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ABSTRACT 

 

Imager of Sprites/Upper Atmospheric Lightning (ISUAL) is a scientific payload of the ROCSAT-2 satellite to be 

launched around October 2003. The ISUAL instrument consists of an intensified CCD imager, a six-channel 

spectrophotometer, and two array photometers. This project aims to provide crucial observational data on sprites, elves 

and blue jets from space. From this advantageous location, the upper atmospheric transient events can be studied 

un-obstructedly. This mission is expected to facilitate an unbiased and global survey of these luminous events. In this 

talk, the detailed specs, functions, operation scenarios, and mission objectives of the ISUAL experiment will be 

presented. 

 

INTRODUCTION 

 

Transient luminous events (TLEs) have been reported by pilots world-wide for over a century [1]. However, scientific 

investigations of these phenomena did not begin until early 1990s. Franz et al. was the first science team using a 

low-light-level television camera to capture a sprite event [2]. Since then, TLEs have been recorded from space shuttles 

[1], from aircrafts [3], from balloons [4], and on the ground [5, 6, 7, 8, 9, 10]. Transient luminous events are found to 

fall into at least three categories including sprites [3], blue jets [11], and elves [12]. Recently, there are some 

observations indicate that other new types of TLEs may exist [13]. 

 
Studies of upper atmospheric TLEs events from space have its special advantages. The most notable one  is that it could 

facilitate an unbiased and global survey of the upper atmospheric luminous events. Also emissions produced by the 

TLEs are much less attenuated if observed from the space. Currently, the ISUAL payload and the MEIDEX project [14] 

are the only two space TLEs observing programs. Both projects have similar objectives, but the ISUAL experiment has 

a more extended mission period. In the following sections, the salient characteristics of the platform of the ISUAL 



payload and the ROCSAT-2 spacecraft will be presented 

 

THE PLATFORM-ROCSAT-2 

 

ROCSAT-2, the second satellite from Taiwan, is a small-class satellite with missions of remote sensing and scientific 

experiments, see Fig. 1a. The satellite is currently in the final system integration and testing phases. The Remote 

Sensing Instrument (RSI) will be operated mainly over the region of Taiwan Island, Taiwan Strait and the remote 

offshore islands. The satellite passing time for operation is in the period between 9:30 am and 10:30 am Taiwan Local 

Time. The ISUAL experiment will operate globally during the nighttime and will look across the track toward the 

midnight direction (Fig. 1b). Other relevant information on the ROCSAT-2 are listed below.  

• Orbit: sun-synchronized, polar-orbit with altitude of 891 km, daily revisit of Taiwan 

• Orbital plane: 98.99° 

• Period: 14 revolutions per day 

• Agility: body rotation with ± 45° roll and pitch 

• Mission life: 5 years 

• Launch date: October 2003 

 

 

 

 
Fig 1. (a) The exterior view of the ROCSAT-2 and the layout of the ISUAL instrument. The ISUAL payload is located 

at the left of the upper deck. From left to right, the instruments are the CCD imager, two array photometers and the 

6-channel spectrophotometer. (b) The operation scenarios of the limb-viewing ISUAL instrument. 

 



THE ISUAL INSTRUMENT 

 

The ISUAL payload includes an intensified CCD imager, a six-channel spectrophotometer, and two array photometers. 

All the instruments are mounted on a common platform and boresighted in the same direction. The imager is equipped 

with a six-filter wheel. The selection of filters are (1) 623-750 nm - N2 1st positive band filter for observing sprites, 

removing the lightning induced 777.4 nm line and minimizing the contribution of the airglow 760 nm O2 band, (2) 762 

nm O2 (0,0) atmospheric band for observing airglows and auroras; (3) 427.8 nm energetic electron induced emissions 

of sprites and auroras; (4) 630 nm aurora and airglow emissions; (5) 557.7 nm aurora and airglow emissions; and (6) 

blank filter with IR blocking by the camera lens. The photometers are fitted with the following filters (1) 150-280 nm 

bandpass ultraviolet filter to look at N2 LBH bands, (2) 250-390 nm bandpass ultraviolet filter; for sprites emission in 

this range with attenuating lightning contamination; (3) 337.0 nm N2 2nd positive narrow band filter to act as a particle 

energy spectrometer; (4) 427.8 nm narrow band filter to function as an energetic electron detector in sprites and aurora; 

(5) 623-750 nm bandpass filter to detect N2 1st positive emission from sprites; and (6) 777.4 nm narrow band filter to 

detect lightning and act as a possible TLE event trigger. The two array photometers are identical in every aspect, except 

one fitted with a blue band filter and another equipped with a red band filter. The wavelength selections for the two 

array photometers are 360-450 nm and 525-880 nm, respectively. 

 

THE MISSION OBJECTIVES 

 

ISUAL project is an international collaboration supported by the National Space Program Office in Taiwan, with 

additional contributions from the National Cheng Kung University, Taiwan, the Space Science Laboratory of the 

University of California at Berkeley, and Tohoku University, Japan. The ROCSAT-2 is scheduled for launch around 

October 2003. The designed operation life is 5years for both ROCSAT-2 spacecraft and the ISUAL instrument. 

 

The ISUAL project aims to achieve three primary and two secondary goals during its mission. The primary objectives 

are to understand the spectral characteristics, to quantify the intensity, occurring frequency, and global distribution, and 

to investigate the possible generation mechanisms of the lightning-induced upper atmospheric luminous events from the 

satellite measurement. The secondary scientific goals include assessing the implications of the upward lightning in 

atmosphere to earth’s electrical environment and comparing the conditions for the occurrence of red sprite and other 

luminous phenomena. At the conclusion of the ISUAL project, we hope that this project will have contributed 

substantially in the field of TLEs study and has facilitated a better understanding of our terrestrial environment. 
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