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REVISION HIS TORY 

 

Revision 5, Version 2.3, February 2016 

 

In this revision, the following describes the calibration changes from Version 03 (V03) GPM 

Microwave Imager (GMI) Level 1B (L1B)/Base to Production Version 04 (V04) GMI L1B/Base. 

 

1. Adjustment of spillover coefficients of all GMI channels. This adjustment is the major 

improvement from V03 to V04 in GMI antenna pattern correction (APC). The adjustment of 

spillover is based on the data from GMI inertial hold and refinements of the analysis performed 

by the GMI manufacturer. Table 2.12 shows comparisons of APC coefficients reflecting the 

changes due to spillover adjustments. Brightness temperature (Tb) changes vary from channel 

to channel and are functions of brightness temperatures. Figure 2.32 demonstrates the Tb 

changes for all channels in their normal temperature range. For channels 1-5, Tb reduced ~3 ï 

6 K at their maximums. For channels 10-13, Tb increased ~2 ï 4 K at their maximums. For 

channels 6-9, Tb increased ~0.1 K at their maximums. 

2. Adjustment of antenna-induced along-scan bias correction. This is a minor adjustment and may 

result in Tb changes of less than 0.1 K. 

3. Adjustment of magnetic correction coefficients. This is also a minor adjustment and may result 

in Tb changes of less than 0.1 K. 

 

All of these corrections are implemented in V04 GMI L1B/Base as well as Integration and Testing 

Environment 043 (ITE043) and ITE057. There were no code adjustments for these updates. 

 

Revision 4, Version 2.0, December 2015 

 

In this revision, using additional post-launch deep-space maneuver data, Ball Aerospace and 

Technologies Corporation (BATC)/Remote Sensing Systems (RSS) revised antenna pattern 

correction coefficients for some of the channels (Section 2.2). A Noise Equivalent Delta 

Temperature (NEDT) computation was also added in Section 2.5. 

 

Revision 3, Version 1.0, September 2014 

 

In this revision, using post-launch deep-space maneuver data, BATC/RSS provided an algorithm 

to correct errors induced by instrument susceptibility to magnetic fields (Section 2.4). There were 

also along-scan corrections on main reflector antenna patterns (Section 2.2). Post-launch validation 

(Section 2.5) was revised to include analyses of GMI antenna temperature (Ta)/Tb data in the 

September 2014 public release. Algorithms for detecting radio frequency interference (RFI) on 

cold load were also revised (Section 2.1.5). In Section 1, spectrum response charts for all channels 

were added. 

 

Revision 2, Version 0.4, June 2014 
 

In this revision, the GMI L1B algorithms were updated with new Ball sensor data and code updates 

for the public release on June 16, 2014. Sections 2.1.5 and 2.1.6 were updated accordingly to 

comply with the algorithm updates, including new Table 2.9, Maximum values for correction code 
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computation, and new Figure 2.5, Sample GMI 10 GHz V channel Ta (upper) and 166 GHz V 

channel Ta (lower). 

 

Revision 1, Version 0.3, April 2014 

 

In this revision, post-launch studies from BATC/RSS provided new tables of on-orbit hot/cold 

sample ranges (Table 2.4, Hot load sampling, and Table 2.6, Cold sky sampling). Non-linearity 

look-up tables (Appendix A) and diode excess temperature look-up tables (Appendix C) were 

updated, and the number of scans to be averaged in multi-scan calibration was also revised (Section 

2.1). 
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1. INTRODUCTION  

1.1 OBJECTIVE  

This document describes the GMI Level 1B algorithm developed by PPS. It consists of physical 

bases and mathematical equations for GMI calibration, as well as after-launch activities. The 

document also presents high-level software design. Parts of this document are from the Remote 

Sensing Systems (RSS) GMI Calibration ATBD and the BATC Calibration Data Book as 

contributed by the BATC GMI manufactory contract. The GMI L1B geolocation algorithm is 

described in a separate Geolocation Toolkit ATBD. 

1.2 INSTRUMENT DESCRIPTI ON 

GMI is a conically scanning microwave radiometer on board the GPM core satellite. The core 

satellite flies in a 407-km circular orbit with a 65o inclination angle. The GMI has 13 channels at 

frequencies of 10.65, 18.7, 23.8, 36.64, 89, 166, and 183.31 GHz. Except the heritage hot load and 

cold load that are commonly used for linear sensor radiometric calibrations, hot noise diodes and 

cold noise diodes are implemented in the GMI to determine the non-linearity and noise levels of 

the measurements. Figure 1.1 and Figure 1.2 show the main components of the GMI. 

 

 
 

Figure 1.1.  GMI instrument stowed configuration; provided by BATC. 
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Figure 1.2.  GMI instrument deployed configuration; provided by BATC. 

 

Key GMI sensor data include: 

 

Nominal altitude: 407 km 

Orbital inclination: 65 deg 

Spin rate: 32 rpm 

Scan time: 1.875 sec 

Earth swath width: 885 km 

Earth viewing sector: 145 deg 

Earth samples: 221 

Integration time: 3.6 msec 

Dish size: 1.22 m 

 

The GMI 1Base file also includes antenna temperature of full rotation swaths (about 500 samples). 

Some of the important sensor specifications can be found in Table 1.1. 
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Table 1.1.  Reference for important instrument and orbital parameters. 

Channel 

# 

Center 

Frequency 

(GHz) 

pol Nadir 

Angle 

(degree) 

Earth 

Incidence 

Angle 

(degree) 

Beam 

width 

(degree) 

Footprint 

(km×km) 

Cold 

samples 

per scan 

Hot 

samples 

per scan 

Earth 

samples 

per scan 

Band 

width 

(MHz) 

1,2 10.65 v/h 48.5 52.821 1.72 32.1×19.4 19/25 13/19 211/221 100 

3,4 18.7 v/h 48.5 52.821 0.98 18.1×10.9 31/37 13/19 211/221 200 

5 23.8 v 48.5 52.821 0.85 16.0×9.7 31/37 13/19 211/221 400 

6,7 36.64 v/h 48.5 52.821 0.81 15.6×9.4 45/51 19/25 211/221 1000 

8,9 89 v/h 48.5 52.821 0.38 7.2×4.4 45/51 25/31 211/221 6000 

10,11 166 v/h 45.36 49.195 0.37 6.3×4.1 45/51 27/33 211/221 4000 

12 183.31 ±3  45.36 49.195 0.37 5.8×3.8 45/51 27/33 211/221 2000 

13 183.31 ±7  45.36 49.195 0.37 5.8×3.8 45/51 27/33 211/221 2000 

 

For a number of samples, the first is for radar blanking on and the second is for radar blanking off. 

However, the cold and hot sample tables were revised after launch (see Table 2.6 and Table 2.4 

for the best samples used in calibration). 

 

Figure 1.3 to Figure 1.15 demonstrate the typical spectral response of the 13 GMI channels. 

 

Figure 1.3.  Band-pass and gain variation verification data for channel 1 at 19.8°C. 
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Figure 1.4.  Band-pass and gain variation verification data for channel 2 at 19.8°C. 

 
Figure 1.5.  Band-pass and gain variation verification data for channel 3 at 19.95°C. 
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Figure 1.6.  Band-pass and gain variation verification data for channel 4 at 19.95°C. 

 
Figure 1.7.  Band-pass and gain variation verification data for channel 5 at 25°C. 



  GPM GMI L1B ATBD 

Version 2.3 

Effective Date:  February 2016 

 

6 

 
Figure 1.8.  Band-pass and gain variation verification data for channel 6 at 26°C. 

 
Figure 1.9.  Band-pass and gain variation verification data for channel 7 at 26°C. 
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Figure 1.10.  Band-pass and gain variation verification data for channel 8 at 25°C. 

 
Figure 1.11.  Band-pass and gain variation verification data for channel 9 at 25°C. 
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Figure 1.12.  Band-pass and gain variation verification data for channel 10 at 25.8°C. 

 
Figure 1.13.  Band-pass and gain variation verification data for channel 11 at 25.8°C. 
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Figure 1.14.  Band-pass and gain variation verification data for channel 12 at 24.4°C. 

 
Figure 1.15.  Band-pass and gain variation verification data for channel 13 at 24.4°C. 
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1.3 L1B ALGORITHM OVERVI EW 

The Level 1B algorithm and software transform Level 0 counts into geolocated and calibrated 

antenna temperatures (Ta) and brightness temperatures (Tb). Ta is obtained by utilizing the sensor 

radiometric calibration as well as various corrections based on after-launch analyses. Tb is derived 

from Ta after antenna pattern correction (APC) and along-scan corrections. Figure 1.16 describes 

the relationship between algorithm components and products (or output). 

 

 

 
Figure 1.16.  The top-level flow chart of the GMI L1B algorithm . 

 

1.4 L1B DATA DESCRIPTION  

 

The standard Level 1B GMI data are geolocated and calibrated microwave antenna temperature 

(Ta) and brightness temperature (Tb) in two separate data files. The base Ta data file (GMIBASE) 

includes all calibration parameters and measurements that are used to generate Ta and all 

navigation parameters that are used to ñgeolocateò the pixel. The base Ta data file also includes 

two full scan swaths. Four geolocated swaths in GMIBASE are as follows: 

 

1. Low-frequency swath (S1, channels 1-9, 221 pixels). 

2. High-frequency swath (S2, channels 10-13, 221 pixels). 

3. Full low-frequency swath (S3, maximum 500 pixels). 

4. Full high-frequency swath (S4, maximum 500 pixels). 

 

The Tb data file (1BGMI) includes all parameters for corrections of Ta. 1BGMI only has S1 and 

S2 swaths. Both GMIBASE and 1BGMI include sufficient information to reverse the calibration 

process. 

 

Standard L1B data are in the format of a full orbit (about 90 minutes). Realtime L1B data are 

processed in a 5-minute time period. 
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2. CALIBRATION ALGORITH M 

2.1 RADIOMETRIC CA LIBRATION  

The GMI sensor spins continuously. In each complete rotation, the sensor measures Earth radiation 

in a section of 140 degrees. Beyond 140 degrees up to 145 degrees, the sensor may also take valid 

Earth measurements if applicable. The other section of the rotation is used for calibration purposes. 

For channels 1-7, operational GMI has a calibration cycle that repeats every two scan rotations. In 

the first scan rotation, noise diodes are turned off and the cold sky and the hot load are sampled 

for the purpose of radiometric calibration. In the second rotation, noise diodes are turned on and 

the cold sky plus noise diode and hot load plus noise diode are sampled for 10-37 GHz channels. 

The two-scan calibration cycle provides four calibration points to calculate not only the gain and 

offset of the receivers, but also the excess noise temperature of the noise diodes and the 

nonlinearity of the receivers. For other channels (89 GHz to 183 GHz), all scans have a scan-by-

scan calibration cycle (collecting hot and cold calibration data only for all scans). The calibration 

assembly configuration is shown in Figure 2.1. Cold sky reflector and hot load are stationary. They 

do not rotate with the instrument. The hot load tray mounts to the deck and rotates with the 

instrument. 

 

Figure 2.1.  Calibration assembly configuration; taken from BATC data book. 

The GMI uses a non-linear three-point in-flight calibration to derive antenna temperature. The four-

point calibration is used to monitor the sensor non-linearity and to calibrate when hot load 

measurements are not available for the 10-36 GHz channels. 

2.1.1 Non-linear Radiometric Calibration  

If the transfer function is perfectly linear, two calibration points (hot and cold loads) would 

uniquely determine the state of the Earth observation. However, in reality, they are slightly 

nonlinear. Figure 2.2 shows a schematic diagram of the GMI nonlinear calibration approach as 

compared to the traditional linear calibration in the TRMM Microwave Imager (TMI). 
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Figure 2.2.  Schematic diagram of GMI  non-linear calibration . 

Equation (2.1) shows the GMI non-linear calibration equation for each of the 13 GMI channels. 

This is a quadratic radiometric transfer function. 

 

Ta = X*T h + (1-X)*T c  - 4*T nl *X*(1 -X)                 (2.1) 

 

where: 

Ta: antenna temperature for each pixel of the scan. 

Th: mean hot load temperature of the scan; Tc: mean cold sky temperature of the scan. 

Tnl: peak non-linearity generated from look-up table or computed from four-point calibration. 

X = (C - Cc)/ (Ch - Cc): radiometer response. 

C: Earth view count of the pixel; Cc: mean cold load count; Ch: mean hot load count. 

 

The PPS L1B algorithm uses a more conventional form (2.2) derived from the above basic equation 

(2.1) such that PPS will be able to trend gain, offset, and nonlinearity against the Earth view counts. 

 

Ta = (b + bnl)  + (a + anl)C + cnlC2                   (2.2) 

 

a = ( Th - Tc)/ (Ch - Cc): gain in linear equation. 

anl = - 4 Tnl (Ch + Cc)/(Ch - Cc)2 = -ua2 (Ch + Cc): gain due to non-linearity. 

 

u = 4 Tnl / (Th - Tc)2                        (2.3) 

 

b = (Ch Tc - Cc Th)/ (Ch - Cc): offset in linear equation. 

bnl = ua2 Ch Cc: non-linear offset. 

cnl = ua2: non-linear gain. 

 

Look-up tables of u are provided by the sensor manufacturer as a function of receiver gain and 

receiver temperature (see Appendix A). Four-point calibration also computes the u in the algorithm 

but outputs it in Tnl format. All of these coefficients are written out in the data products such that 
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one may easily retrieve the count back from Ta. The algorithm can switch between equation (2.2) 

and equation (2.1). The nonlinearity term of equation (2.1) can be expanded as: 

 

Ta
nl = - 4*T nl *X i*(1-X i)  =  bnl     +   anl C +  cnlC2 = ua2 (Ch Cc  - (Ch + Cc)C +  C2) 

  

                               = ua2 (C-Ch )(C-Cc )                 (2.4) 

 

with tie points at Ch and Cc and maximum nonlinearity point at C = (Ch + Cc)/2. 

 

For a typical 36 GHz V channel with high gain, assume Tc=3K, Th=300K, Cc=20351, Ch=38104, 

u=-2.388E-5. We can derive the maximum ua2 (C-Ch )(C-Cc ) = 0.5266 K at C=(Ch + 

Cc)/2=29772. 

 

The nonlinearity is also calculated on-orbit by the four-point calibration method for 10-36 GHz 

channels. If nonlinearity drifts a statistically significant amount, the data can be updated using on-

orbit trending. 

2.1.2 Hot Load View 

The hot load consists of a non-rotating calibration target that intercepts the line-of-sight between 

the feed horns and the main reflector as the feed horns pass beneath the hot calibration load during 

each scan. The temperature of the hot load is passively controlled and will be between 240 K and 

330 K over all on-orbit conditions. Figure 2.3 shows the GMI hot load calibration target. The load 

is sized to allow a minimum of four measurements per view for all channels. The hot load is 

sampled multiple times per rotation of the main reflector. 

At a certain point and time, sunlight may strike the hot load and cause additional gradients that 

cause its effective temperature to deviate from what the platinum resistance thermometers (PRTs) 

read. The GMI hot load is designed to minimize such effect. However, it will still need to be 

analyzed during the post-launch calibration and validation. 

 

 
Figure 2.3.  GMI hot load; taken from GMI PDR day 4-5: Calibration assembly (Randy Keller). 

 

Hot load temperature Th for scan in: 

The mean hot load temperature for each scan  is determined by the following equations: 

 

Resistance of the PRT:  RT=(CT-Clo)(Rhi ï Rlo)/(Chi-Clo) + Rlo          (2.5) 
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Resistances of high calibration resistor Rhi = 2800.08 (preliminary), and low resistor Rlo = 1500.04 

(preliminary) for the 11 PRTs. 

 

CT, Chi, Clo are raw counts of the PRT, high-calibration resistor, and low-calibration resistor 

retrieved from telemetry. 

 

Temperature of the PRT:  TT = ×ka(k)Rk
T (in oC)             (2.6) 

 

Following is a table to show typical Chi, Clo, and a(k) (k=0,1,2,3,4,5). However, Chi, Clo are actually 

read from telemetry for each scan and may deviate from their typical values. 

 
Table 2.1.  PRT temperature coefficients. 

PRT#    Chi          Clo           a(0)                    a(1)                   a(2)                   a(3)                 a(4)              a(5) 

HL1   45201.6  10033.94  -260.3268548  0.162461012  -4.58202E-05  2.52991E-08  -6.611E-12       6.92314E-16 

HL2   45201.6  10033.94  -256.6634276  0.153105919  -3.64844E-05  2.06898E-08  -5.48131E-12   5.82286E-16 

HL7   45201.6  10033.94  -229.1336105  0.081543673   3.70996E-05  -1.71872E-08   4.26292E -12  -4.19728E-16 

HL8   45201.6  10033.94  -239.1461698  0.10633824     1.27543E-05  -5.16554E-09  1.28903E-12   -1.24749E-16 

HL9   45201.6  10033.94  -265.1250734  0.172522043  -5.44843E-05  2.87902E-08  -7.24365E-12    7.28819E-16 

HL10 45201.6 10033.94  -227.5221504   0.080916951   3.41126E-05   -1.36997E-08   2.84902E-12  -2.20101E-16 

HL11 45201.6 10033.94  -173.9211332  -0.056511813   0.000174168  -8.47823E-08   2.08193E-11  -2.03058E-15 

HL12 45201.6 10033.94  -220.8544276  0.062438765    5.3899E-05     -2.41548E-08   5.58068E-12  -5.02863E-16 

HL13 45201.6 10033.94  -231.8990945  0.08994359      2.70811E-05   -1.12182E-08   2.51066E-12   -2.1678E-16 

HL14 45201.6 10033.94  -247.547878    0.127616967   -8.95689E-06    5.78887E-09   -1.44903E-12  1.46345E-16 

HL15 45201.6 10033.94  -241.1117667  0.113170615   3.50976E-06     6.80404E-10   -4.94577E-13   8.72336E-17 

 

Scan average and tray correction: 

Scan hot load temperature TTave (i), i=1,2, is split into two categories. TTave (1) is averaged over 

PRT #1 and #8-10 for the use of 10, 166, and 183 GHz channels. TTave (2) is averaged over PRT 

#2 and #11-14 for the use of 18, 23, 36, and 89 GHz channels. PRT #7 (base) and PRT #15 are not 

used in calibration. Figure 2.4 demonstrates the geometry of the GMI hot load. 

 
Figure 2.4.  GMI hot load geometry. 

 
18, 23, 36, 89 GHz 10, 166, 183 GHz

Approximate 

Arcs

HL_TEMP_1 (4-wire, tip) 

HL_TEMP_7 (2-wire, base)  

HL_TEMP_2 (4-wire, tip) 

HL_TEMP_8 (2-wire, tip) 

HL_TEMP_9 (2-wire, tip) 

HL_TEMP_10 (2-wire, tip) 

HL_TEMP_11 (2-wire, tip) 

HL_TEMP_12 (2-wire, tip) 

HL_TEMP_13 (2-wire, tip) 

HL_TEMP_14 (2-wire, tip) 

HL_TEMP_15 (2-wire, tip) 




















































































































































