
PREFACE to Version 2

In almost two years since the first version was issued, SMILES has seen significant
progress in designs of mission instruments and investigations on data analysis. What
we expected on SMILES capability has been getting reality through detailed designs and
testing results of engineering models. Estimation of data accuracy is also improved by
carrying out retrieval simulations, part of which has been conducted in a multi-national
collaboration. Scientific discussions have been more focused on potential advantages of
SMILES data. This version of SMILES Mission Plan is issued to cover those progresses.
Nevertheless, we admit the contents remain short of full satisfaction. Any critical com-
ments will be invaluable for us to make our ways toward the launching of SMILES.

Further information about the SMILES mission including the updated version of this
document can be found at the following URL.

http://smiles.tksc.nasda.go.jp/indexe.shtml
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PREFACE to Version 1

A proposal of Superconducting Submillimeter-wave Limb-emission Sounder (SMILES)
was approved in April 1997 as an experiment on the JEM Exposed Facility. The SMILES
experiment has twofold mission objectives: to demonstrate new technology of submillimeter-
wave sensor for sounding the middle atmosphere, and to provide scientists with global data
of trace gases that are deeply connected to the ozone depletion. The SMILES mission team,
which was formed as a joint collaborative group between the National Space Development
Agency of Japan (NASDA) and Communications Research Laboratory (CRL), has been
concentrating on the technical development of critical components and the design of the
whole SMILES system. Although there still remain several unresolved technical problems,
the SMILES system is taking shape and seems promising for the mission objectives.

Meanwhile, Japanese researchers in the field of atmospheric sciences have been collab-
orating with the mission team on critical discussions concerning the mission capabilities
for maximizing scientific returns. The discussion has been performed in a working group,
the SMILES Science Team, under the Committee for Earth Observation Systems, Earth
Science and Technology Forum. This report is a summary of the discussion, which clari-
fies the fundamental requirements on the SMILES mission, specifically from the scientific
viewpoints. Now we believe that SMILES could be a powerful probe for atmospheric
researches, if these requirements are met.

We hope this report is read by many people including atmospheric scientists worldwide.
Any critical comments on the contents of this report will be appreciated. We will continue
our efforts for improving the SMILES instrumental specifications and maximizing the
scientific outputs of this challenging mission.

Further information about the SMILES mission including the updated version of this
document can be found at the following location.

http://smiles.tksc.nasda.go.jp/indexe.shtml

The activity is sponsored by Earth Science & Technology Organization (ESTO) under
a research contract with NASDA.
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Masato Shiotani
Leader, SMILES Science Team
Committee for Earth Observation Systems
Earth Science and Technology Forum
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Principal Investigator, SMILES Mission Team
National Space Development Agency
Communications Research Laboratory

ii


	1 Executive Summary
	1.1 Introduction
	1.2 Atmospheric Submillimeter Observations from Space
	1.3 Objectives of the JEM/SMILES Mission
	1.3.1 Demonstration of New Technology for Submillimeter-wave Limb-emission Sounder
	1.3.2 Demonstration of High-quality Data for Atmospheric Trace Gases
	1.3.3 Delivery of Useful Database for Atmospheric Researches

	1.4 Overview of the JEM/SMILES Mission
	1.4.1 The ISS, JEM, and Measurement Coverage of SMILES
	1.4.2 Objective Species and Measurement Frequency
	1.4.3 SMILES Payload
	1.4.4 Data Processing and Distribution
	1.4.5 Calibration and Validation
	1.4.6 Data Retrieval Method

	1.5 Development Schedule and Operation Plan
	1.6 Mission Organization

	2 Scientific Objectives
	2.1 Summary
	2.2 Background
	2.3 Radical Species in the Stratosphere
	2.3.1 Introduction
	2.3.2 Chlorine and Bromine Chemistry
	2.3.3 HOx Chemistry
	2.3.4 Targets

	2.4 Observation of Ozone Isotopes
	2.4.1 Introduction
	2.4.2 Atmospheric Observations and Laboratory and Theoretical Studies
	2.4.3 Targets


	3 Instrumental Capabilities
	3.1 Introduction
	3.1.1 ISS and JEM
	3.1.1.1 Overall Structure
	3.1.1.2 Orbit and Attitude
	3.1.1.3 ISS Operational Modes
	3.1.1.4 Data Link between JEM/SMILES and ground facility

	3.1.2 SMILES Payload
	3.1.2.1 Payload Configuration
	3.1.2.2 Dimension, Mass, Power, and Data Rate
	3.1.2.3 Launching and Installation to JEM

	3.1.3 Mission Instruments
	3.1.3.1 Submillimeter Antenna (ANT)
	3.1.3.2 Submillimeter Receiver (SRX)
	3.1.3.3 IF Amplification Section (IFA)
	3.1.3.4 Radio Spectrometer (AOS)
	3.1.3.5 Star Tracker (STT)
	3.1.3.6 Data Processing and Control Section (DPC)


	3.2 Field of View (FOV)
	3.2.1 Altitude Scanning of the Antenna
	3.2.1.1 Scanning Profile
	3.2.1.2 Range of Tangent Point Altitude
	3.2.1.3 Spatial Sampling Rate and Altitude Resolution
	3.2.1.4 Reference-sky Calibration
	3.2.1.5 Continuity of Observations
	3.2.1.6 Effects of Atmospheric Refraction

	3.2.2 Global Coverage
	3.2.2.1 Global Coverage of Atmospheric Limb Scanning
	3.2.2.2 Horizontal Resolution
	3.2.2.3 Effects of ISS Attitude and Altitude on Global Coverage

	3.2.3 Interference with FOV
	3.2.3.1 Interference by the Sun
	3.2.3.2 Interference by the Solar Paddle

	3.2.4 Antenna Response Pattern
	3.2.4.1 Response Pattern Model
	3.2.4.2 Effective Response Pattern for Atmospheric Limb Scanning
	3.2.4.3 Beam Efficiency

	3.2.5 ISS Orbit and Attitude Variations
	3.2.5.1 Orbit
	3.2.5.2 Attitude Control

	3.2.6 Tangent Height Calibration
	3.2.6.1 Calibration Scheme
	3.2.6.2 Calibration Accuracy


	3.3 Spectral Regions and Sensitivity
	3.3.1 Observation Frequency Bands
	3.3.2 Frequency Down-conversion
	3.3.2.1 Intermediate Frequency System
	3.3.2.2 Sideband Separation

	3.3.3 Acousto-optic Spectrometer
	3.3.3.1 Frequency Characteristics
	3.3.3.2 Frequency Calibration
	3.3.3.3 Noise Dynamic Range
	3.3.3.4 Differential Non-Linearity

	3.3.4 Sensitivity
	3.3.4.1 Radiometric Noise
	3.3.4.2 Gain Stability
	3.3.4.3 Standing Waves
	3.3.4.4 Differential Non-linearity of A/D Converter
	3.3.4.5 Electromagnetic Interference
	3.3.4.6 Overall Sensitivity

	3.3.5 Brightness Temperature Calibration
	3.3.5.1 Calibration Scheme
	3.3.5.2 Calibration Accuracy


	3.4 Conclusion

	4 Retrieval-- Principle and Method
	4.1 Retrieval Algorithm
	4.1.1 Principle of Limb Sounding Instruments
	4.1.2 Retrieval Method and Basic Error Estimation

	4.2 Simulation of Observation Spectra
	4.2.1 ARTS Forward Model
	4.2.1.1 Atmospheric Part
	4.2.1.2 Sensor Part
	4.2.1.3 Weighting Function

	4.2.2 SMOCO Forward Model
	4.2.2.1 Atmospheric Part
	4.2.2.2 Sensor Part
	4.2.2.3 Weighting Function

	4.2.3 Forward Model Intercomparison
	4.2.4 Observational Spectra Simulated by SMOCO

	4.3 Molecular Retrieval
	4.3.1 Standard Products
	4.3.2 Research Products
	4.3.3 Ozone Isotopes
	4.3.4 Mesospheric Products

	4.4 Temperature and Pointing Retrieval
	4.4.1 Temperature Retrieval
	4.4.1.1 Information Content
	4.4.1.2 With Hydrostatic Equilibrium
	4.4.1.3 Without Hydrostatic Equilibrium

	4.4.2 Pointing Offset Retrieval
	4.4.2.1 Information Content
	4.4.2.2 With Hydrostatic Equilibrium
	4.4.2.3 Without Hydrostatic Equilibrium


	4.5 Spectroscopic Data for SMILES
	4.5.1 Spectroscopic Data Required for the JEM/SMILES Experiment
	4.5.2 Laboratory Submillimeter-wave Spectrometer System
	4.5.3 Available Molecular Parameters up to Present
	4.5.4 Plans for Further Improvement of Data


	5 Ground Data System
	5.1 Objectives of JEM/SMILES Ground Data System
	5.2 JEM Operation System
	5.2.1 Operation Planning
	5.2.2 Commanding
	5.2.3 House Keeping Telemetry Data Checking

	5.3 Functions and Data Flow between ISS and SMILES ground data system
	5.3.1 JEM/SMILES to Receiving Stations
	5.3.2 Receiving Stations to JEM Operation System at NASDA/TKSC 
	5.3.3 JEM Operation Center to SMILES Ground Data System 

	5.4  Functions of SMILES Ground Data System
	5.5 Consideration on Computation in the JEM/SMILES L2 Data Processing

	6 Validation Plan
	6.1 Introduction
	6.2 The Basic Concepts of Validation for JEM/SMILES Data Products
	6.3 Correlative Measurement
	6.3.1 The Needs of Correlative Measurements
	6.3.2 Plan of Correlative Measurements
	6.3.2.1 The Use of Existing Data
	6.3.2.2 Field Campaign

	6.3.3 Activities in JEM/SMILES Team for Validation
	6.3.3.1 Development of a Balloon Borne Submillimeter Spectrometer
	6.3.3.2 Laboratory Measurement of Spectroscopic Parameters
	6.3.3.3 Use of Observation Sites in Japan


	6.4 Summary

	Appendix:  Estimation of Retrieval Errors for SMILES Major Species
	A.1 Radical Observation
	A.2 Isotope Observations
	A.3 Mesospheric Observation

	List of Acronyms

