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Abstract

To address the critical challenges of low measurement efficiency and inadequate data precision in
the renovation of old residential communities, this paper takes the Chucai Community in Wuhan
City as the core research object, and constructs a multi-source measurement technology evaluation
system covering laser rangefinders, handheld laser scanners, stationary 3D laser scanners, and un-
manned aerial vehicle aerial surveying. The analysis and comparison are carried out through the
collected field data. The results show that the stationary scanner with millimeter-level accuracy has
a significant advantage in building structure analysis (the pearson correlation coefficient has a
value of 0.98), but its single-station coverage is relatively limited; unmanned aerial vehicle aerial
surveying can achieve 1:2000 scale terrain modeling, but is limited by the practical low-altitude
ground sampling distance; handheld devices increase the measurement efficiency by 300% in indoor
narrow spaces, but have a systematic error of 2 cm. Further research shows that the adoption of
reasonable multi-source data fusion strategies can reduce the overall measurement error by ap-
proximately 47%, significantly improving data integrity and renovation adaptability. The research
results provide a solid theoretical support and reliable empirical basis for the effective optimiza-
tion of mapping schemes in the renovation of old residential areas.
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Figure 1. Map of the research site
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Table 1. Optimal parameter combinations of multi-source sensors
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Leica RTC 360 H# 8 = 4B 31X 0.01 m 200 kHz 12 bit —20°C~50°C
K§E PARTK 5 AML 0.02m ls 12 bit -30°C~60C

2.2.3. FRBEL

KB FEHOCEA . 5 F R sh 2O Leica RTC 360 s B = 4 OG0 S K a8
PARTK T ANUEATZ H/NX SO M, R B 2R 32 B0 NI s i VORI . sEabib i, il A B
B RE. HEEAFE., AR =R 2).

I
S : WA TERE Shb R IS 52
i
|
e I
|
|
i
I
UFRRE : ik
: FIN% capis |-
|
ro-- - - - - -~ -~ -~ - - - - T L’7’77777777777777’7’777’7’7’7’7’]
: 1 75 PO O B ‘ ‘ ST RO L ‘ Leica RTC360 = 4EH0t 114 ‘ KEPARTKIC A ML 2 :
|
|

! I | | | |

I ————— i FHE AU A :
| |
| |
: E2VICE At JFIG AR HZERR S QYR bR ARG | | POSELHR MR EZINES :
H S5¥EE Pt AT IR TR EEf7iEeS CHLHED B Z U HBER |
| |

HIRmMA SR
| |
: ‘ ESBRE (DOM) 4k ‘ ‘ Fe TR (DSM) 4l ‘ ‘ = R IR ‘ !
| [ \ ] I
PEUEE S i |
|
i R L5 .
| gl I
' )

Figure 2. Technology route map
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Table 2. Performance parameters of Delixi laser rangefinder
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Table 3. Performance parameters of Yihui handheld mobile laser scanner
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Figure 3. Yihui handheld mobile laser scanning scene diagram
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Table 4. Performance parameters of Leica RTC 360 ultra-fast 3D laser scanner
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Figure 4. Leica RTC 360 ultra-fast 3D laser scanning area map
4. Leica RTC 360 #RiE 2 = 4 13 XI5
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Table 5. Performance parameters of DJI phantom 4 RTK Drone
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Table 6. Comparison table of measuring accuracy
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W2 e KA 8 B AR A R [30]. &5 ICP HEAHEL, NDT XHI4A A (0 BUR LUK, S A A3
RHEIATE[12], (HHAEFR R, 2 S BRI A BR[31].

Go-ICP Hikimit 5I N T 40 SC SR T71E R 3D AUAERCHEIR (It T &R e, R0 74458 1CP Sk
() SR 3t /NI R 32] [33 ] VAR T AT YIRS soh RIMR Y, EH T ZIHNX XK AG EL T
UL, IRIERS AN GRS B 3 5

TEARRFLH, Go-ICP HIERILERAM, H 14 s RIS SF R 5N EEACAHE, RMSE [£Z 0.021 m,
Chamfer P2 SH1 Hausdorff 8555 723524 0.027 m #1 0.089 m, % ICP Al NDT 54 & E T+, HAZOE
RITE T, Go-ICP Bikilid 4 Rk kns, A ol T EREM A XX K AG EE SO M E RIERI 5T
558 1CP B35 5y B N Ja 30 ne 0 14D 1) 8
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Table 7. Performance comparison of different registration algorithms

7. TRIEERERIMREXTEL

ik FERT /s RMSE/m Chamfer/m Hausdorff/m

ICP 32 0.060 0.074 0.182

NDT 25 0.048 0.061 0.150
Go-ICP 14 0.021 0.027 0.089

SChamfer PR : T E AN 7 5 B2 [ FRIAR AU o
"Hausdorff BT : — T AT P MR ) B KR ILRCRE BE R e, T Had B 5 TR RO AR (B 1
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BRI G B R G S a5, PR PERIETE A 0.1 mm/px (FRIEFZZY 0.3 mm/px); £5HHH
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2, =JE,J" (3-4)
Horr 2, A7 ZHERE .
I SRR 10,000 RATH,  A3HT H R ZE IR KR B (Si) SO BT T Z I ST (L 8).

Table 8. Sensitivity of different error sources and their contribution rate to the variance of design quantities
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R RYUE S Wit &7 Z DTk
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25 1) P ~F T 13 72 0.18 12%
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