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ABSTRACT 

This paper presents a conceptual system design by which the requirements of the Landsat mission, or Sentinel-2, or 

potential commercial missions may be accomplished and extended.  For simplicity, I will just refer to Landsat or 

Smart Landsat (SL).  These new methods enable the Landsat system to significantly increase the quality of the 

information acquired while meeting all of the requirements of the Landsat Mission.  The key difference between the 

old and new Landsat system designs is in the data acquisition strategy.  The traditional Landsat acquires images of 

all the Earth’s surface it passes over.  This means that the vast majority of the data is redundant as most of the 

surface had not changed since the previous data acquisition.  The Smart Landsat (SL) employs active data 

acquisition rather than passive.  This means that it only acquires data from areas that are changing.  In other words, 

it acquires Information. 

Keyword List: Landsat, Sentinel-2, Earth remote sensing, Hyperspectral imaging, Multispectral imaging, Disaster 

monitoring, Information acquisition 

1. INTRODUCTION

“For over 40 years, the Landsat program has collected multi-spectral information from Earth’s surface, creating a 

historical archive unmatched in quality, detail, coverage, and length.” (quote from the Landsat web page).  During 

that time incremental improvements have been made to the Landsat system, but no fundamental breakthroughs have 

been made in achieving and enhancing the basic mission. For those 40-plus years the Landsat Program has operated 

in more or less the same manner while incrementally upgrading the instrument technology.  To significantly increase 

the capability of Landsat, the mode of operation as well as the instrument technology should be changed. 

The Landsat mission is to monitor change in the land and coastal regions of the Earth.  As the mission is to monitor 

change, the operational process should do just that.  Currently, imagery of the entire Earth is collected on a regular 

cycle.  It is left up to the researchers to pick out areas of interest, most likely areas that have changed.  The vast 

Landsat archive, along with many other sources of remotely sensed information, provide a more than adequate 

record of unchanged areas. 

2. BACKGROUND

The Smart Landsat Project (formerly called Landsat for the 21
st
 Century Project) originated from concepts described 

previously (Full Spectral Imaging, Empirical Reflectance Retrieval, and Autonomous Remote Sensing) and from the 

design of the High Spectral & Spatial Resolution Instrument (HSSRI). This design has also been incorporated into 

the design of the Global Real-time Disaster and Environmental Monitoring Satellite (GRDEMSat). 

Major improvements to the Landsat system can be achieved by incorporating existing infrastructure and currently 

available, off-the-shelf technology that will fundamentally change the way the Landsat system operates, while 

preserving all of its historical features.  A key feature of the next-generation Landsat System will be that it collects 

information rather than data. 
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3. SYSTEM OVERVIEW

Table of features of the Smart Landsat vs. the Passive Landsat 

Parameter Passive (Current) Landsat Active (Smart) Landsat Notes 

Whole earth coverage 16 days Daily 4.1 

Number of satellites 1 5 4.2 

Spectral range 0.4 to 1.4µ - 9 Bands (OLI) 0.4 to 1.7 (2.4)µ Continuous 4.3 

Spectral resolution 20 to 170 nm < 5 nm (Hyperspectral) 4.4 

Spatial resolution 10 – 30 meters < 1 meters (TDI) 4.5 

Thermal imaging Yes No 4.6 

Focal planes Two Many 4.7 

Off-nadir pointing No Yes 4.8 

Smart observation No Yes 4.9 

SNR enhancement No Yes 4.10 

Image rectification No Yes 4.11 

Reflectance retrieval Rules based AI – Machine Learning 4.12 

Data distribution File Based Earth map based 4.13 

Data downlink X & S bands X & S band + Direct Broadcast + 

Space Link, etc, 

4.14 

4. DETAILED SYSTEM DESCRIPTION

Details of the Smart Landsat (SL) – (Notes for Section 3) 

This paper contains no references as it is expected that the system design will be done by experts in their fields who 

will take advantage of the latest and best available technology and infrastructure.  There is a referral to a web site on 

the Reference section where more up-to-date information and contacts can be found.  The details described below 

are merely suggestions based on currently available of-the-shelf technology and infrastructure.  Those who are 

familiar with the concepts described below will both understand the ideas and will probably have suggestions for 

improvements. 

4.1 Whole earth coverage 

The Landsat repeat cycle is 16 days.  If an area is obscured by clouds, one must wait another 16 days for a chance to 

observe.  With 5 satellites and cross-track pointing SL can observe any place on Earth at least once per day.  With 

the Smart Observation feature, obscured areas will not be targeted.  Specialists in orbital mechanics and Earth 

observation will select the optimum altitude and placement of the satellites. 

4.2 Number of Satellites 

5 satellites plus off-nadir pointing would allow daily revisit of any place on Earth at least once per day.  It would 

also provide a level of redundancy.  The cost of 5 satellites vs. one need not be much greater than one, if the project 

is properly managed.  The specialists mentioned in point 4.1 will also be able to devise a system for planning 

observations. 

4.3 Spectral Range 

Depending on the sensor technology that is available, the spectral range of the hyperspectral system can be from 0.4 

to 1.7 microns, or with more advanced technology all the way to 2.4 microns.  As this is a hyperspectral (full 

spectral) system, the coverage is continuous.  Four broad bands, Blue, Green, Red, and Infrared, within the range of 

silicon sensors, can be used in the high spatial resolution system. 
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4.4 Spectral Resolution 

High spectral resolution of less than 5 nm is accomplished by the hyperspectral (full spectral) imaging section of the 

SL.  Several options for high spectral resolution are available including the standard distortion free dispersive 

pushbroom spectrometers.  An advantage to this technology is that replicated optics may be used, assuring 

uniformity between the systems.  To cover the spectral range multiple spectrometers may be required.  Three or four 

sets of the multiple spectrometers may be needed to cover the required swath width.  Spectral resolution of the high 

spatial resolution system is divided into Blue, Green, Red, and Infrared bands.  Dichroic beamsplitters may be used 

to separate the bands. 

4.5 Spatial Resolution 

High spatial resolution (< 1 meter) is accomplished by the multispectral imaging section of the SL.  Several options 

for the high spatial resolution system are available though the Time Delay and Integrate (TDI) pushbroom 

technology may be preferred.  Multiple cameras with four bands each (Blue, Green, Red, and Infrared) may be 

needed to cover the required swath width.  Spatial resolution of the hyperspectral imagers (see 4.3) is <10 meters 

from blue to IR.  The SWIR bands may be limited to a resolution around 30 meters due to the limitations of the 

sensor technology required. 

4.6 Thermal Imaging 

The SL does not include thermal imaging. This is best accomplished by a dedicated satellite. 

4.7 Focal Planes 

The SL has multiple focal planes to accommodate the multiple spectrometers that are required to provide high 

spectral and spatial resolution.  As the system will operate in pushbroom mode, this will optimize the use of the 

focal plane as the multiple slit apertures can be “stacked”, taking advantage of the optimal image quality at the 

center of the telescope’s focal plane.  The slits are configured so that there is only a temporal separation between 

them, which is easy to correct.  Four imaging sensors are located at corners of the focal plane to facilitate the Image 

Correlation Tracking system. 

4.8 Off-Nadir Pointing 

To accomplish one day whole Earth coverage and to enhance signal-to-noise ratios (SNR), active pointing is 

employed.  The spacecraft can be rolled cross-track to observe targets off nadir.  The spacecraft can be pitched 

along-track to effectively decrease ground track velocity to increase SNR.  The spacecraft can also be yawed to 

compensate for Earth rotation effects. 

Accurate pointing (fine adjustment of roll, pitch, and yaw) is facilitated using Image Correlation Tracking (ICT).  

Four imaging sensors at the corners of the focal plane are used to track image motion.  The tracked images can be 

used, for example, to precisely control the pitch of the system when operating in the enhanced SNR mode. 

Large pointing movements are facilitated by spacecraft attitude adjustment, using traditional methods.  Precision 

pointing (finely controlled by the ICT) is accomplished by a hexapod or equivalent mounting of the telescope. 

Small focal length adjustments (zoom) may be done to compensate for off-axis pointing image size changes.  It is 

possible, but probably not necessary, to also correct for the keystone distortions caused by off-axis pointing. 

4.9 Smart Observation 

Using the Look Ahead capability plus auxiliary information acquired from many sources, the observation program 

of the SL can be pre-planned.  The extensive range of Earth Observation resources, both space-based and ground-

based provide more than adequate information for SL observation planning.  There is always the possibility to make 

real-time changes in the observation program should some high priority event occur. 
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4.10 SNR Enhancement 

By taking advantage of the off-nadir pointing and tracking capability, the SNR of all instruments can be increased 

by effectively reducing the ground track velocity, as discussed in point 4.8.  Adjustment and accurate control of the 

SNR enhancement system would be accomplished using the ICT system.  This will assure that the exact value of the 

image enhancement is known. 

4.11 Image Rectification 

Using the roll and yaw capabilities of SL the image distorting effects of the Earth rotation can be compensated.  It 

may be possible to make some corrections for off-axis pointing using active elements of the telescope, but this may 

not be necessary as re-sampling of the images with no loss of information can easily be done.  Inputs from the ICT 

image sensors can be used to achieve precise rectification. 

4.12 Reflectance Retrieval 

Rather than using rules-based or first principle (modeling) reflectance retrieval, SL takes advantage of the vast 

archive of Earth observation data.  Using the principles of Artificial Intelligence (AI), machine learning in particular, 

newly acquired data can be compared to previously acquired and corrected data.  This provides a very good estimate 

of absolute reflectance which can be fine-tuned using additional AI procedures.  This concept of Empirical 

Reflectance Retrieval was originally proposed as a pattern recognition exercise.  With the development of AI 

principles and improved computer technologies, this process will be relatively easy to accomplish. 

4.13 Data Distribution 

Access to SL information will be obtained using a web site similar to, or based on, the typical mapping web site 

(Google Earth, Bing Maps, etc.).  In addition to the traditional geological location capability, the SL web site will 

also have temporal selection.  This allows the user to study changes over time.  The details of the data distribution 

system will have to be determined by the entity that develops and operates the SL. 

4.14 Data Downlink 

In addition to the traditional down-link systems, and any new technologies that may be developed such as multi-

satellite worldwide Internet access systems.  SL will take maximum advantage of the direct down-link capability.  

The large number of existing ground stations can be networked to provide real-time data access.  Raw data acquired 

via the direct downlink can be uploaded to the Landsat AI processing system, corrected, and immediately returned to 

the user. 

5. END-TO-END SYSTEM DESCRIPTION

5.1 Front end 

The fore-optics would be a wide field-of-view, all reflective, telescope.  The aperture f the telescope would be 

adequate to provide the required spatial resolution.  For precision pointing the telescope could be mounted on a 

hexapod, or similar motion control device.  Designs for off-axis viewing compensation (perspective correction) 

could be investigated. 

5.2 Focal plane 

Feeds to all of the spectral selection systems will come out of slits in the focal plane.  The slits will be precisely 

“stacked” to enable precise reconstruction of the temporally separated mages.  The connection between the focal 

plane and the instruments may be done with short, coherent, fiber optic bundles.  The focal plane will also contain 

high speed, high resolution imagers at four corners of the focal plane.  These will serve the ICT guidance system. 

Proc. of SPIE Vol. 11151  1115120-4
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 17 Aug 2022
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



5.3 Spectral systems 

 

Two systems with multiple components will provide the high spectral resolution and the high spatial resolution 

images.  Hyperspectral imagers may be used as the high spectral resolution section.  TDI imagers may be used as the 

high spatial resolution system.  Care should be taken to make the multiple units as alike as possible to facilitate 

reconstruction of the temporally separated images.  The designers responsible for the individual subsystems will 

take advantage of any newly available technology. 

 

5.4 Sensors 

 

Area arrays may be used for all sensors.  Rectangular arrays may be used for the hyperspectral imagers.  Specialized 

rectangular TDI arrays may be used for the TDI imagers.  Most likely silicon based CCD or CMOS area arrays will 

be used for the blue through IR spectral regions.  For the SWIR hyperspectral imager another technology will be 

required, possibly InGaAs.  Collaboration with the device manufacturers will be needed to obtain the optimum 

devices. As with the spectral systems, the designers responsible for the individual subsystems will take advantage of 

any newly available technology. 

 

5.5 Sensor electronics 

 

Standard technologies associated with the sensors would be used.  Readout technologies associated with the various 

detector types are well established. Again, collaboration between the subsystem designers and the device 

manufacturers will be needed to obtain the optimum designs. 

 

5.6 Data formatting and storage 

 

Several options for on-board data storage are available.  As a consequence of the high SNR of the raw data, data 

compression can be employed with no significant loss of information.  Compatibility with existing data formats 

would be required.  Advanced data formatting methods that are compatible with previously acquired data should be 

examined. 

 

5.7 Data transmission 

 

All forms of data transmission and reception would be explored (see 4.14 Data Downlink).  Existing infrastructure 

would be used, including the high latitude Landsat stations and the many direct broadcast receiving stations.  If low 

Earth orbit Internet systems are available, they could be used as well.  Rapid developments in this area, including 

optical communication, are expected to provide a wealth of opportunities. 

 

5.8 Data receiving and storage 

 

The existing infrastructure would be used as much as possible.  This is both to minimize costs and to keep those 

involved in those activities employed.  The system should be designed to accommodate any new technologies that 

may become available.  Consultation with experts in these areas will be required. 

 

5.9 Data processing 

 

As in section 5.8, existing infrastructure will be used.  As entirely new procedures will be used for data processing, 

it may be necessary to supplement the existing capabilities.  Services that are already in place such as cloud 

computing and cloud data storage should be used to advantage.  The responsibility for data processing will be 

assumed by the entity that develops and operates the SL. 

 
5.10 Data distribution 
 In order to be as user-friendly as possible, the data distribution system should be based on an existing geo-referenced 

data distribution system.  The system should be web based with free access to any user.  Several features, in addition 

to the current mapping and imaging, would be required.  The ability to look through the data archive temporally is 

essential.  It should be easy for the user to find and display the datasets that are available as a function of time.  
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While the full spectral and spatial information would be available directly from the web, the user should also be able 

to download the data for a selected area of interest.  This would allow the users to apply their own data processing 

algorithms.  As in Section 5.9, the responsibility for data distribution will be assumed by the entity that develops and 

operates the SL. 

 

5.11 Spacecraft (bus) considerations 

 

The spacecraft bus would have all the usual capabilities (power, data transmission, orbital maintenance, etc.).  In 

addition, the bus should have good attitude adjustment capabilities.  The means by which this is done would have to 

be developed in cooperation with the bus manufacturer, but would most likely involve reaction wheels and magnetic 

torquers.  Fine attitude adjustments would be done with the telescope mount. 

The possibility for communication via an Earth orbiting worldwide web service should also be considered.  This 

would require zenith as well as nadir antenna locations  

 

 

6. CONCLUSIONS 
 
Following the concepts described above, supplemented by the expertise of the design team, the Smart Landsat 

System can be built, launched, and operated at a smaller cost than a copy of the current Landsat or a technologically 

modified Landsat.  The SL will have significantly greater capabilities than the current or even the currently planned 

next-generation Landsat, and can also be used for disaster monitoring.  All of the required components and 

technologies for the Project are available off-the-shelf.  The operational infrastructure is also available though some 

of it may not be currently considered as relevant to Earth remote sensing.  As mentioned previously, all concepts 

described in this paper apply to ESA’s Sentinel-2 mission, as well as to any commercial Earth remote sensing 

ventures that may be developed. 

The key to a successful mission is competent system engineering and project management.  This requires finding 

people who actually know what they are doing, whether they are in Remote Sensing or in fields not related to remote 

sensing but relevant to the SL Project.  The satellite can be built by any competent aerospace organization, of which 

there are many from which to choose. 
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