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13 February 1974

MEMO TO: Doug Lilly 

FRCM : V. E. Lally 

SUBJECT: The Safesonde.

The outline below is intended to provide rough guidelines on the 
Safesonde specifications as presently conceived by GAMP. These will be 
modified over the next 18 months as required to meet specific require
ments and as we become smarter. No substantive work will be accomplished 
on hardware until Of 1975.

System Characteristics

The Safesonde is designed to provide wind, temperature, humidity 
and other data from the surface to the lower stratosphere without hazard 
to aircraft. Since no object can be safely flown at SST altitudes, the 
system is designed with a ceiling of 15 kilometers. (The satellite 
radiometric soundings should suffice above this altitude in mid-latitudes, 
and special sounding systems can be used at missile ranges.)

The system requires the placement of three transponder stations and 
a master station spaced 10 to 20 kilometers apart in a rectangular or 
diamond pattern. The transponders can be simply emplaced in a post-hole 
or on a roof-top. The central station consists of five antennae and a 
desk top. Placement is not critical, but positions must be surveyed.

A sounding requires 20 man-minutes (unskilled) of preparation for 
launch plus one man-minute (unskilled) of pre-flight data entry. (This 
may be the same man unless launch is remote from the central station.)
The inflation housing may be used entirely outdoors or wheeled out 
prior to launch. The transponder sites must be visited once per month 
for battery switching if not tied into the commercial power.

A sounding takes 15 to 20 minutes. Expendable cost should be less 
than $25 for instrument, balloon, helium and conventional temperature and 
humidity sensors. Other sensors may be used in addition. (There is no 
pressure sensor.)

Normal ascent rate is 15 m/sec. Winds are measured within 1 m/sec 
for each 300 meter interval for the entire flight. For the first 3 to 5 
kilometers a 1 m/sec accuracy can be maintained for 100 meter intervals.

A Junior Safesonde system for micrometeorology uses the same system 
on a shorter baseline. Wind accuracy improves by a factor of 5 to 10 if 
desired.
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System Elements

a) Safesonde

Mass = 50 grams

Power Supply = Lithium cell

Transmitter frequency = crystal-controlled-VHF 

Telemetry = Phase modulation of carrier 

Power output < 10 mw

b) Balloon - superpressure, streamlined 

Mass = 150 grams
3

Volume = 1 M

Material = 25 micron mylar or equivalent 

Valve = calibrated holes

(30 gram neoprene is used for Junior Safesonde)

c) Transponder Station

Unattended - on at all times 

Receiver - Phase lock
. 6

Stable oscillator - 10 absolute stability

10 drift rate 

Antenna - Dipole for dropsonde reception 

- Simple Yagi for transmission 

Transmitter - coherent with received signal

- < 1 mw power out 

Cost -< $2,000

d) Master Station

Desk-top installation plus 4 fixed antennae

Receiver for Safesonde transmissions

Receiver for transponder stations

Phase demodulator for temperature and humidity data

Mini-computer

Message generator

Digital barometer for input to pressure-height computation 

Cost < $10,000
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System Geometry

Four receiving stations are configured in such a fashion that the 
frequency of a received signal may be measured. This measured frequency 
is the transmitted frequency from the dropsonde minus the frequency change 
due to radial motion (doppler) plus the offset in the measurement due to 
an offset in the local oscillator.

where £AM is the number of cycles (zero crossings) measured in one time unit

fj, is the number of cycles transmitted by the Safesonde in one time unit

Af^ is the change in the number of received cycles at A due to a 
change in radial distance in one time unit

Afg^ is the offset of the local oscillator (this is known).

where AR^ is the radial distance change in meters from Station A to the 

Safesonde in one time unit.

ARA - - A£a  • k (2)

k =
300

Sonde Frequency(MHz)

Combining (1) and (2)

ARA  k fAM ' fT " A£0A (3)

for Station B:

(3a)

(4)

Similar equations can be written for the difference in radial
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distance change in one time unit for (AR^ - AR^) and (AR^ - AR^) . Since 

the right-hand side o£ each equation is known from measurement, we have 

three independent equations to solve for the new sonde position 

(Xp2» Yp^, Zp^) provided that we know the initial position. The equations 

have the form:

A complete error analysis will be performed on the set of equations 

in the future. A simplified analysis provides the following preliminary 

numbers.

Wind Error = G 300 • 2 ’ r 

f • At

2

+ (2do x 3 x 108

2

where r = resolution of frequency measurements in cycles per time unit

f = Safesonde frequency in MHz 

At = time unit in seconds

d 0 = drift of the stable oscillators in parts/sec 

G = geometric magnification factor

For r = 1 cycle/unit

f = 150 MHz 

At = 2 0  seconds

A 1°
0 = 10” /sec

Wind Error = 0.2 G m/sec
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The G factor varies from 0.7 to 2.8 for winds at any altitude within 

the network. As the balloon leaves the network, the error increases. For 

a network with a 10 kilometer baseline the G value is 6 at 20 kilometers 

and 14 at 30 kilometers. Thus the wind accuracy for 20-second averages 

drops to 3 m/sec at 30 kilometers distance. This will occur only with high 

winds at high altitudes. A longer averaging time will, of course, reduce 

the error.

Altitude Accuracy

Since altitude is measured by an incremental process, any data drop-outs 

will introduce error. With good signal-to-noise, this is unlikely. The 

absolute altitude error should be a random walk from the basic resolution 

of 1 cycle times the geometric factor. Incremental accuracy is poorer 

at low altitudes and at high altitudes with best resolution at 5 to 10 

kilometers. A typical incremental error is estimated as 10 meters for 

each 300 meters interval. A random walk of 50 steps to 15 kilometers 

,will produce a probable maximum error of 70 meters with an average error
*

of about 40 meters. (This is much better than achievable with available 

pressure sensors.) Vertical velocities are measured to 0.5 m/sec for 

300 meter increments. (Vertical velocity measurements can be improved by 

a factor of 5 to 10 for micrometeorological measurements using the Junior 

Safesonde.)

* The height measurement is used for assignment of winds to altitudes and 

to assign temperatures to altitudes for use in pressure-height computations. 

A  40-meter error in height introduces the equivalent of a 0 to 0.4°C 

temperature error depending on lapse rate.


