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IV  JAPAN

GEOSTATIONARY METEOROLOGICAL SATELLITE (GMS)

1.
GMS OPERATIONAL PROGRAMME


The GMS series of satellites have been operated as a part of the space-based sub-system of the WWW Global Observing System by the Japan Meteorological Agency (JMA) and the National Space Development Agency of Japan (NASDA).  The first GMS was launched on 14 July 1977 and meteorological parameter production started on 6 April 1978. 

1.1
SYSTEM OUTLINE, STATUS AND PLANS
1.1.1
OUTLINE OF THE GMS SYSTEM

[image: image1.png]GMS (Himawari)

/(Ishigaki Is., Japan)
—[mesy]

(Crib Point, Australia)

DCP

(Buoys, Aircraft, Ships
and Land stations)

7

MscC CDAS (Hatoyarma, Japan) of NASDA

(Tsukuba, etc., Japan)

Telecommunication
Equipment

D P C (Kiyose, Japan)

Computer System

[ cep | Telecommunication—i>lu—l
; sers
L System ;
\—3 JMA
Secondary Control &| | Primary Control & i | Headquarters
Operation System Operation System Photograph ;

Processing

System IEFEI
Common
DASD IEEI Users

Image| |Secondary Image Primary Image
Data Processing Data Processing Data Processing
System System System





The GMS system consists of the GMS and ground facilities. A schematic diagram of the GMS system is shown in Figure IV-1.  The primary ground facilities of the Meteorological Satellite Center (MSC) of the Japan Meteorological Agency (JMA) comprise the Command and Data Acquisition Station (CDAS), the Data Processing Center (DPC) and Turn Around Ranging Stations (TARSs).  The schematic data flow of the GMS system is shown in Figure IV-2.
Figure IV-1 - Schematic diagram of GMS system
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Figure IV-2 – Systematic data flow of GMS system
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1.1.1.1
THE SPACE SEGMENT


GMS is a spin-stabilised satellite with a spin rate of 100 rpm and flies synchronously with the Earth rotation in the geostationary orbit at an altitude of 35,800 km.  The satellite is stationed at 140° E above the Equator. The configuration of GMS-5 is shown in Figure IV-3.  The major characteristics of GMS-5 are shown in Table IV-1.
TABLE IV-1

Major characteristics of GMS-5
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Dimensions
Diameter
214.6 cm



Height
353.9 cm

Mass

Beginning of life
345 kg



End of life
310 kg

Life

Mission life
5 years



Design life
5 years

Spin rate
100 rpm

Figure IV-3 - Configuration of GMS-5
1.1.1.2
THE GROUND SEGMENT

The major ground system consists of the CDAS system and DPC system.  The data exchange between CDAS and DPC is carried out through an S-band microwave link.


(a)
CDAS system


The CDAS is an Earth station located in Hatoyama, Saitama, to transmit and receive information between GMS and the DPC in Kiyose, Tokyo.

The major functions of the CDAS system are as follows:

(
Production and transmission of stretched VISSR (S-VISSR) signal for users through the GMS;


(
Transmission of Weather Facsimile (WEFAX) for users through the GMS;


(
Transmission of command signals to the GMS and processing of telemetry;


(
Relay of Data Collection Platform (DCP) signals to DPC;


(
Operation of Trilateration Range and Range Rate (TRRR) using the TARSs;


(
Monitoring and control of the CDAS system.

The received VISSR signals are demodulated, decoded and sent to the processor. After being calibrated, resampled and stored in the line buffer memories, two types of stretched VISSR are produced; one is disseminated via the satellite and the other is transmitted to DPC.


The CDAS system is controlled by two minicomputers.  The computer system is under dual operation in order to prevent a system breakdown.  The operation is almost automatic under the extensive control system.

(b)
DPC system


The DPC system is composed of telecommunication systems and a computer system.  The S‑VISSR data from the CDAS are bit-frame-synchronised, decoded and transferred to the main computer system of the DPC.  The pictures for archiving are automatically recorded on film at the photograph processing system.

The computer system is designed for satellite control, monitoring, and image data collection and processing.  The system is composed of five main computers and their peripherals.  Each main computer is used for satellite control operation and image data processing.  The large mass storage equipment, which can be commonly accessed from any of the five computers, permits the data exchange among the main computers.

Two of the computers, i.e. Fujitsu M-1600/2, are used for the satellite control and monitoring operation.  The computers are connected to the telecommunication system through the Communication Control Processor (CCP).

The principal duties of the satellite control and operation system are:


(
Command transmission for GMS;


(
Collection and processing of telemetry data of GMS and CDAS;


(
Collection of TRRR data for the satellite orbit determination;
· Transmission of various kinds of retrieved meteorological information to the Central Automated Data Editing and Switching System (C-ADESS) of the JMA Headquarters.

The image data processing system consists of three computers, i.e. Fujitsu M-1600/10R and is used for VISSR data collection, system control, derivation or retrieval of meteorological parameters. Most of tasks are automatically carried out under the operation schedule.  One of the computers is connected to the telecommunication system through the High-speed Communication Control Processor (HCCP).

The principal duties of the image data processing system are:

(
Collection of GMS VISSR data;


(
Pre-processing of VISSR data, such as retrieval of calibration parameters, preparation of image data sets;


(
Generation and dissemination of Weather Facsimile (WEFAX);


(
Cloud motion winds derivation;


(
Cloud amount distribution retrieval;


(
Sea surface temperature retrieval;


(
Typhoon centre location and intensity estimation analysis based on the Dvorak method;


(
Determination and prediction of satellite orbit and attitude;


(
Processing of users’ requests for research and development.

1.1.2
PRESENT STATUS OF GMS

1.1.2.1
GMS-5

GMS-5 was launched 18 March 1995 and has remained at 140° East since 15 June 1995.  Operational observations and data collection are performed by GMS-5.  All missions, i.e. VISSR observation, S‑VISSR and WEFAX data dissemination, and data collection, have been normal.  There have been no major anomalies in the satellite equipment except that the IR calibration shutter of VISSR Scanner is occasionally unlocked.  This shutter is designed to move synchronously with the spin of the satellite and to lead blackbody radiation to IR detectors for calibration.  Because unlocking of the shutter causes noises on cloud images, the shutter is intentionally turned off after blackbody calibration data are obtained at the beginning of every observation.

1.1.3
FUTURE PLANS


The Multi-functional Transport Satellite (MTSAT) was scheduled to be launched in November 1999 and to be operated in spring of 2000 as a success to GMS-5.  However, its launch did not succeed due to the failure of the launch vehicle.  JMA and the Japan Civil Aviation Bureau (JCAB) settled on a new plan to launch MTSAT-1R as a replacement of MTSAT in early 2003 and MTSAT-2 as the next one in 2004.  Currently, preparation has been progressing for the operation of both satellites.  MTSAT-1R will be operated from the summer of 2003.  The meteorological mission of MTSAT-2 will be operated from 2008 after staying in geostationary orbit for a few years as a stand-by operational satellite.  MTSAT-1R and MTSAT-2 will be equipped with a 3.7 m infrared channel in addition to the visible, split window and water vapour channels carried on GMS-5.  The quantitization of the visible and infrared (split window, water vapour and 3.7 m channels) image data will be increased to 10 bits or 1024 brightness levels from the 8 bits or 256 levels of GMS-5.

High Resolution Image Data (HiRID) and Low Rate Information Transmission (LRIT) dissemination will be new dissemination services for users. 

HiRID replaces the present Stretched-VISSR (S-VISSR) producing high-resolution cloud image for Medium-scale Data Utilization Stations (MDUSs).  The data format of HiRID is designed to be upperward compatible with the S-VISSR format except as follows.  The new infrared channel of 3.7 m band will be disseminated in HiRID in addition to the data disseminated in S-VISSR at present, and the number of bits per pixel of infrared imagery will be increased in comparison with S-VISSR data dissemination.

LRIT replaces the present WEFAX analogue imagery and is a dissemination service for digital cloud images and meteorological messages for Small-scale Data Utilization Stations (SDUSs).  Because the present SDUS system do not have functions to process LRIT data, JMA will continue the WEFAX service until March 2005, a year and a half after the beginning of the operation of MTSAT-1R to allow time required for the users' transition to the new systems.

The observation spectral bands are shown in Table IV-2.

TABLE IV-2

Observation spectral bands 
Observation spectral bands
GMS-5
MTSAT-1R

Visible
0.55 to 0.90 (m
0.55 to 0.90 (m

Infrared (thermal)
10.5 to 11.5 (m

11.5 to 12.5 (m
3.5 to 4.0 (m

10.3 to 11.3 (m

11.5 to 12.5 (m

Infrared (water vapour)
6.5 to 7.0 (m
6.5 to 7.0 (m

1.2
PROGRAMME OBJECTIVES

The major programme objectives of the GMS system are as follows:

(
Weather watch: observation of the Earth surface, cloud distribution and meteorological phenomena such as typhoons, fronts, etc.;


(
Meteorological data collection: collection of meteorological data from DCPs installed on buoys, ships, aircraft or remote land stations;

(
Direct broadcast of cloud image data and pictures: dissemination of S-VISSR and WEFAX for users;


The VISSR characteristics are shown in Table IV-3.

TABLE IV-3

VISSR characteristics of GMS-5

Visible
Infrared

Number of detectors
4 (+4 redundant)
3 (+3 redundant)

Number of scanning lines per frame
2500 x 4
2500 x 1

Instantaneous geometrical field of view (IGFOV)
35 x 31 micro-radian
140 x 140 micro-radian

Spectral bands
0.55 to 0.90 (m
10.5 to 11.5 (m (band 1)
11.5 to 12.5 (m (band 2)
  6.5 to   7.0 (m (band 3)

Resolutions at the Sub-Satellite Point
1.25 km
5.0 km

Scan step angle
Frame-time
140 micro-radian (North to South)
27.5 minutes (including 2.5 minutes for retrace)

Temperature resolution



at 300 K


at 220 K


0.35 K or less (bands 1 and 2)
0.22 K or less (band 3)

1.00 K or less (band 1)
0.90 K or less (band 2)
1.50 K or less (band 3)

1.3
A CONTACT POINT OF THE PROGRAMME

Office of Meteorological Satellite Planning

Japan Meteorological Agency

1-3-4 Ote-machi

Chiyoda-ku, Tokyo 100-8122

Japan

1.4
A CONTACT POINT OF ROUTINE OPERATIONS

System Engineering Division
Meteorological Satellite Center

3-235 Nakakiyoto

Kiyose-shi, Tokyo 204-0012

Japan

1.5
A CONTACT POINT OF RELATIONS WITH USERS OF ARCHIVED DATA

System Engineering Division
Meteorological Satellite Center

3-235 Nakakiyoto

Kiyose-shi, Tokyo 204-0012

Japan

2.
REMOTE-SENSING

2.1
SENSOR DESCRIPTION


The GMS has a multi-spectral radiometer, the Visible and Infrared Spin Scan Radiometer (VISSR), to perform Earth observation, which is a principle mission of the GMS system.  The functional structure of the VISSR is shown in Figure IV-4.


The VISSR includes an optical telescope, which collects visible and infrared energy from the Earth and focuses it on the focal plane with the primary and secondary mirrors.  The energy is then divided by the prism and relayed to the visible detector through an optical fibre and to the infrared detectors through the relay lenses and a filter.


Silicon photodiode detectors convert the energy of visible light into visible analogue signals, and HgCdTe detectors, cooled by a radiation cooler convert the radiant energy from the Earth into infrared analogue signals.  These signals are fed to a VISSR Digital Multiplexer (VDM) unit and are then digitalized into 64 levels (6 bits) for visible data and 256 levels (8 bits) for infrared data.

2.1.1
VISIBLE CHANNEL

Four silicon photodiode detectors with a redundant set simultaneously convert the energy of visible light (0.55 to 0.90 m) into four-channel visible analogue signals with a resolution of 1.25 km at the Sub-Satellite Point (SSP) in a scan.

2.1.2
INFRARED CHANNEL


Extremely sensitive HgCdTe detectors with a redundant set, which are kept at approximately 90 K (173 °C) by the radiation cooler, convert the radiant energy from the Earth into infrared (6.57.0, 10.511.5 and 11.512.5 m) analogue signals with a 5 km resolution at the SSP.

2.2
IMAGING


GMS is a spin-stabilised satellite with a spin rate of 100 rpm.  The VISSR scans the Earth from west to east corresponding to the satellite spin, and the scan mirror of the VISSR simultaneously steps from north to south at an angle of 140 micro-radian. 2,500 steps of the mirror scans are required to make a complete 20° x 20° scan area for a full-disk image.  Producing a full-disk image requires 30 minutes, i.e. 25 minutes for scanning, 2.5 minutes for mirror retrace and another 2.5 minutes for spacecraft stabilisation.  The spin scan geometry, image data format and Instantaneous Geometrical Field of View (IGFOV) arrangements are shown in Figure IV-5.

2.3
GMS DATA PROCESSING

2.3.1
GENERAL FLOW


The major functions of the GMS data processing system are to derive and distribute meteorological parameters from the Earth image data.   The general flow of GMS data processing is shown in Figure IV-6.

2.3.2
PRE-PROCESSING OF IMAGE DATA

The observed image data have a resolution of 64 levels (6 bits) for visible (VIS) data and 256 levels (8 bits) for infrared (IR) data.  The VIS data represent the reflected sunlight (albedo) from the Earth surface and clouds.  The brightness levels of visible data is also a function of the solar zenith angle.  VIS data are available in the daytime only.  They are converted to the albedo.
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The IR data represent the long-wave thermal radiation from the Earth’s surface or the cloud top, including atmospheric attenuation.  The intensity of IR data depends only on the temperature of the observed scene. IR data are therefore available day and night.  The intensity levels of the IR data are converted to radiation energy and then converted to absolute temperature.  Atmospheric attenuation is estimated by the use of conventional observations received through the Global Telecommunication System (GTS) and numerically derived analysis data.
Figure IV-4 - Functional structure of VISSR
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Figure IV-5 -Spin scan geometry, image data format, and instantaneous geometric arrangement of the sensors
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Figure IV-6 - General flow of GMS data processing

2.3.3
VISSR HISTOGRAM DATA


Two types of VISSR data for different spatial resolutions are used for the retrieval of meteorological parameters. One is the pre-processed VISSR image data with the original spatial resolution.  The other is VISSR segment data, namely, histogram data for each sensor in each 0.25° square within the area surrounded by the points, 60° N, 60° S, 80° E and 160° W.

2.3.4
CLOUD GRID DATA


The cloud grid data (five layer cloud amounts bounded by 400, 500, 600, 700 hPa, maximum and minimum brightness temperature in each 0.5° square) are calculated every six hours and transmitted to the Forecast Department of the JMA in WMO code (FM-92 GRIB).

These data are used as bogus data for the moisture analysis in the numerical weather prediction model of the JMA.

2.3.5
CLOUD AMOUNT AND BRIGHTNESS TEMPERATURE DATA


The cloud amount data in each 1° square and the brightness temperature data in each 2.5° square are calculated every three hours and used in the domestic meteorological offices of the JMA.  Five-day mean values are transmitted to domestic users of the JMA in the WMO code (FM-92 GRIB) every five days.

These maps are utilised for climate monitoring and climate research as a parameter of cloud activities in tropical and sub-tropical regions.

2.3.6
SATELLITE CLOUD INFORMATION CHART (SCIC) IN THE VICINITY OF JAPAN


The SCIC in the vicinity of Japan contains information on the distribution of clouds and its change.  The SCIC in the vicinity of Japan is disseminated three-hourly to domestic weather offices and used as a reference for the short-range weather forecast and nowcasting.


Experts check the cloud distribution that the computer system automatically produces to which are added vortexes indicating the centre of depressions, cumulative cloud lines, upper air troughs, etc. onto the chart.  Comments on the interpretation of each phenomenon indicated on the chart are also added.
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A sample chart of the SCIC in the vicinity of Japan is shown in Figure IV-7.
Figure IV-7 - Satellite cloud information chart for the Vicinity of Japan (VJ) area at 09 UT on 13 June 1995

2.3.7
SATELLITE CLOUD INFORMATION CHART (SCIC) FAR EAST

The SCIC Far East shows the distribution of cloud height, cloud top, active convection cloud areas, cloud motion winds, darkening areas and distinctive boundaries in the region of the Far East.  It is produced automatically and disseminated hourly to domestic aviation weather offices and utilized for aviation forecasting.  A sample chart of the SCIC Far East is shown in Figure IV-8.

2.3.8
CLOUD AMOUNT ANOMALY CHARTS


Three kinds (five days, one month and three months) of high-cloud amount anomaly charts have been produced since July 1988. The anomalies are the differences between actual cloud amounts and their norms. The norms are derived from five-day mean cloud amount data for 13 years (February 1978December 1990). These charts are provided for domestic users of the JMA by G3-Format Facsimile to monitor convective activities in the tropics as well as circulation in the middle latitudes.
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Figure IV-8 - Satellite cloud information chart for the Far East (Fe) area at 00 U On 7 May 1997
2.3.9
OTHER PRODUCTS


Cloud motion vectors and typhoon information are disseminated to WMO Members via the GTS.  Details of these data are presented in sections 2.4.1 and 2.4.2 respectively.


Data for the International Satellite Cloud Climatology Project (ISCCP) and the Global Precipitation Climatology Project (GPCP) are produced on a regular basis.  Details of these data are presented in sections 2.5.3 and 2.5.4 respectively.

2.4
OPERATION PRODUCTS AVAILABLE ON THE GTS

2.4.1
CLOUD MOTION AND WATER VAPOUR MOTION VECTORS


Cloud motion and water vapour motion wind vectors are calculated using time-sequential VISSR images taken successively at 30-minute intervals at 0000, 0600, 1200 and 1800 UTC everyday.  The derived cloud motion wind vectors are assumed to represent the wind at the height of the tracked cloud.


Low-level and high-level cloud motion winds are derived by tracking cumulus and cirrus clouds, respectively, shown in infrared images.


Wind vectors at middle and high levels are derived from the displacement of water vapour distribution or cirrus in water vapour images (water vapour motion winds).  The derived winds are checked and flagged by objective quality control which consists of a horizontal consistency check, vertical wind shear check, and a comparison with the 12-hour forecast.  The winds are then manually checked and transmitted to WMO Members through the GTS in WMO code (FM-88 SATOB) within 155 minutes of the VISSR observation.  A sample map is shown in Figure IV-9.
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Figure IV-9 - Cloud motion winds and water vapour motion winds derived at 18 UTC on 19 OCT 1998

2.4.2
TYPHOON INFORMATION


The centre location of a tropical cyclone is determined hourly or three hourly from the GMS images when the tropical cyclone is observed in the western North Pacific Ocean.  Tropical cyclone intensity is estimated every six hours using the EIR (Enhanced IR) Dvorak’s technique.  The analysis area is from 100° E to 180° E in the Northern Hemisphere.

The centre location and intensity of tropical cyclones are coded into part A of the WMO code (FM85-VI SAREP) and are reported to members of the WMO/ESCAP Typhoon Committee.


Storm-force areas (R50: radius of 50 knots sustained winds) and gale-force areas (R30: radius of 30 knots sustained winds) are estimated by regression analysis between satellite-derived characteristic cloud parameters and the R50/R30 data obtained from surface weather charts.


Low-level cloud motion wind vectors around a tropical cyclone using three images taken at 15‑minute intervals are calculated once a day at 0400 UTC.


The cloud parameters, R50/R30 and the low-level cloud motion wind vectors are transmitted to the JMA Headquarters and used for typhoon warnings in the western North Pacific area.
2.5
ARCHIVED PRODUCTS


The current archived data and pictures at MSC are summarised in Table IV-4.

2.5.1
VISSR DATA

Hourly VISSR image data are stored on cartridge magnetic tapes (CMT).
2.5.2
IMAGES


Hourly High Resolution image pictures are stored on 35 mm Microfilms for archiving.  Three-hourly images are also stored on original negative films with a size of 8 x 10 inches.  In addition to these images, hourly cloud image movies for each sensor are stored on videotapes.

TABLE IV-4

Summary of GMS archived data and pictures
Type of data
Retention period
Media
Data period

I. Image data

Original negative film
Microfilm
VTR
10 years
Permanent
10 years
Film
Film
VTR tape
April 1978-
April 1978-
November 1987-

II.  Digital image data

Infrared VISSR data 

Visible VISSR data
10 years

10 years
CT
CMT
CT
CMT
March 1981 – May 1995
June 1995-
March 1987 -. May 1995
June 1995-

III.  Extracted data

VISSR histogram data (IR)
30 years
CT
CMT
January 1980 – May 1995
June 1995

VISSR histogram data (VIS)
30 years
CT
CMT
March 1987 – May 1995
June 1995

Cloud grid point data
30 years
CT
CMT
MT
March 1987 - May 1995
June 1995

Cloud amount
10 years
MT
CMT
March 1987 – May 1995
June 1995

Sea surface temperature (SST)
10 years
MT
CMT
February 1978 – May 1995
June 1995

Brightness temperature distribution
10 years
MT
CMT
March 1987 – May 1995
June 1995

Cloud motion wind
10 years
MT
CMT
January 1983 – May 1995
June 1995

ISCCP B1 data
10 years
MT
CT
CMT
July 1983 – March 1993
April 1993 – May 1995
June 1995

ISCCP B2 data
30 years
MT
CT
CMT
April 1988 – March 1993
April 1993 – May 1995
June 1995

GPCP data
30 years
MT
CMT
January 1988 – May 1995
June 1995

SEM data
10 years
MT
January 1984 – May 1995

VTR:
Video Tape Recorder (VHS)

MT:
Magnetic Tape (2 400 ft, 6 250 BPI)

CT:
Cartridge Tape (800 ft, 32 000 BPI)

CMT:
Cartridge Magnetic Tape (IBM-3490E type)
The data within the retention period are archived at MSC.  The data beyond the retention period may be discarded without announcement.
2.5.3
INTERNATIONAL SATELLITE CLOUD CLIMATOLOGY PROJECT (ISCCP)


ISCCP is a project of the Global Energy and Water Cycle Experiment (GEWEX) of the World Climate Research Programme (WCRP) which aims at elucidating the interactions between clouds and radiative processes in the atmosphere.  The operational data collection phase of ISCCP began on 1 July 1983 and the MSC has participated in the project from its beginning.  The project is currently planned to continue until the end of 2005.


The following three types of image data have been provided on a routine basis to make data sets for climatological research.

(
AC data are full resolution image data for the geographical area of about 2000 km x 2000 km around the sub-satellite point (SSP) of GMS, together with the navigation and the calibration parameters.  The AC data are provided when the NOAA polar-orbiting satellite passes over the SSP.  MSC makes five data sets per month and sends them to the Satellite Calibration Centre (SCC), Centre de la Météorologie Spatiale, Lannion, France, where the data are used for the calculation of the inter-satellite normalisation parameters.


(
B1 data consist of reduced resolution image data (nominal 10 km pixel spacing at the SSP) over the GMS coverage area.  Visible radiance data are averaged in order to have the same resolution as the infrared radiance data.  Then, visible and infrared data are sampled to every other pixel and line to reduce the resolution. MSC sends the data to the ISCCP Central Archive (ICA), NOAA/NESDIS, Maryland, USA.

(
B2 data are made from B1 data.  The mass of data is further reduced.  The radiation data in every three pixels and lines of the B1 data are sampled. B2 data have a resolution of 30 km nominal at the SSP.  MSC sends the data to the Global Processing Centre (GPC) at NASA/GISS, New York, USA.
2.5.4
THE GLOBAL PRECIPITATION CLIMATOLOGY PROJECT (GPCP)


The GPCP was established by WCRP in 1986 to provide monthly mean precipitation data on 2.5° x 2.5° latitude-longitude grids for the period 1986-1995.  The period was recently extended to the year 2005 in the framework of GEWEX.


MSC started operational processing of GMS infrared data for precipitation estimation in March 1984.  As one of the Geostationary Satellite Data Processing Center (GSDPC) designated by GPCP, MSC has provided those data to the Geostationary Satellite Precipitation Data Center (GSPDC) established in NOAA since March 1987.

3.
DIRECT BROADCAST


Image data observed by GMS are disseminated through GMS in two types of data, i.e. S-VISSR and WEFAX.  The S-VISSR data format was revised in June of 1995 to fit the new format for GMS-5 which has an additional water vapour channel as well as infrared split-window channels.  S-VISSR data have the same resolution as the VISSR original image data. WEFAX and S-VISSR are operationally disseminated to users via GMS.

3.1
OBSERVATION AND DISSEMINATION SCHEDULE


VISSR observations are carried out every hour. S-VISSR data are disseminated concurrently with VISSR observations.  The dissemination of WEFAX begins after the VISSR observation and the data processing for the WEFAX.  These data are disseminated according to the schedule which is shown in Annex IV-D. Operational schedule changes and other information are distributed to users through the MANual AMendment (MANAM). MANAM is updated at 08 UTC on Thursday and whenever the operational schedule is changed.  The test pattern of WEFAX is disseminated at 02 and 08 UTC every Sunday.

3.2
STRETCHED VISSR (S-VISSR)


The observed VISSR data are received and stretched in time at the CDAS to reduce their transmission rate.  The navigation data, calibration data and the MANAM data are added to the image data.  The S-VISSR data are retransmitted to the satellite and disseminated to Medium-scale Data Utilization Stations (MDUS) during the VISSR observation.

In the S-VISSR data format, four sectors are assigned to each visible sensor data.  The infrared data sector is composed of infrared-1 (IR-1), infrared-2 (IR-2) and water vapour (IR-3) data.  Mapping parameters are provided in the documentation sector.  The grid data for longitude, latitude and coastline are not available in image data words.  S-VISSR image data are calibrated at the CDAS.  Users are able to calculate physical parameters, such as temperatures or albedos, from the high resolution of digitised "levels" (0 to 255 for IR data and 0 to 63 for VIS data) by referring to the fixed conversion tables.


The specifications of MDUS are presented in Annex IV-A.  The transmission characteristics of GMS S-VISSR data are shown in Annex IV-C.

3.3
WEFAX


WEFAX is disseminated to users of the Small-scale Data Utilization Stations (SDUS) through GMS.  The characteristics of WEFAX are, in principle, the same as those of the other geostationary meteorological satellite systems.  The specifications of SDUS are presented in Annex IV-B.


WEFAX consists of a grey scale, scale marks, an annotation and an Earth image.  The annotation at the head of the WEFAX signal is used for the automatic selection of images.  The Earth image includes grids and coast lines derived from the orbit and attitude prediction data for the satellite.


WEFAX are disseminated in the following formats:


H:
Infrared polar-stereographic picture



I:
Visible polar-stereographic picture



J:
Enhanced infrared polar-stereographic picture



A-D:
Infrared four-sectorized pictures of a full disk image



K-N:
Water vapour four-sectorized pictures of a full disk image.


Areas of the WEFAX image are shown in Figures IV-10 and IV-11.


Pictures "H" are disseminated every hour.  Pictures "I" are disseminated every hour in the daytime except at 05 and 23 UTC and at night-time, pictures "J" are disseminated every hour except at 11 and 17 UTC in place of pictures "I".  During the observations for cloud motion wind extraction, only pictures "H" are disseminated at 05, 11, 17 and 23 UTC.  The infrared four-sectorized pictures of a full disk image (A-D) are disseminated every three hours following pictures "H" and "I" ("J").  The water vapour four-sectorized picture of a full disk image (K-N) at 00 and 12 UTC are disseminated following pictures "H" and "I" ("J") at 01 and 13 UTC.
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Figure IV-10 – WEFAX polar-stereographic picture (H, I, J)
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Figure IV-11 - WEFAX four-sectorized pictures (A-D, K-N)
4.
DATA COLLECTION AND DISTRIBUTION


The GMS Data Collection System (DCS) collects observations from automated weather stations installed on ships, buoys, aircraft, isolated islands and mountains, which are called Data Collection Platforms (DCPs). Reports from DCPs are relayed through the GMS to the CDAS.  These reports are assembled into a bulletin form at the DPC and transmitted to its recipient via the GTS.  Data collection and distribution are automatically and regularly carried out in real-time.


The GMS DCS is classified into two types, i.e. the International Data Collection System (IDCS) and the Regional Data Collection System (RDCS).


The IDCS is designed to support mobile DCPs installed on ships or aircraft, which may move from one coverage area of a geostationary meteorological satellite to another.  Thirty-three channels are allocated for IDCS.

The RDCS is designed for stationary DCPs installed on moored buoys, isolated islands, mountains or ships, which are fixed or move in the coverage area of one geostationary meteorological satellite.  One hundred channels are allocated for RDCS.


The self-timed DCP has an internal stable clock and automatically transmits a report within the assigned time slot.  Interrogated DCPs are also available on the GMS DCS.  An interrogated DCP transmits a report responding to an interrogation command from the MSC.  However, no interrogated DCPs are presently installed.


The telecommunication characteristics of the GMS DCS and the reporting format are shown in Tables IV-5 and IV-6 respectively.

TABLE IV-5

Telecommunication characteristics of the GMS DCP report
Parameters
International DCPs
Regional DCPs

Number of channel
33
100

Frequency
402.0025-402.0985 MHz
402.1016-402.3986 MHz

Channel separation
3 kHz
3 kHz

Polarization
Right-hand circular
Right-hand circular

Transmission power (EIRP)
43,46 dBm
43-46 dBm

Modulation
PCM-RSK
(±60° Manchester code)
PCM-RSK
(±60° Manchester code)

Bit rate
100 BPS
100 BPS

TABLE IV-6

Format of the DCP report
UnmodulatedCarrier
Preamble
Sync.
Address
Environmental Data
E.O.T.

5 seconds
250 bits
15 bits
31 bits
649 (max) words of 8 bits
31 bits (IDCP) or
31 bits or 8 bits (RDCP)

-
Unmodulated Carrier: To permit the receiver to lock onto the carrier, the unmodulated carrier is transmitted for 5 seconds.
· Preamble: To permit the bit conditioner and synchronizer to acquire the bit rate and lock onto it, a preamble of 250 bits, alternate "0" "1", is transmitted prior to the synchronization word.
-
Sync: The 15 bits MLS synchronization word is:
1000
1001
1010
111
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  Bit stream

-
Address: Each DCP is identified by its 31 bit address.


IDCP: The address is allocated by JMA or the admitting authority.


RDCP: The address is allocated by JMA.

-
Environmental Data: The data pertaining to one report consists of a maximum of 649 words of 8 bits.


The least significant bit (LSB) of the word is transmitted first and the most of the significant bit (MSB) is transmitted last.
· E.O.T. (End of Transmission): The end of transmission code is 31 bits long. The first 8 bits corresponds to the EOT character of the international Alphabet No 5.
0010
0000
1011
1011
0101
0011
1100
011
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  Bit stream
ANNEX IV-A

MDUS Specifications

An MDUS receives the Stretched VISSR (S-VISSR) signal which is transmitted via GMS.  The frame format of S‑VISSR image data is shown in Figure IV-A.1.


Typical MDUS configurations for S-VISSR are as follows:
1.
CONFIGURATION

Receiving System

Antenna
: One set

RF unit
: One unit

Receiver
: One unit
Processing System

S-VISSR Processing System
: One set
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Figure IV-A.1 – Frame format of S-VISSR image data

2.
REQUIREMENTS FOR THE RECEIVING SYSTEM
2.1
ANTENNA
(1)
Function

(a)
Gain and C/N: sufficient gain and C/N are required to receive the S-VISSR signal from GMS.
(b)
Polarization adjustment: the rotation of the primary radiator is available for adjustment of the 
plane of beam polarization.

(c) Antenna support structure: the direction of the antenna should be adjustable.
(2)
Characteristics
(a)
Receive frequency
1,687.1 MHz

(b)
Polarization

Linear
(c)
Antenna diameter
4.0 mø (nominal)
(d)
Gain
34.7 dB or more (nominal)

2.2
RF UNIT
(1)
Function
(a)
The RF Unit performs the low noise amplification.


(b)
The down converter included in RF unit changes the radio frequency signal to the intermediate frequency signal.

(2)
Characteristics


(a)
Input frequency
1,687.1 MHz


(b)
Noise figure
1.7 dB or less


(c)
Gain
35 dB or more

2.3
RECEIVER
(1)
Function

(a)
Main receiver consists of an IF amplifier and a PSK demodulator.


(b)
It amplifies the intermediate frequency signal from the RF unit and detects the digital image signal using PSK detection.

(c)
AGC function should be incorporated.


(d)
Receiving level should be indicated to control the necessary receiving operation.

(2)
Characteristics


(a)
Input signal
BPSK, NRZ-M


(b)
PCM signal bit rate
660 kbps


(c)
Output signal
S-VISSR PCM serial data and clock

3.
S-VISSR PROCESSING SYSTEM


The typical S-VISSR processing system is nominally based on personal computers or workstations.  The system should be able to display images on a display and/or to print from images on a printer.  The latitude/longitude grid data can be inserted directly using the parameters for simplified mapping contained in the documentation data sector.  The system will be also able to handle a full disk image data which can be archived and retrieved by connecting to an external storage device.

4.
LINK BUDGET

The MDUS link budget is designed as shown in Table IV-A.1.

5.
USER APPLICATION OF S-VISSR DATA


Because the S-VISSR calibrated digital image data with full resolution is the same as the original VISSR image and are transmitted in real-time, users can derive several meteorological products after the navigation procedure (image mapping): cloud motion wind, cloud top height and cloud thickness, sea-surface temperature, cloud amount distribution, etc.

These products can be used not only for weather forecasting but also for other purposes: monitoring meteorological, hydrological and oceanographical phenomena (tropical cyclone, heavy rain, thunderstorm, squall line, monsoon, fog, snow/ice coverage, flood, ocean front, sea ice coverage, etc.), agricultural meteorology forecasting, aviation forecasting and climatological research.


The transmission characteristics of S-VISSR data and the mapping method of S-VISSR data are shown in Annexes IV-C and IV-E respectively.
TABLE IV-A.1
MDUS link budget
Parameters
Unit
GMS > MDUS

Frequency
Equivalent isotropic radiated power (EIRP)

Free space loss (39 500 km)

Receiving antenna tracking loss
Carrier to receive system noise temperature ratio (G/T)

Boltzman constant
Down link C/NO
Total C/NO (CDAS -> GMS -> MDUS)

Required C/NO
Margin
MHz

dBm

dB
dB
dB/K
dBm/K
dB/Hz
dB/Hz
dB/Hz
dB
1,687.1
54.5
*1

-188.9
-1.5
10.4
*2
-198.6
73.1
73.0
71.6
*3
1.4

*1
Satellite EIRP is the worst value at elevation angle 20°.

*2
G/T is 10.4 dB/K (Ground station):



Antenna gain (4mø)
34.7 dB



Low noise amplifier noise temperature 
130 K



Antenna noise temperature
80 K



Feeder loss
0.5 dB

*3
Required C/NO is 71.6 dB/Hz:



Bit rate (660 Kbps) 
58.2 dB



Eb/No (BPSK) for 10-6
10.6 dB/Hz



Demodulator loss
2 dB



Deferential loss 
0.3 dB



S/C loss 
0.5 dB

These parameters are estimated for the worst case.

ANNEX IV-B

SDUS Specifications


The SDUS is the ground equipment required to receive the GMS Weather Facsimile (WEFAX) signal and to produce photographic imagery and/or computer-processed data for use in meteorological analysis and forecast.

1.
WEFAX SIGNAL
1.1
SIGNAL FORMAT

The signal and frame formats for WEFAX are shown in Figures IV-B.1 and IV-B.2 respectively.  WEFAX characteristics are summarised as follows:


(1)
The signal modulated by the black level (0 volt DC) is transmitted for 60 seconds at the beginning of every series of frames. 


(2)
The start signal modulated by a 300 Hz wave is transmitted for 3 seconds and then the phasing signal which is the pulse-modulated signal with the duty cycle of 0.95 in a line is transmitted for 5 seconds (20 lines).  These signals are transmitted at the beginning of every frame and may be used to start the recorder automatically and to synchronize the drum rotation of the recorder.


(3)
Annotation code, grey scale, scale mark, annotation and the Earth image are transmitted for: 1 second (4 lines), 6 seconds (22 lines), 3 seconds (12 lines), 5 seconds (20 lines) and approximately 3 minutes (800 lines) respectively in sequence.


(4)
The end signal composed of the signal modulated by a 450 Hz wave and the signal modulated by the black level (0 volt DC) is transmitted for 5 seconds and 10 seconds respectively.  This signal is transmitted at the end of every frame and may be used to stop the recorder automatically.


(5)
The number of transmitted frames differs according to the dissemination schedule (Annex IV‑D).

1.2
ANNOTATION CODE


The annotation code is inserted at the head of scanning lines of the grey scale by the EBCDIC type bits sequence. It is repeated four times to recover any missing lines.


(
The annotation code includes the following information:


(
Satellite name
(GMS-5)


(
Kind of image data
(IR or VIS)

(
Picture time
(UTC)


(
Picture name
(A/B/C/D, H/I/J or K/L/M/N)

(
Starting time of VISSR observation
(UTC)


By the use of the annotation code, WEFAX users can recognise the image information easily.

1.3
GRAY SCALE


WEFAX signal has a grey scale of 16 levels as shown in Table IV-B.1.

TABLE IV-B.1

WEFAX grey brightness level
63
0
4
8
12
16
20
24
28
32
36
40
44
48
52
56
60
0

2.
CONFIGURATION

Receiving System

Antenna
: One set
RF unit
: One unit

Receiver
: One unit
Processor

Facsimile Recorder or Personal computer system 
: One set
3.
REQUIREMENTS FOR THE RECEIVING SYSTEM
3.1
ANTENNA
(1)
Function
(a)
Gain and C/N: a sufficient gain and C/N are required to receive the WEFAX signal from GMS.

(b)
Polarization adjustment: the rotation of the primary radiator is available for adjustment of the plane of beam polarization.
(c)
Antenna support structure: the direction of the antenna should be adjustable.
(2)
Characteristics

(a)
Receiving frequency
1,691.0 MHz

(b)
Polarization
Linear

(c)
Antenna diameter
2.5 m (nominal)

(d)
Gain
30 dB or more (nominal)
3.2
RF UNIT
(1)
Function

(a)
The RF unit consists of a preamplifier and a down converter.  The preamplifier performs the low noise amplification.


(b)
The down converter changes the radio frequency signal to an intermediate signal.

(2)
Characteristics

(a)
Input frequency
1,691.0 MHz


(b)
Noise figure
3.4 dB or less


(c)
Gain
34 dB or more

3.3 MAIN RECEIVER
(1)
Function
(a)
The receiver amplifies the intermediate frequency signal from the RF unit and detects the sub-carrier signal by FM detection.  The base band signal is supplied to the processor after amplification.

(b)
AGC function is incorporated.

(c)
Receiving level should be indicated to control the necessary receiving operation.

(2)
Characteristics
(a)
Noise figure
13 dB or less
(b)
Bandwidth
260 kHz
(c)
Output signal
0-1 Vp-p (or 2.4 kHz AM)

3.4
Processor

3.4.1
FACSIMILE RECORDER

(1)
Function


(a)
The unit amplifies the video signal and compensates the gamma characteristic of the recording paper.


(b)
Starting, phasing and stopping of the recorder should be carried out automatically by detecting the control signals.

(2)
Characteristics

(a)
Drum size
235 mm x 70 mm


(b)
Recording system
Electrostatic or electrolytic recording system


(c)
Recording paper size
220 mm x 220 mm


(d)
Effective picture size
209 mm x 209 mm


(e)
Drum rotating speed
240 rpm


(f)
Scanning line density
3.83 lines/mm


(g)
Index of cooperation
268


(h)
Grey scale
16 or more

(i)
Judder

5 x 10 mm or less
3.4.2
Personal computer system


The system converts the signal type from analogue to digital using an A/D converter.  The system should be able to recognise the kind of image data with annotation code and control all of the receiving data.  It is possible to structure a simple system for meteorological analysis.
4.
SYSTEM BLOCK DIAGRAM

An example of functional block diagram of SDUS is shown in Figure IV-B.3.
Figure IV-B.1  WEFAX signal format

Figure IV-B.2 - WEFAX frame format









Figure IV-B.3 -Block diagram of SDUS configuration

5.
LINK BUDGET

The SDUS link budget is as shown in Table IV-B.2.

TABLE IV-B.2

SDUS link budget
Parameters
Unit
GMS ->SDUS

Frequency
MHz
1,691.0

Equivalent isotropic radiated power (EIRP)
dBm
54.5
*1

Free space loss (39 500 km)
dB
-188.93

Receive antenna off-beam loss
dB
-0.7

Antenna gain to receive system noise temperature ratio (G/T)
dB/K
dBm/K
3.0
*2
-198.6

Boltzman constant
dB/Hz
66.47

Carrier to noise (C/N0)
dB/HZ
66.41

Total C/N0 (CDAS -> GMS -> SDUS)
dB/HZ
63.1
*3

Required C/N02
dB
3.3

Margin



*1
Satellite EIRP is a worst case value at elevation angle 70°.

*2
G/T is 3.0 dB/K (Ground station):

Antenna gain (2.5mø) 
30 dB

System noise temperature 
500 K

*3
Required C/N0 is 63.1 dB/Hz:
Bandwidth (760 kHz) 
54.1 dB

Threshold level 
9.0dB

These parameters are estimated as the worst case.
ANNEX IV-C

TRANSMISSION CHARACTERISTICS OF GMS S-VISSR DATA

1.
SIGNAL CHARACTERISTICS
The principal characteristics of the S-VISSR signal at a user's station are listed below.


(a)
Frequency
: 1,687.1 MHz


(b)
Modulation
: Differentially encoded BPSK, NRZ-M


(c)
Bit rate
: 660 KBPS (fixed rate)

(d)
E.I.R.P.
: 56 ± 1.5 dBm (at the antenna elevation angle of 20 degrees)

(e)
Bandwidth
: Less than 2 MHz

(f)
Data volume
: 329,872 bits/line including SYNC code

(g)
Data coding
: Byte complementing and PN scrambling

(h)
Data sequence
: Most significant bit (MSB) first

2.
DATA FORMAT

S-VISSR data consist of a SYNC code, information sectors and dummy data as shown in Figure IV-C.1.

2.1
SYNC CODE


SYNC code is transmitted to allow bit and frame synchronization by demodulators and decommutators at the user site.  This code consists of 20,000 bits of a Pseudo-Noise (PN) code of Maximal Length Sequence (MLS) generated by means of a 15-digit serial shift register.  The PN sequence begins with the fixed pattern (010001001100001) at a timing of every satellite spin.


A 15-digit local serial shift register is necessary for synchronizing with the incoming S-VISSR data stream at the user site, and synchronization is established as follows:

Any 15 consecutive bits in the detected bit stream are loaded into the local shift register and then the shift register generates a bit stream of MLS PN pattern.  This PN pattern is locally generated and the incoming bit pattern is continuously compared with this locally generated pattern.  When a bit stream of SYNC code comes in, both bit patterns will be identical indicating the synchronization, and synchronization will be maintained unless any error occurs in the input bit stream.  Otherwise, this procedure is repeated until a satisfactory match is obtained.  In this way, the user station can acquire the start point of the information sectors.


The bit stream is also necessary in order to unscramble the information sector's bit stream.  The PN pattern generator circuitry is shown in Figure IV-C.2.


Figure IV-C1 – S-VISSR data format


Figure IV-C.2 - PN pattern generator circuitry

2.2
INFORMATION SECTORS


The information sectors consist of the following eight sectors:


(
The Documentation (DOC) sector;

(
Three infrared image (IR) data sectors;

(
Four visible image (VIS) data sectors.


The DOC sector and each IR sector contain 2,293 eight-bit words and each VIS sector contains 9,166 six-bit words.  In addition, each sector has 16 bits of a Cycle Redundancy Check (CRC) code and 2,048 bits filled with logic zeros (filler).  The filler provides approximately 3 msec of buffer time for data acquisition by a computer system of a user station.

2.2.1
Documentation sector


The sector is divided into nine information blocks:

(
Sector ID;

(
Spacecraft (S/C) and CDAS status;

(
Constant parameters for simplified mapping;

(
Sub-commutation ID;

(
Parameters for simplified mapping;

(
Orbit and attitude data;

(
MANAM;

(
Calibration data;


(
Spare block.


The block format is shown in Figure IV-C.3.


The blocks for simplified mapping, orbit and attitude data block, MANAM block and calibration block are sub-commutated into 25 groups due to their large data volume.  Each group is repeatedly transmitted on 8 consecutive scan lines to reduce errors.  Thus the complete documentation text is received every 200 scan lines with a redundancy of 7 lines.

(1)
Sector ID block


The block contains 2 words (16 bits), all logic zeros, and is used to identify the documentation sector.

(2)
S/C and CDAS status block


The block contains 126 words (1,008 bits).  This information is provided to process S-VISSR image data. Details are shown in Table IV-C.1.

(3)
Simplified mapping block 1 (constants)


The block consists of 64 words (512 bits).  The data in this block is used for simplified mapping together with the data in parameters block for simplified mapping.  Details are shown in Table IV-C.2.  This block is inserted into each line.

(4)
Sub-commutation ID block


The block consists of 4 words (32 bits).  The first counter (194th word from top of the DOC) is the repeat counter indicating the sub-commutation ID and increments from 0 to 24 for the 25 documentation text groups.  The second counter (196th) is also the repeat counter and increments from 0 to 7 for each repeated line of a group.  The most significant word of each counter (193rd and 195th) is always zero.  Recovery of a whole information block containing parameters block for simplified mapping, orbit and attitude data, MANAM and calibration data require 200 lines.  Details are shown in Figure IV-C.3.

(5)
Simplified mapping block 2 (parameter table)


The block consists of 2,500 words (100 words x 25 groups). 100 words are contained in each line. The same data (100 words) are repeated for 8 lines to avoid missing data (i.e. there are 25 sub-commutations in the block).  Thus 200 lines are needed to acquire all the information of this block.  Details are shown in Table IV-C.3.

(6)
Orbit and attitude data block


The block consists of 3,200 words (128 words x 25 groups) and is used for mapping on the received image data by means of a large-scale computer system. 128 words (1,024 bits) are contained in each line.  The same data (128 words) are repeated for 8 lines to avoid missing data.  Thus 200 lines are needed to acquire all the information in this block.  Details are shown in Tables IV-C.4, C.5 and C.6.

(7)
MANAM block


The block is provided to notify users of the GMS operational schedule.  The block is made of 10,250 words (410 words x 25 groups). 410 words (3,280 bits) are continued in each line.  The same data (410 words) are repeated for 8 lines to avoid missing data.  Thus 200 lines are needed to acquire all the information of this block.


Data in the MANAM block is coded as ASCII characters.  One set of characters consists of 80 alphanumeric characters, CR and LF (82 bytes in total), so 5 sets of character based information are included in a line.  Thus a complete MANAM block would consist of 125 sets of characters (5 sets/line by 25).


Users are able to obtain directly up to 125 lines of MANAM information.

(8)
Calibration block


The block consists of 6,400 words (2048 words x 25 groups). 256 words are contained in each line. The same data (256 words) are repeated 8 lines to avoid missing data (i.e. there are 25 sub-commutations in the block).  Thus 200 lines are needed to acquire all the information of this block.  Details are shown in Table IV‑C.7.

(9)
Spare block


The block contains 1,203 words (9,624 bits) and is filled with zeros.  The block is provided for future expansion.
Words

(bits)
2

(16)
126

(1008)
64

(512)
4

(32)
100

(800)
128

(1024)
410

(3280)
256

(2048)
1203

(9624)
2

(16)
256

(2048)

Contents
Sector ID
Spacecraft

and CDAS

status block
Simplified 

mapping

block 1
Sub-commutation

ID
(193-196 word)
Simplified 

mapping block 2
Orbit and 

attitude data

block
MANAM

block
Calibration 

block
Spare block
CRC
Filler






Repeated data blocks





[ Example of 1 text ]

Scan count

From the line of

Frame flag on
193 word
194 word

Sequential sub-commutation ID  (0-24)
195 word
196 word

repeated data counter

(0-7)
Repeated data blocks

801
0
0
0
0
repeated data

8 lines / group
repeated text

200 lines / text

25 groups

802
0
0
0
1



803
0
0
0
2



804
0
0
0
3



805
0
0
0
4



806
0
0
0
5



807
0
0
0
6



808
0
0
0
7



809
0
1
0
0



810
0
1
0
1



|
|
|
|
|



|
|
|
|
|



|
|
|
|
|



|
|
|
|
|



991
0
23
0
6



992
0
23
0
7



993
0
24
0
0



994
0
24
0
1



995
0
24
0
2



996
0
24
0
3



997
0
24
0
4



998
0
24
0
5



999
0
24
0
6



1000
0
24
0
7



Figure IV-C.3 - Block format of documentation sector

TABLE IV-C.1

S/C & CDAS documentation block (126 words)

Position (word)
Type
Contents
Nominal value

1
I*1
Scan mode
 Single scan: VISSR observation without mirror stepping
 Normal scan: Full frame observation
 Limited scan: Observation inside of the preset scan lines

FF(16)
00(16)
0F(16)

2
I*1
Scan status (MSB = b8, LSB = b1)
 Forward (scan mirror driven from North to South) 
 Reverse (scan mirror driven from South to North) 
 Normal (scan mirror stepping 1 step per spin) 
 Rapid (scan mirror stepping 10 2/3 steps per spin) 
 Step scan off 

b1,b2 = "11"
b3,b4 = "11"
b5,b6 = "11"
b7,b8 = "11"
all = "0"

3
I*1
Frame flag*:
 Significant data transmission including calibration line data
 Insignificant transmission

FF(16)
00(16)

4
I*1
Picture flag*:
 Purposed picture data transmission
 Insignificant transmission

FF(16)
00(16)

5, 6
BCD*2
Picture flag set line number*


7, 8
BCD*2
Picture flag reset line number*
 *: Frame flag (word 3), picture flag (word 4),
   picture flag set and reset number (word 5, 6 and 7, 8)
   in the documentation are used to notify user’s image data acquisition
   system of acquiring effective image data to be processed.


9, 10
BCD*2
Scan count


11, 12
I*2
West horizon point: Pixel count of IR data at the Earth edge (12-bit binary)


13, 14
I*2
East horizon point: Pixel count of IR data at the Earth edge (12-bit binary)


15
I*1
SYNC lock Q/D: Normal operation some defective detected
00(16)
otherwise

16, 17
I*2
Bit error count in SYNC code of the VISSR minor frame (12-bit binary)


18, 19
BCD*2
Year


20
BCD*1
Month


21
BCD*1
Day


22
BCD*1
Hour


23
BCD*1
Minute


24
BCD*1
Second


25
BCD*1
I/100 Second


26, 27
I*2
Calibration table ID (16-bit binary)


28, 29
I*2
MANAM revision number (16-bit binary)


30
I*1
Data source: Operation data
           Test data
FF(16)
00(16)

31-64

Spare (The following documentation is used for maintenance of CDAS equipment in MSC.)


65
I*1
Scanner select: Primary scan mirror Drive-1
             Primary scan mirror Drive-2 
             Redundant scan mirror Drive-1
             Redundant scan mirror Drive-2
FF(16)
F0(16)
00(16)
0F(16)

66, 67
I*2
Raw binary scan count from S/C (12-bit binary)


68
I*1
Sensor select (MSB = b8, LSB = b1, b1 is always "1")
  b2, b3, b4 indicate IR1, IR2, IR3 sensor respectively

  b5, b6, b7, b8 indicate VIS1, VIS2, VIS3, VIS4 respectively

  ("1" = Primary sensor, "0" = Redundant)


69
I*1
Sensor patch: Indicates which VIS sensor's data
  inserted in each VIS sector (MSB = b8, LSB = b1):
              VIS1 sensor data to VIS1 sector
              VIS2 sensor data to VIS2 sector
              VIS3 sensor data to VIS3 sector
              VIS4 sensor data to VIS4 sector


b1, b2 = "00"
b3, b4 = "01"
b5, b6 = "10"
b7, b8 = "11"

70-72
I*3
Beta count (24 bits binary): Sun-Earth angle
 Counted by reference 20 MHz clock (reference clock) ((rad)


73-75
I*3
Spin period count (24 bits binary):
 Spacecraft spin period counted by reference clock


76-78
I*3
Scan SYNC detect angle (24 bits binary):
 Deference between predicted and detected Line SYNC Code,
 Counted by reference clock


79-81
I*3
S/C clock (24 bits binary):
 Raw VISSR data bit rate counted by reference clock


82-84
I*3
Earth pulse angle (1) (24 bits binary):
 Deference between predicted Sun pulse and
 Detected leading edge of Earth pulse,
 Counted by reference clock (only Earth pulse tracking)


85-87
I*3
Earth pulse angle (2) (24 bits binary):
 Deference between predicted Sun pulse and
 Detected trailing edge of Earth pulse,
 Counted by reference clock (only Earth pulse tracking)


88
I*1
Resampling mode:
 Interpolation mode taken when resampling
 Raw VISSR data (MSB = b8, LSB = b1)

b1-b5: always "0"

b6: "1" = Cubic convolution

b7: "1" = Linear divided 8

b8: "1" = Nearest neighbour


89
I*1
PLL status:
 PLL mode and bandwidth for tracking S/C spin rate
 XY (each 4 bit binary) 
                   X:   Time constant
                   Y = 1: SSD tracking (Auto)
                   Y = 2: Analogue Sun pulse tracking (Auto)
                   Y = 3: Earth pulse tracking (Auto)
                   Y = 4: SSD tracking (Manual)
                   Y = 5: Analogue Sun pulse tracking (Manual)
                   Y = 6: Earth pulse tracking (Manual)


90
I*1
S/C ID (8-bit binary): S/C Number
GMS-3
3

GMS-4
4

GMS-5
5


91-93
I*3
Analogue Sun pulse angle (24-bit binary):
 Deference between predicted analogue Sun pulse
 and detected precision Sun pulse,
 counted by reference clock.


94-96
I*3
PLL error (24-bit binary):
 Tracking error of spin tracking loop,
 Counted I by reference clock.


97
I*1
Scanner expanded mode:  Normal
                      North expanded
                      South expanded
                      North and South expanded
00(16)
F0(16)
0F(16)
FF(16)

98
I*1
Bit and frame SYNC ID (MSB : b8, LSB = b1):
 VISSR acquisition is completed
 Scan sync or minor frame sync is locked

b1 = "0"
b2 = "0"

99-126

Spare


TABLE IV-C.2

Simplified mapping block 1 (constants) (64 words)

Position
(word)
Type
Contents

1-4
I*4
Earth radius (m): Equatorial radius of the Earth

5-8
I*4
Satellite elevation (m)

9-12
I*4
Stepping angle for IR sensor (n rad)

13-16
I*4
Sampling angle for IR sensor (n rad)

17-20
I*4
Latitude of sub-satellite point (m DEG)

21-24
I*4
Longitude of sub-satellite point (m DEG)

25-28
I*4
IR1 Line number of sub-satellite point

29-32
I*4
IR1 Pixel number of sub-satellite point

33-36
R*4.7
Ratio of circumference

37-40
R*4.2
Sensor misregistration for line number (X1):
 L VIS = (L IR1  1)*4 + 2.5 + (X1)
   L VIS : Line number of VIS sensor
   L IR1 : Line number of IR1 sensor

41-44
R*4.2
Sensor misregistration for pixel number (Y1):
 P VIS = (P IR1  1)*4 + 2.5 + (Y1)
   P VIS : Pixel number of VIS sensor
   P IR1 : Pixel number of IR1 sensor

45-48
R*4.2
Sensor misregistration for line number (X2):
 L IR2 = L IR1 + (X2)
   L IR2 : Line number of IR2 sensor
   L IR1 : Line number of IR1 sensor

49-52
R*4.2
Sensor misregistration for pixel number (Y2):
 P IR2 = P IR1 + (Y2)
   P IR2 : Pixel number of IR2 sensor
   P IR1 : Pixel number of IR1 sensor

53-56
R*4.2
Sensor misregistration for line number (X3):
 L WV = L IR1 + (X3)
   L WV : Line number of WV sensor
   L IR1 : Line number of IR1 sensor

57-60
R*4.2
Sensor misregistration for pixel number (Y3):
 P WV = P IR1 + (Y3)
   P WV : Pixel number of WV sensor
   P IR1 : Pixel number of IR1 sensor

61-64

Spare

TABLE IV-C.3

Simplified mapping block 2 (parameters) (2500 words)
Position

(word)
Type
Contents

(16 bit binary)

1, 2
I*2
Line number in IR1 sensor of 60° N, 80° E

3, 4
I*2
Pixel number in IR1 sensor of 60° N, 80° E

5, 6
I*2
Line number in IR1 sensor of 60° N, 85° E

7, 8
I*2
Pixel number in IR1 sensor of 60° N, 85° E

9, 10
I*2
Line number in IR1 sensor of 60° N, 90° E

11, 12
I*2
Pixel number in IR1 sensor of 60° N, 90° E

   :
:
                :

101, 102
I*2
Line number in IR1 sensor of 55° N, 80° E

103, 104
I*2
Pixel number in IR1 sensor of 55° N, 80° E

105, 106
I*2
Line number in IR1 sensor of 55° N, 85° E

107, 108
I*2
Pixel number in IR1 sensor of 55° N, 85° E

   :
:
                :

2493, 2494
I*2
Line number in IR1 sensor of 60° S, 165° W

2495, 2496
I*2
Pixel number in IR1 sensor of 60° S, 165° W

2497, 2498
I*2
Line number in IR1 sensor of 60° S, 160° W

2499, 2500
I*2
Pixel number in IR1 sensor of 60° S, 160° W

TABLE IV-C.4

Orbit and attitude data block (3200 words)
Position (word)
Type
Contents

1-6
R*6.8
Observation start time (MJD)

7–10
R*4.8
VIS channel stepping angle along line (rad)

11–14
R*4.8
IR channel stepping angle along line (rad)

15–18
R*4.10
VIS channel sampling angle along pixel (rad)

19–22
R*4.10
IR channel sampling angle along pixel (rad)

23–26
R*4.4
VIS channel centre line number of VISSR frame

27–30
R*4.4
IR1 channel centre line number of VISSR frame

31–34
R*4.4
VIS channel centre pixel number of VISSR frame

35–38
R*4.4
IR1 channel centre pixel number of VISSR frame

39–42
R*4.0
Number of sensors of VIS channel

43–46
R*4.0
Number of sensors of IR channel

47–50
R*4.0
VIS total line number of VISSR frame

51–54
R*4.0
IR total line number of VISSR frame

55–58
R*4.0
VIS pixel number of one line

59–62
R*4.0
IR pixel number of one line

63—66
R*4.10
VISSR misalignment angle around x-axis (rad)

67–70
R*4.10
VISSR misalignment angle around y-axis (rad)

71–74
R*4.10
VISSR misalignment angle around z-axis (rad)


75–78–
79–82–
83–86–
87–90–
91–94–
95–98–
99–102–
103–106–
107–110

R*4.7–
R*4.10–
R*4.10–
R*4.10–
R*4.7–
R*4.10–
R*4.10–
R*4.10–
R*4.7
Element of VISSR misalignment matrix
       on row 1 and column 1–
        – row 2 and column 1–
        – row 3 and column 1–
        – row 1 and column 2–
        – row 2 and column 2–
        – row 3 and column 2–
        – row 1 and column 3–
        – row 2 and column 3–
        – row 3 and column 3

111–114
R*4.4
IR2 channel centre line number of VISSR frame

115–118
R*4.4
IR3 channel centre line number of VISSR frame

119–122
R*4.4
IR2 channel centre pixel number of VISSR frame

123–126
R*4.4
IR3 channel centre pixel number of VISSR frame

127, 128

Spare

129–132
R*4.7
Constants – Ratio of circumference

133–136
R*4.9

-
Ratio of circumference /180

137–140
R*4.6

-
180/ratio of circumference

141–144
R*4.1

-
Equatorial radius of the Earth (m)

145–148
R*4.10

-
Oblateness of the Earth

149–152
R*4.9

-
Eccentricity of the Earth

153–156
R*4.8

-
Angle between the VISSR and the view direction of the Sun sensor (rad)

157–162
R*6.8
Orbital parameters in mean of 1950.0

-
epoch time of orbital parameters (MJD)

163–168
R*6.8

-
Semi-major axis (km)

169–174
R*6.10

-
Eccentricity

175–180
R*6.8

-
Inclination (deg)

181–186
R*6.8

-
Longitude of ascending node (deg)

187–192
R*6.8

-
Argument of perigee (deg)

193–198
R*6.8

-
Mean anomaly (deg)

199–204
R*6.6

-
Sub-satellite East longitude (deg)

205–210
R*6.6

-
Sub-satellite North latitude (deg)

211–216
R*6.8
Attitude parameters in mean of 1950.0–

-
Epoch time of attitude parameters (MJD)

217–222–

R*6.8

-
Angle between z-axis and satellite–


Spin axis projected on yz-plane  αγ (rad)

223–228
R*6.15

-
Change-rate of ((  (rad/sec)

229–234
R*6.11

-
Angle between satellite spin axis and yz-plane (( (rad)

235–240
R*6.15

-
Change-rate of δ( (rad/see)

241–246
R*6.8

-
Daily mean of satellite spin rate (rpm)

247–756

Spares

257‑896

Attitude prediction data sub-blocks 1 through 10
(10 similar attitude prediction data sub-blocks are repeated - for details see Table IV‑C.5)

897‑2944

Orbit prediction data sub-blocks 1 through 8–
(8 similar orbit prediction data sub-blocks are repeated - for details see Table IV-C.6)

2945‑2950
R*6.8
Time of the first attitude prediction data (MJD)

2951–2956
R*6.8
Time of the last attitude prediction data (MJD)

2957–2962
R*6.8
Interval time of attitude prediction data (MJD)

2963–2964
I*2
Number of attitude prediction data

2965–2970
R*6.8
Time of the first orbit prediction data (MJD)

2971–2976
R*6.8
Time of the last orbit prediction data (MJD)

2977–2987
R*6.8
Interval time of orbit prediction data (MJD)

2983–2984
I*2
Number of orbit prediction data

2985–3200

Spares

TABLE IV-C.5

Contents of attitude prediction data sub-block (64 words)

(Position means a relative address in the block)
Position (word)
Type
Contents

1-6
R*6.8
Prediction time (UTC represented in MJD)

7-12
BCD*6
Anno Domini represented by BCD
  (YYMMDDHHmmSS; Year, Month, Day, Hour, Minute, Second)

13-18-
R*6.8
Angle between z-axis and satellite spin axis projected on yz-plane in mean of 1950.0 coordinates (rad)

19-24
R*6.11
Angle between satellite spin axis and yz-plane in mean of 1950.0 coordinates (rad)

25-30
R*6.8
Dihedral angle between the Sun and the Earth measured clockwise seeing from North (rad)

31-36
R*6.8
Spin rate: spin speed of satellite (rpm)

37-42
R*6.8
Right ascension of satellite spin axis in the satellite orbit plane coordinate system (rad)

43-48
R*6.8
Declination and otherwise same as above

49-64

Spares

TABLE IV-C.6

Contents of orbit prediction data sub-block (256 words)
(Position means a relative address in the block)
Position (word)
Type
Contents

1-6
R*6.8
Prediction time (UTC represented in MJD)

7-12
BCD*6
Anno Domini represented by BCD
  (YYMMDDHHmmSS; Year, Month, Day, Hour, Minute, Second)

13-18
R*6.6
X component of satellite position in mean of 1950.0 coordinates (m)

19-24
R*6.6
Y component of satellite position in mean of 1950.0 coordinates (m)

25-30
R*6.6
Z component of satellite position in mean of 1950.0 coordinates (m)

31-36
R*6.8
X component of satellite velocity in mean of 1950.0 coordinates (m/s)

37-42
R*6.8
Y component of satellite velocity in mean of 1950.0 coordinates (m/s)

43-48
R*6.8
Z component of satellite velocity in mean of 1950.0 coordinates (m/s)

49-54
R*6.6
X component of satellite position in the Earth-fixed coordinates (m)

55-60
R*6.6
Y component of satellite position in the Earth-fixed coordinates (m)

61-66
R*6.6
Z component of satellite position in the Earth-fixed coordinates (m)

67-72
R*6.10
X component of satellite velocity in the Earth-fixed coordinates (m/s)

73-78
R*6.10
Y component of satellite velocity in the Earth-fixed coordinates (m/s)

79–84
R*6.10
Z component of satellite velocity in the Earth-fixed coordinates (m/s)

85–90
R*6.8
Greenwich sidereal time in true of date coordinates (deg)

91–96
R*6.8
Right ascension from the satellite to the Sun in mean of 1950.0 coordinates (deg)

97–107
R*6.8
Declination from the satellite to the Sun in mean of 1950.0 coordinates (deg)

103–108
R*6.8
Right ascension from the satellite to the Sun in the Earth-fixed coordinates (deg)

109–114
R*6.8
Declination from the satellite to the Sun in the Earth-fixed coordinates (deg)

115–128

Spares


129–134
135–140
141–146
147–152
153–158
159–164
165–170
171–176
177–182

R.6.12
R.6.14
R.6.14
R,6.14
R.6.12
R.6.16
R.6.12
R.6.16
R.6.12
Element of nutation and precession matrix
  – row 1 and column 1
  – row 2 and column 1
  – row 3 and column 1
  – row 1 and column 2
  – row 2 and column 2
  – row 3 and column 2
  – row 1 and column 3
  – row 2 and column 3
  – row 3 and column 3

183–188
R*6.8
Sub-satellite point: North latitude (deg)

189–194
R*6.8
Sub-satellite point: East longitude (deg)

195–200
R*6.6
Height of the satellite above the Earth surface (m)

201–256

Spares

TABLE IV-C.7

Calibration data block (6400 words)
Position (word)
Type
Contents

1-4
I*4
Calibration information ID

5-10
BCD*6
Data generated date (YYYYMMDDHHmm)

11
I*1
Sensor selection :  1-primary  2-redundancy

12-56
I*1
(
  Factor to calculate IR radiance

  <expression>
  C = 255-C’+C0
      n
  C =    ( (i Vi = (1 + ... + (6V6
      I=0
  R = (V-V0) / G
    C' : level of S-VISSR
    C  : level (0-255)
    V  : voltage (V)
    R  : radiance (W / cm2  sr (m)


R*4.6
(0



R*4.6
(1



R*4.6
(2



R*4.6
(3



R*4.6
(4



R*4.6
(5



R*4.6
(6



R*4.6
G



R*4.6
V0



R*4.6
C0



R*4.6
Spare


57-101

same as above, but IR2

102-146

same as above, but IR3

147-256

Spare

257-512
R*4.6 x 64
VIS1

VIS level-albedo conversion table






257-260 R*4.6 albedo of 0 level
261-264 R*4.6 albedo of 1 level
265-268 R*4.6 albedo of 2 level

.
.
.

.
.
.

.
.
.

.
.
.

.
.
.
509-512 R*4.6 albedo of 63 level

513-768
R*4.6 x 64
same above, but VIS2
same as above but position

769-1024
R*4.6 x 64
same above, but VIS3
same as above but position

1025-1280
R*4.6 x 64
same above, but VIS4
same as above but position

1281-2304
R*4.3 x 256
IR1

IR level-temperature
conversion table





1281-1284 R*4.3 temperature of 0 level (K)

1285-1288 R*4.3 temperature of 1 level (K)
1289-1292 R*4.3 temperature of 2 level (K)
2301-2304 R*4.3 temperature of 255 level (K)

.
.
.

.
.
.

.
.
.

.
.
.

.
.
.
2301-2304 R*4.3 temperature of 255 level (K)

2305-3328
R*4.3 x 256
same above, but IR2
same as above but position

3329-4352
R*4.3 x 256
same above, but WV
same as above but position

4354-6400

Spares

2.2.2
Infrared image data sectors


Each IR data sector consists of two words (16 bits) of sector ID code, 2,291 words of IR image data, 16 bits of CRC code and 2,048 bits of filler.


The first IR sector contains the observed image data at 10.511.5 m.  The second IR sector contains image data at 11.512.5 m and the third IR sector contains image data at 6.57.0 m. Each IR sector contains 2,291 pixels of image data derived from one VISSR scan.  Each pixel of data is thermally calibrated and represented in an eight-bit word.  It corresponds to the VISSR Instantaneous Field of View (IFOV) for 140 rad sampling with the resolution of 5 km around the SSP.


[IR sector code]
Each IR data sector consists of two words (16 bits) and is used to identify the IR sectors.  The following list shows the code assignments.


Sector
Word 1
Word 2


IR1 (10.511.5 m)
0001 0001
0001 0001


IR2 (11.512.5 m)
0010 0010
0010 0010


IR3 ( 6.57.0 m)
0100 0100
0100 0100

2.2.3
Visible image data sectors

Each visible (VIS) image data sector consists of two words (12 bits) of sector ID code, 9,164 words of VIS image data, 16 bits of CRC code and 2,048 bits of filler.


The four VIS sectors contain the observed image data of the four visible detectors from one VISSR scan.  Each sector contains 9 164 pixels of data and is represented in a six-bit word.  It corresponds to the visible IFOV for 35 rad sampling with the resolution of 1.25 km at the SSP.


[VIS sector ID code]
This code consists of two words (12 bits) and is used to identify the VIS sectors.  The following list shows the code assignments.


Sector
Word 1
Word 2


VIS1
011 011
011 011


VIS2
101 101
101 101


VIS3
110 110
110 110


VlS4
111 111
111 111

2.2.4
CRC CODE

The Cyclic Redundancy Check (CRC) code contains 16 bits and its operational polynomial is as follows:
G(X) = X16 + X12 + X5 + 1

2.2.5
FILLER

The filler is a series of dummy bits and is filled with logic zeros. It contains 2 048 bits and is able to provide buffering time of approximately 3 msec for data processing in a computer.

2.3
Dummy data


S-VISSR data are transmitted sharing time with the raw VISSR transmission during one satellite spin.


Time available for relaying the S-VISSR signal and raw VISSR signal varies around 600 msec in proportion to satellite spin rate, which will be maintained within 100±1 RPM.  Accordingly, transmission time of S-VISSR data (SYNC code and information sectors) is fixed as 500 msec (329 872 bits/660 Kbps). Otherwise, dummy data are transmitted during the rest period of one satellite spin (approximately 100 msec). Dummy data will be interrupted by transmission of raw VISSR signal for approx. 42 msec.  These data are filled with all logic 0 bits.

3.
Coding scheme

The transmitted S-VISSR data is modulated by two stages of coding in order to distribute more equally the RF signal spectrum and to maintain sync-lock of the user's demodulator.


As the original data can contain varying lengths of logic zeros or logic ones, it would cause false synchronization of the demodulator.

3.1
Byte complementing

The first stage of coding begins at the beginning of the information sectors.  The contents of every other eight bits (even bytes) are complemented and this process continues up to just before the commencement of SYNC code. Note the SYNC code is not complemented.

3.2
PN scrambling

The second stage of coding involves the output bit stream from the SYNC code generator described in section 2.1.


The bit stream from the byte complementing process and the output of the PN code generator enter all Exclusive-OR gate.  Resulting output is transmitted through the S-VISSR PSK modulator at the CDA station for transmission by GMS.


For unscrambling the incoming bit stream at user stations, the incoming bit stream and the output of the local PN code generator shall be passed through an Exclusive-OR gate.

4.
CalIbration


Calibration Information block is prepared for the more accurate calibration.  Three IR calibration tables (IR1, IR2, IR3) in the block enable users to refer temperatures to the same quality as DPC processing.  Furthermore, an equivalent energy value, i.e., IR radiation, can be estimated by using coefficient tables for IR radiance in the block.  Table IV-C.8 shows nominal level to temperature relation of the GMS-5 IR image. VIS calibration tables in the block are all the same as the fixed calibration table at GMS-4 system (see Table IV-C.9).

5.
Navigation (image mapping)


Earth location in the S-VISSR image frame changes according to the orbit and attitude variation of GMS for each observation. Image mapping procedure is necessary to obtain correct location of S-VISSR image data. Two mapping methods are prepared for the users.

(a)
Ordinary mapping method

This method needs the information of satellite’s orbit and attitude to be included in the S-VISSR data "orbit and attitude information block".  In this block, orbit and attitude data are calculated at the epoch time and are predicted for the time around the observation.  Users are able to obtain the accurate mapping matrices from these parameters.


Detail of this method is explained in Annex IV-E.

(b)
Simplified mapping method


For the users having a small-size processing system, another method is useful.  The simplified mapping method uses the information included in the "simplified mapping blocks 1 and 2".  Users are able to obtain the mapping matrix easily by referring to the results of transformation of 5° x 5° grid points.

TABLE IV-C.8

Level-temperature conversion table for IR-1 data
Level  Temperature
Level  Temperature
Level  Temperature
Level  Temperature
Level  Temperature

 255
130.00

 254
130.00

 253
130.00

 252
130.00

 251
130.00

 250
130.00

 249
130.00

 248
130.00

 247
130.00

 246
130.00

 245
130.00

 244
130.00

 243
130.00

 242
130.00

 241
134.19

 240
147.65

 239
155.73

 238
161.75

 237
166.62

 236
170.77

 235
174.40

 234
177.64

 233
180.47

 232
183.18

 231
185.70

 230
188.05
 229
190.26

 228
192.35
 227
194.33

 226
196.22

 225
198.03

 224
199.76
 223
201.42

 222
203.02


 203
226.35

 202
227.33

 201
228.30

 200
229.26

 199
230.20

 198
231.12

 197
232.03

 196
232.93

 195
233.81

 194
234.68

 193
235.54

 192
236.39
 191
237.23

 190
238.06

 189
238.87

 188
239.68

 187
240.48

 186
241.27

 185
242.05

 184
242.82

 183
243.58

 182
244.33

 181
245.08

 180
245.81

 179
246.54

178 247.26

 177
247.98

 176
248.69

 175
249.39

 174
250.08

 173
250.77

 172
251.46

 171
252.13

 170
252.80


 151
264.56

 150
265.13

 149
265.70

 148
266.27

 147
266.83

 146
267.39

 145
267.95

 144
268.50

 143
269.05

 142
269.60

 141
270.14

 140
270.68

 139
271.21

 138
271.75

 137
272.28

 136
272.80

 135
273.33

 134
273.85

 133
274.37

 132
274.88

 131
275.39

 130
275.90

 129
276.41

 128
276.92
 127
277.42

 126
277.92
 125
278.41

 124
278.91

 123
279.40

 122
279.89

 121
280.37

 120
280.86

 119
281.34

 118
281.82
  99
290.53
  98
290.97

  97
291.41
  96
291.84

  95
292.28

  94
292.71

  93
293.14

  92
293.57

  91
293.99

  90
294.42

  89
294.84

  88
295.27

  87
295.69

  86
296.11

  85
296.52

  84
296.94

  83
297.36

  82
297.77

  81
298.18

  80
298.59

  79
299.00

  78
299.41

  77
299.81

  76
300.22

  75
300.62

  74
301.02
  73
301.42

  72
301.82

  71
302.22

  70
302.62

  69
303.01

  68
303.41

  67
303.80

  66
304.19


  47
311.40

  46
311.77

  45
312.14

  44
312.51

  43
312.87

  42
313.24

  41
313.60

  40
313.96

  39
314.32

  38
314.68

  37
315.04

  33
315.40

  35
315.76

  34
316.12
  33
316.47

  32
316.83
  31
317.18

  30
317.53
  29
317.88

  28
318.24

  27
318.59

  26
318.94

  25
319.28

  24
319.63

  23
319.98

22 320.32

21
320.67

  20
321.01

  19
321.36

  18
321.70

  17
322.04

  16
322.38

  15
322.72

  14
323.06

 221
204.57

 220
206.07

 219
207.52

 218
208.92

 217
210.29

 216
211.62

 215
212.91

 214
214.17

 213
215.40

 212
216.60

 211
217.78

 210
218.92

 209
220.05

 208
221.15

 207
222.23

 206
223.29

 205
224.33

 204
225.35
169
253.47

 168
254.12

 167
254.78

 166
255.42

 165
256.07

 164
256.70

 163
257.33

 162
257.96

 161
258.58

 160
259.20
 159
259.81

 158
260.42

 157
261.03

 156
261.62

 155
262.22

 154
262.81

 153
263.40

 152
263.98
 117
282.30

 116
282.77

 115
283.24

 114
283.71

 113
284.18

 112
284.65

 111
285.11

 110
285.58

 109
286.04

 108
286.49

 107
286.95

 106
287.40

 105
287.86

 104
288.31

 103
288.75

 102
289.20

 101
289.65

 100
290.09
  65
304.58

  64
304.97
  63
305.36

  62
305.74

  61
306.13

  60
306.51

  59
306.90

  58
307.28

  57
307.66

  56
308.04

  55
308.42

  54
308.79

  53
309.17

  52
309.54

  51
309.92

  50
310.29

  49
310.66

  48
311.03
  13
323.40

  12
323.74

  11
324.07

  10
324.41

   9
324.74

   8
325.08

   7
325.41

   6
325.75

   5
326.08

   4
326.41

   3
326.74

   2
327.07

   1
327.40

   0
327.73

Level-temperature conversion table for IR-2 data
Level  Temperature
Level  Temperature
Level  Temperature
Level  Temperature
Level  Temperature

 255    130.00

 254    130.00

 253    130.00

 252    130.00

 251    130.00

 250    130.00

 249    130.00

 248    130.00

 247    130.00

 246    130.00

 245    130.00

 244    130.00

 243    130.00

 242    130.00

 241    130.00

 240    135.12

 239    146.04

 238    153.34

 237    158.97

 236    163.62

 235    167.63

 234    171.18

 233    174.38

232 177.30

 231    180.00

 230    182.50

 229    184.86

 228    187.08

 227    189.18

 226    191.17

 225    193.08
 224    194.91
 223    196.66
 203    222.84

 202    223.88

 201    224.90

 200    225.90

 199    226.88

 198    227.85

 197    228.81

 196    229.75

 195    230.68

 194    231.60

 193    232.50

 192    233.39
 191    234.27

 190    235.14

 189    236.00

 188    236.85

 187    237.69

 186    238.52

 185    239.34

 184    240.15

 183    240.95

 182    241.74

181 242.53

180    243.30

 179    244.07

 178    244.83

 177    245.59
 176    246.33

 175    247.07

 174    247.80

 173    248.53

 172    249.25

 171    249.96
 151    263.09

 150    263.70

 149    264.31

 148    264.91

 147    265.50

 146    266.10

 145    266.69

 144    267.27

 143    267.85

 142    268.43

 141    269.01

 140    269.58

 139    270.15

 138    270.71

 137    271.28

 136    271.84

 135    272.39

 134    272.94

 133    273.50

 132    274.04

 131    274.59

 130    275.13

 129    275.67

 128    276.20
 127    276.74

 126    277.27

 125    277.79

 124    278.32

 123    278.84

 122    279.36

 121    279.88

 120    280.39

 119    280.91
  99    290.70

  98    291.17

  97    291.64

  96    292.10
  95    292.57

  94    293.03

  93    293.49

  92    293.95

  91    294.40

  90    294.86

  89    295.31

  88    295.76

  87    296.21

  86    296.66

  85    297.11

  84    297.55

  83    298.00

  82    298.44

  81    298.88

  80    299.32

  79    299.76

  78    300.19

  77    300.63

  76    301.06
  75    301.49

  74    301.92

  73    302.35

  72    302.78

  71    303.21

  70    303.63

  69    304.05

  68    304.48

  67    304.90
  47    313.06

  46    313.46

  45    313.85

  44    314.24

  43    314.64

  42    315.03

  41    315.42

  40    315.81

  39    316.20

  38    316.59

  37    316.97

  36    317.36

  35    317.74

  34    318.13

  33    318.51

  32    318.89

  31    319.27

  30    319.65

  29    320.03

  28    320.41

  27    320.79

  26    321.17

  25    321.54

  24    321.92
  23    322.29

  22    322.66

  21    323.03

  20    323.40

  19    323.77

  18    324.14

  17    324.51

  16    324.88

  15    325.25

 222    198.35

 221    199.98

 220    201.55

 219    203.08

 218    204.55

 217    205.99

 216    207.38

 215    208.74

 214    210.06

 213    211.35

 212    212.61

 211    213.85

 210    215.05

 209    216.23

 208    217.39

 207    218.52

 206    219.63

 205    220.72

 204    221.79
 170    250.67

 169    251.37

 168    252.06

 167    252.75

 166    253.44

 165    254.12

 164    254.79

 163    255.46

 162    256.12

 161    256.77

 160    257.43
 159    258.07

 158    258.72

 157    259.36

 156    259.99

 155    260.62

 154    261.24

 153    261.86

 152    262.48
 118    281.42

 117    281.93

 116    282.43

 115    282.93

 114    283.44

 113    283.94

 112    284.43

 111    284.93

 110    285.42

 109    285.91

 108    286.40

 107    286.88

 106    287.37

 105    287.85

 104    288.33

 103    288.81

 102    289.28

 101    289.76

 100    290.23
  66    305.32

  65    305.74

  64    306.15
  63    306.57

  62    306.98

  61    307.40

  60    307.81

  59    308.22

  58    308.63

  57    309.04

  56    309.45

  55    309.85

  54    310.26

  53    310.66

  52    311.06

  51    311.46

  50    311.86

  49    312.26

  48    312.66
  14    325.61

  13    325.98

  12    326.34

  11    326.71

  10    327.07

   9    327.43

   8    327.79

   7    328.15

   6    328.51

   5    328.87

   4    329.23

   3    329.58

   2    329.94

   1    330.30

   0    330.65

Level-temperature conversion table for IR-3 data
Level Temperature
Level Temperature
Level Temperature
Level Temperature
Level Temperature

 255    170.00

 254    170.00

 253    170.00

 252    170.00

 251    170.00

 250    170.00

 249    170.00

 248    170.00

 247    170.00

 246    170.00

 245    170.00

 244    170.00

 243    170.00

 242    175.70

 241    186.71

 240    193.76

 239    199.14

 238    203.52

 237    207.24

 236    210.49

 235    213.40

 234    216.03

233 218.43

 232    220.66

 231    222.72

 230    224.65

 229    226.48

 228    228.20

 227    229.84

 226    231.40

 225    232.89


 203    255.91

 202    256.69

 201    257.46

 200    258.22

 199    258.96

 198    259.69

 197    260.41

 196    261.12

 195    261.81

 194    262.50

 193    263.17

 192    263.84
 191    264.49

 190    265.14

 189    265.77

 188    266.40

 187    267.02

 186    267.63

 185    268.24

 184    268.83

 183    269.42

 182    270.00

181 270.58

 180    271.14

 179    271.70

 178    272.26

 177    272.81

 176    273.35

 175    273.88

 174    274.41

 173    274.94


 151    285.29

 150    285.72

 149    286.14

 148    286.56

 147    286.98

 146    287.39

 145    287.80

 144    288.21

 143    288.61

 142    289.01

 141    289.41

 140    289.80

 139    290.20

 138    290.59

 137    290.97

 136    291.36

 135    291.74

 134    292.12

 133    292.50

 132    292.87

 131    293.24

 130    293.61

129 293.98

 130    294.34

 127    294.71

 126    295.07

 125    295.43

 124    295.78

 123    296.14

 122    296.49

 121    296.84


  99    304.06

  98    304.37

  97    304.68

  96    304.99
  95    305.29

  94    305.59

  93    305.90

  92    306.20

  91    306.49

  90    306.79

  89    307.09

  88    307.38

  87    307.68

  86    307.97

  85    308.26

  84    308.55

  83    308.84

  82    309.12

  81    309.41

  80    309.70

  79    309.98

  78    310.26

77 310.54

  76    310.82

  75    311.10

  74    311.38

  73    311.65

  72    311.93

  71    312.20

  70    312.48

  69    312.75


  47    318.47

  46    318.72

  45    318.97

  44    319.21

  43    319.46

  42    319.71

  41    319.95

  40    320.19

  39    320.44

  38    320.68

  37    320.92

  36    321.16

  35    321.40

  34    321.64

  33    321.88

  32    322.12
  31    322.35

  30    322.59

  29    322.83

  28    323.06

  27    323.29

  26    323.53

25 323.76

  24    323.99

  23    324.22

  22    324.45

  21    324.68

  20    324.91

  19    325.14

  18    325.36

  17    325.59



 224    234.32
 223    235.69

 222    237.01

 221    238.28

 220    239.51

 219    240.69

 218    241.84

 217    242.96

 216    244.04

 215    245.09

 214    246.11

 213    247.11

 212    248.08

 211    249.03

 210    249.96

 209    250.86

 208    251.75

 207    252.61

 206    253.46

 205    254.29

 204    255.11
 172    275.46

 171    275.97

 170    276.48

 169    276.98

 168    277.48

 167    277.97

 166    278.46

 165    278.95

 164    279.43

 163    279.90

 162    280.37

 161    280.84

 160    281.30
 159    281.76

 158    282.22

 157    282.67

 156    283.11

 155    283.56

 154    284.00

 153    284.43

 152    284.86
 120    297.18

 119    297.53

 118    297.87

 117    298.22

 116    298.56

 115    298.89

 114    299.23

 113    299.56

 112    299.90

 111    300.23

 110    300.56

 109    300.88

 108    301.21

 107    301.53

 106    301.85

 105    302.17

 104    302.49

 103    302.81

 102    303.13

 101    303.44

 100    303.75
  68    313.02

  67    313.29

  66    313.56

  65    313.82

  64    314.09
  63    314.36

  62    314.62

  61    314.88

  60    315.15

  59    315.41

  58    315.67

  57    315.93

  56    316.18

  55    316.44

  54    316.70

  53    316.95

  52    317.21

  51    317.46

  50    317.72

  49    317.97

  48    318.22
  16    325.82

  15    326.04

  14    326.27

  13    326.49

  12    326.71

  11    326.94

  10    327.16

   9    327.38

   8    327.60

   7    327.82

   6    328.04

   5    328.26

   4    328.48

   3    328.69

   2    328.91

   1    329.13

   0    329.34

TABLE IV-C.9

Level-albedo conversion table for S-VISSR data
Level  Albedo
Level  Albedo
Level  Albedo
Level  Albedo
Level  Albedo

   0   0.000000
   1   0.000252
   2   0.001008
   3   0.002268
   4   0.004031
   5   0.006299
   6   0.009070
   7   0.012346
   8   0.016125
   9   0.020408
  10   0.025195
  11   0.030486
  12   0.036281
  13   0.042580
  14   0.049383
 15   0.056689

 16   0.064500
 17   0.072814
 18   0.081633
 19   0.090955
 20   0.100781
 21   0.111111
 22   0.121945

 23   0.133283

 24   0.145125

 25   0.157470
 26   0.170320
 27   0.183673

 28   0.197531

 29   0.211892

 30   0.226757

 31   0.242126

 32   0.258000

 33   0.274376
 34   0.291257
 35   0.308642
 36   0.326531
 37   0.344923
 38   0.363820
 39   0.383220
 40   0.403124
 41   0.423532
 42   0.444444
 43   0.465860
 44   0.487780
 45   0.510204
 46   0.533132
 47   0.556563

 48   0.580499

 49   0.604938

 50   0.629882

 51   0.655329
 52   0.681280

 53   0.707735

 54   0.734694

 55   0.762157

 56   0.790123

 57   0.818594

 58   0.847569

 59   0.877047

 60   0.907029

 61   0.937516

 62   0.968506

 63   1.000000

Note for the types of S-VISSR data used in tables C-1, 2, 3, 4, 5, 6 and 7.

(1) R*n.m:
The value is expressed by n-words (n*8-bits) binary number, the first bit (MSB) defines the sign of it; "0" means plus and "1" means minus.  The number m means that the binary number should be multiplied by 10–m to obtain the value.

Example:


MSB
LSB

  R*4.0; 00000000 00000000 00000111 10110101 = 1 973

  R*4.2; 00000000 00000000 00000111 10110101 = 1 973*10-2 = 19.73

  R*4.5; 10000000 00000000 00000111 10110101 = -1 973*10-5 = 0.01973


MSB
LSB

  R*2.0: 10101101 10011100
= -11 676
(2) I*n:
The value is expressed by n-words (n*8-bits) binary integer.  The first bit (MSB) defines the sign of binary integer; "0" means plus and "1" means minus.  In the case of a negative number, the other bits show the complementary number that is added to 1.

Example :

MSB
LSB

 I*2; 00101101 10011100 = 11 676

 I*2; 10101101 10011100 = (-1)*(complementary number added to 1)

0101101 10011100

-)
1

0101101 10011011


complement number
1010010 01100100

= (-1)*(1010010 01100100)

= -42 184

(3) BCD*n:The value is expressed by n-words (n*8-bits) with 4-bits binary coded decimals.

Example:


  MSB
LSB


BCD*2; 1001 0111 0110 0101 = 9 765
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ANNEX IV-D

Figure IV-D 1 - Normal operation schedule

In the eclipse operation period the schedule from 13 to 17 UTC is changed as follows.

In the solar-interference period in the spring the schedule from 02 to 04 UTC is changed as follows.

In the solar-interference period in the autumn the schedule from 02 to 04 UTC is changed as follows.


Special typhoon observations are occasionally carried out from 03 to 05 UTC as follows.

In the case of the system maintenance the schedule from 01 to 03 UTC is changed as follows.

Notes

GMS observation data are not available in the following periods.

: Suspension of observations in the eclipse operation period

: Suspension of observations in the solar-interference operation

: VISSR observation for wind estimation in the typhoon area

: System maintenance

Figure IV-D.2 - Special operation schedule

ANNEX IV-E

The Mapping Method of S-VISSR DATA
1.
Introduction

Image mapping is used to process Visible and Infrared Spin Scan Radiometer (VISSR) image data, i.e., each pixel of the VISSR image data must correspond to its respective position on earth, thus making it necessary to transform between geodetic and VISSR frame coordinates.  Coordinate transformation allows converting the geodetic coordinates (latitude, longitude, and height) to VISSR frame coordinates (line, pixel) and vice versa. This annex describes a coordinate transformation method that uses orbit and attitude prediction data to determine the position on the earth, which corresponds to a VISSR image pixel.  It can also be used conversely to determine the VISSR image pixel, which corresponds to a position on earth.


Another significant feature of the presented transformation method is that it calculates important information which can be utilized in other digital processing techniques, e.g., infrared (IR) digital image processing requires the satellite zenith distance, and visible (VIS) digital image processing uses the sun zenith distance, distance to the sun, and sun glint information. This information can easily be supplied because the positions of the sun, satellite, and earth reference point are all calculated with this coordinate transformation process.


The applicable theory and sample coordinate transformation programs are presented.  These programmes were designed for a small-scale computer system which can utilize VISSR archive data that are stored at the Meteorological Satellite Center (MSC), and also Stretched-VISSR (and HiRID: High Resolution Imager Data) data that are disseminated via satellite. This annex is the latest version of "A Mapping Method for VISSR Data" (Kigawa: 1991, Meteorological Satellite Center Technical Note, No.23).

2.
Coordinate Transformation Theory


All parameters used for the VISSR image coordinate transformation are defined in Table IV-E.1, whereas Figures IV-E.1-1 to 1-4 show applicable transformation flow charts.

The transformation consists of three stages: (1) the transformation from geodetic to VISSR coordinates, (2) the transformation from VISSR to the geodetic coordinates, and (3) the subsequent computation of information required for digital image processing.  The information necessary for digital image processing are the sun and satellite zenith distances, sun and satellite azimuth angles, distances to the sun and satellite, satellite-sun digression, and sun glint data.  The transformation from the geodetic to the VISSR coordinates (Figure IV-E.1-2) necessitates an iterative calculation because the scanning time corresponding to a point on the earth is unknown.

2.1
Geodetic to Earth-fixed Transformation 


The transformation from geodetic (, , h) to earth-fixed coordinates (X e, Ye, Z e) is given by 


X e
= (R N + h) cos  cos (

Ye
= (R N + h) cos ( sin (
(1)


Z e
= {R N (1 - e 2 ) + h} sin (
where



RN =
(2)


(:
geodetic latitude, with north (+) and south (-)


(:
longitude, with east (+) and west (-)


h:
height

with flattening of the earth f being related to eccentricity e by the below relation.


e 2
= 2 f - f 2
(3) 
2.2
Scanning Time


Scanning time of a picture element (I, J) is given by



t IJ=                       + t s
(4)

where t I J is the scanning time represented in Modified Julian Date (MJD), I and J are line and pixel number of the point of interest, and [  ] denotes Gauss' notation.

2.3
Satellite Position and Attitude at Scanning Time 


The orbit and attitude prediction data ( r ,  r , , X , Y, Z ,  g ,  s ,  s ) are interpolated to obtain values which correctly correspond to the scanning time. Interpolation is not necessary to determine the nutation and precession matrix [NP], thus prediction times occurring just prior to the scanning time can be employed.


Any parameter W of the orbit and attitude prediction data at time t I J is interpolated as follows,



W = W0 +           
 (t I J  t 0)
(5)

where W0, W1 are 5-min data prediction intervals, and t 1, t 0 are the prediction times represented in MJD.

2.4
Mean of 1950.0 to True of Date Transformation


The transformation from the mean of 1950.0 coordinates X M to the true of date coordinates X T is given by


X T = [ N P ] ( X M
(6) 
where  [ N P ] is the nutation and precession matrix.
2.5
True of Date to Earth-fixed Transformation

The true of date coordinates X T are transformed into the earth-fixed coordinates X E as 

X E = [ B ] (X T
(7) 
where 


cos  g   sin  g
0


[ B ] =   
sin g   cos  g
0
(8)

 
0          0
1

with  g being the true Greenwich sidereal time.

2.6
Axis Direction Unit Vectors of Satellite Angular Momentum Coordinates


Figure IV-E.2 shows the satellite's angular momentum coordinates, with the origin representing the satellite's centre of gravity, the x-axis the direction of the vector which is rotated SS' around the z-axis to obtain the  angle (SS' is the sun direction vector projected onto the z-axis vertical plane), the y-axis which is used to form a right-handed coordinate system, and the z-axis which indicates the direction of the angular momentum vector.


The x, y and z direction unit vectors of the satellite angular momentum coordinates, which are transformed into the earth-fixed coordinates, are defined as 

z-axis, S P :


sin r

S P = [ B ] ([ N P ] (
 cos r  ( sin  r
(9)


cos r ( cos  r

x-axis, S x :


S x =
sin  +     
x S P cos 
(10)


y-axis, S y :

S y = S P x S x
(11)

where SS is the vector from the satellite to the sun.


cos  s (  cos  s

SS =
cos  s (  sin  s
(12)


sin  s

2.7
View Vector

The view vector X E is directed from the satellite (X, Y, Z) to the point of interest (X e, Ye, Z e) in the earth-fixed coordinates, and is expressed as



X e  X

X E =
Ye  Y
(13)


Z e  Z

2.8
Earth-fixed to vissr Frame Transformation
Line number I and pixel number J of the point of interest in the VISSR frame coordinates are given by



 L = cos –1   
(14)



I =        
 + I C
(15)

VA = S P x XE
(16)

VB = S y x VA
(17)


 P = cos –1
(18)


T F = S P  ( V B
(19)

if  T F < 0  then   P =   P


J =

+ J C
(20)

2.9
VISSR Frame to Satellite Angular Momentum Transformation 


The vector X S is directed from the satellite to the point of interest in the satellite angular momentum coordinates, and is expressed as 



cos Q (J – J C)  –sin Q (J – J C)
0
cos P (I – I C)


X S =
sin Q (J – J C)   cos Q (J – J C)
0
[ M ]
0
(21)



0
0
1
sin P (I – I C)

where I and J are line and pixel number of the point of interest in the VISSR frame coordinates.

2.10
Satellite Angular Momentum to Earth-fixed Transformation


The satellite angular momentum coordinates X S are transformed into the earth-fixed coordinates X E as follows:



u x

X E =
u y
=  [ S ]  ( X S
(22)


u z
where


[ S ] = [ S x, S y, S P ]
(23)

2.11
View Vector to Point on the Earth


The point of interest on the earth is computed by the unit view vector X E and satellite position (X, Y, Z) in the earth-fixed coordinates.


The view vector directed from the satellite to the point of interest is


u x

X E =
u y
(24)


u z


k =

(25)

where 

a = (1 – f ) 2 (u x 2 + u y 2) + u z 2

b = (1 – f ) 2 (X u x + Y u y) + Z u z
(26)


c = (1 – f ) 2 (X 2 + Y 2 – R e 2) + Z 2

Among the two solutions for k, the smaller absolute value is employed.


If the value of  b 2 – a c  is negative, the view vector does not cross the earth surface, thus the point of interest in the earth-fixed coordinates is given by


X e
= X + k u x

Y e
= Y + k u y
(27)


Z e
= Z + k u z
2.12
Earth-fixed to Geodetic Transformation


The transformation from the earth-fixed (X e , Y e , Z e) to the geodetic coordinates (, ) is given by



 = tan –1
(28)



 = tan –1
(29)


2.13
Zenith Pointing Vector

The unit vector pointing to the zenith at subject H is given by



cos  cos 

H =

cos  sin 
(30)


sin 
where the subject is defined by the point of interest on the earth (Figure IV-E.3).

2.14
Satellite Zenith Distance 

The satellite zenith distance at the subject, Z SAT , is computed by the vector H and the vector from the subject to the satellite VSAT .


Z SAT = cos –1
(31)

2.15
Distance to the Sun

The distance from the earth to the sun is given by


A M
= 315.253° + 0.98560027° t I J

R SUN
= 1.00014 – 0.01672 cos A M – 0.00014 cos 2 A M

where t I J is the scanning time represented in MJD, and R SUN is expressed in astronomical units.
2.16
North Pointing Vector


The vector in the horizontal plane that points north at the subject N is given by following equations (Figure IV‑E.4).


 N
= 90° – 

 N
=  – 180°


 N
= 90° + 

 N
= 
if   N < –180° then   N =  N + 360°


cos  N cos  N

N =

cos  N sin  N
(35)


sin  N

2.17
Sun Zenith Distance

The sun zenith distance at the subject, Z SUN , is computed by the vector H and the vector from the subject to the sun, V SUN .



Z SUN = cos –1
(36)
2.18
Sun/Satellite Azimuth Angle


Azimuth angle A of a vector A at the subject is computed by the vector pointed to zenith H and the vector pointed north A at the subject (Figure IV-E.5). The vector A is either VSUN or VSAT .


B = N x H
(37)


C = A x H
(38)



1 = cos –1
(39)


D = B x C
(40)



2 = cos –1
(41)

and


if  2 = 0°
then  A = 360°  1

if  2 = 180°
then  A = 1
2.19
Sun Glint Angle


The sun glint angle, G (Figure IV-E.6), is defined as the angle between the vector of the sun's rays reflected at the subject and the vector from the subject to the satellite, being given by


S = cos –1
(42)



S G = H cos  S – 
x H sin  S
(43)



G = cos –1
(44)

3.
Sample ProgramMEs


Sample programmes are presented in Figure IV-E.7 which are represented in FORTRAN (FORTRAN 77), and are applicable for both VISSR archive data that is stored at the MSC and S-VISSR (and HiRID) data that is broadcast via satellite.

TABLE IV-E.1
Parameters used for coordinate transformation

(a)
Coordinate transformation parameters

t S
:
Observation start time (UTC represented in MJD)


P
:
Stepping angle along line (rad)


Q
:
Sampling angle along pixel (rad)


I C
: 
Centre line number of VISSR frame


J C
:
Centre pixel number of VISSR frame


n
:
Number of sensors


M X
:
VISSR misalignment angle around x-axis (rad)


M Y
:
VISSR misalignment angle around y-axis (rad)


M Z
:
VISSR misalignment angle around z-axis (rad)


[ M ]
:
VISSR misalignment matrix (3 x 3)


R e
:
Equatorial radius of the earth (m)


F
:
Flattening of the earth 


(b)
Attitude parameters (10 sets at 5-minute intervals)


t n
:
Prediction time (UTC represented in MJD)


 r
:
Angle between z-axis and satellite spin axis projected on yz-plane in mean of 1950.0 coordinates (rad)


 r
:
Angle between satellite spin axis and yz-plane (rad)



:
-angle (rad), i.e., angle between the sun and earth centre on the z-axis vertical plane



:
Spin rate of satellite (rpm)

(c)
Orbital parameters (8 sets at 5-minute intervals)


t n
:
Prediction time (UTC represented in MJD)


X
:
X component of satellite position in the earth-fixed coordinates (m)


Y
:
Y component of satellite position in the earth-fixed coordinates (m)


Z
:
Z component of satellite position in the earth-fixed coordinates (m)


 g
:
True Greenwich sidereal time (rad)


 S
:
Right ascension from satellite to the sun in the earth-fixed coordinates (rad)


 S
:
Declination from satellite to the sun in the earth-fixed coordinates (rad)

[N P]
:
Nutation and precession matrix (3 x 3)
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Figure IV-E.1-1 – Flow chart of coordinate transformation
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Figure IV-E.1-2 – Flow chart of transformation from geodetic to VISSR coordinates
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Figure IV-E.1-3 – Flow chart of transformation from VISSR to geodetic coordinates
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Figure IV-E.1-4 – Flow chart to calculate various transformation parameters
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Figure IV-E.2 – Satellite angular momentum coordinates
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Figure IV-E.5 – Azimuth angle calculation
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Figure IV-E.6 – Sun glint angle, i.e., the angle between the vector of the sun’s rays reflected at the subject and the vector from the subject to the satellite
C*********************************************************************************

C

C

C
+════════+
+——————+   block length :
C

C
!
s-vissr
!←–
! s-vissr data  !     9174 bytes
C

C
!
nav
!
+——————+   (fixed length)
C

C
!
data
!
 unit=10  (disk)
C

C
!
check
!
!
C

C +––––––+
!
program
!
!
C

C ! listing !←
!
<svoooo>
!
!
C

C +––––––+
+════════+
!
C
C unit=6
!
C

C
+––
+––––––––––––––––––––––––––+

C

C
!
1
!  documentation sector data /
!
C

C
!

!  ir1, ir2, ir3 data
!
C

C
!
+––––––––––––––––––––––––––+

C

C
!
2
!  vis 1 data
!
C

C
!
+––––––––––––––––––––––––––+

C

C
1 scan line
3 
! vis 2 data
!
C

C
==> 5 blocks

+––––––––––––––––––––––––––+
C

C 
!
4
!  vis 3 data
!
C

C
!
+––––––––––––––––––––––––––+

C

C
!
5
!  vis 4 data
!
C

C
+––
+––––––––––––––––––––––––––+
C

C
<———— 9174 bytes —————>
C


C

C*********************************************************************************


Program sv0000

C———————————————————————————————―
C
gms-5 s-vissr and mtsat hirid navigation
C———————————————————————————————―

integer*4 
ismt (25,25,4), jsmt (25,25,4), ix (25)/25*0/


integer*4 
jwel1/0/,jwel 2/0/, itc/0/, laedg(2), leedg(2)


real*4
wel1(100)/100*0/, wel2(100)/100*0/,


.
wel3(100)/100*0/, wel4(100)/100*0/


real*4
rinf(8)


real*8
dsct

character
csmt(2500)*1,cobat(3200)*1


character
cbuf(9174)*1, datid*2, sctid*2, cond*128, mapc*64,


.
textid*4, maptbl*100, obat*128, manam*410, spare*1459,


.
sctcd1*2, sctcd2*2, sctcd3*2, cmapc*64

equivalence   ( cbuf
(    1) 
(1:1),
datid (1:1)
)


equivalence  ( cbuf
(    3) 
(1:1),
sctid(1:1)
)


equivalence  ( cbuf
(    5) 
(1:1),
cond( 1:1)
)


equivalence  ( cbuf
( 131) 
(1:1),
mapc 1:1)
)


equivalence  ( cbuf
( 195)
(1:1),
textid(1:1)
)


equivalence  ( cbuf
( 199)
(1:1),
maptbl (1:1)
)


equivalence  ( cbuf
( 299)
(1:1),
obat (1:1)
)


equivalence  ( cbuf
( 427)
(1:1),
manam (1:1)
)


equivalence  ( cbuf
( 837)
(1:1),
spare (1:1)
)


equivalence  ( cbuf
(2296)
(1:1),
sctcd1 (1:1)
)


equivalence  ( cbuf
(4589)
(1:1),
sctcd2 (1:1)
)


equivalence  ( cbuf
(6882)
(1:1),
sctcd3 (1:1)
)

C
*open file


open unit(unit=10, access= 'direct', recl=9174, iostat=ios

if( ios.ne.0 )
go  to  9000

C
*get mapping data

do 1000 iblk=801*5,2500*5,5

C
+read s-vissr data

read (unit=10, rec=iblk, fmt='(91(100A1),74A1)', iostat=ios)  cbuf

if ( ios.ne.0 )
go to 8000

C
+documentation sector ?


if( ichar(sctid(1:1)).ne.0 .or. ichar(sctid(2:2)).ne.0 )



go to  1000

C
+set text id

itln1 = ichar ( textid (2.2)   )


+already set ?


if (  ix(itnl1+1).ne.0 )
go to  1000

C
+set simplified mapping data

cmap(1:64) = mapc(1:64)


do 1100 I1=1,100


csmt(itnl1*100+I1)(1:1) = maptbl(I1:I1)

1100
continue
C
+set orbit/attitude  data

do 1200 I2=1,128


cobat(itln*128+I2)(1:1) = obat(I2:I2)

1200
continue
C
+set text id flag

ix(itln1+1) = 1
C
+all data ?


ktln =  ix( 1)+Ix( 2)+ix( 3)+Ix( 4)+ix( 5)+ix( 6)+ix( 7)+ix( 8)


.
+ix( 9)+ix(10)+ix(11)+ix(12)+ix(13)+ix14)+ix(15)+ix(16)

.
+ix(17)+ix(18)+ix(19)+ix(20)+ix(21)+ix(22)+ix(23)+ix(24)


 
+ix(25)


if( ktln.eq.25)
go to  2000

1000 continue
C


2000 continue
C
*get simplified mapping table

call  sv0200( csmt, ismt )

C
*get orbit/attitude table

call  sv0300( cobat, jsmt )

C
*example position

rlat = 35.00


rlon = 140.00

C
*get line & pixel

call mgivsr(1,
 rpvis, rlvis,
rlon, rlat, 0.0, rinf, dsct, jr)


call mgivsr(2,
rpipr1, rlir1,
rlon, rlat, 0.0, rinf, dsct, jr)


call mgivsr(3,
rpir2, rlir2,
rlon, rlat, 0.0, rinf, dsct, jr)


call mgivsr(4,
rpww , rlww,
rlon, rlat, 0.0, rinf, dsct, jr)

C
*output line & pixel

write(6,*)
' visible  line & pixel : ',  rlvis, rpvis

write(6,*)
' ir1(ir4) line & pixel : ', rlir1, rpir1


write(6,*)
' ir2         line & pixel : ', rlir2, rpir2


write(6,*)
' wv(IR3) line & pixel : ', rlwv , rpwv
C

*close file

8000 continue

close(unit=10)


9000 continue

stop

end

subroutine  sv0100( iword, ipos, c, r4dat, r8dat )

C—    ––––––––––––––––––––––——————————————————

C
 type convert routine (R-type)
C—    ––––––––––––––––––––––——————————————————

integer*4
iword, ipos, idata

character
C(*)*1


real*4
r4dat
 
real*8
r8dat

r4dat = 0.0


r8dat = 0.do

if  ( Iword.eq.4 )  then

Idata1 = ichar (c (1)(1:1) )/128


r8dat  = dfloat ( mod (Ichar (c(1)(1:1)), 128))*2.do**(8*3)+

.
dfloat (
ichar (c(2)(1:1))          )*2.do**(8*2)+

.
dfloat (
ichar (c(3)(1:1))          )*2.do**(8*1)+

.
dfloat (
ichar (c(4)(1:1))          )


r8dat  = r8dat/10.do**ipos

if( idata1.eq.1 )  r8dat = -r8dat

r4dat  = sngl( r8dat )

  else if( 1word.eq.6 )  then

I1data1 = ichar( c(1)(1:1) )/128


r8dat  = dfloat( mod(ichar(c(1)(1:1)),128) )*2.do**(8*5)+

.
dfloat(
ichar (c(2)(1:1))      )*2.do**(8*4)+

.
dfloat(
ichar (c(3)(1:1))      )*2.do**(8*3)+

.
dfloat(
ichar (c(4)(1:1))      )*2.do**(8*2)+

.
dfloat(
ichar (c(5)(1:1))      )*2.do**(8*1)+

.
dfloat(
ichar (c(6)(1:1))      )


r8dat  = r8dat/10.do**ipos

if( Idata1.eq.1 )  r8dat = -r8dat

r4dat  = sngl( r8dat )

  endif
  return
  end
  subroutine   sv 0110( iword, c, I4dat )

C—     ––––––––––––––––––––––——————————————————C
type convert routine  ( i-type )
C—     ––––––––––––––––––––––——————————————————

integer*4  iword, I4dat

character  c(*)*1


I4dat = 0


if( Iword.eq.2 )  then

I4dat  =
ichar( c(1)(1:1) )*2**(8*1)+

.

ichar( c(2)(1:1) )

  elseif( Iword.eq.4 )  then
.
I4dat  =
ichar( c(1)(1:1) )*2**(8*3)+

.

ichar( c(2)(1:1) )*2**(8*2)+

.

ichar( c(3)(1:1) )*2**(8*1)+

.

ichar( C(4)(1:1) )

  endif
  return
  end
  subroutine  sv0200( csmt, ismt )

C———————————————————————————————―
C
simplified mapping data processing routine
C

C———————————————————————————————―

character  csmt(2500)*1


integer*4  ismt(25,25,4)


do 2100 il1=1,25


do 2200 il2=1,25



ilat   = 60-(il1-1)*5



ilon   = 80+(il2-1)*5


il3       = (il1-1)*100+(IL2-1)*4+1


iline1 = ichar(csmt(il3  )(1:1))*256+Iichar(csmt(il3+1) (1:1))


ipixel  = ichar(csmt(il3+2)(1:1))*256+ichar(csmt(il3+3) (1:1))


ismt (il2, il1, 1) = ilat

ismt (il2, il1, 2) = ilon

ismt (il2, il1, 3) = iline1


ismt (IL2, il1, 4) = ipixel
2200
continue
2100 continue
           return
           end
          subroutine   sv0300( cobat , jsmt )

C———————————————————————————————―
C   orbit and attitude data processing routine
C

C———————————————————————————————―

common /mmap1/map

integer*4
map(672,4)


character
cobat*3200


integer*4
jsmt(25,25,4)


real*4
r4dmy, reslin(4), reselm(4), rlic(4), relmfc(4), senssu(4)
.

vmis(3), ELMIS(3,3), rline(4), relmnt(4), rinf(8)


real*8
r8dmy, dspin, dtims, atit(10,33), orbt1(35,8), dsct
C


equivalence (map ( 5,1), dtims),
(map( 7,1),
reslin(1))


equivalence (map (11,1), reselm(1)),
(map(15,1),
rlic(1))


equivalence (map (19,1), reémfc(1)),
(map(27,1),
senssu(1))


equivalence (map (31,1), rline(1)), 
(map(35,1),
relmnt(1))


equivalence (map (39,1), vmis(1)),
(map(42,1),
elmis)


equivalence (map (131,1), dspin)


equivalence (map (13,3), orbt1(1,1)),
(map(13,2),
atit(1,1))

C


do 1000 i=1,4


do 1100 j=1,672


map(j,i) = 0

1100   continue
1000 continue
C


call
sv0100( 6, 8,
cobat(  1:  6), 
r4dmy    ,
dtims
)


call
sv0100( 4, 8, 
cobat(  7: 10),
reslin(1),
r8dmy
)


call
sv0100( 4, 8,
cobat( 11: 14),
reslin(2),
r8dmy
)


call
sv0100( 4, 8,
cobat( 11: 14),
reslin(3),
r8dmy
)


call
sv0100( 4, 8,
cobat( 11: 14),
reslin(4),
r8dmy
)


call
sv0100( 4,10,
cobat( 15: 18),
reselm(1),
r8dmy
)


call
sv0100( 4,10,
cobat( 19: 22),
reselm(2),
r8dmy
)


call
sv0100( 4,10,
cobat( 19: 22),
reselm(3),
r8dmy
)


call
sv0100( 4,10,
cobat( 19: 22),
reselm(4),
r8dmy
)


call
sv0100( 4, 4,
cobat( 23: 26),
rlic(1)
r8dmy
)


call
sv0100( 4, 4,
cobat( 27: 30),
rlic(2)   ,
r8dmy
)


call
sv0100( 4, 4,
cobat(111:114),
rlic(3)  ,
r8dmy
)


call
sv0100( 4, 4,
cobat(115:118),
rlic(4)  ,
r8dmy
)


call
sv0100( 4, 4,
cobat( 31: 34),
relmfC(1),
r8dmy
)


call
sv0100( 4, 4,
cobat( 35: 38),
relmfC(2),
r8dmy
)


call
sv0100( 4, 4,
cobat(119:122),
relmfC(3),
r8dmy
)


call
sv0100( 4, 4,
cobat(123:126),
relmf4),
r8dmy
)


call
sv0100( 4, 0,
cobat( 39: 42),
senssu(1),
r8dmy
)


call
sv0100( 4, 0,
cobat( 43: 46),
senssu(2),
r8dmy
)


call
sv0100( 4, 0,
cobat( 43: 46),
senssu(3),
r8dmy
)


call
sv0100( 4, 0,
cobat( 43: 46),
senssu(4),
r8dmy
)


call
sv0100( 4, 0,
cobat( 47: 50),
rline(1) ,
r8dmy
)


call
sv0100( 4, 0,
cobat( 51: 54),
rline(2) ,
r8dmy
)


call
sv0100( 4, 0,
cobat( 51: 54),
reline3) ,
r8dmy
)


call
sv0100( 4, 0,
cobat( 51: 54),
reline4) ,
r8dmy
)


call
sv0100( 4, 0,
cobat( 55: 58),
relmnt(t),
r8dmy
)


call
sv0100( 4, 0,
cobat( 59: 62),
relmntt2),
r8dmy
)


call
sv0100( 4, 0,
cobat( 59: 62),
relmnt(3),
r8dmy
)


call
sv0100( 4, 0,
cobat( 59: 62),
relmnt(4),
r8dmy
)


call
sv0100( 4,10,
cobat( 63: 66),
vmis(1)  ,
r8dmy
)


call
sv0100( 4,10,
cobat( 67: 70),
vmis(2)  
r8dmy
)


call
sv0100( 4,10,
cobat( 71: 74),
vmis(3)  ,
r8dmy
)


call
sv0100( 4, 7,
cobat( 75: 78),
elmis(1,1),
r8dmy
)


call 
sv0100( 4,10,
cobat( 79: 82),
elmis2,1),
r8dmy
)


call 
sv0100( 4,10,
cobat( 83: 86),
elmis(3,1),
r8dmy
)


call 
sv0100( 4,10,
cobat( 87: 90),
elmis(1,2),
r8dmy 
)

call 
sv0100( 4, 7,
cobat( 91: 94),
elmis(2,2),
r8dmy 
)

call 
sv0100( 4,10,
cobat( 95: 98),
elmis(3,2),
r8dmy 
)

call 
sv0100( 4,10,
cobat( 99:102),
elmis(1,3),
r8dmy 
)

call 
sv0100( 4,10,
cobat(103:106),
elmis(2,3),
r8dmy 
)

call 
sv0100( 4, 7,
cobat(107:110),
elmis(3,3),
r8dmy 
)

call
sv0100( 6, 8,
cobat(241:246),
r4dmy    ,
dspin 
)
C


do 2000 I=1,10


J = (I-1)*64+257-1


call
sv0100(6,   8, cobat( 1+j:   6+j), r4dmy,  atit (1,I))


call 
sv0100(6,   8, cobat(13+j:18+j),R4DMY, atit (3,I))


call 
sv0100(6, 11, cobat(19+j:24+j),R4DMY, atit (4,I))


call
sv0100(6,   8, cobat(25+j:30+j),R4DMY, atit (5,I))
         call  SV0100(6, 8,CYOBAT(31+J:36+J),R4DMY,ATIT(6,I))

   2000 continue
 C

       do  3000 I=1,8

         J = (I-1)*256+897-1


call
 sv0100(6, 8, cobat(     1+j:  6+j),
r4dmy, orbt1 ( 1,I))


call
sv0100(6,  6, cobat(  49+j: 54+j),
r4dmy, orbT1( 9,I))


call
sv0100(6,  6, cobat(  55+j: 60+j),
r4dmy, orbt1(10,I))


call
sv0100(6,  6, cobat(   61+j: 66+j),
r4dmy, orbt1(11,I))


call
sv0100(6,  8, cobat(  85+j: 90+j),
r4dmy, orbt1(15,I))


call 
sv0100(6,  8, cobat(103+j:108+j),
r4dmy, orbt1(18,I))


call
sv0100(6,  8, cobat(109+j:114+j),
r4dmy, orbt1(19,I))


call
sv0100(6,12, cobat(129+j:134+j),
r4dmy, orbt1(20,I))


call 
sv0100(6,14,cobat(135+j:140+j),
r4dmy, orbt1(21,I))


call
sv0100(6,14,cobat( 141+j:146+j),
r4dmy, orbt1(22,I))


call
sv0100(6,14,cobat(147+j:152+j),
r4dmy, orbt1(23,I))


call
sv0100(6,12,cobat(153+j:158+j),
r4dmy, orbt1(24,I))


call
sv0100(6,16,cobat(159+j:164+j),
r4dmy, orbt1(25,I))


call 
sv0100(6,12,cobat(165+j:170+j),
r4dmy, orbt1(26,I))


call 
sv0100(6,16,cobat(171+j:176+j),
r4dmy, orbt1(27,I))


call
sv0100(6,12,cobat(177+j:182+j),
r4dmy, orbt1(28,I))

  3000 continue

 C

       do 4100 il1=1,25

         do 4200 il2=1,25


rlat
=
float( 60-(IL1-1)*5 )


rlon
=
float( 80+(IL2-1)*5 )


call
mgivsr(2,rpix,rlin,rln,rlat,0.0,rinf,dsct,irtn)


jsmt(il2,il1,1) = nint( rlat
)

jsmt(il2,il1,2) = nint( rlon
)


jsmt(il2,il1,3) = nint( rlin 
)


jsmt(il2,il1,4) = nint( rpix
)

  4200   continue
  4100  continue
 C

       return
       end
       subroutine  mgivsr ( imode, rpix, rlin, rlon, rlat, rhgt,

      .
rinf, dsct, irtn)

 C

 C***********************************************************************************
 C***********************************************************************************

 C***********************************************************************************

 C***********************************************************************************

 C

 C
this program converts geographical coordinates (latitude,
 C
longitude, height) to vissr) image coordinates (line,  pixel) and

vice versa.

 C

 C
this program is provided by the meteorological satellite center 

of the japan meteorological agency to users of gms data
 C

 C

msc tech. note no. 23
 C

jma/msc 1991
 C

 C***********************************************************************************

 C***********************************************************************************
 C***********************************************************************************
 C***********************************************************************************

 C

 C***********************************************************************************

 C                 i/o  type
 C
imode     i   I*4   conversion mode & image kind
 C
image kind
 C

gms-4 gms-5  mtsat
 C
1,-1
vis
vis
vis
 C
2,-2
ir
ir1
ir1,ir4

 C
3,-3  --
ir2
ir2

 C
4,-4  --
wv
wv
 C
conversion mode
 C
1 to 4    (lat,lon,hgt)=>(line,pixel)

 C
-1 to -4  (lat,lon         )<=(line,pixel)

 C
rpix
i/o
r*4
pixel of point
 C
rlin
i/o
r*4
line of point
 C
rlon
i/o
r*4
longitude of point (degrees,east:+,west:-)

 C
rlat
i/o
r*4
latitude of point  (degrees,north:+,south:-)

 C
rhgt
  i
r*4
height of point (meter)

 C   rinf(8)
0
r*4
(1) satellite zenith  distance (degrees)

 C

(2) satellite azimuth angle  (degrees)

 C
(3) sun zenith distance  distance (degrees)

 C
(4) sun azimuth angle (degrees)
 C
(5) satellite sun diparture angle (degres)
 C
(6) satellite  distance (meter)

 C
(7) sun distance (kilometre)

 C
(8) sun grint angle (degrees)

 C
dsct
O
R*8
scan time (mjd)
 C
irtn
O
I*4
return code  (0=o.k.)

 C

 C!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
 C

 C   common / mmap/map (672,4)
 C

 C
1. coordinate transormation parameters segment
 C
map(1,1)-map (672,  1)

 C
2. attitude prediction data segment
map(1,2)-MAP (672,2)

 C
3. orbit prediction data 1 segment
map(1,3)-map (672,  3)

 C
4. orbit prediction data 2 segment 
map(1,4)-map (672,  4)

 C*****************************************************************************************

 C

 C!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! DEFINITION!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

       common /mmap1/map
 C


real*4
rpix, rlin, rlon, rlat, rhgt, rinf(8)


integer*4
 map(672,4), irtn
 C


real*4
eps, rio,ri,rj,rstep,rsamp,rfcl,rfcp,sens,rftl,rftp

real*4
reslin(4),reselm(4),rlic(4),relmfc(4),senssu(4),



vmis(3),elmis(3,3),rline(4),relmnt(4)


real*8
bc,beta,bs,cdr,crd,dd,dda,ddb,ddc,def,dk,dk1,dk2,


.
dlat,dlon,dpai,dspin,dtims,ea,ee,ef,en,hpai,pc,pi,ps,

.
qc,qs,rtim,tf,tl,tp,


.
sat(3),sl(3),slv(3),sp(3),ss(3),stn1(3),stn2(3),


.
sx(3),sy(3),sw1(3),sw2(3),sw3(3)


real*8
dsct,dsatz,dsata,dsunz,dsuna,dssda,dsatd,sunm,sdis,


.
dlatn,dlonn,stn3(3),dsung
 C

 C!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!! EQUIVALENCE !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!


equivalence 
(map(    5,1), dtims),
(map( 7,1),
reslin(1))


equivalence 
(map(  11,1), reselm(1)),
(map(15,1),
rlic(1))


equivalence 
(map( 19,1), relmfc(1)),
(map(27,1),
senssu(1))


equivalence 
(map(  31,1), rline(1)),
(map(35,1),
relmnt(1))


equivalence 
(map(  39,1), vmis(1)),
(map(42,1),
elmis)


equivalence 
(map(131,1), dspin)

 C

 C*****************************************************************************************

 C


pi
=
3.141592653D0


cdr
=
PI/180.D0


crd
=
180.D0/PI


hpai
=
PI/2.D0


dpai
=
PI*2.D0


ea
=
6378136.D0


ef
=
1.D0/298.257D0


eps
=
1.0

 C!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! parameter check !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!


irtn  =  0


if (abs(imode).gt.4)  irtn=1


if (abs(rlat).gt.90. .and.    imode. gt.0)  irtn=2


if (irtn.ne.0)  return
 C!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! vissr frame information set !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!


lmode 
=
abs(imode)
[3.1]


rstep
=
reslin(lmode)


rsamp
=
reselm(lmode)


rfcl
=
rlic(lmode)


rfcp
=
relmfc(lmode)


sens
=
senssu(lmode)


rftl
=
rline(lmode)+0.5


rftp
=
relmnt(lmode)+0.5

 C!!!!!!!!!!!!!!!!!!!!!!!! transformation (geographical=>vissr) !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!


if( imode.gt.0 .and. imode. lt.5 )  then

dlat 
=
dble(rlat)*cdr
[3.2]


dlon
=
dble(rlon)*cdr

ee
=
2.do*ef-ef*ef

en
=
ea/dsqrt(1.do-ee*dsin(dlat)*dsin(dlat))


stn1(1)
=
(en+dble(rhgt))*dcos(dlat)*dcos(dlon)


stn1(2)
=
(en+dble(rhgt))*dcos(dlat)*dsin(dlon)


stn1(3)
=
(en*(1.do-ee)+dble(rhgt))*dsin(dlat)

 C


rio
=
rfcl-atan(sin(sngl(dlat))/(6.610689-cos(sngl(dlat))))


.
/rstep

rtim
=
dtims+dble(rio/sens/1440.)/dspin
[3.3]

 C

  100
continue

call
mgi100(rtim,cdr,sat,sp,ss,beta)
[3.4]

 C——————————————————————————————————

call
mgI220(sp,ss,sw1)
[3.5]


call
mgI220(sw1,sp,sw2)


bc
= dcos(beta)


bs
= dsin(beta)


sw3(1)
= sw1(1)*bs+sw2(1)*bc

sw3(2)
= sw1(2)*bs+sw2(2)*bc

sw3(3)
= sw1(3)*bs+sw2(3)*bc

call
mgI200(sw3,sx)

call
mgI220(sp,sx,sy)


slv(1)
=
stni (1))-sat (1)
[3.6]


slv(2)
=
stn i(2) -sat  (2)


slv(3)
=
stni1(3)-sat(3)


call
mgi200(slv,sl)
[3.7]


call
mgi210(sp,sl,sw2)


call
mgI210(sy,sw2,sw3)


call
mgi230(sy,sw2,tp)


tf
=
sp(1)*sw3(1)+sp(2)*sw3(2)+sp(3)*sw3(3)


if (tf.lt.0.do)  tp=-tp

call   mgi230(sp,sl,tl)

 C


ri
=
sngl(hpai-tl)/rstep+rfcl-vmis(2)/rstep

rj 
=
sngl(tp)/rsamp+rfcp
      .
+vmis(3)/rsamp-sngl(hpai-tl)*tan(vmis(1))/rsamp
 C


if(abs(ri-rio).ge.eps)  then
[3.8]


rtim
=
dble(aint((ri-1.)/sens)+rj*rsamp/sngl(dpai))/

      .


(dspin*1440.do)+dtims

rio
=
ri

go to  100


endif

rlin
=
ri

rpix
=
rj

dsct
=
rtim

if(rlin.lt.o. .or. rlin.gt.rftl) irtn=4


if(rpix.lt.o .or. rpix.gt.rftp)  irtn=5

 C

 C!!!!!!!!!!!!!!!!!!!!!!!! transformation (vissr=>geographical) !!!!!!!!!!!!!!!!!!!!

       elseif(Iimode.lt.o .and. imode.gt.-5)  then
 C


rtim
=
dble(aint((rlin-1.)/sens)+rpix*rsamp/sngle(dpai))/

      .
(dspin*1440.do)+dtims
[3.9]


call  mgi100(rtim,cdr,sat,sp,ss,beta)
[3.10]


call  mgi220(sp,ss,sw1)
[3.11]


call  mgi220(sw1,sp,sw2)


bc
=
dcos(beta)


bs
=
dsin(beta)


sw3(1)
=
sw1(1)*bs+sw2(1)*bc

sw3(2)
=
sw1(2)*bs+sw2(2)*bc

sw3(3)
=
sw1(3)*bs+sw2(3)*bc

call  mg1200(sw3,sx)


call  MGI220(sp,sx,sy)


pc
=
dcos(dble(rstep*(rlin-rfcl)))
[3.12]


ps
=
dsin(dble(rstep*(rlin-rfcl)))


qc
=
dcos(dble(rsamp*(rpix-rfcp)))


qs
=
dsin(dble(rsamp*(rpix-rfcp)))


swi(1)
=
dble(elmis(1,1))*pc+dble(elmis(1,3))*ps

swi(2)
=
dble(elmis(2,1))*pc+dble(elmis(2,3))*ps

swi(3)
=
dble(elmis(3,1))*pc+dble(elmis(3,3))*ps

sw2(1)
=
qc*sw1(1)-qs*sw1(2)


sw2(2)
=
qs*sw1(1)+qc*sw1(2)


sw2(3)
=
sw1(3)


sw3(1)
=
sx(1)*sw2(1)+sy(1)*sw2(2)+sp(1)*sw2(3)
[3.13]


sw3(2)
=
sx(2)*sw2(1)+sy(2)*sw2(2)+sp(2)*sw2(3)


sw3(3)
=
sx(3)*sw2(1)+sy(3)*sw2(2)+sp(3)*sw2(3)


call  mgI200(sw3,sl)
[3.14]


def

= (1.do-ef)*(1.do-ef)


dda
=
def*(sl(1)*sl(1)+sl(2)*sl(2))+sl(3)*sl(3)


ddb
=
def*(sat(1)*sl(1)+sat(2)*sl(2))+sat(3)*sl(3)


ddc
=
def*(sat(1)*sat(1)+sat(2)*sat(2)-ea*ea)+sat(3)*sat(3)


dd
=
ddb*ddb-dda*ddc

if(dd.ge.0.do .and. dda.ne.0.do)  then

dk1
=
(-ddb+dsqrt(dd))/dda

dk2
=
(-ddb-dsqrt(dd))/dda

else

irtn
=
6


go to  9000


end if

if(dabs(dk1).le.dabs(dk2))  then

dk
=
dk1


else

dk
=
DK2


endif

stn1(1)
=
sat(1)+dk*sl(1)


stn1(2)
=
sat(2)+dk*sl(2)


stn1(3)
=
sat(3)+dk*sl(3)


dlat
=
datan(stn1(3)/(def*dsqrt(stn1(1)*stn1(1)+

      .
stn1(2)*stn1(2))))
[3.15]


if(stn1(1).ne.0.do)  then

dlon
=
datan(stn1(2)/stn1(1))


if(stn1(1).lt.0.do .and. stn1(2).ge.o.do)  dlon=dlon+pI


if(stn1(1).lt.0.do .and. stn1(2).lt.o.do)   dlon=dlon-pI


else

if(stn1(2).gt.o.do)   then

dlon=hpai


    else

dlon=-hpai

    end if

endif

rlat
=
sngl(dlat*crd)


rlon
=
sngl(dlon*crd)


dsct
=
rtim
       endif
 C

 C!!!!!!!!!!!!!!!!!!!!!!!!!!!!! transformation (zenith/azimuth !!!!!!!!!!!!!!!!!!!!!!!!!!! [3.16]


stn2(1)
=
dcos(dlat)*dcos(dlon)
[3.17]


stn2(2)
=
dcos(dlat)*dsin(dlon)


stn2(3)
=
dsin(dlat)


slv(1)
=
sat(1)-stn1(1
[3.18]


slv(2)
=
sat(2)-stn1(2)


slv(3)
=
sat(3)-stn1(3)


call  mgI200(slv,sl)

 C


call  mgI230(stn2,sl,dsatz)
[3.19]


if(dsatz.gt.hpai) irtn = 7

 C


sunm
=
315.253D0+0.985600D0*rtim
[3.20]


sunm
=
dmod(sunm,360.do)*cdr

sdis
=
(1.00014do-0.01672do*dcos(sunm)-0.00014*dcos(2.do*

      .

sunm))*1.49597870D8

 C


if(dlat.ge.0.do) then
[3.21]


dlatn
=
hpai-dlat

dlonn
=dlon-pi

if(dlonn.le.-pi)  dlonn=dlonn+dpai
       else

dlatn
=
hpai+dlat

dlonn
=
dlon
       endif

stn3(1)
=
dcos(dlatn)*dcos(dlonn)


stn3(2)
=
dcos(dlatn)*dsin(dlon)
stn3(3)
=
dsin(dlatn)


sw1(1)
=
slv(1)+SS(1)*sdis*1.d3
[3.22]


sw1(2)
=
slv(2)+SS(2)*sdis*1.d3


sw1(3)
=
slv(3)+SS(3)*sdis*1.d3


call
mgI200(sw1,sw2)
[3.23]


call
mgI230(stn2,sw2,dsunz)


call
mgI230(sl, sw 2,dssda)
[3.24]


call
mgI240(sl, stn2, stn3, dpai, dsata)
[3.25]


call
mgI240(sw2, stn2, stn3, dpai, dsuna)
[3.26]


dsatd
= dsqrt (slv(1) *slv(1)+slv(2) *slv(2)+slv(3) *slv(3))
[3.27]

 C

 C


call
mgI200(stn1,sl)
[3.28]


call
mgI230(sw2,sl,dsung)


call
mgI220(sl, sw2,sw3)


call
mgI220(sw3,sl, sw1)


wkcos=dcos(dsung)


wksin =dsin(dsung)


sw2(1)=wkcos*sl(1)-wksin*sw1(1)


sw2(2)=wkcos*sl(2)-wksin*sw1(2)


sw2(3)=wkcos*sl(3)-wksinN*sw1(3)


call  mgI230(sw2,slv,dsung)

 C


rinf(6)
=
dsngl (dsatd)


rinf(7)
=
sngl (sdis)


rinf(1)
=
sngl(dsatz*crd)


rinf(2)
=
sngl(dsata*crd)


rinf(3)
=
sngl(dsunz*crd)


rinf(4)
=
sngl(dsuna*crd)


rinf(5)
=
sngl(dssda*crd)


rinf(8)
=
sngl(dsung*crd)

 C!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! STOP/END !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

  9000
continue

return


end

subroutine  mgI100(rtim, cdr, sat, sp, ss, beta)


common  mmap1/ map

real*8
attalp, attdel, beta, cdr, delt, rtim, sitagt, sunalp, sundel,

      .
wkcos, wksin

real*8
atit(10,10), att1(3), att2(3), att3(3), npa(3,3),

      .

orbt1 (35,8), sat(3), sp(3), ss(3)


integer*4 map(672,4)

 C


equivalence  (map (13,3), orbt1(1,1))


equivalence  (map (13,2), atit(1,1))

 C


do 1000 I=1,7


if(rtim. ge. orbt1(1,I).and. rtim. lt. orbt1(1,I+1))  then

call  mgI110

      .
(I,rtim, cdr, orbt1, orbt2, sat, sitagt, sunalp, sundel, npa)
           go to  1200

         end if

  1000 continue
  1200 continue
 C


do 3000 I=1,33-1


if(rtim. ge. atit(1,I) . and. rtim. lt. atit(1,I+1))  then

delt
=
(rtim-atit(1,I))/(atit(1,I+1)-atit(1,I))


attalp
=
atit(3,I)+(atit(3,I+1)-atit(3,I))*delt

attdel
=
atit(4,I)+(atit(4,I+1)-atit(4,I))*delt

beta
=
atit(5,I)+(atit(5,I+1)-atit(5,I))*delt

if( (atit(5,I+1)-atit(5,I)).gt.0.do )


beta   = atit(5,I)+(atit(5,I+1)-atit(5,I)-360.do*cdr)*delt

go to  3001

         end if
  3000 continue

  3001 continue
 C


wkcos
=
dcos(attdel)


att1(1)
=
dsin(attdel)


att1(2)
=
wkcos       *(-dsin(attalp))


att1(3)
=
wkcos       *dcos(atalp)


att2(1)
=
npa(1,1)*att1(1)+npa(1,2)*att1(2)+npa(1,3)*att1(3)


att2(2)
=
npa(2,1)*att1(1)+npa(2,2)*att1(2)+npa(2,3)*att1(3)


att2(3)
=
npa(3,1)*att1(1)+npa(3,2)*att1(2)+npa(3,3)*att1(3)


wksin
=
dsin(sitagt)


wkcos
=
dcos(sitagt)


att3(1)
=
wkcos*att2(1)+wksin*att2(2)


att3(2)
=
wksin*att2(1)+wkcos*att2(2)


att3(3)
=
att2(3)


call  mgI200(att3,sp)

 C


wkcos
=
dcos(sundel)


ss(1)
=
wkcos       *dcos(sunalp)


ss(2)
=
wkcos       *dsin(sunalp)


ss(3)
=
dsin(sundel)

 C


return


end

subroutine  MGI110

      .
(I,rtim,cdr,orbta,orbtb,sat,sitagt,sunalp,sundel,npa)


real*8
cdr,sat(3),rtim,orbta(35,8),orbtb(35,8)


real*8
sitagt,sundel,sunalp,npa(3,3),delt

integer*4 I


if(i.ne.8)  then

delt=(rtim-orbta (1i)) /  (orbta(1,I+1)-orbta(1,I))


sat(1)
=
orbta ( 9,i +(orbta(  9,I+1)-orbta( 9,I))   *delt

sat(2)
=
orbta (10,i+(orbta(10,I+1)-orbta(10,I)) *delt

sat(3)
=
orbta (11,i+(orbta(11,I+1)-orbta(11,I))  *delt

sitagt
=
(orbta (15,i+(orbta(15,I+1)-orbta(15,I))*delt)*cdr


if (orbta(15,I+1)-orbta(15,I)).lt.0.do )

      .
sitagt  = (orbta(15,I)+(orbta(15,I+1)-orbta(15,I)+360.do)

      .

*delt)*cdr

sunalp
=
(orbta(18,I)+(orbta(18,I+1)-orbta(18,I))*delt)*cdr

if( (orbta(18,I+1)-orbta(18,I)).gt.0.do )

      .
sunalp
= (orbta(18,I)+(orbta(18,I+1)-orbta(18,I)-360.do)

      .

*delt)*cdr

sundel
=
(orbta(19,I)+(orbta(19,I+1)-orbta(19,I))*delt)*cdr

npa(1,1)
=
orbta(20,I)


npa(2,1)
=
orbta(21,I)


npa(3,1)
=
orbta(22,I)


npa(1,2)
=
orbta(23,I)


npa(2,2)
=
orbta(24,I)


npa(3,2)
=
orbta(25,I)


npa(1,3)
=
orbta(26,I)


npa(2,3)
=
orbta(27,I)


npa(3,3)
=
orbta(28,I)


end if

return

end

subroutine    mgI200(vect, vectu)


real*8  vect(3), vectu(3), rv1, rv2


rv1=vect(1)*vect(1)+vect(2)*vect(2)+vect(3)*vect(3)


if(rv1.eq.0.do)   return

rv2=dsqrt(rv1)


vectu(1)=vect(1)/rv2


vectu(2)=vect(2)/rv2


vectu(3)=vect(3)/rv2


return


end

subroutine  mgI210(va,vb,vc)


real*8  va(3),vb(3),vc(3)


vc(1)= va(2)*vb(3)-va(3)*vb(2)


vc(2)= va(3)*vb(1)-va(1)*vb(3)


vc(3)= va(1)*vb(2)-va(2)*vb(1)


return

Figure IV-E.7 (continued)


end

subroutine  mgI220(va, vb, vd)


real*8  va(3), vb(3), vc(3), vd(3)


vc(1) =  va(2)*VB(3)-va(3)*vb(2)


vc(2) =  va(3)*VB(1)-va(1)*vb(3)


vc(3) =  va(1)*VB(2)-va(2)*vb(1)


call  mgI200(vc,vd)


return

end

subroutine  mgI230(va,vb,asita)


real*8  va(3),vb(3),asita, as1, as2


as1= va(1)*vb(1)+va(2)*vb(2)+va(3)*vb(3)


as2=(va(1)*va(1)+va(2)*va(2)+va(3)*va(3))*

  .
(vb(1)*vb(1)+vb(2)*vb(2)+vb(3)*vb(3))


if(as2.eq.0.do)  return

asita=dacos(as1/dsqrt(as2))


return

end

subroutine  mgI240(va,vh,vn,dpai,azi)


real*8  va(3),vh(3),vn(3),vb(3),vc(3),vd(3),dpai,azi,dnai

call
mgI220(vn,vh,vb)


call
mgI220(va,vh,vc)


call
mgI230(vb,vc,azi)


call
mgI220(vb,vc,vd)


dnai
=
vd(1)*vh(1)+vd(2)*vh(2)+vd(3)*vh(3)


if (dnai.gt.o.do)  azi=dpai-azi

return

end
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