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I. Project Summary 
 

The project entitled "Preparation for Radiometric Measurements of Snow Covered 
Terrain at the Fraser Forest Site of CLPX", with P/G F006241 has concluded.  Under this 
project, the Microwave Geophysics Group of The University of Michigan reconfigured a 
number of microwave radiometer instruments so that they could be used in the Cold 
Lands Processes Experiment (CLPX) held at Fraser Colorado in the Winter of '02-'03. 
 

Specifically, the repackaging of the Microwave Geophysics Group 19GHz and 
37GHz dual-polarized radiometers were completed under this project.  The repackaging 
involved the removal of the RF hardware from an existing tower-based system and the 
design of a new thermal enclosure for each radiometer.  The new thermal enclosure 
incorporates a Thermo-Electric Cooler (TEC, manf TECA model AHP300CPHC), a TEC 
controller (manf McShane model 5C7-378), and a microcontroller (manf Z-World model 
BL1720) for instrument management.  The inclusion of a microcontroller in each 
radiometer has resulted in very robust operation.  No data were lost in subsequent 
experiments due to radiometer management/control failure.  The repackaged instruments 
were built to be compatible with new 1.4GHz and 6.7GHz dual polarized instruments 
(developed under separate projects) and the entire suite of instruments were mounted on 
the hydraulic boom of the Microwave Geophysics portable laboratory (a Norstar truck).  
Other related activities completed under this project include the fabrication of a separate 
power supply box to provide DC power to the radiometers, and the initial testing, thermal 
calibration and radiometric calibration of the repackaged radiometers. 
 

These radiometers repackaged under this project were subsequently used at the Cold 
Lands Processes Experiment in the Winter '03 and at a Radiobrightness and Energy 
Balance Experiment on the North Slope of Alaska in Spring/Summer '04.  These 
experiments were conducted under separate projects.  Data collected from the repackaged 
19GHz and 37GHz radiometers during the Intensive Observation Period 4 of CLPX are 
archived at the National Snow and Ice Data Center (NSIDC).  Data collected from the 
repackaged 19GHz and 37GHz radiometers in Alaska are currently being processed. 
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II. Accomplishments & Results 
 

We have repackaged the RF hardware of the Microwave Geophysics Group’s (MGG) 
19 GHz and 37 GHz radiometers so that they are now compatible with the MGG portable 
laboratory.  The repackaging effort involved the redesign of the thermal operation of the 
radiometers, the inclusion of limited intelligence (a microcontroller) within each 
radiometer, and the design of mechanical interface to the MGG portable laboratory.  
These changes represent the incorporation of modern technology with a series of lessons 
learned from previous Radiobrightness and Energy Balance Experiments (REBEXs).  
The changes from this repackaging are seen in the comparison of the block diagrams for 
Figure 1 (configuration prior to repackaging) and Figure 2 (configuration after 
repackaging).  The RF architecture of the radiometers is identical in both the 19 and 37 
GHz radiometers and is represented by the components from the antennas up to the 
detector.  These RF parts were not replaced in the preparation, hence we do not consider 
these radiometers to be new fabrications but rather a repackaging.   

 
II.A   Control Systems 

Prior to repackaging, in Figure 1, the radiometer hardware was directly controlled by 
a MacIntosh II computer running a Hypercard stack as the data handling and control 
software.  This Hypercard stack controlled not only both 19 and 37 GHz radiometers, but 
also a single polarization 85GHz radiometer and a micro-meteorological station.  The 
Hypercard stack itself contains not only the instructions but also the data that was 
collected from the various instruments.  As a result, and in conjunction with the obscurity 
of the now obsolete Hypercard program, program bugs were impossible to decipher.  
MGG had developed an operational protocol that involved periodically loading a 
preserved copy of this stack into the control computer.  As it ran, collecting data, the 
stack would change, eventually encountering a bug that would require the replacement of 
the stack with the preserved copy.  When the Hypercard stack did fail, data collection on 
all instruments ceased. 

The link from the control computer to the radiometer passed thru the “Trailer Box”, a 
black box that served as a glorified multiplexer. While this box had served the Group 
well through a series of REBEXs, the individual graduate students in charge of each 
REBEX had injected his or her own customizations into the Trailer Box, and as is 
common when the objective is to graduate and leave rather than continue working with 
the equipment, documentation lagged and the knowledge of the operations of the Trailer 
Box was lost.  

One objective of the repackaging was to replace this command and data handling 
(C&DH) architecture with one that was simpler, more robust, and easier to maintain.  
This was accomplished by incorporating a microcontroller into the radiometer itself for 
tasks such as thermal control and scheduled data collection.  These microcontrollers 
served as slaves to a master C&DH computer that intermittently polled them for data to 
be archived.  From favorable previous experience with Z-World microcontrollers 
incorporated in the Direct Sampling Digital Radiometer (DSDR) [Fischman ‘99], the Z-
World BL1720 microcontroller was selected as the radiometer controller.  The objective 
was to get the individual radiometers as close to autonomous operation as possible. 
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The Z-World BL1720 microcontroller has built-in many features that make it an ideal 
controller for the radiometer.  In addition to the on-board 12-bit ADC shown in Figure 2, 
the BL1720 also has eight additional ADC channels that were employed with thermistors 
for temperature monitoring at various locations in the instrument.  Digital output 
channels were employed to control the polarization and reference switches.  Four digital 
inputs were connected to DIP switches for the purpose of enabling the microcontroller to 
read an “address” so that identical code could be written for the different radiometers (the 
19GHz radiometer is identified by address 13, and the 37GHz radiometer is identified by 
address 14).  The BL1720 sports two serial ports, both of which are capable of RS-232 
and one of which can alternatively be configured as RS-485.  The first serial port (port 
Z0) was configured as RS-232 for communication with the thermal controller.  The 
second serial port (port Z1) was configured as RS-485 for communication with the 
master laptop computer.  The RS-485 implementation allows for up to 32 devices to be 
on the same RS-485 bus.  At CLPX, we were operating with the master control software 
on the laptop and with 6 different radiometer microcontrollers on the same RS-485 bus. 

The BL1720 microcontroller uses a Real-Time Kernal (RTK) and is conveniently 
programmed in a proprietary variant of the computer language C.  We identified six tasks 
that this controller would perform.  These tasks are tabulated below: 
Priority (0 highest) Task Frequency 
0 RF Burst Sampler when called 
1 Command Line Interface every 2 seconds 
2 Thermal Controller comm. when called 
3 Temperature Monitor every 5 seconds 
4 RF measurement manager user defined schedule 
5 Ambient Temperature Control every 20 seconds 

 
 
Tasks of higher priority will suspend currently executing tasks of lower priority.  The 
Command Line Interface (cli), the Temperature Monitor and the Ambient Control tasks 
are on a fixed schedule.  The RF measurement manager period is set through a serial 
interface command from the master CD&H computer.  Two subroutines of these four 
tasks, namely the ADC sampling of the radiometer output and the serial communication 
to the McShane thermal controller, should not be needlessly interrupted and therefore are 
configured as their own tasks with higher priority than the tasks that call them. 

The Command Line Interface (cli) monitors the RS-485 serial link to the master 
CD&H laptop and parses the ASCII commands found in the input buffer.  If the 
commands are properly addressed to the radiometer, the cli interprets the request and acts 
upon it.  

The Temperature Monitor periodically activates the ADC channels connected to the 
thermistors, measures the voltage on each such channel and calculates the temperature of 
the thermistor.  This information is stored in global variables until the next reading.  The 
locations of the thermistors in the 19 and 37GHz radiometers are (in order they are read 
and saved):  RF circuits #1, the reference load, RF circuits #2, a reference bridge (not a 
thermistor but a fixed resistor for monitoring ADC drift), H-pol antenna, V-pol antenna, 
and a temperature of part of the radiometer not under thermal control (“case 
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temperature”).  An 8th temperature is recorded which is queried from the McShane 
thermal controller, which provides an independent temperature data point. 

Either the Command Line Interface or the Temperature Monitor may invoke the 
Thermal Controller Communications task.  This task formulates serial commands to the 
thermal controller and parses responses.  The most common serial commands to the 
McShane thermal controller are a status query (returning temperature and control effort), 
and an establishment of a thermal set point. 

The RF Measurement Manager is scheduled through a specific command delivered to 
the radiometer from the main CD&H computer.  The RF Measurement Manager 
performs a number of status checks and then invokes the Burst Sampler.  This Burst 
Sampler executes the Analog-to-Digital sampling of the detected RF output at as fast a 
rate as the BL1720 is capable, which is about 2000 samples per second.  This data is 
pushed into an array for further processing by the RF Measurement Manager, which 
accesses this array to compute the mean and variance of the sampled data.  The RF 
Measurement Manager then takes these statistics, select temperature data, and a 
timestamp and saves this data in a record for later recovery and download to the main 
CD&H computer. 

 
II.B.  Thermal Control 

The 19 GHz and 37GHz radiometers were reconfigured from having heater-
controlled RF stages to have Thermoelectric Cooler (TEC) controlled RF stages.  The 
motivation for the switch from heaters to TEC was the desire to operate the radiometers 
in a warmer ambient environment than the Arctic.  In addition to the conversion from 
heater to TEC, the repackaging incorporated a “box-within-a-box” thermal design, which 
has been demonstrated to provide improved thermal stability than a single thermal stage 
[Tanner ‘01].  

This thermal approach of a “box-within-a-box” allows for a minimum of components 
penetrating the environmental enclosure containing the radiometer.  The only holes 
drilled in the environmental enclosure for the purpose of the thermal control were a 
pattern of holes for holding a set of finned heat sinks.  These holes are entirely covered 
by heat sinks on both the inside and outside of the environmental enclosure, allowing for 
a near perfect moisture seal, which would be difficult to impossible if the TEC were to 
penetrate the environmental enclosure.  Thus, the temperature of the RF electronics are 
controlled directly by a TEC, the exhaust heat from which is circulated in a lower 
chamber within the radiometer environmental enclosure, and the heat ultimately leaves 
the lower chamber thru the walls of the chamber with the assistance of heat sinks 
attached on both sides of the walls.  This lower chamber, while its temperature is 
uncontrolled, provides a long time constant thermal reservoir against which the TEC 
expels heat, allowing for tighter control of the temperature of the RF electronics. 

The TEC in each radiometer is a model AHP-300CPHC p/n 1-7095-1-000 
manufactured by the ThermoElectric Cooling America Corporation.  This unit is 
configured for 6A@24V operation (it has two internal TEC circuits wired in series) rather 
than for 12A@12V operation (when wired in parallel).  Its estimated cooling efficiency is 
40% (although we used an estimated value of 50% for the purpose of tuning the control).  
It is capable of being run in reverse so as to extract heat from lower chamber and warm 
the RF electronics. 
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The TEC is controlled by a “McShane” thermal controller, model 5C7-378 
manufactured by Oven Industries, Inc.  This unit boasts a 10A@24V capability (clearly 
sufficient for the TEC), 0.01C resolution (the highest commercially available at the time 
of controller selection), PID control, and an RS-232 interface.  After several hardware 
failures related to the operating temperature of the McShane electronics, Oven Industries 
produced an engineering modification of the stock board that replaces a voltage regulator 
with a more thermally robust regulator, and the units have given us no problems since. 

The McShane controller uses a 10KΩ thermistor (model TS-67) for temperature 
monitoring.  This thermistor is mounted on the thermal plate onto which the RF 
electronics are mounted.  

The PID coefficients were determined using the procedures recommended by 
McShane documents.   The coefficients used in radiometer in the CLPX experiment are 
shown in the following table: 
 P I D 
19 GHz 0.60 0.07 0 
37 GHz 0.44 0.49 0 

The P coefficients are in units of degrees Celcius, and represent the difference in 
temperature readings on the TS-67 thermistor that result in 100% cooling and 100% 
heating. The remaining coefficients are much less well documented within the McShane 
documentation, but the I coefficient is determined as one half of the frequency (measured 
in cycles per minute) of oscillation of the thermal system when P is too small and I and D 
are both zero (proportional overcontrol).  McShane tuning documents recommend that D 
be set to zero if a fast response is not required.  Since a fast response is not required in a 
radiometer, the D coefficient should always be set to zero. 

The resulting thermal control in the field is about 60mK rms over a 12 hour period 
measured on an independent thermistor mounted on the RF electronics thermal plate. See 
Figure 3. The thermistor monitoring the reference load temperature shows significantly 
less variation. 

 
II.C. Environmental Enclosure 
The reused RF components, the new Z-World microcontroller, and the TEC and 

McShane thermal controller are enclosed within a waterproof aluminum box 
manufactured by Impact Cases, Inc.  The enclosure comes in two parts, a base and lid, 
which include a continuous seal around the perimeter where the lid joins the base and 
integral clasps on the base that holds the lid onto the base.   

To minimize the penetrations of the exterior of the enclosure, 1” x 1” aluminum angle 
were epoxied into to the interior of the base just below the seal, and an aluminum sheet 
was fabricated at SPRL that would attach to these angles.  Then, all components were 
attached to this interior plate.  On the exterior wall of the base, the only penetrations were 
for the attachment of the heat sinks (see above), three bulkheads for thermal DC power, 
regulated DC power, and communications.  All of these penetrations are easily sealed.  
On the lid, the only penetration of the exterior wall is the radome.  The radome material 
itself is comprised of polycarbonate material and is sealed onto the lid with a custom 
fabricated rim manufactured from aluminum sheet.  This rim is attached to the lid with 
#4-40 machine screws at a spacing of 0.5” along the perimeter of the radome.  A custom 
cut rubber gasket is used to seal the edge of the radome under the rim. 
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Initial tests indicated that this radome configuration provided a water seal.  Water was 
simply poured onto the radome and no leakage was observed in the interior of the 
enclosure.   

To insure no moisture condensation on the RF components, mounted on the TEC cold 
plate, dessicants were placed within the enclosure.  Royco, Inc. manufactures model 
Drican dessicant pack (p/n 02-01494DG01) that are copper sulfate beads held within a 
plastic case.  The dessicant packs are specifically designed to be reusable:  the water may 
be driven off by either heating the pack in an oven or by placing the pack in a microwave 
oven.  Internal tests with the dessicant packs indicate that they absorb several grams of 
water each.  Two of these dessicant packs are placed within the enclosure of both 19 and 
37GHz radiometers.   

 
 

III.  Conclusions 
The repackaged radiometers were deployed at the Local Scale Observation Site 

(LSOS) at the Fraser Experimental Forest Headquarters for the 2003 Cold Lands 
Processes Experiment (CLPX ’03).  The observations for the CLPX were split into two 
Intensive Observation Periods (IOPs).  IOP3 was intended for observations of frozen 
snow.  IOP3 data was collected from 19 Feb through 26 Feb 2003.  IOP4 was intended 
for observations of melting snow.  IOP4 data was collected from 24 Mar thru 02 Apr 
2003.  The IOP4 dataset includes observations of both frozen and melting snow.  The 
repackaged radiometers were configured to collect data nearly continuously during the 
IOPs.  The time series data was of the snow pack brightness emission at an incidence 
angle of 54deg.  An example of this time series of data is shown in Figure 4.   The data 
collected has been archived at the National Snow and Ice Data Center (NSIDC) and is 
still being analyzed for its implications on the modeling of radiobrightness from snow. 
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Figure 1:  Configuration of 19 and 37 GHz radiometers at beginning of project. 

V-pol 

H-pol 

Horn antennas 

Calibration Load 

Switch(es) 
Mixer 

Local Oscillator 

I.F. amp 

Band  
Pass  
Filter 

Square  
Law  
Detector 

Op  
Amp 

Low 
Pass  
Filter 

Thermally Controlled 
Environment 
(Heaters) 

Top of Tower 

Other 
Radiometers 

Micro-Meteorological 
Station 

Base of Tower “Trailer Box” Mac II Computer 
 running 
HyperCard Stack 

Relay Box 

ADC 



 8

 

 
 
Figure 2:  Configuration of 19 and 37 GHz radiometers at conclusion of this project.  The op-amp and low-pass filters after the 
detector were also redesigned as part of the reconfiguration. 
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Figure 3:  Thermal behavior of the repackaged 19 and 37GHz radiometers over time on 
21 Feb 2003 at IOP3 of CLPX.  For these datasets, each record (horizontal tick) 
corresponds to a one minute delay.  The rms variation of the RF thermistor for 19GHz is 
60.6mK over the entire 12 hour period shown.  The 37GHz system appears noisier, but 
this is due to a thermistor monitoring circuit configuration error during CLPX 
(subsequently corrected).  Mean values are correct, but the variations are actually much 
less than shown.  Thermal performance for the two systems are comparable.  
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Figure 4.  Example brightness data collected at 19GHz at CLPX IOP4 on 24-26 Mar 
2003.   
 
 
 


