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Figure 1 (Color online) The construction and maintenance of quantum communication link
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Figure 2 (Color online) Signal efficiency under different link establishment errors
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Figure 3 (Color online) System architecture
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Figure 4 (Color online) The sketch of payload with two- Figure 5 (Color online) The sketch of payload with two-
axis mirror axis turntable
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Table 1 Performance of the ATP system

Components

Transmitter 1

Transmitter 2

Coarse pointing Type
mechanism Tracking range

Two-axis gimbal mirror
Azimuth: +5°
Elevation: +5°

Two-axis turntable
Azimuth: £90°
Elevation: —30°~-+75°

Telescope size 300 mm 180 mm

Tracking speed >1°/s >2°/s

Coarse Type CMOS CMOS
camera Field of view 2.3°%2.3° 2.39%2.3°

Size & frame 512x512 & 40 Hz 512x512 & 40 Hz

Fine tracking Type PZT FSM PZT FSM
Mechanism Range (int.) £5 mrad +5 mrad

Fine camera Type CMOS CMOS

Field of view (ext.)
Size& frame

0.64x0.64 mrad
60x60 & 2 kHz

0.64x0.64 mrad
60x60 & 2 kHz

Beacon laser Power 110 mW 50 mW
Divergence 1.2 mrad 0.65 mrad
| GPS data

Prediction '_’I Coordinate transformation|

| Satellite attitude

Guidance law |

| Two-axis turntable angle |

| Orbit prediction

/

Camera /
FOV Uplink

Camera
beac

FOv

Station angle
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Figure 6 (Color online) Stare-stare capture method and information flow
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Figure 7 The elongated phenomenon of the beacon spot in the capture process
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Figure 8 (Color online) VVC capture method
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Figure 9 (Color online) The error transfer function curve of the compound axis tracking system
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Figure 10 (Color online) The FOV relationship under different modes
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Figure 11 (Color online) The influence of spot diameter to the detection precision
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Figure 12 (Color online) Angular vibration power spectral denity of the quantum satellite

* 2 DERMRIERPREFIRE

Table 2 Tracking error caused by micro vibration of the satellite

Full-band 1~10 Hz 10~20 Hz 20~35 Hz 35~45 Hz
No tracking (prad) 7.6 5.13 0.38 0.21 0.48
Fine tracking (prad) 0.38 0.17 0.07 0.07 0.19

TREZIE . KA A — M RENL S A0S 3RAL, T RS K R 2 R, DA SR AR A AH HL S MR T
T BB LA A S AR i, KA BOR ST S R 0K, TG BRI N Sl 772 ¥R
PG O KRR b AT R MR R AR AR F ). X R AT R EE R, WOt R e el K R
MEZFHARRE, AR ERC RS R, B, XTSRS, LA ES), FEY
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Figure 13 (Color online) The effect of overexposure on centroid calculation
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Figure 14 (Color online) The method of pointing ahead and self-calibration
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Figure 15 (Color online) The link building process of one satellite to two stations. (a) The coarse camera centroid of the
two payloads; (b) the azimuth and elevation angle of the two payloads during the process
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Figure 16 (Color online) In-orbit tracking error Figure 17 (Color online) The tracking error without

adaptive exposure
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Figure 20 (Color online) The photons received in one communication process
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Establishment and in-orbit test of optical link in satellite-to-
ground quantum communication
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Abstract The establishment of a high-precision optical link is a necessary condition for satellite-to-ground quan-
tum communication experiments. Compared with conventional laser communications, a quantum experimental
satellite needs to solve special requirements such as the great difference between the energy of quantum light
and beacon light, and the establishment of optical links between one satellite and two ground stations. Based
on the scientific demands of satellite-to-ground quantum communication, this paper proposes an overall scheme
for an optical link establishing system with a combination of satellite pointing and load autonomous searching.
By using a multiple-axis pointing control method, the requirements of high-precision optical tracking are met.
We use the stare-stare capture method to achieve fast capture between the satellite and the ground stations.
The high-precision alignment of the satellite and ground quantum beams is realized by using a method of joint
scanning and system correction. Finally, in-orbit test results of the Mo-tse quantum experimental satellite are
given. The experimental data show that all parameters in the establishment of optical links meet or exceed the
expected requirements.

Keywords quantum communication, optical link, capture method, tracking system, scan, in orbit test
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