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[Abstract]

In 3D GIS simulation environments, it is critical to reliably process and visualize the state data of dynamic objects. However,
in a single processing structure, increase in the number of objects introduces computational load and network bottlenecks,
hindering the continuity of object movement and degrading the naturalness of visual representations. We designed a structure that
distributes the processing load of object state data. The proposed structure is configured to object movement calculations from the
central server and process them in parallel on distributed servers. Results showed that while the average FPS of the centralized
structure decreased to 18 FPS, the proposed structure maintained 57 FPS. Furthermore, the average object state reflection latency
decreased from 55ms to 17ms, and frame stability increased from 58% to 91%.
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Table 1. Comparison between conventional centralized and
proposed distributed parallel architectures

Conventional

Proposed Distributed

Category Centlrallzed Parallel Architecture
Architecture
. A single central server Main engine and
Processing ; o .
processes all object distributed engines
Structure

state data

share processing tasks

Computation

Object state
computations are

Computation load is
distributed across

Method concentrated on one multiple engines per
server client
Performance degrades Horizontal scalability
. as the number of : ;
Scalability . achieved by adding
objects and users . )
h distributed engines
increases
Computational load is Workloads are
Load _— "
T concentrated on the distributed to mitigate
Distribution

central server

processing bottlenecks

Synchronization

Batch synchronization
managed by a central

Main engine manages
global synchronization

Method after parallel
server :
processing
Object Object-level batch Fine-grained

Processing Unit

processing

processing at
body—part level

All data traffic passes

Network traffic is

Network distributed across
through the central h ;
Structure multiple processing
server
nodes
FPS drops significantly | Stable FPS maintained
Performance as object count even with increasing
increases object count
Visual Object motion may Im'pro.ved wsugl
o . . continuity of object
Continuity appear discontinuous

movements

System Stability

Performance
degradation under
burst event loads

Parallel processing
mitigates sudden load
spikes
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Table 2. Experiment environment specifications

Item Specification
CPU Intel Core Ultra 7 265K (3.90 GHz)
GPU NVIDIA GeForce RTX 5070 Ti (16 GB)
Network Gigabit Ethernet (1 Gbps)
. Number of 10
Distributed Nodes
Object Counts 300
Operating System Windows 11

thojole Mzl = AT

U

T R R L Ik
By A F32] FPS W3t vlust A A¥E veRd
= Z#olo] AA 7} Tl
wE} FPS7) 7haehes @78 ER1gith. 53] thre] Ao
A AR SHE G e 784lo] SAle e TRl A 2
A9 A5t @do] FEAAA YERsTE AR 29 59 s
3 Fxo] W FPSE H24 18 FPS7HA ZAaslgon, 2%
A whed A od-e Wit 5omsE SAE Ik v, AlokE B
b A 71RE WY ] oA A 7 STl e
FPS 744 Zo] Aoy oz vlsiA Yelsteor, 44 3%
o el ZHdES AR FAEIGIh A A¥ it
FPS+¥ 57 FPSE FAI8F31aL, A el whed A2 Hqt
17ms = 748kt w3k 279 eH44d(Frame Stability)S
71E 729 58%0lA 91%= 3FdE|o] A F2 U] A%HA
o] ¢ FF o8 FAEE Zs djlslnk o= A dH
Aol Tak AW E EHEHA T Aol Ak Fert ¢
3lEQ7] wiE o2 BAHT) s HluEs & 3% 2ok

E3. 3YHUEY A=t ot x| s H|w
Table 3. Performance comparison between conventional
centralized architecture and proposed architecture

Conventional Rroposed
Performance ) Distributed
) Centralized Improvement
Metric ) Parallel
Architecture "
Architecture
Average FPS 18 FPS 57 FPS +216.7%
Object State
Reflection 55ms 17ms -69.1%
Latency
Frame Stability 58% 91% +33%p
Processing Centralized Distributed
) Parallel -
Structure Processing .
Processing
Visual Frquent Stable Motion
o Motion ) o Improved
Continuity ) o Visualization
Discontinuity
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