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After the signal is received and digitized, it is fed through a
series of adaptive delay stages which are summed together
via feedback loops. This technique is particularly effective in
slowly changing environments such as transmission over
telephone lines, but is more difficult to implement in rapidly
changing environments like factory floors, offices and homes
where transmitters and receivers are moving in relation to
each other. The main drawback is the impact on system cost
and complexity. Adaptive equalizers can be expensive to
implement for broadband data links.

Spread spectrum systems are fairly robust in the presence
of multipath. Direct Sequence Spread Spectrum (DSSS)
systems will reject reflected signals which are significantly
delayed relative to the direct path or strongest signal. This is
the same property which allows multiple users to share the
same bandwidth in Code Diversity Multiple Access (CDMA)
systems. Frequency Hopping Spread Systems (FHSS) also
exhibit some degree of immunity to multipath. Because a
FHSS transmitter is continuously changing frequencies, it
will always hop to some frequencies which experience little
or no multipath loss. In a severe fading environment,
throughput of an FHSS system will be reduced, but it is
unlikely that the link will be lost completely. The performance
of DSSS systems in the presence of multipath is described
further in a separate section below.

Modulation Technique
Modulation technique is a key consideration. This is the
method by which the analog or digital information is
converted to signals at RF frequencies suitable for
transmission. Selection of modulation method determines
system bandwidth, power efficiency, sensitivity, and
complexity. Most of us are familiar with Amplitude
Modulation (AM) and Frequency Modulation (FM) because
of their widespread use in commercial radio. Phase
Modulation is another important technique. It is used in
applications such as Global Position System (GPS)
receivers and some cellular telephone networks.

For the purposes of link budget analysis, the most important
aspect of a given modulation technique is the Signal-to-
Noise Ratio (SNR) necessary for a receiver to achieve a
specified level of reliability in terms of BER. A graph of Eb/No
vs BER is shown in Figure 4. Eb/No is a measure of the
required energy per bit relative to the noise power. Note that
Eb/No is independent of the system data rate. In order to
convert from Eb/No to SNR, the data rate and system
bandwidth must be taken into account as shown below:

where:

Eb = Energy required per bit of information

No= thermal noise in 1Hz of bandwidth

R = system data rate

BT= system bandwidth

Spread Spectrum Radios
The term “spread spectrum” simply means that the energy
radiated by the transmitter is spread out over a wider amount
of the RF spectrum than would otherwise be used. By
spreading out the energy, it is far less likely that two users
sharing the same spectrum will interfere with each other.
This is an important consideration in an unlicensed band,
which why the regulatory authorities imposed spread
spectrum requirements on radios which transmit over -1dBm
(about 0.75mW) in the following bands:
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TABLE 1. TYPICAL BANDWIDTHS FOR VARIOUS DIGITAL
MODULATION METHODS

MODULATION METHOD
TYPICAL BANDWIDTH

(NULL-TO-NULL)

QPSK, DQPSK 1.0 x Bit Rate

MSK 1.5 x Bit Rate

 BPSK, DBPSK, OFSK 2.0 x Bit Rate

FIGURE 4. PROBABILITY OF BIT ERROR FOR COMMON
MODULATION METHODS
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(EQ.4)SNR = (Eb/No) * (R/BT)
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