Feb. 2000. Licensor: Digcom, Inc., 44685 Country Club Drive, El
Macero, CA USA, Tel: 530-753-0738; Fax: 530-753-1788; www.fehertechnologies.com
E-mail: feherk@yahoo.com .
[2] K. Feher, Wireless Digital Communications. New Jersey: Prentice-Hall, 1995.
[3] Cheng-Ying Yang; Kuo-Hsiung Tseng Error rate prediction of the low Earth orbit
(LEO) satellite channel. 2000 IEEE International Conference on Communications. p.465-
9 vol.1. 3 vol. xxxii+1814 pp. 10 references.
[4] Cheng-Ying Yang; Junghwan Kim Performance analysis of low earth orbit (LEO)
land mobile satellite using moment technique. IEEE Military Communications p.883-7
vol.3. 3 vol. xxxv+1083 pp. 6 references.
[5] Davis, L.M.; Collings, I.B.; Evans, R.J. Estimation of LEO satellite channels.
Proceedings of ICICS, 1997 International Conference on Information, Communications
and Signal Processing. 1997. p.15-19 vol.1. 3 vol. xxxiv+1819 pp. 13 references.
[6] Rummler W. D. et al., "Multipath Fading Channel Models for Microwave Digital
Radio," IEEE Communications Magazine, Vol.24, No.11, November 1986.
[7] Wei Gao, Shih-Ho Wang and Kamilo Feher Tests And Evaluations Of Adaptive
Feher Equalizers For A Large Class Of Systems., ITC/USA Proceeding. 2000 p.267-275
vol.XXXVI.
[8] Jeng-Fu Kiang; Yung-Chang Chen; Le-Gen Shi Channel simulation on LEO
satellites. IEEE Antennas and Propagation Society International Symposium. 1999
p.1494-7 vol.3. 4 vol. viii+2896 pp. 5 references.
[9] Lien, S.Y.; Choy, F.; Cherniakov, M. (Edited by: Deriche, M.; Moody, M.;
Bennamoun, M.) Outdoor-to-indoor propagation modelling for LEO satellite
communication systems. TENCON '97 Brisbane - Australia. Proceedings of IEEE
TENCON '97. p.105-8 vol.1. 2 vol. xxiv+850 pp. 13 references.
[10] Mehdi Haghdad, Dr. Kamilo Feher, “LEO satellite telemetry channel simulators for
dynamic selective faded and Doppler Shifted environments”, ETTC Proceeding. 2001
[11] Moon-Hee You, Seong-Pal Lee and Youngyearl Han, “Adaptive Compensation
Method Using the Prediction Algorithm for the Doppler Frequency Shift in the LEO
Mobile Satellite Communication System”, ETRI Journal, Information
Telecommunications & Electronics, Volume 22 Number 4, December 2000 p. 32-39


