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We are developing the multi-spectral auroral camera (AIC2) installed on the LAMP rocket which is scheduled to be
launched in Alaska in the winter of 2021. We report the current status of development and future plan of AIC2. Chorus
waves generated in the magnetospheric equatorial region are thought to cause the pitch angle scattering of electrons in
a wide energy range (several keV -1 MeV and more). Since the pulsating aurora is caused by several keV to tens keV
electrons and ‘microburst’ is the electron precipitation with a relativistic energy range, the generation process of
pulsating aurora is possibly the same as that of microburst, and therefore, the positive relationship between pulsating
aurora and microbursts is expected. However, there is no simultaneous observation between them. The purpose of the
LAMP rocket is to clarify the relationship between pulsating aurora and microbursts by particle and electromagnetic
wave measurement and auroral optical observation. The project Plis Dr. Jones of NASA/GSFC. Instruments measuring
thermal electrons, low energy electrons, medium energy electrons and magnetic field are provided from institutes in
US, and the instrumental package called PARM2 (Pulsating AuRora and Microburst 2) is provided by the Japanese
team. In addition, we plan to carry out the ground network observation using an ultra-high-speed phantom camera,
high speed EMCCD imager, all-sky CMOS imagers, magnetometers at Poker Flat, Venetie, Fort Yukon, and Toolik
stations. AIC2 is a one of the PARM package which consists of two CMOS detectors called AIC-S1 and S2, and the
data processing electrics AIC-E, and will perform auroral imaging at two wavelengths simultaneously. Concerning the
design, AIC2 is characterized by a low noise (1.6 e-RMS) and wide dynamic range sampling capability (12bit A/D)
using the consumer CMOS sensors (ZWO AS1183MM). AIC-S1 targets the E region N2 1PG aurora with an
interference filter (Andover, CW 670 nm, FWHM 20 nm) and a fast objective lens (SpaceCom JF17095M, f= 17 mm.
F/0.95, field of view 29 deg x 29 deg). AIC-S2 is designed to observe the F-region OI 844.6 nm aurora with an
interference filer (Andover, CW 846 1 mm, FWHM 4.4 nm) and a wide-angle objective lens (SpacaCom HF3.5M-2,
f=3.5mm, F/1.6, field of view 106 deg x 106 deg). To gain S/N and reduce data size, binning is performed to an original
3660 pix x 3600 pix image, and a 60 bin x 60 bin image is produced. AIC2 is mounted on a despun platform of the
rocket to cancel a rocket spin. Combining the despun platform with the rocket attitude control, AIC-S1 will point to
the magnetic footprint to perform simultaneous observation between the fine structure of pulsating aurora and
precipitating electrons. AIC-S2 will point slantingly west covering the wide area from the limb of the earth to nadir to
obtain the height profile of O 844.6 nm emission as well as the pulsating auroral distribution. The time resolution of
each camera is 10 frames/s. At the apex altitude (-450km), the spatial resolution at nadir is 3.0 km x 3.0 km for AIC-S1
(E-region), and 6.3 km x 6.3 km for AIC- S2 (F-region). The AIC-E consists of two NanoPi M4 board computers, two
FPGAs, and power supply to handle a large amount of image data produced by the two cameras. We newly developed
a heat pipe unit to cool the two CPUs of NanoPiM4. Total weight and power of AIC2 are 2.6kg and 20W, respectively.
On the development of AIC2, we carried out electrical function and system evaluation tests, such as 1) evaluation of
time accuracy of the image data, 2) sensitivity calibration, and 3) data communication via a despan platform. Regarding
(1), we suspected that there might be discrepancy between recorded time of image data and actual time since the
camera images are taken by self-produced timing without trigger synchronization. Thus, we evaluated the accuracy of
time of image data recorded with NanopiM4 by the following test. Since the time recorded by AIC2 and other
instruments on the LAMP rocket is required to be sufficiently consistent with the ground-based instruments to examine
high-frequency variations in pulsating aurora and microburst, such as 3Hz modulation. In the test, we fixed a
continuous LED light on an aluminum disk, and rotated the disk accurately with a period of 420ms using a stepping
motor. From the analysis of data taken for more than one hour, we found that the time of image data is precisely
proportional to the rotation angle of LED which equals to the timing, and finally conclude that the time of AIC2 is
sufficiently accurate to compare with other rocket and ground instruments. Regarding (2), a calibration test was carried
out with an integrated sphere in the National Institute of Polar Research. We obtained the relationship between the
counts in image data and absolute intensity in Rayleigh, and the dynamic ranges AIC-S1 and S2 are 0-480kR and 0-
360kR, respectively. Data is recorded in a logarithmic scale with a sensitivity resolution in the range of 6-100R. We
found that the read noise is negligibly small, and the photon shot noise is dominant. Regarding (3), we installed the
AIC2 on the flight model of despun platform and carried out the data communication test via rotating terminal in the
despun platform with a spin rate of 1Hz for approximately one hour. As a result, we had no error in the image data, and



could demonstrate the data communication with the despun table. In summary, from the function and calibration tests
described in 1)- 3), we evaluated the optical and electrical performance of AIC2 quantitatively, and confirmed that they
satisfy the scientific requirements. We are conducting electrical test of the improved AIC-E and AIC2 including the
heat pipe. In the presentation, we give the latest results of AIC2, such as the vacuum test with the heat pipes, thermal
cycle test, and focus adjustment.
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