A comparison between OFDM and Adaptive Equalization for HVAC ducts

Wireless channels are characterized by a multipath fading environment. The signal offered to the receiver contains not only a direct line of sight radio wave, but also a large number of reflected waves that arrive at the receiver at different times. These reflected delayed waves interfere with the direct wave and cause intersymbol interference (ISI), which causes significant degradation of the network performance.  A wireless network must be designed in such a way as to minimize these adverse affects.

For broadband communication systems, it is necessary to use high-bit-rate transmission of at least several megabits per second. However, if digital data are transmitted at a rate of several megabits per second, the delay time of the delayed waves exceeds 1 symbol time. Because the delayed waves interfere with other symbols, the effects of this interference must be eliminated in the received signal. There are several ways to achieve this goal. In this report, we will discuss adaptive equalization techniques at the receiver and OFDM transmission for communications through over-moded waveguides (HVAC ducts) which is known to be dispersive. Adaptive equalization at several megabits per second requires extensive computations at the receiver. On the other hand, OFDM is based on a parallel data transmission scheme that reduces the effects of multipath fading and doesn’t require complex equalizers.

The multipath fading environment in which not only a direct transmission signal but also many reflected signals arrive at the receiver at different times in the time-domain is characterized by a channel impulse response, which includes the information about the relative time when the delayed signal arrived at the receiver, the power of the signal, and its phase as compared to the power and phase of the direct wave.  Figure 1 shows the impulse response of a 10 feet long HVAC duct section aligned with perfect reflectors at both ends in time and frequency domains. From the time domain point of view, many signals with different arrival times, signal power and phases are received at the receiver. From the frequency-domain point of view, the multipath fading environment is characterized by the enhancement of some frequencies and the attenuation of others.
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Figure 1a: Impulse response of 10 feet long duct piece with metal terminations.
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Figure 1b: Frequency response of the channel.




A narrowband signal will vary in quality as the peaks and the frequency response move around in the frequency domain. There will also be some variation in the phase response, which will affect all systems using the phase as a means of signaling. The autocorrelation function of the frequency response is shown in figure 2. It can be seen that the coherence bandwidth is 140 kHz for 90% correlation.
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Figure 2: Autocorrelation function of channel frequency response

If digital data are transmitted at a rate of several Mbps and the maximum delay time of the delayed waves caused by multipath reflections is more than 1 μsec, the maximum delay time is greater than 1 symbol time. In this case, both the waveforms and the spectrum are distorted, and we need to equalize the distorted signal. One way to equalize the signal is by using adaptive equalization techniques that estimate the channel impulse response at the receiver and multiply the complex conjugate of the estimated impulse response by the received data signal at the receiver.
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Figure 3: Experimental set-up

Equalizer:

An Equalizer is like a compensator for channel distortion. For communication channels in which the channel characteristics are unknown or time-varying, optimum transmit and receive filters cannot be designed directly. For such channels, an equalizer is needed to compensate for the ISI created by the distortion in the channel.
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Figure 4: General Block Diagram of Equalizer

where, the number of equalizer taps is 2M +1 and T is the symbol duration. If Y (t) is the input

to the equalizer, then the output of the equalizer is given by,
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where wi are the complex equalizer tap weights selected based on some optimization criterion.

To see the effect of equalizer, different experiments were carried out in the duct channel. The maximum transmission rate is about 50 MBps with the Agilent Digital Signal Generator. 64-QAM signals were transmitted with a maximum 8.3 Msps symbol rate through a duct channel (open-ends) with and without the use the equalizer.  Figure 5 shows the advantage of using equalizer, it removes ISI in the signal and provide very low EVM ratios. The transmit power was set to be -10 dB in both cases. The equalizer was 9 symbols long.

	With Equalizer
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	Without Equalizer
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ENDS CLOSED with Metal Caps..  ( Frequency Response Figure 1b)

RF Frequency=2.46 GHz /IF Frequency=18 MHz 16-QAM  8 Msps   5%  -20 dBm  33 symbols 10-9

	With Equalizer
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	Without Equalizer
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RF Frequency=2.46 GHz /IF Frequency=18 MHz 64-QAM  6 Msps   2%  -12 dBm  33 symbols 10-9

	With Equalizer
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OFDM transmission through HVAC duct

OPEN ENDS  
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64-QAM   (54 MBps)
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16-QAM (36 MBps)


METAL TERMINATIONS at the ENDS
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64-QAM   (54 MBps)
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DI761E C 0890904C
AD3 FARE 730F2327
8BD8AD0 20501362
FEAF1064 DED343CT
7035ETFB 6AB7ABZ1
1BDFD321 26091424
AdD73D76 F1BESE0E
DICICFIE 1C4BDBED

00 10100
19005414
B7C1 7B7E
17F09836
45DBDBED
3FE5FDI4
T723EN 71
88030028
3E4EDA4D
1A9EASED
89780432
E165063D

01101001 00000010 100105ED
DI161CCO 990004C3 SDDFCOFY
BOSFASEE 40F2B272 B12478D7
88384902 D3015845 DOGBDIBF
EEDI063D 65B51404 8115C8B3
13451F41 9500DF4D F166CCI3
9DFSEASE 1217B1EA 08FOSETC
SCGCCOC7 7FO98AGC E3802327
980C0AC3 5DBDBADE 0D5013D
E4F2B27B FCEFCOG4 3651 436
D3015621 7204E7F9 D AB3Ag2
67943C51 1B3FD2 2 1D64D1A2





16-QAM (36 MBps)


Conclusion:  Equalizers can be utilized to provide a clear channel for high-speed data transmission through HVAC ducts. Multi-carrier modulation and equalization of each carrier can yield good performance through HVAC channel.

Ahmet G. Cepni                 August 5, 2003
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