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1- Introduction

In recent years, Building Information Modeling (BIM) has
seen rapid adoption in the Architecture, Engineering, and
Construction (AEC) industries, driving demand for precise
as-built models. The conventional methods for capturing
3D spatial data, such as terrestrial laser scanners and
photogrammetry, are effective but come with challenges
like high costs and the need for specialized equipment and
operators. The advent of LiDAR technology integrated
into smartphones, particularly since the release of the
iPhone 12 Pro in 2020, has sparked interest in exploring
the potential of these devices for surveying applications.

This study examines the effectiveness of the iPhone 12
Pro’s LiDAR sensor in capturing 3D spatial data of indoor
environments, specifically comparing its accuracy in two
scanning conditions: with and without the use of a gimbal
stabilizer. The results were benchmarked against more
established methods, including photogrammetry and total
station measurements, which serve as high-precision
baselines for comparison. This research addresses a critical
question: Can smartphone-based LiDAR sensors provide
reliable data for indoor mapping with sufficient accuracy
to replace or complement traditional methods?

2-Methodology

To evaluate the performance of the iPhone's LiDAR
sensor, the study utilized a systematic data collection
process in a controlled indoor environment. Initially,
control points were established using a total station to
ensure a reliable reference framework for accuracy
assessment. The room was scanned using the iPhone in
both  gimbal-assisted and  unassisted  modes.
Photogrammetric data was collected using a series of high-
resolution images processed with structure-from-motion
techniques to create detailed point clouds. The data from

each method were aligned using the Iterative Closest Point
(ICP) algorithm to minimize alignment errors.

The accuracy of the smartphone LIDAR scans was
assessed using cloud-to-cloud (C2C) distance analysis and
Root Mean Square Error (RMSE) calculations. This
included evaluating the geometric consistency and spatial
accuracy of the generated 3D models by comparing them
against the total station and photogrammetric point clouds.

3-Findings

The results indicate that using a gimbal significantly
improves the accuracy of the iPhone LiDAR scans. In the
C2C analysis, scans without a gimbal exhibited errors
exceeding 35 cm, while with a gimbal, these errors were
reduced to below 10 cm in most cases. However, some
residual errors between 10-20 cm persisted in certain areas.
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Figure 1, Scanning four rooms with iPhone, without
gimbal(a), and with gimbal(b)

The RMSE for smartphone-derived data was between
15-20 cm, compared to 1.5 cm for photogrammetry and 2
mm for total station measurements. This suggests that
while smartphone-based LIiDAR can be useful for
medium-accuracy indoor mapping, it is not suitable for
high-precision engineering tasks.

Table 1, Control points and checkpoints error

method RMSEX RMSEY RMSE
(m) (m) (m)
Photogrammetry 0.008 0.011 0.014
iPhone + Gimbal 1 0.113 0.168 0.203
iPhone + Gimbal 2 0.084 0.148 0.171
iPhone + Gimbal 3 0.050 0.145 0.153

The study also found that the iPhone’s LiDAR sensor,
when stabilized with a gimbal, provided much cleaner
point clouds with reduced noise and overlapping scan
errors (figure 2,3). Without stabilization, the scans were
prone to inaccuracies caused by hand movements, which
led to significant deviations in the resulting 3D point
clouds.

@ ) (b)

Figure 2, Vertical view of the point cloud obtained from the
iPhone scanner with (a) and without gimbal (b)

The use of a gimbal in smartphone-based LiDAR
scanning improves data accuracy and noise reduction,
enabling effective vectorization of captured point clouds.
This enhances data quality, enabling the creation of BIM
directly from smartphone-derived scans, making
smartphone LiDAR a cost-effective tool for medium-
accuracy indoor mapping projects.

Figure 3, Preparing a valid and realistic building
information model using a 2D map and 3D point cloud
information

4-Discussion

The research highlights both the potential and limitations
of smartphone-based LiDAR technology. Although the
iPhone’s sensor is not yet capable of matching the
precision of traditional surveying tools, it offers a cost-
effective and accessible alternative for less demanding
applications. The improvements observed with the use of
a gimbal point to a practical solution for increasing the
accuracy of smartphone scans. This could be particularly
beneficial in scenarios where quick and on-the-go data
acquisition is required, such as initial site inspections,
interior renovations, or real estate assessments.

Despite its advantages in terms of portability and
affordability, smartphone LIiDAR sensors face challenges
in larger or more complex indoor spaces where high
precision is critical. The current limitations include a
maximum effective range of approximately 5 meters,
sensitivity to environmental lighting conditions, and noise
accumulation over longer distances.

5-Conclusion

The findings of this study confirm that while smartphone
LIiDAR sensors have potential applications in indoor
surveying, they currently fall short of the precision
required for detailed engineering projects. However, their
ease of use, accessibility, and relatively low cost make
them a promising tool for less demanding spatial data
collection tasks. With further advancements in sensor
technology and stabilization techniques, the accuracy and
reliability of these devices could improve, paving the way
for broader adoption in the AEC industry.

Future research could explore integrating smartphone-
based LiDAR data with other sources, such as drone-based
photogrammetry or traditional ground-based surveys, to
enhance the overall accuracy of 3D models. Additionally,
investigating the use of advanced algorithms to correct the
inherent limitations of smartphone sensors could further
expand their usability in professional contexts.
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Investigating the Capability of the Smartphones Time-Of-Flight Sensor to Data-Capturing Interior
Spaces of Building

Mohammad Amooshahi Asghar Milan Saeid Sadeghian Alireza Gharagozlou

Abstract Considering the significant increase in the use of Building Information Modeling (BIM) and its prominent
role in the Architecture, Engineering, and Construction (AEC) industries, achieving an accurate as-built model is
critical. However, current tools for acquiring 3D data and reconstructing as-built building conditions face challenges
such as limitations in accuracy and high costs. Since introducing the LiDAR sensor in iPhones in 2020, extensive
research has been conducted to evaluate the capabilities of this sensor across various fields, especially in surveying.
This study compares 3D scan data from the iPhone in two modes— with and without using a gimbal with data obtained
from photogrammetry and a total station. The results show that using a gimbal eliminates the errors from multiple
scans and enhances geometric accuracy. In the cloud-to-cloud (C2C) analysis without a gimbal, errors exceeding 35
cm were observed, while with the gimbal, these errors were minimised, with most discrepancies being below 0.10 cm.
Although some errors ranged from 10 to 20 cm, the root mean square error (RMSE) for smartphone-derived vector
data ranged between 15 to 20 cm. In comparison, the RMSE for the total station and photogrammetry was measured at
2 mm and 1.5 cm, respectively. While the accuracy of this data is lower, it is suitable for medium-accuracy indoor
building surveys, though it is less reliable for engineering projects requiring very high precision.

Key words Smartphone, 3D scanner, photogrammetry, building information model, 3D cadastre.
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