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Abstract: During timber harvesting, operators face highly demanding and tense working conditions due to risks such
as cab collisions with dead trees or entangled stems and frequent unpredictable events. On steep slopes or unstable
terrain, there is also a considerable risk of machine overturning and personal injury. These challenges can be mitigated
by integrating remote-control technology into forestry machinery; however, reliable wireless communication is
essential for stable teleoperation. To address this requirement, a Wi-Fi system supported by a tethered helium balloon
was proposed for establishing a communication network. This study assessed whether the system can provide stable
Wi-Fi coverage for teleoperation of forestry machinery during timber harvesting. Verification involved analyzing the
balloon’s attitude and positional changes under varying wind speeds using global navigation satellite system and
inertial measurement unit data, combined with information from the Gwangneung Weather Station, as well as
evaluating Wi-Fi received signal strength indicator values at a selected harvesting site. The results indicate that the
system can provide stable Wi-Fi coverage of approximately 8.2 ha for teleoperation under wind speeds below 1.2
m/s. At wind speeds above this threshold, further research is required, including testing alternative balloon designs
with greater wind resistance or implementing tethering technologies that stabilize balloon orientation.
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Figure 1. Configuration of the Wi-Fi system with a tethered helium balloon.
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Figure 2. Schematic diagram of the data acquisition system.
Table 1. Main specifications of the Wi-Fi system with tethered balloon.
Components of the system Specification
Diameter(mm) 4200
Volume(m®) 38
Helium balloon Weight(kg) 13
Maximum payload(kg) 42
Material Teflon polyurethane
Output power(mW) 200
Transmission distance(km) 1
Operating current(mA) 500
WiFi CPE Weight(kg) 0.15
Bandwidth(GHz) 5.8
Beam angle(deg) azimuth : 60, vertical : 60
Size(mm) 160 x 95 x 29
IP rating 65
Receiver type Multi-band GNSS receiver
Input voltage(V) 2.7 to 3.6
Operating current(mA) 68
GNSS module
Velocity accuracy(m/s) 0.05
Horizontal position accuracy(m) RTK : 0.01
Vertical position accuracy(m) RTK : 0.01
Model WT901C
Input voltage(V) 5 to 36
IMU Operating current(mA) 6.7

Angle range(°)

Angle accuracy(®)

X, Z: £180, Y: £90
X, Y: 005 Z: 1




356 S L PRRLER B

2] A8 AF7|F 7|8 Wi-Fi Al2ES A= 30 AlY
2 Table 137} 7tk

A

2. U7 Al EAMOIE 2fst Wi—Fi Sl 7Is TE AE gl
% Atolla= e AL BEslo] S5l A
HAEE= Wi-Fi S4179] A8 Fusion 360(Version
2.0.21550, Autodesk, USA)¥} AutoCAD(Version T.53.0.0,

Autodesk, USA)E o] &3l Ealstgth AJAge] A 1%

(a) (b)

Figure 3. RSSI measurement test for LOS distance; (a) Test
site view for measurements, (b) Total LOS distance at the test
site.
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Figure 4. Method for calculating the theoretical Wi-Fi coverage of the Wi-Fi system with tethered balloon.
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Figure 6. Digital surface model(DSM) and orthophoto generated using aerial photography; (a) Generated DSM, (b) Generated

orthophoto.
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Figure 7. Scenario setup using ArcGIS; (Red) Non line of sight(NLOS) area, (Blue) Installation location of the Wi-Fi system with

tethered balloon, (Yellow) Designated timber harvesting area.
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Figure 9. Projected shape of the Wi-Fi coverage area on the ground from a height of 100 m under windless conditions; (a) Projected
Wi-Fi coverage area on the ground, (b) Blue indicates the Wi-Fi coverage area where teleoperation of forestry machinery is possible.
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Figure 10. Analysis results of the posture inclination of the Wi-Fi system with the tethered balloon by different wind speeds;
(a) Variation in roll with respect to wind speeds, (b) Variation in pitch with respect to wind speeds.
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Table 2. Beaufort wind force scale.

Scale Name Wind speed(m/s) Land conditions
0 Calm 0.0-0.2 Smoke rises vertically
1 Light Air 0.3-1.5 Smoke drift shows wind direction
2 Light Breeze 1.6-3.3 Wind felt on face
3 Gentle Breeze 34-54 Leaves and small twigs in constant motion

Dust and loose paper raised

4 Moderate Breeze 5.5-7.9 small branches move

5 Fresh Breeze 8.0-10.7 Small trees in leaf begin to sway
6 Strong breeze 10.8-13.8 Large branches in motion

7 Moderate gale 13.9-17.1 Whvigelszgsig;eﬁgéion

8 Gale 17.2-20.7 Twigs break off trees

9 Strong Gale 20.8-24.4 Slightcﬁ‘i[g:;g;rarl)o?:mage

10 Storm 24.5-28.4 Trees uprooted

11 Violent Storm 28.5-32.6 Widespread damage

12 Hurricane Force >32.7 Widespread destruction
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Figure 13. Analysis of RSSI variation under different wind speeds.
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Figure 14. Wi-Fi coverage pattern with respect to wind speed; (White) Wi-Fi coverage under wind speeds below 1.2 m/s, (Red)
Wi-Fi coverage under wind speeds above 1.2 m/s, (Yellow) Hypothetical salvage logging site, (black) Location of Wi-Fi receiver

installation.
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