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A Simplified Algorithm to Railway Infrastructure BIM
Considering Geometric Detail Features
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Abstract: Objectives: Railway infrastructure is diverse in type, large in data volume, and complex in struc-
ture. Simplifing its building information modeling (BIM) models is crucial for efficient data processing.
However, existing simplifing algorithms face issues such as poor retention of geometric features and signifi-
cant loss of detailed information. Methods: We propose a simplifing method for railway infrastructure BIM
that explicitly accounts for geometric detail features. First, we identify the specific simplifing challenges as-
sociated with track, roadbed, tunnel, and bridge models. Second, based on the unique geometric char-
acteristics of railway infrastructure, establish a set of optimization rules including boundary preservation,
angle control, and neighborhood area metrics. Specifically, the boundary preservation factor maintains model
contours and prevents the formation of voids. The angle error control factor prevents the loss of triangular
faces caused by excessive rotation during edge collapse. The neighborhood triangular average area factor
helps retain local fine-grained details. Finally, customized simplification strategies are designed for different
infrastructure types, and the method’s effectiveness is evaluated using five distinct criteria. Results: Com-
parative analysis of three algorithms shows that our proposed method simplifies the railway infrastructure
model more effectively. The method retains more geometric detail features, effectively reduces the geo-
metric error of the simplified model, and provides high—quality visual effects. Furthermore, the test results

of the simplification factors demonstrate that the boundary preservation, angular error control, and average

EEWE FHEE A A (2023YFB2603700)
F—EE LI, R, TSR AR A RS . yakunxie@163.com
BEMEE RZE W L B2 vgezj@163.com



%551 &5 44

IV 2o S5 < TS JL ] 20015 R AOF A K f 3 et 1A it BIM R AR5 Tk 827

area of neighboring triangles introduced in this paper effectively reduce model voids and maximize the reten-

tion of model contours, surface features, and local details. Conclusions: The proposed method effectively

simplifies the model and is well-suited for simplifing railway infrastructure models.

Key words : railway infrastructure ; BIM ; model simplifing ; geometric features ; detail features
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QEM &3 339 734 180 800 13 353 4.231 398 0.017 697
60 SCHR[3015 1 339 735 193 544 13 811 0.034 534 0.000 653
A 339 735 194 110 13 830 0.034 534 0.000 653
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Fig. 10 Roadbed Model Simplification Results

®3 BEEBELBELL
Table 3 Comparison of Simplified Data for Tunnel Models

it/ % ik T A i /A T A B /A4 SRR N /KB KA /m PR 2 /m
QEM % % 68 327 35062 2535 0.401 136 0.003 794
20 SCHRI30 15 1 68 328 354 461 2514 0.803 918 0.013 591
K@ R7S 68 328 35 824 2563 0.017 561 0.000 071
QEM % #: 51245 25736 1865 1.192 501 0.040 899
40 SCHR[3075 51 246 25 803 1868 0.803 918 0.021 196
KSRV 51243 26 949 1910 0.111 480 0.001 030
QEM % 34163 16 768 1207 1.199 906 0.063 700
60 SCHR[30 155 34163 17 144 1221 0.803 918 0.027 056
AR 34 164 17 758 1245 0.152 512 0.004 378

b %20%

b % 40%

THi 1k %60%

(a) QEMALi% (b) SCHR[301551% (¢) AL
P11 B A 7 ] AL 45
Fig. 11 Tunnel Model Simplification Results
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Table 4 Comparison of Simplified Data for Bridge Models
fai b/ % Bk TR B3 /A T Bt /A~ RN/ KB R 2E/m TR /m
QEM #3% 253 975 128 824 9418 0.108 180 0.000 170
20 SCHRL3015 12 253 976 126 777 9 340 0.365 877 0.000 221
AR 253 975 131113 9495 0.059 803 0.000 120
QEM #k 190 482 95 787 6 892 0.366 086 0.000 755
40 SCHR[3015 1 190 482 94 506 6 852 0.365 877 0.000 528
K@ RS 190 481 99 304 7 004 0.073 160 0.000 530
QEM &3 126 988 63 447 4561 0.366 086 0.001 868
60 k3018 12 126 988 62 395 4528 0.365 877 0.001 752
ASCE 126 988 67 077 4678 0.120 342 0.001 843
fEi 16 4%20%
fai 16 4%:40%

it %60% | el

T

(a) QEMHLZ:

I T
(b) CHR[30] 532

(c) ASCETx

P12 T S A 45 4 1R] A 5 2R
Fig. 12 Bridge Deck Bearing Structure Simplification Results
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Fig. 13 Bridge Abutment Structure Simplification Results

x5 BEEBELEFERTE/m
Table 5 Comparison of the Role of Tunnel Model Simplification Factors/m

—— NS ¥R 22
Joil B JE A 1 Ak Joi 5 T AR
20 0.401 136 0.031 770 0.017 561 0.003 088 0.000 107 0.000 071
40 1.192 501 0.111 480 0.111 480 0.038 851 0.001 804 0.001 030
60 1.552 692 0.210 179 0.152 512 0.064 988 0.009 036 0.004 378

(a) FEIL I ERFF RIS

(b) ToAf BEAE I AL 5

(o) ASCHIE A4S
P14 Bl AR T 4k 60 20 A IR B0 6 ROR X I
Fig. 14 Comparison of the Effects of Different

Algorithms for 60% Simplification of Tunnel Models
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Table 6 Comparison of the Role of Bridge Model Simplification Factors/m

N KR % TR
e/ % ‘ ‘ ‘ ‘
KR KB S I A Kl H iR KFE A
20 0.186 424 0.019 482 0.059 803 0.059 803 0.000 700 0.000 069 0.000 190 0.000 120
40 0.186 424 0.073 160 0.073 160 0.073 160 0.001 434 0.000 564 0.000 639 0.000 530
60 0.385 022 0.130 800 0.124 789 0.120 342 0.002 454 0.001 913 0.002 128 0.001 843

(a) JCU SR FF TR 4 R

(c) JEARIR AR fef 2 R

I

(d) A SCHE TR A 45 2R
FI15 MR m a4 60 %0 F AN [6) UL RUR X 1
Fig. 15 Comparison of the Effects of Different Algorithms for 60% Simplification of Tunnel Models
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