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Abstract
Remote observatories offer advantages such as high observation efficiency
and low operating costs, making remote observation applications increasingly
widespread. The development of 5G network technology has enabled remote
observation using mobile terminals such as smartphones, while advancements in
Internet of Things and social network technologies have provided new avenues
for data transmission, data sharing, and user-friendly operation. To implement
remote observation for the 14-inch telescope at Yunnan Observatory and
validate remote observatory technologies based on the Internet of Things and
social networks, we independently designed and developed a remote observatory
control software system that employs WeChat chat mode for sending and
receiving control commands, utilizes WeChat image format for transmitting
observation images, and adopts WeChat groups for managing user permissions,
thereby achieving remote observation functionality via WeChat on mobile
terminals such as smartphones. This work provides referable experience and
methodology for the design of remote observatory control software and the
application of social networks in astronomical observation.
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Abstract

Remote observatories offer advantages such as high observation efficiency and
low operational costs, making remote observation increasingly widespread. The
development of 5G network technology has enabled remote observation via mo-
bile terminals like smartphones, while advances in Internet of Things (IoT) and
social network technologies provide new avenues for data transmission, shar-
ing, and user-friendly operation. To realize remote observation for the 14-inch
telescope at Yunnan Observatory and to validate remote observatory technolo-
gies based on IoT and social networks, we designed and developed a remote
observatory control software. Using WeChat chat mode for sending/receiving
control commands, WeChat image format for transmitting observation images,
and WeChat groups for controlling user permissions, we implemented remote
observation functionality for mobile terminals based on WeChat. This provides
valuable experience and methodology for remote observatory control software
design and the application of social networks in astronomical observation.

Keywords: Remote Observatory; Remote Observation; Social Network;
WeChat

Remote Observatory (RO) represents the product of highly developed Internet
and automation technologies, offering advantages such as high observation effi-
ciency and low operational costs. Remote observation has become a mainstream
trend in astronomical observation, playing an increasingly important role in as-
tronomical research, site selection, and science education [1-3].

Recent developments in 5G network technology have significantly improved mo-
bile network quality, making remote observation via smartphones and other
mobile terminals feasible. The Kunming University of Science and Technology’
s Yunnan Provincial Key Laboratory of Computer Technology Applications has
implemented monitoring and control of the RTS2 autonomous control system
using HTTP protocol and WeChat mini-programs for JSON data interaction
[4]; amateur astronomers also commonly use remote desktop software like Sun-
flower for remote observation. However, conventional computer-based remote
observation modes are extremely inconvenient on mobile devices due to screen
size limitations and other factors, and have certain limitations in real-time data
transmission and sharing. Meanwhile, Internet of Things (IoT) [5] and So-
cial Networks (SN) [6] technologies offer new opportunities: leveraging these
technologies can further improve and enhance data transmission, sharing, and
user-friendly operation functions for remote observation.

To achieve remote observation for the 14-inch telescope at Yunnan Observatory
and simultaneously validate remote observatory technologies based on IoT and
social networks, we designed a set of remote observatory control software based
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on WeChat. This paper primarily introduces its design methodology and actual
measurement results.

1 System Architecture
The system architecture is shown in Figure 1. The Remote Observatory Server
serves as the system core, together with astronomical instruments such as
Dome/Roof, Telescope, Camera, Filter, Focuser, Rotator, and Observation
Conditions monitoring systems to form the basic hardware system of the
remote observatory. The remote observatory control software described herein
is deployed on the remote observation server, responsible for controlling
astronomical instruments to achieve observation functions on one hand, and
for interacting with observation terminals to provide remote services on the
other. The WeChat Server is Tencent’s official server; observation terminals
such as Mobile/Pad/PC communicate with the remote observation server via
the WeChat client (or WeChat App).

Remote control based on WeChat typically employs two solutions: public ac-
counts and mini-programs [7-8]. Public accounts have an IoT-specific solution
called the WeChat Hardware Platform with more advanced device functions.
Both public accounts and mini-programs share the following characteristics:
First, based on a timeout communication mechanism, they are implemented by
the WeChat client actively accessing the remote server, which lacks real-time
performance. For time-consuming operations like camera exposure, technolo-
gies such as Ajax polling or WebSocket are required. Second, remote servers
have high network requirements, typically needing a fixed URL (public IP) or
relay through an independent server. In response to these characteristics, this
paper adopts the WeChat chat mode to develop remote observatory control soft-
ware. Compared with public accounts and mini-programs, this mode supports
bidirectional communication, offers better real-time performance, and has lower
network requirements.

2 Software Design
The software system was developed using object-oriented programming in C#
under the Windows 10 operating system.

2.1 Software Architecture

The software was developed following a four-layer architecture, as shown in
Figure 2. From bottom to top, the layers are the Device Driver Layer, Basic
Control Layer, Advanced Control Layer, and Interface Layer. Classes were
written layer by layer as shown in Table 1.

Table 1: Software Classes
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Class Description
Dome Dome/Roof control class
Telescope Telescope control class
Camera Camera control class
Filter Filter wheel control class
Focuser Focuser control class
Rotator Rotator control class
ObsCondition Observing conditions class
OCS Observatory control system class
LO Local observation class
WeChat Remote observation class
AO Autonomous observation class
MainForm MainForm interface class
Fits Fits image file class

The Device Driver Layer forms the foundation for controlling astronomical in-
struments, consisting of device classes such as Dome, Telescope, Camera, Filter,
Focuser, Rotator, and ObsCondition. These respectively provide basic operation
functions for instruments including the dome (or roof), telescope, camera, filter
wheel, focuser, rotator, and site monitoring system. The Device Driver Layer
supports the ASCOM protocol [9-10] while also supporting custom protocols
based on serial port and network connections.

The Basic Control Layer implements fundamental functions of the observation
control system. The OCS class directly calls basic functions from device classes
in the Device Driver Layer, combining equipment operation logic to achieve spe-
cific observation functions. For example, dome shutter open/close operations
must consider site observation conditions, dome tracking depends on telescope
pointing and tracking parameters, and camera operations involve interrelation-
ships with the status of the dome, telescope, filter wheel, and focuser.

The Advanced Control Layer implements high-level functions of the observation
control system, combining local observation requirements, remote control inter-
faces, and autonomous observation algorithms to realize Local Observation (LO),
Remote Observation (RO), and Autonomous Observation (AO). The WeChat
class is the implementation class for remote observation based on WeChat.

The Interface Layer is the top-level framework of the software system, including
multiple window interface classes such as MainForm, primarily used for system
settings and advanced observation operations. In addition, the software system
includes various functional classes such as the Fits image class for observation
image generation, storage, and display.
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2.2 Remote Interface

The remote observation function was developed using the WeChat PC
version as the carrier, employing WeChat chat mode for sending/receiving
control commands, WeChat image format for transmitting observation
images, and WeChat groups for controlling user permissions. The
WeChat control interface uses third-party open-source code wechat-bot
(https://github.com/cixingguangming55555/wechat-bot).

The workflow is shown in Figure 3. First, observation conditions are judged
based on data from the site monitoring system. If conditions are suitable, the
system polls and reads WeChat messages. Then it determines whether the mes-
sage sender is an authorized user (i.e., has control permissions). If the user has
control permissions, the command is processed and corresponding observation
control operations are performed, such as target pointing (goto), camera expo-
sure (expose), and various device controls (dome, focuser, etc.). For camera
exposure commands, upon completion, the observation image is actively sent to
the corresponding WeChat user.

Table 2: Basic Remote Commands

Command Description
dome o Dome operation:

o-open/close/track/stop/park
goto ra dec Goto target: ra-Right Ascension,

dec-Declination
park Park telescope
expose F [t] [f] Expose: F-light/dark/bias/flat/abort,

t-expose time, f-filter wheel name
filter f Set Filter wheel: f-filter name/number
focuser n Set Focuser steps: n-focuser steps
rotator n Set Rotator angle: n-rotator angle
state d Get device state:

d-tele/came/filt/focu/rota/obsc

The simplest remote observation procedure is as follows: First, use the “dome
open”command to open the dome shutter (or roof), and“dome track”command
to enable dome tracking; then use the “goto”command to drive the telescope
to point at the target; after the telescope is in tracking state, use the “expose”
command (including filter parameters) to perform exposure operations to obtain
observation images; use the “focuser”command if focusing is needed; after
observation, use “dome close”to close the dome and “park”the telescope. To
check current observation conditions, use the “state obsc”command to obtain
site information.

User permission control is the security guarantee for remote observation. This
system implements basic user permission control using WeChat group-based
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control, adding users or groups to be observed to the control user list, and
the system automatically filters messages from users not in the control list. Ad-
vanced permission control functions can precisely assign control user permissions
based on factors such as observation time, operation functions (e.g., observation
control, data operations), and user groups, though this is not discussed in detail
in this paper.

2.3 Actual Testing

Testing was conducted on the 14-inch RC telescope at Yunnan Observatory,
selecting NGC 6530 as the observation target with a 600-second exposure in the
B band. Figure 4 shows the local observation interface of the remote observation
server, with the remote observatory control software main interface at the top,
the PC WeChat client remote observation interface at the lower left, and the
remote observatory control software control interface at the lower right. Figure
5 shows the remote observation interface based on the mobile WeChat App.

When the system runs, the remote observatory administrator first logs into
the PC WeChat client using their WeChat account. The remote observatory
control software connects to the WeChat client and selects the corresponding
user or group to assign control permissions, then automatically enters remote
observation mode. This paper uses group observation mode as an example,
where observers perform remote observation operations via command line, the
administrator is responsible for command processing and device control, and
observation images are automatically sent to the observation group after com-
pletion. Actual test results demonstrate that the remote observatory control
software works normally and meets basic software design requirements.

Compared with WeChat public account and mini-program modes, using WeChat
chat mode for remote control has the following advantages: 1) Better real-
time performance, easier implementation, without requiring Ajax, WebSocket,
or other technologies; 2) Lower network threshold, no public IP needed, re-
mote control can be conducted as long as WeChat chat is available; 3) More
convenient data transmission and sharing, transmitting observation images via
WeChat chat mode facilitates data sharing among observers; 4) Remote obser-
vation can simultaneously conduct normal voice and text communication in the
observation group, allowing timely evaluation and adjustment of observation
plans. However, this mode also has the following disadvantages: 1) Command-
line operation without a graphical interface requires familiarity with operation
commands, resulting in a relatively high user threshold; 2) Since the PC WeChat
client uses QR code login mechanism, when the remote observation server starts
up or reboots, remote login requires assistance from remote desktop software or
specially written code to send the QR code to remote terminals.

In summary, this paper designed and developed a set of remote observatory con-
trol software based on WeChat, and conducted relevant tests on the 14-inch RC
telescope at Yunnan Observatory, achieving the goal of validating remote obser-
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vatory technologies based on IoT and social networks, and providing valuable
experience and methodology for remote observatory control software design and
the application of social networks in astronomical observation. However, remote
observatory control software is a complex systems software engineering project;
this design only implements some basic functions and methods, and requires
continuous improvement and refinement in future work.
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Figure 1: Figure 1

chinarxiv.org/items/chinaxiv-202201.00051 Machine Translation

https://chinarxiv.org/items/chinaxiv-202201.00051


Figure 2: Figure 2
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