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ABSTRACT

This paper describes the design elements, construction and performance of a digital
telemetric system. The system consist of five input channels that are processed and
transmitted simultaneously achieving a dynamic range of 72 dB. A linear block coding
approach with BCH(7,4) is used to detect two error bits and correct one of them. FSK
modulation scheme is used to transmit between two ends located on line of sight 50 Km
apart.

The system is used in geophysical exploration to transmit analog signals with 50 Hz
bandwidth from a remote station to a base station. Both stations are movile and constitute
the two ends of the communication system.

INTRODUCTION

The most important parameters in Geophysical Exploration using the magnetotelluric
method are the magnetic components of earth’s surface Hx, Hy and Hz as well as the
electrical components Ex and Ey. This five signals are induced on the earth’s surface and
with proper detection and processing constitute an important research tool for
Geophysicis.

It has been show that the main physical parameters in the magnetotelluric method are
Hx(w), Ey(w), Hy(w) and Ex(w) from which the complex impedance of the soil is
obtained. The necessary resolution to process these signals is achieved with a 72 dB
dynamic range and phase stability of such signals. Fig. 1) shows the elements of the
telemetering systems. The remote station transmits the five signals captured in its site. The
base or local station captures also five signals from its own site. The signals transmitted
from the remote station are received in the local station and conditioned to perform cross-



correlation with the locally captured signals to minimize the noise contribution and provide
reliable information to the Geophysicis in charge of the research operation. The system
has been succesfully operated in different exploration zones in Mexico.

GENERAL CHARACTERISTICS OF THE TRANSMISSION SYSTEM

Analog Section
- 5 input channels
- 10 analog dynamic range
- 50 Hz bandwith

Digital Section
- PCM modulator with 12 bits uniform cuantizer with binary excess of 2048
- Sampling rate of 200 samples per second per channel
- Channel linear coding BCH (7,4)
- Asynchronous channel format of 20 bits per sample
- Information rate of 12,000 bps
- Signal rate of 20,000 bauds
- FSK modulation scheme

The TX/RX system is a FM/UHF radio with carrier frequency of 452 MHz, 40 Hz BW
and power output of 500 mwatts.

TRANSMISSION SYSTEM

Fig. 2 shows the basic structure of the transmitter connected to a conventional UHF
antenna of 11 dB gain. The main characteristics of the system are described as follows.

SOURCE CODING

The modulation system consists of a multiplexer circuit of five input channels with output
port directly connected to an analog to digital converter (A/D) of 1.5 micro seconds
conversion rate and working with 200 samples per second per channel . The resolution(1)

of the device is 12 bits with uniform quantization. Fig. 3 shows a block diagram of the
modulator.

CHANNEL CODING

In order to improve the telemetry system, some kind of coding was necessary to
introduce K information bits were coded using a BCH scheme . The particular code(2)

used in our design was a BCH (7,4) in which from 12 information bits, the four most



significative bits are coded generating 3 redundancy bits. By means of this operation 95%
of the total information is protected.

FORMAT GENERATOR

This circuit generates a 20 bit format for each sample and performs the series to parallel
conversion (See Fig. 4).

The efficiency of this transmission mode is 60% due to the structure of this format. A
simple calculation that takes into account the channel sampling rate and the number of bits
per sample shows that we can achieve a signalling rate of 20,000 bauds.

FSK MODULATION

Non-coherent FSK modulation was chosen for the modulator sub-system. Two tones f1

and f  were generated and corresponding to 20 and 40 KHz respectively. Those tones2

produced a frequency deviation f given by equation 1.

(1)

fc is the central frequency and the bandwidth of the radio-transmitter attached to the
modulator is 40 KHz (10-50 KHz) (See Fig. 5).

A pass-band filter is placed after the modulator and the output band-limited signal
between 10 and 50 KHz is introduced to the radio transmitter operating at 452 MHz.

RECEPTION SYSTEM

The receiver is made up of the following modules:

- FM radio receiver tuned at a 452 MHz frequency
- Non-coherent FSK demodulator
- Universal asynchronous receiver (UAR)
- BCH (7,4) decoder(3)

- Digital to analog conversion system .(l)



CONCLUSIONS

This paper has described the characteristics and design approach of a five channel digital
telemetry system with 50 Hz bandwidth. FSK modulations and BCH (7,4) coding
schemes with asynchronous transmission were used.

The system has been succesfully operated in magnetotelluric studies carried on by
geophysicis of the CICESE Research Center in Ensenada, Baja California, Mexico. The
system is relatively simple and economic and can be improved if a A/D with non-uniform
quantization and convolutional decoder is added to the system.
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Figure 1  Physical link between local and remote stations



Figure 2  Telemetric  transmitter system

Figure 3  Transmitter source coding



Figure 4  Transmitted and received data bits format

Figure 5 Power spectral density of FSK signal



Figure 6  Telemetric receiver system


