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Abstract As space development accelerates around the world, the number of satellites in orbit is
increasing rapidly, and the possibility of space threats, such as collisions between satellites due to
limited orbital resources, collisions between space debris and satellites, and the fall of satellites and
debris, is also increasing significantly. Therefore, developed countries know the space situation and are
operating or developing monitoring and management systems for space threats. In Korea, the number
of satellites is expected to increase as the space industry is promoted. Therefore, it is necessary to
recognize threats in advance and prepare preemptive and systematic response measures. This paper
establishes the concept of a space surveillance system, analyzes the development trends of domestic and
foreign space surveillance systems, and identifies the limitations of the system in operation in Korea.
The necessity of securing basic technology and development plans to establish an effective space
surveillance system is presented. These results can be used as basic data for developing related

technologies to build an effective space surveillance system.
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Fig. 1. Space Threat Factor
(a) Fall (b) Collision
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Fig. 2. Orbital Debris
(a) LEO Debris (b) GEO Debris

Table 1. Size, Amount, and Potential Risk of Orbital Debris

Size of Debris Amount in LEO Potential Risk
- |
N
&
10 cm and A )
(‘,if X At least 26,000 Catastrophic
larger i 1
1 cm and Mission-ending threat due to penetration of thermal protective systems,
Over 500,000 - . ¢ C :
larger critical infrastructure such as fuel tanks, and spacecraft cabins
Significant impact or loss of mission due to penetration of fuel tank and
1 mm and a1 . . . . . . . .
larger Over 100 million other critical infrastructure: erosion of surfaces; potential to crack windows
8 and in the case of human space flight, penetrate spacesuits
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Table 2. Space-Surveillance Mission Type

Type Details

Space surveillance and detection of objects,
cold start of a catalogue with defined coverage
requirements, maintenance of a catalogue with

given accuracy constraints

Catalogue

Collision
Avoidance

Conjunction analysis, refinement of the analysis
and screening of user provided ephemeredes

Identification of risk objects that are close to a
natural uncontrolled re-entry, prediction of
re-entry location and epoch(with uncertainty
information), refinement of the analysis in

order to achieve the required prediction
accuracy

Re-entry
Prediction
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Table 3. Space-Surveillance Mission Type

Sensor Type Characteristics Merits Demerits
- Simultaneous detecting - High price
Radar - Using RF to detect object - Wide detecting range - Short detecting range
- Regardless of weather condition - Low accuracy
- Unrestricted detecting range
. . ) - Possible to image - Narrow range
Optic Using telescope to detect object - High resolution - Influenced by weather condition
- Relatively low price
- High Accuracy
. . - Low time limitation(Day/Nignt) - Reflector needed
Laser Using laser to detect object - Relatively high detecting range - Influenced by weather condition
- Relatively low price
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Fig. 3. Tracking Radar Operated by Korea Aerospace
Research Institute
(a) Radar in Gohung (b) Radar in Jeju

Table 4. Radar Specification in Gohung

Specification Details
Frequency 5.30H~5.80H
Power 250KV
Azimuth @ 360°
Range
Elevation @ -5°~85°
Antenna Gain 43dBi
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Fig. 4. OWL-Net Observatory
(a) Korea (b) Mongol (c) Morocco (d) Israel (e) U.S.
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Table 5. Overview of Global Space Surveillance System
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Sensor

Type Name(Country)

Details

Remarks

- Frequency : 442 Wi

AN/FPS-85(U.S.) - Power : 32 Wl

- Phased Array Radar

AN/FPS-108(U.S.) - Power : 15.4

- Range : 46,000 km

- Frequency : 1.175 ~ 1.375 (Wide)/
1.215 ~ 1.250 @(Narrow)

- Phased Array Radar

AN/FPS-115(U.S.) - Power : 600 kW
- Range : 4,800 km

- Frequency : 420 ~ 440 Mk

- Phased Array Radar

AN/FPS-133(U.S.) - Power : 600 kW
- Range : 4,800 kmn

- Frequency : 216.98 Wi

- Parabolic Radar

Radar
- Frequency : S Band
AN/FSY-3(U.S.) - Power : 2.69 Wl
- Range : 5,202 kn

- Phased Array Radar

GESTRA(Germany) - Power :
- Range

256 KW
3,000 km

- Frequency @ 1.28 ~ 1.40 O

- Phased Array Radar

GRAVES(France) - Power : over IW
- Range : 1,000 km

- Frequency : 143.05 Mk

- Phased Array Radar

- Frequency : 3.265 G
Power @ 94 KV
- Range : 600 km

KAMISAIBARA(Japan)

- Phased Array Radar

MSSS(U.S.)

FOV : 0.025° ~ 3.0°

-37m/ 1.6 m/ 1.2 m telescope

Optic

GEODSS(U.S.)

FOV : 2° ~ G°

1 m / 0.38 m telescope
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