INTRODUCTION

As regional emission sources of Greenhouse Gases (GHGs) gain priority for rapid mitigation under the

Paris Agreement, microsatellites have emerged as a crucial tool for bridging gaps in global GHG monitoring

systems. Although microsatellite missions under 100 kg have demonstrated advanced capabllities in detecting
localized CO2 and CH4 emissions, the effectiveness of these systems hinges on their spatial and temporal

coverage and observation validity under diverse environmental conditions.

Factors such as solar zenith angle (SZA), viewing zenith angle (VZA), Local Zenith

surface albedo, weather, and source persistence influence their perfor-

mance. Furthermore, Imaging modes play critical roles in determining

their suitabllity for emissions monitoring at facility—to—city scales. In this

background, this study evaluates the spatial and temporal coverage

performance of microsatellite-based GHG observation systems

through numerical simulations incorporating environmental and instru-

mental conditions.

Imaging mode diagram

IMAGING MODE ANALYSIS

Due to volume and size constraints on microsatellite

platforms, optics typically have small apertures, limiting

photon flux to the sensor. This restricts the signal-to—noise
ratio (SNR) in traditional push-broom imaging. To address
this, exposure time must be increased by reducing scan
velocity relative to ground track speed—a technique known

as forward motion compensation (FMC).
Example - FMC maneuver

Imaging Mode Performance

FMC involves slewing maneuvers that induce sig-

nificant attitude changes, degrading star tracker
performance. Achieving higher SNR and longer
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exposure times requires lower FMC percentages or
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slower ground scan speeds—both of which in-

crease slewing demands.
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Scan direction with respect to the system's body coordinate also affects imaging performance, as star tracker
accuracy varies by axis. This is one of reasons why selecting an appropriate scan direction is critical. Using two

star trackers is one way to reduce sensitivity to scan direction.

Pointing MTF

81%

Marginz
1.83%
V mismatch (1/3 pixel)
95.49%

Smear (1/2 pixel)

90.03%

Relative Pointing Error (10) Drift Requirement (10)
2.45E-03 deg 115E-02 deg/sec

MTF budget allocation to pointing degradation

Jitter (1/10 pixel)

95.18%

High Freq. Stability Req,
4.90E-04 deg (10)

GLOBAL & REGIONAL COVERAGE ANALYSIS

Global Coverage Analysis for Operational Orbit Candidates

*SSO: Sun-Synchronous Orbit
LTAN: Local Time of Ascending Node

To evaluate observation characteristics (SZA, ltem Description

local time, and revisit opportunities) of candidate

operational orbits, a 3-month global simulation

97.6°

was conducted over evenly spaced latitude tar- 550 km

gets, considering both traditional SSO and 25 targets - latitudes are equally separated

mid-inclination options offered by commercial

launch providers.

Spring (5 Feb. 2027 ~ 5 May. 2027)

SSO010:30 SSO 12:00 MIO

SZA pop's for 25 targets over 3 months

from -60° ~ +60° with the same longitude

3 months each

Operational orbit and target information

Local Time during V 1I|d Jbservation | < 60 deg)
Spring

Valid visit (SZA<=60 deq)

[ SSO 10:30
N 550 12:00
| Mid-Inclined (incl. = 45 deg)

# of observations

Latitude (deg)

Local time histograms # of valid visits over latitude ranges

Modified System Completeness Metric
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Due to the relatively narrow FoV of point—source imagers on microsatellites, the time required to cover
arge areas—such as industrial complexes—is neither trivial nor intuitive and may exceed expectations.

To quantify spatial coverage capability, a system completeness metric—adapted from Jacob et al.,

2022—is used (Eg. 1).

(=1 —(1 —F'p)A(N/M) (Eq. 1)

C : Modified system completeness N: Number of observations (visit) given time window

F: Clear-sky probability
p : Source persistance rate

M: Number of images to fully cover the whole area of interest

Result - Regional Coverage Analysis using
12-Sat Multi-Orbit Constellation

Single Target
Spring (4.1 daily observations)
Cl_e.'_at sky probability 60%

~— Source persistence 100% |
Source persistence 80%
Source persistence 60%
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# of days

Single target’s completeness over days

Total # Of
Satellites

SSO & MIO 500-600 km 12

Number # of Sats SSO LTAN
of Planes per Plane or LTDN

Orbit Type Altitude

4 | |
(2 SSOs & 2 MIO) 4,2 10:30 & 13:30

Constellation Configuration

40 Targets
Spring (4.1 daily observations)
Clear sky probability 60% o

Spring 51 days 36 days 26 days

Summer 48 days 34 days 24 days
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Winter 53 days 37 days 27 days

Sys. Completeness over elapsed days Time to reach 90% of sys. completeness
(40 targets)
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