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Research on heterogeneous clustering networking protocol in 3D open-pit mine scenario
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Abstract: Open-pit mine networking is one of the basic key technologies of intelligent mines.
However, the complex communication environment in open-pit mines and the large mobility difference of
various heterogeneous nodes lead to unstable communication links. In order to solve this problem, a
heterogeneous clustering networking protocol (HCNP) is proposed. HCNP supports the access of static
solar LoRa relay equipment at any time, and can be flexibly arranged with the change of mining depth.
HCNP uses the shortest path tree to form a static backbone network from static devices and static relay
devices to base stations. HCNP divides the priority according to whether the node moves, whether the
energy is limited, the number of hops and the distance to the base station. The cluster head selection and
clustering process are completed based on the different priorities of the node, and a heterogeneous

networking mode of static backbone network and dynamic clustering is formed so as to realize the reliable
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forwarding of data. The simulation results show that compared with Ad hoc on-demand distance vector

routing (AODV), optimized link state routing protocol (OLSR), greedy peripheral stateless routing
protocol (GPSR), and node location-based 3D geographical routing protocol (AB3D), HCNP has higher

successful transmission rate, lower end-to-end delay and lower energy consumption. When the simulation

time and the number of nodes change, the successful transmission rate is always higher than 83%, the end-

to-end delay is lower than 20 ms, and the energy consumption does not exceed 0.66 J. This shows that the

static backbone network and the clustering strategy considering node priority are suitable for 3D open-pit

mines with complex environment, and meet the requirements of dynamic adaptability of mine equipment

and personnel number.

Key words: 3D open-pit mine; ladder pattern mines; heterogeneous equipment networking; static

backbone network; static node; mobile node; end-to-end delay; dynamic clustering
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Fig. 2 HCNP framework considering node priority
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static node A to base station
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B HCNP i 2 1% i 36 16 24 55 1 83 %6, ity 2] iy B 8
fXF 20 ms, I HRER WS FEA ML 0. 66 ], X R
i Lk B P N 2 YT AU 2 G G 1 R 3 T T ER
=R D S T Dy IR - DN & 4
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(3) H5EZny ZigBee. NBloT %53 K #H 1L,
LoRa HAMRHE R 2 P TS, mH,
LoRa BLuli NG5 24 AT sh 42 0 W, B9 B AL 1 e
B G = AEEE R L AR R A . (B
5T LoRa $ AR M B 4 M M STIF A& H] 3-8 &8 1
F1hy e R RS ATL M I A% i . TR X SR B, T R AR
)7 1 A S 7E = 4E 88 R Huh e lEGR i £
RS, X 2 248 T 40 & 5 w5 18 fa e M.
BEXT = Yk gx R0 LAY e R A 2 R 3 S Sk
U R 3 TR RO AN E SN B i A A ek 7]
RT3 ] DA AR BRI = R R R T b Y
28T ARUEAF B R M, X Fh 32 #B =CF 1 A
TRl T ZREATH . TEA R K T
2 D A2 A 2T 18 R0 8 A A7 A B 8L
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