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Abstract—Constellations of CubeSat radiometers are increasingly 

used in scientific applications due to their low cost and power 

requirements as well as their ease of deployment relative to 

conventional radiometer systems. However, using constellations of 

small CubeSats rather than conventional radiometer systems 

comes with additional challenges, particularly in instrument 

calibration, due to the sensitivity of the instrument to ambient 

conditions and the use of vicarious earth calibration 

measurements. To address these problems, we developed a novel, 

constellation-level calibration framework called “Adaptive 

Calibration of CubeSat Radiometer Constellations 

(ACCURACy).” ACCURACy uses machine learning algorithms 

to cluster CubeSat radiometers in a constellation using telemetry 

data. These calibration measurements and times are managed in 

cluster-level calibration data pools to share calibration data 

among other cluster members and enable frequent calibration. 

This paper discusses the development of the ACCURACy 

framework in MATLAB, along with analyses of simulations of 

CubeSat radiometer constellations. The performance of 

ACCURACy is compared to conventional intercalibration 

algorithms. 

I. INTRODUCTION 

Technological advancements in recent years have enabled 

the wide-spread use of constellations of CubeSat radiometers 

for scientific missions including weather tracking, atmospheric 

science, and other remote sensing applications. The primary 

drawbacks are the sensitivity of CubeSat radiometers to 

ambient conditions, and the infrequent collection of vicarious 

Earth calibration measurements, determined by radiative 

transfer models and Earth surface conditions. This sensitivity to 

change in payload temperature results in significant changes in 

the radiometer gain and offset over short time periods. 

Radiometer gain and offset is typically determined by the 

payload temperature and age of the instrument, and so 

ACCURACy uses this relationship to cluster radiometers in 

similar states based on telemetry data collected by onboard 

thermistors. These clusters are used to pool calibration 

measurements between radiometers by identifying when 

calibration measurements are made while in similar states. 

Then, these calibration measurements and times are managed 

by the framework and saved in calibration pools and are used to 

calibrate radiometers in similar states in the future. By 

characterizing the relationship between the radiometer gain and 

payload temperature as well, the propagation of errors and 

uncertainties in the estimated antenna temperature can also be 

quantified [1, 2].  The current best methodology for calibrating 

constellations of radiometers is to determine when two 

instruments make a calibration measurement at nearly the same 

location and at nearly the same time and relate the calibration 

measurements to the rest of the constellation through the use of 

a radiometer making absolute calibration measurements as a 

transfer standard. This paper will present how ACCURACy 

performs against an implementation of this methodology 

operating on a simulated constellation of CubeSat radiometers. 

 
 

 
 

Fig. 1: (Top) Green trace is the ACCURACy calibration, 

the blue trace is the baseline calibration, and the yellow 

trace (Bottom) is the calibration using the SOTA method, 

where the red marks indicate times when the SOTA 

algorithm identifies overlapping calibration 

measurements, and there is sufficient calibration data to 

update the calibration. 
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II. ACCURACY FRAMEWORK 

ACCURACy is divided into three modules. First the 

Clustering Module processes telemetry data using PCA to 

reduce the dimensionality of the thermistor data. Then, it 

clusters radiometer based on the processed telemetry data and 

assigns cluster labels to each radiometer. The Calibration Pool 

module uses the cluster labels to sort calibration measurements 

made by constellation members into data pools. Calibration 

measurements collected in calibration pools are shared with 

other radiometers in their respective clusters. Finally, the 

Calibration Module creates and maintains a cluster-level 

calibration structure for each cluster and continuously provides 

calibrated antenna measurements for each radiometer in the 

constellation.  

III. RESULTS 

A simulation is created to evaluate ACCURACy against the 

SOTA implementation described above. This simulated 

scenario considers a constellation of identical CubeSat 

radiometers described by Table 1.  Figure 1 shows the calibrated 

antenna measurements calculated using ACCURACy as well as 

the current State of The Art intercalibration method for 

constellations of radiometers, compared to a baseline 

calibration. The baseline calibration is defined by simulating 

hot and cold absolute calibration references and performing a 

2-point calibration every second. The SOTA implementation 

simulates sharing calibration measurements between two 

radiometers when they both collect a calibration measurement 

over nearly the same locations at nearly the same times.  Figure 

2 shows the uncertainty (standard deviation) and mean for the 

simulated calibrated antenna measurements using 

ACCURACy, the SOTA implementation, and the baseline 

described above. These values are calculated over a one minute 

moving window. Table 2 shows the RMSE and variance of the 

calibrated antenna for ACCURACy compared to the SOTA 

implementation and baseline, and the improvement is 

substantial. 
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Fig. 2: (Top) Standard deviations and (Bottom) means of 

the Baseline, ACCURACy, and SOTA intercalibration 

methods calculated over a 1-minute moving window. 
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