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Korea Astronomy and Space Science Institute (KASI) has developed a mobile satellite laser ranging (SLR) system called 

ARGO-M since 2008 for space geodesy research and precise orbit determination technologies using SLR with mm level 

accuracy. ARGO-M is capable of night tracking and daylight tracking for which requires spatial, spectral and time filters 

due to high background noises. In this study, characteristics and specifications of ARGO-M are discussed and its tracking 

capabilities of night and daylight tracking are analyzed for STSAT-2B and KOMPSAT-5 through link budget. Additionally 

false alarm and signal detection probabilities are also analyzed depending on spectral and time filters for daylight track-

ing for these satellites.
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1. INTRODUCTION

Satellite laser ranging (SLR) system measures the round 

trip flight time of ultra-short laser pulses to satellites to 

provide the information of the distance to satellites and 

it is the most accurate system among the systems deter-

mining orbits of satellites currently available. SLR tech-

nology was firstly applied by National Aeronautics and 

Space Administration (NASA) in 1964 to determine the 

orbit of the satellite, Beacon Explorer-B, to which a laser 

reflector was installed, and the precision of the distance 

measurement was at a meter level at that time. However, 

as it can now provide the precision level of several mil-

limeters thanks to the development of optical and elec-

tronic technologies, it is applied in various researches 

including geodesy, geophysics and resources exploration 

(Degnan 1994). Currently, there are about 40 SLR obser-

vatories in the world and about 30 satellites that have 

laser retro-reflector array (LRA) are in operation includ-

ing high-precision geodetic satellites. Since Galileo and 

Compass navigational satellites will be equipped with 

LRA for high-precision geodetic service in the future and 

the SLR system will be also applied to planet exploration 

(Neumann et al. 2006, Smith et al. 2006) as well as lunar 

probes (Zuber et al. 2010), the international demand for 

SLR is gradually increasing.

In Korea, KASI has developed mobile and stationary 

SLR systems since 2008 in order to secure the technolo-

gies for the space geodetic study, the precise distance 

measurement of millimeter level and the high-precision 

orbit determination through the laser tracking of the 

satellites with LRA. The mobile SLR system (ARGO-M), 

which will be completely developed in 2011, is the sepa-

rate optical path type that employs a 40 cm-receiving 

telescope and the laser with the repetition rate of KHz. In 

addition, it is equipped with an event timer as the time 

measurement equipment that can measure the KHz la-

ser, the compensated single photon avalanche diode 
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(C-SPAD) detector that calibrates the time-walk error, 

and the spatial and band-pass filters for daylight track-

ing. In particular, it allows observation in different loca-

tion because it is established in a container structure. It 

provides precise tracking and high pointing capabilities 

because the telescope, the tracking mount and the laser 

system are designed to block vibrations coming from the 

container during observation. The stationary SLR system 

(ARGO-F), which is equipped with a telescope of 1 m di-

ameter, has the common optical path and its develop-

ment will begin after completing ARGO-M.

The number of return photons from satellites in laser 

ranging is dependent on the system specifications, the 

characteristics of the laser reflector installed to the satel-

lite, the distance to the satellite and the atmospheric en-

vironment, and the effect of the distance to the satellite is 

the strongest among these factors. In general, SLR system 

shoots approximately 1015~16 photons through the trans-

mission telescope, but the number of photons that can 

be detected by an actual receiving optical system ranges 

from one to hundreds. In the case of daytime observa-

tion, different from night observation, it is very hard to 

actually distinguish the return signals reflected by the 

satellite by just one shot of laser pulse from the surround-

ing background noises. Thus, to increase the probability 

to distinguish the actual signals from the noises, various 

factors should be considered in the design including the 

link budget, signal characteristics and the precision of 

the orbit prediction.

In this study, we analyzed the link budget to calculate 

the number of photons received by ARGO-M while the 

night tracking and daylight tracking of STSAT-2B and 

KOMPSAT-5. In addition, for the daylight tracking, the 

false alarm probability by the background noises was 

investigated depending on the band-pass width of the 

spectrum filter and the range gate (RG) of the time filter, 

and the signal detection probability that means the prob-

ability to distinguish the actual signals from the back-

ground noises was analyzed and compared for STSAT-2B 

and KOMPSAT-5. We also investigated the limiting con-

ditions of the signal characteristics and orbit prediction 

precision in determining the optimal specifications of 

the spectrum filter and time filter to elevate the perfor-

mance of the ARGO-M system.

2. ARGO-M SYSTEM

ARGO-M is composed of five sub-systems that are 

the optical system, the photoelectronic part, laser sys-

tem, tracking mount and operating system. The optical 

system shoots laser pulse to satellites and collects the 

reflected optical signals. The photoelectronic part de-

tects the optical signals and precisely measures the time 

of flight of the laser pulse at the pico-second level. The 

laser system generates the ultra-shot laser pulse of 532 

nm wavelength and the tracking mount is the mechani-

cal system that performs precise tracking of satellites, 

supporting the optical telescopes and the peripheral de-

vices. The operating system controls various sub-systems 

needed for the laser observation, performs actual obser-

vation after comprehensively judging the observation 

environment and reflecting the results, and integrates, 

processes and transmits the data obtained by the actual 

observation.

ARGO-M is designed to measure the distance to the 

satellites whose altitude is 300~25,000 km with laser and 

have the precision less than 10 mm for the single shot of 

LAGEOS satellite and 5 mm for the normal point data. 

The major functions include that it allows night and day-

light tracking by using the laser pulse of KHz-level rep-

etition rate, it has the laser hazard reduction system that 

prevents the damage of the aircraft pilots by laser , it can 

perform automatic observation scheduling by the inter-

locking with the meteorological equipments, and it can 

be operated by remote control.

As shown in Fig. 1, the transmitting and receiving path 

in the ARGO-M system is separate so as to operate the 

KHz laser pulse and the diameters of the receiving tele-

scope and transmitting telescope are 400 mm and 100 

mm, respectively, considering the mobile observation. 

Since the tracking mount should be rapidly moved for 

the tracking of the low earth orbit satellites, different 

from the tracking of celestial bodies, the main mirror of 

receiving telescope is designed to have the F number (fo-

cal length to aperture ratio) of 1.5. Because the spreading 

area of the laser beam varies depending on the altitude, 

Fig. 1. Prototype of ARGO-M system.
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the transmitting telescope that is composed of two lenses 

for the laser tracking of the high and low earth orbit sat-

ellites has the function to control the divergence angle 

of the laser beam. Photo diodes are installed inside the 

laser oscillator to detect the transmitted photons so as to 

measure the laser shooting time and the return photons 

reflected by the satellites are detected by C-SPAD (PESO 

Consulting, Praha, Czech Republic). Although SPAD with 

short rising time is appropriate to the laser system with 

high repetition rate, there is time-walk error in which the 

rising time is changed by both light pulse energy and the 

temperature of the device. Thus, C-SPAD has the func-

tion to calibrate such an error. Different from C-SPAD, 

mircochannel plate-photo multiplier tube detector is 

free of the time-walk error, but the signal jitter is rela-

tively large. The electric pulse signals from the detector is 

sent to the device that measures the time of flight of the 

laser pulses by receiving 1 PPS and 10 MHz signals from 

the global positioning system (GPS) receiver. The time 

measurement devices applied in SLR system include the 

event timer and time interval counter, but the ARGO-M 

system employs the event timer that allows laser rang-

ing of high repetition rate. The RG of the C-SPAD should 

be opened and closed by predicting the arrival time of 

the photons returning from the satellites and a rapid RG 

performance is required especially for the SLR system 

with the high repetition rate laser. In the case of ARGO-

M, field programmable gate array (FPGA) carries out the 

function. In addition, FPGA generates the laser shooting 

signals and shifts the laser shooting times to avoid the in-

terference of the arriving photons from the shooting la-

ser by expecting photon-arriving time. The precision and 

resolution of the RG generation by FPGA are less than 5 

ns and 2 ns, respectively. Table 1 shows the performance 

and specifications of ARGO-M determined after the pre-

liminary design review.

Since it is very difficult to distinguish actual signals 

from background noise in daylight tracking, different 

from night tracking, three filters–spatial filter, spectrum 

filter and time filter–are used to make it possible. Gener-

ally, field of view (FoV) of spatial filter is designed to be a 

little larger than the divergence angle of the transmitting 

beam and the band-pass width of the spectrum filter is 

determined by considering the pulse width of the laser 

and Doppler effect (Degnan 1993). The time filter is used 

to eliminate noise using RG width which is 0.1 μs-1 μs in 

the case of LAGEOS. For low earth orbit satellites, which 

undergo atmospheric perturbation and frequent orbital 

maneuvering, should have larger RG width since the or-

bit prediction precision is low (Degnan 1993). In the case 

of ARGO-M, the variable iris at the primary focus plays 

the role of spatial filter with several pinholes and it also 

plays the role of solar shutter that protects the detector 

from the sun light. The spectrum filter is located in be-

tween C-SPAD and the reducing optics, and the RG width 

command is delivered to C-SPAD. The RG width can be 

chosen between 1 ns-100 μs, but the FPGA of ARGO-M 

sends the command of a fixed RG width to C-SPAD.

3. LINK BUDGET AND DAYLIGHT TRACKING OF 
ARGO-M

3.1 Link budget

The number of return photons of laser pulses shot by 

the ARGO-M system and reflected by LRA of STSAT-2B 

and KOMPSAT-5 is dependent on the system hardware 

specifications, the distance to the satellite, the character-

istics of the laser retro-reflector installed to the satellites, 

and the atmospheric transmittance. The average number 

of photons measured by the ARGO-M detector is calcu-

lated by following radar link equation (Degnan 1993):

2
2 2
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(1)

where Npe denotes the average number of photons that 

can be detected from a single laser shot, ηq the quantum 

efficiency of the detector, ET the laser pulse energy, λ the 

Table 1. Major specification of ARGO-M.

Item Symbol Parameter Characteristics

Telescope - Path type Bistatic/coude path

rM1 Primary mirror radius 200 mm

rM2 Secondary mirror radius 45 mm

FS Primary mirror F-ratio 1.5

ηR Receive-path efficiency N/A

ηT Transmit-path efficiency N/A

θD Transmitting beam divergence 5~200 arcsec

θP Tracking accuracy <5 arcsec

- System F-ratio 10.3

- Field of view (full angle) 5 arcmin

Detector ηq Quantum efficiency 20%

rD Detector radius 0.13 mm

- Rising time 100 ps~2 ns

θR Field of view 90 arcsec

Laser λ Wavelength 532 nm

ET Pulse energy >0.4 mJ @2 KHz

- Pulse width 10 ps

- Repetition rate 2 KHz

Timing and
frequency

Oscillator Rubidium

1 PPS output accuracy UTC [USNO] ± 30 ns

Frequency output stability 1 ps at 1 day
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wavelength of the laser, h Plank constant, c the speed of 

light, ηT the efficiency of the transmitting optical system, 

GT the gain of the transmitting telescope, σs the effective 

optical cross-section of LRA, R the distance to the satel-

lite, AR the effective area of the receiving telescope, ηR the 

efficiency of the receiving optical system, and TA and TC 

the one-way atmospheric and cirrus transmittance, re-

spectively.

The transmitter gain is the parameter related with how 

much of the laser energy from the transmitting telescope 

reaches the satellite. Because all the SLR systems use the 

pulse laser  with gaussian spatial and temporal profiles, 

the transmitter gain with respect to the Gaussian beam 

can be calculated with the following equation (Degnan 

1993):
2
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where θD denotes the far field divergence half-angle of the 

transmitted beam and θp denotes the beam pointing er-

ror.

Since Cassegrain or Ritchey-Chretien focusing method 

is usually applied to the SLR receiving telescope, the sec-

ondary mirror blocks the received light while receiving 

the laser. Thus, the effective area of the primary mirror 

where the photons can be actually received is calculated 

by the following equation (Degnan & Klein 1974):
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Here, AP denotes the effective receiving area of the prima-

ry mirror, γ the ratio of the primary mirror area blocked 

by the secondary mirror, ηD the fraction of incoming pho-

tons that are implanted to the detector area at the focal 

plane, rD the radius of the detector, F
S
 the F-number of 

the primary mirror and J1 the Bessel function of the first 

kind, and k is defined as λπ2=k . Since, the detector 

area is designed to have an area enough to detect all the 

photons from the focal plane in an actual SLR system, 

1≈Dη .

It is known that the atmospheric attenuation of the vis-

ible light of 0.3-0.7 μm wavelength and near UV range is 

mainly dominated by the aerosol scattering, absorption 

by atmospheric molecules and ozone. It is also known 

that the probability that sub-visible cirrus may exist in 

the sky where most of the part is clear is about 50 % of a 

certain period and the mean thickness of cirrus over the 

entire earth is 1.341 km (Hall et al. 1983). The transmit-

tance by the atmospheric attenuation and cirrus is ex-

pressed as the following equation (Degnan 1993):

( ) ( ) ( ), , exp , ,0 sec exp t
A t SH Z

SH

hT V h V h
h

λ σ λ θ
  

= − −  
                     (4)

( )2exp 0.14 secC zT φ θ = −                                                          (5)

σ(λ,V,0), which is the atmospheric attenuation coefficient 

at sea level, depends on the atmospheric conditions and 

the laser wavelength. Its value of 532 nm wavelength la-

ser is about 0.25 on a clear day (V=15 km). V denotes the 

visibility at sea level, θ
Z
 the zenith angle and h

t
 the height 

of the SLR observatory above sea level. hSH, which means 

the scale height, is 1.5 km and φ is the thickness of cirrus.

As can be known from Eq. (1), the link budget is af-

fected the most by the distance between the observatory 

and the satellite. Given the altitude of the satellite above 

sea level and the zenith angle of the satellite from the SLR 

observatory, the distance can be calculated by the follow-

ing equation (Degnan 1993):

( ) ( ) ( ) 2222 2coscos tstsEztEztE hhhhRhRhRR −+−++++−= θθ      (6)

where R
E
 denotes the radius of the earth and h

S
 the alti-

tude of the satellite.

3.2 Daylight tracking

In the case of daylight tracking of a satellite with a low 

link budget, different from night tracking, it is very dif-

ficult to distinguish actual signals from the surrounding 

background noise which is very strong. In general, the 

intensity of the background noise at 532 nm of wave-

length in daytime is about 105 times stronger than that 

of the night time and thus the daylight tracking with 

high background noise should be analyzed to verify the 

tracking performance of ARGO-M. Actually, laser rang-

ing of navigation satellites such as GPS satellites can be 

done only in night tracking because N
pe 

<<1 due to the 

high altitude, although the effective area of LRA (GPS: 40 

× 106 m2, GLONASS: 360 × 106 m2) is high (Arnold 2003). 

The performance of distinguishing actual signals from 

the background noise can be expressed in terms of prob-

ability and the average number of photons detected from 

the background noise by C-SPAD during the RG opening 

time is calculated by the following equation (Pratt 1967):

q
B BP R R R RGN N A

h λ

η
λ η τ

ν
= Ω                            (7)

Here, hv, the laser photon energy, is 3.74 × 10-19 J at the 
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Table 2. Characteristics of STSAT-2 and KOMPSAT-2 (http://ilrs.gsfc.nasa).

Item STSAT-2B KOMPSAT-5

Retro-reflector array diameter 20 cm 5 cm

Retro-reflector array shape Hemisphere Rectangular

Reflectors 9 corner cubes 4 corner cubes

Inclination 80 degrees 97.6 degrees

Eccentricity 0.082 (elliptical) 0

Altitude 300 km / 1,500 km 550 km

Maximum cross section (σs)
a) 1.5 × 106 m2 3.4 × 106 m2

a)Arnold (2003), Lee (2010)

Table 3. Parameter values for link budget.

Item Parameter Value

Telescope Receive-path efficiency (ηR) 0.7 w/o spatial and  
                spectral filter
0.5 w/ only spatial filter 

Spectral filter transmission 70% for λBP = 1nm
53% for λBP = 0.3nm
45% for λBP = 0.15nm

Transmit-path efficiency (ηT) 0.7
Transmitting beam divergence (θD) 20 arcsec for STSAT-2B 

40 arcsec for KOMPSAT-5
Tracking accuracy (θP) 5 arcsec

Baffle radius 56 mm

Laser Pulse energy (ET) 0.4 mJ

Station Height above sea level (ht) 100 m

Satellite Average cross section (σs) 0.8 for STSAT-2B
1.8 for KOMPSAT-5

Altitude above sea level (hs) 1,000 km for STSAT-2B
550 km for KOMPSAT-5

Atmosphere Attenuation at sea level (σ(λ,V,0)) 0.25

Mean thickness of cirrus clouds (φ) 1.341 km

wavelength of 532 nm. Nλ denotes the intensity of the 

background noise of which unit is watts/m2-ster-Å, RΩ  

is the receiver FOV that is expressed in the unit of stera-

dian, and τRG represents the RG width of C-SPAD.

Since the photon detection follows the Poisson prob-

ability distribution (Degnan 1993), the probability of de-

tecting m number of photons, P(m,N
B
), is expressed as the 

Eq. (8), and the probability of detecting one photon from 

the background noise which is the false alarm probabil-

ity, PFA, is calculated by the Eq. (9) (Yang et al. 1999).

( ) ( )
BN

m
B

B e
m

NNmP −=
!

,
                                                

(8)

( ) ( )
1

, 1 0, 1 BN
FA B B

m
P P m N P N e

∞
−

=

= = − = −∑                 (9)

Because the number of photons detected from the 

background noise during the response time of C-SPAD 

is very small, the total number of photons detected dur-

ing this duration is expressed as Eq. (10) and the photon 

detection probability, P
PD

, which is the probability of de-

tecting one photon from the background noise and ac-

tual signals, is calculated by the Eq. (11).

SNS NNNN ≅+=
                                              

(10)

( ) ( )
1

, 1 0, 1 N
PD

m
P P m N P N e

∞
−

=

= = − = −∑
                   

(11)

Hence, the signal detection probability, P
SD

 which is the 

probability of detecting the actual returning signals re-

flected by the satellite from the background noise, can be 

calculated by the Eq. (12).

( )1SD FA PDP P P= − ⋅
                                             

(12)

4. RESULTS AND DISCUSSION

We analyzed the link budget and daylight tracking per-

formance of the ARGO-M system for the STSAT-2B and 

KOMPSAT-5 satellites to which LRA are installed for the 

precise orbit determination.

STSAT-2B has the LRA which is the same with that of 

Shenzhou-4, and KOMPSAT-5 is identical to the CHAMP 

satellite. The effective area of the LRA is varied depend-

ing on the incidence angle of the beam, the speed ab-

erration, the wavelength, and, if the corner cube is not 

coated, the polarization effect. Thus, the average effec-

tive area of LRA is used for the calculation of general link 

budget. Table 2 shows the characteristics of the orbit and 

LRA of STSAT-2B and KOMPSAT-5.

In order to analyze the laser tracking performance of 

the ARGO-M system for the STSAT-2B and KOMPSAT-5 

satellites, the average number of detected photons was 

calculated under the conditions of the daylight tracking 

and night tracking, the latitude of the satellites and the 

spectrum filter with three different band-pass widths 

(λBP = 1nm,0.3nm,0.15nm). Table 3 shows the parameter values 

used in the link budget calculation and the efficiency of 

the receiving optical system in the case where only the 

spatial filter is used for the daylight and night tracking 

and in the case where neither the spatial filter nor the 

spectrum filter is used. Generally, the divergence angle 

of the transmitting beam is varied depending on the al-

titude because of the uncertainty of the predicted orbit 

of satellites. To track STSAT-2B and KOMPSAT5, different 

divergence angles of the transmitting beam were applied 

for each of them. In calculating the effective receiving 

area, the size of baffle was applied instead of the size of 

the secondary mirror, since the baffle inside the telescope 

increases the effective receiving area larger than the sec-

ondary mirror. The value derived from the CHAMP satel-

lite was used the average effective area of the KOMPSAT-5 

LRA and the average value for STSAT-2B.
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As shown in Table 3, the divergence angles of the 

transmitting beam are different in tracking STSAT-2B 

and KOMPSAT-5. Thus, the transmission gains are 7.5 × 

108 and 2.1 × 108, respectively, by the Eq. (2) and the ef-

fective receiving area of ARGO-M is 0.1158 m2 by the Eq. 

(3). Figs. 2 and 3 show the average number of photons 

that can be detected by C-SPAD during the daylight and 

night tracking of STSAT-2B and KOMPSAT-5. The reason 

why the number of detected photons is smaller in the 

daylight tracking than that of night tracking is that the re-

ceiving efficiency is decreased by the use of the spectrum 

filter. As the zenith angle of the STSAT-2B and KOMP-

SAT-5 satellites increases, the distance to the satellites 

also increases and the atmospheric transmittance and 

cirrus transmittance are decreased, leading to an abrupt 

reduction of the average number of detected photons. 

The reason why the average number of detected photons 

of KOMPSAT-5 is about 7 times larger than that of SAT-

SAT-2B despite its small transmission gain is based on 

the distance between the observatory and the satellites 

and the average effective area of the LRA. Fig. 4 shows 

the atmospheric transmittance and cirrus transmittance 

depending on the zenith angle, indicating that the atmo-

spheric transmittance is abruptly decreased than the cir-

rus transmittance.

To analyze the daylight tracking performance of the 

ARGO-M system for STSAT-2B and KOMPSAT-5, the 

intensity of the daytime background noise was set as  

Nλ = 0.0146. Different values of τRG, 100, 200 and 300 ns, 

were applied to analyze the tracking performance de-

pending on the RG width. Fig. 5 shows the false alarm 

probability of daylight tracking. As τRG and λBP are larger, 

the false alarm probability is higher. In addition, the 

false alarm probability is almost zero in the case of night 

tracking because the intensity of the background noise 

is much smaller than that of the daylight tracking. Fig. 5 

also shows that the false alarm probability is more sensi-

tive to the RG width than to the band-pass width.

Figs. 6 and 7 show the photon detection probability of 

the background noise and the actual signals during the 

daylight and night tracking of STSAT-2B and KOMPSAT-5. 

In the case of STSAT-2B, the photon detection probabil-

ity is drastically reduced from the zenith angle of 30˚ for 

the daylight tracking and 40˚ for the night tracking, and in 

the case of KOMPSAT-5, from 50˚ for the daylight tracking 

and 55˚ for the night tracking.

Figs. 8 and 9 show the signal detection probability of 

the daylight tracking of STSAT-2B and KOMPSAT-5 de-

pending on the RG width and the band-pass width of the 

spectrum filters. The signal detection probability is dras-

tically reduced from the zenith angle of 30˚ in the case of 

STSAT-2B and from 50˚ in the case of KOMPSAT-5, which 

is due to the abrupt reduction of the photon detection 

probability shown in Figs. 6 and 7. Actually, when the ze-

nith angle is less than 30˚, the signal detection probabili-

ties of STSAT-2B and KOMPSAT-5 are similar to each oth-

er if the RG width and the band-pass width are the same, 

but it varies a lot depending on the RG width and the 

band-pass width. This indicates that the RG width and 

the spectrum filter are important factors that determine 

the tracking performance of the SLR system. As shown in 

the Figures, as the RG width and the band-pass width are 

smaller, the signal detection probability is higher and it is 

affected more by the RG width than the band-pass width.

Since the satellite altitude and the distance between 

the satellite and the observatory are not related with the 

improvement of the ARGO-M system performance, the 

ARGO-M system should be designed to have small RG 

width and band-pass width to increase the signal detec-

tion probability, especially focusing on making the RG 

width small. However, the RG width setting is affected by 

the orbit prediction precision the most although it is af-

fected by the general system characteristics including the 

orbit prediction precision timing system. Recently, the 

International Laser Ranging Service (ILRS) analysis cen-

ter provides the consolidated prediction format type of 
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night tracking.
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Fig. 3. Mean number of photoelectrons of KOMPSAT-5 for daylight and 
night tracking.
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daylight tracking.
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Fig. 8. Signal detection probability of STSAT-2B at daylight tracking.
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(a) Signal detection probability of KOMPSAT-5 for range gate width (λBP = 0.3nm)
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Fig. 9. Signal detection probability of KOMPSAT-5 at daylight tracking.
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Fig. 6. Photon detection probability of STSAT-2B at daylight and night 
tracking.
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tracking. 
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tion precision and timing system should be considered in 

determining the RG width, and the limiting conditions of 

the laser pulse width and Doppler effect should be taken 

into account in determining the band-pass width so that 

the system have the best performance.
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predicted ephemeris which improves the precision of the 

predicted ephemeris in Tuned IVs used for 20 years and 

realizes the laser ranging for the lunar and planet explo-

ration (Ricklefs 2006). Hence, many SLR systems tend to 

reduce the RG width to improve the measurement preci-

sion and the RG width should be determined considering 

this tendency in the ARGO-M system development.

If the band-pass width of a spectrum filter becomes 

larger, the actual signal detection probability is reduced 

because the noise detection probability is also increased 

along with the link budget. Even though the ARGO-M 

system should be designed to have small band-pass 

width, it is limited because of the laser pulse width and 

Doppler effect due to the signal characteristics. Thus, 

general SLR system uses 1-0.3 nm of band-pass width 

for satellites but 0.1nm for lunar laser ranging. Since the 

signal detection probability is very sensitive to the back-

ground noise, NASA next generation SLR (NGSLR) uses 

different spectrum filters for the laser ranging at night, 

at dawn and in the evening. It is also recommendable for 

the ARGO-M system to use the spectrum filters with vari-

ous band-pass widths depending on the intensity of the 

background noise at the observatory.

5. CONCLUSIONS

The ARGO-M of KASI is the first SLR system that is 

developed in Korea for the space geodesy research and 

the laser ranging of the satellites with LRA. The link bud-

get depending on the spectrum filters was calculated to 

analyze the performance of ARGO-M in the daylight and 

night tracking of STSAT-2B and KOMPSAT-5. The link 

budget of KOMPSAT-5 was about 7 times larger than that 

of SATSAT-2B despite its smaller transmission gain due 

to the difference in the divergence angles of the transmit-

ting beam. The main reason is caused by the distance be-

tween the observatory and the satellites. As the altitude 

of the satellites was smaller, the average number of de-

tected photons was drastically decreased. In the case of 

daylight tracking, the noise detection probability was la-

ger as the band-pass width of the spectrum filters and the 

RG width of the time filters were larger, while the signal 

detection probability was inversely proportional to them 

and affected more by the RG width than the band-pass 

width. Therefore, the RG width of the time filters and the 

band-pass width of the spectrum filters should be de-

signed to be small in order to elevate the daylight track-

ing performance of the ARGO-M system. However, the 

general system characteristics such as the orbit predic-


