To: Duane Edgington
June 14, 2001
From: G. E. Malby

Subject:
FreeWave Link Budgets

The following elements are the standard entries in a one way communications link budget for the Mt Toro to buoy link using the FreeWave RxITx units.


@915 Mhz
@2.44GHz


Mt Toro Transmitter power
+29.8 dBm
+27.OdBm


Antenna gain
+20.7 dB
+20.7 dB

Coax and Misc losses
-3.0 dB
-3.0 dB


Buoy Antenna gain
0.0 dB
0.0 dB

    Coax and Misc losses
-3.0 dB
-3.0 dB

Path loss (Toro to M-2)(38.26 nmi)
-128.7 dB
-137.2 dB

Atmospheric loss
-0.4 dB
-0.4 dB


Receive Signal Level (best Case)
-84.6 dBm
-95.9 dBm

Receiver Sensitivity FreeWave Spec @ IOE-6 BER)
-108 dBm
-108 dBm

Link margin
+23.4dB
+12.1dB

The above link margins are the absolute best it would ever be - it only gets worse from there. The link budget itself scales directly in dB with any change in any of the link parameters (keeping in mind that some parameters scale linearly and some by the square of the parameter value)

The Mt Toro antenna gain is at the maximum that can be achieved with standard obtainable commercial antennas. The azimuth beamwidth corresponding to that gain level is 12 degrees to the 3 dB points. Since this antenna will be tied to bedrock and since there is only one relatively stationary buoy being addressed in this consideration, this narrow beamwidth is usable here and was chosen because it gives the highest link margin in practice. If more of the bay needs to be covered, either more of these antennas would be required - or the antenna beamwidth would need to be widened with a corresponding reduction in the antenna gain and corresponding link margin.

A 0 dB gain antenna is required on the buoy in order to accommodate the buoy random orientation with respect to Mt. Toro. The elevation beamwidth corresponding to this gain level is 78 degrees (+1- 39 degrees up and down) at the 3 dB points. When the buoy rolls or pitches 20 degrees, you will be 1.2 db down from the antennas peak and this becomes a loss in the link budget. You would however have to pitch 39 degrees before this pattern loss would equal 3 db.

There are many signal propagation losses that affect the link margin. I will discuss only the two potentially largest loss mechanisms and ignore the others such as rain/fog attenuation etc. The most significant propagation loss will be from multipath. We have almost the worst possible situation for multipath - one of the antennas being very close above a relatively good reflecting surface (sea water at low grazing angles). Multipath is mathematically described using Bessel functions which are hard to deal with and visualize. Signal levels in the presence of multipath can vary from seeing a signal 3 dB higher than a single direct propagation path to a complete loss of signal as the indirect path length varies over a wavelength or multiple thereof with respect to the direct path. With a relatively broad elevation beamwidth antenna installed close to the sea surface and a small elevation angle existing between the buoy and Mt. Toro, there will always be a strong multipath effect. I believe that we will almost always see the large variations in signal strength caused by existence of multipath resulting from the physical motion of the buoy antenna in response to waves acting on the buoy. Therefore, the bad news is that you will continuously see drop outs - the good news is that given the nature of Bessel functions, the Bessel function null width compared to the general function level is relatively small so the dropouts will represent a relatively small percentage of the total running time used for communication. The frequency and period of the dropouts will be related to the period and strength of the sea waves forcing the relative motion of the buoy antenna. Therefore, I would expect to see dropouts repeating on the order of seconds and lasting for fractions of a second. I don’t know of anything - given the required physical configuration of the buoy system - that can be done to get around this situation. Therefore, the communication control protocols used must be able to accommodate these dropouts.

The second major propagation loss mechanism is caused by atmospheric ducting. This condition occurs when a signal is propagating in a medium where there is an abrupt and significant change in the index of refraction at a boundary between two propagation mediums. This is common when there is a fog layer underlying clear air above - a condition well known here on Monterey Bay. What happens is that the fog/clear air boundary and the corresponding change in propagation medium refractive index acts like a reflecting surface and in effect creates a waveguide in which a propagating signal is trapped between the ocean reflector and the fog/clear air reflector. The buoy is often in the fog and Mt Toro is almost always in the clear air so when the ducting conditions are met, a signal from the buoy to Mt Toro will undergo significant loss to the point of not being above signal detection thresholds. The good news is that this doesn’t happen all that often - but the bad news is that when it does, the condition can persist for hours at a time. Again, there is not much you can do about it except to wait for the condition to clear.

Again, other losses such as rain/fog attenuation which will not exceed 5 dB for the 920 Mhz signal and 7 dB for the 2.44 GHz signal will be less of a problem than the two major loss mechanisms above. Unfortunately there is statically not insignificant chance that many of the smaller loss mechanisms will manage to be operating at the same time and cause link dropouts. That is why, terrestrial microwave links used by phone companies and others that need link closures of .999 and greater design their links to have link margins in excess of 40 dB and they don’t even generally have to deal with ducting and multipath.

George Malby
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Technical Specifications

Specification

Frequency:
902 to 928 MHz
2.400 to 2.4835 GHz
Transmitter:

955 mW (+29.8 dBm) at 9.5 to 14.0 V
500 mW (+27 dBm) at 9.5 to 14.0 V
      Output Power
400 mW (+26 dBm at 7.5 to 9.5 V
400 mW (+26 dBm at 7.5 to 9.5 V
      Range*
20 miles
20 miles
      Modulation
GFSK, 120 kBs —170 kBs
GFSK, 120 kBs —170 kBs
      Occupied Bandwidth
230 kHz
230 kHz
Receiver:
      Sensitivity
-108 dBm at 10-6 raw PER
-108 dBm at 10-6 raw PER

40 dB at fc±230kHz
40dB at fc±23OkHz
      Selectivity
60 dB at Ic ±460 kHz
60 dB at Ic ±460 kHz

Data Transmission:


Error Detection
32 Bit CRC, resend on error
32 Bit CRC, resend on error


Data Enc tion
Substitution, dynamic key
Substitution, dynamic key


Link Throughput
115 KBaud
115 Kbaud

Interface     
RS-232 1200 Baud to 115.2 KBaud,     
P5-232 1200 Baud to 115.2 KBaud


asynch, full duplex
asynch, full duplex

Power Requirements:


650 ma at 12V for 1W
650 ma at 12V for 500mW

Transmit current
600 ma at 8.5V for 400mW
600 ma at 8.5V for 400mW


Receive current
100 ma at 12V
100 ma at 12V

Idle current
65ma at 12 V
65ma at 12 V


Point-to Point
Point-to Point

Point-to-Multipoint
Point-to-Multipoint
Operating Modes:
Peer-to-Peer
Peer-to-Peer

Store and Forward Repeater
Store and Forward Repeater
Operating Environment
-400C - +750C
-400C - +750C
** Line of sight distance with unity gain antenna at 900 MHz, 5 dB omni at 2.4 GHz.

** Throughput measured assuming 75% frequency availability.
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Transceiver Location

Placement of your FreeWave unit is likely to have a significant impact on its performance. In general the rule of thumb with FreeWave is that the higher the placement of the antenna the better the communication link - height is everything! In practice you should also place the transceiver away from computers, telephones, answering machines, and other similar equipment. The included 6 foot RS232 cable will usually provide ample room for placement away from other equipment. To improve the data link, FreeWave Technologies offers directional and omnidirectional antennas with cable lengths ranging from 3 to 200 feet.

When using an external antenna, placement of that antenna is critical to a solid data link. Other antennas in close proximity are a potential source of interference; use the Radio Statistics to help identify potential problems. It is also possible that slight adjustments in antenna placement (as little as 2 feet) will solve noise problems. In extreme cases, such as when the transceiver is located close to Pager or Cellular Telephone transmission towers, FreeWave offers a band pass filter to reduce the out of band noise.

The standard enclosure for the DGR-115 does not provide protection against water or environmental hazards, and will fade when placed in direct sunlight. For outdoor applications the DGR-115H should be used. The DGR-115H provides a weather resistant enclosure, allowing placement of the Transceiver in more demanding environmental conditions. The DGR-115H must be mounted in a vertical position to be weather resistant. An optional mounting bracket (part number MBRK/115H) is available to mount the transceiver to a tower or mast. The DGR-115H requires the use of an external antenna.

The DGR115W is waterproof and may also be mounted outdoors without additional weather protection. The waterproof enclosure also requires an external antenna, and includes a 6 foot data and power pigtail cable.
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