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Abstract: In visual indoor positioning systems, the method of constructing a visual map by point-by-
point sampling is widely used due to its characteristics of clear static images and simple coordinate
calculation. However, too small a sampling interval will cause image redundancy, while too large
a sampling interval will lead to the absence of any scene images, which will result in worse positioning
efficiency and inferior positioning accuracy. As a result, this paper proposed a visual map construction
method based on pre-sampled image features matching, according to the epipolar geometry of
adjacent position images, to determine the optimal sampling spacing within the constraints and
effectively control the database size while ensuring the integrity of the image information. In addition,
in order to realize the rapid retrieval of the visual map and reduce the positioning error caused by
the time overhead, an image retrieval method based on deep hashing was also designed in this paper.
This method used a convolutional neural network to extract image features to construct the semantic
similarity structure to guide the generation of hash code. Based on the log-cosh function, this paper
proposed a loss function whose function curve was smooth and not affected by outliers, and then
integrated it into the deep network to optimize parameters, for fast and accurate image retrieval.
Experiments on the FLICKR25K dataset and the visual map proved that the method proposed in this
paper could achieve sub-second image retrieval with guaranteed accuracy, thereby demonstrating its
promising performance.

Keywords: indoor positioning; binary codes; semantics; image retrieval

1. Introduction

With the growth of the Internet and the popularity of mobile communication devices,
location information has steadily evolved into the most significant information in people’s
daily lives, producing a slew of location-based services. However, people spend 80%
of their time indoors [1]. Therefore, there is an urgent need for a convenient and fast
method to achieve high-precision indoor positioning. In recent years, numerous indoor
localization methods have been proposed: Bluetooth [2,3], Wi-Fi [4,5], infrared [6], ultra-
wideband (UWB) [7], etc. Among them, visual indoor positioning, with its characteristics
of low cost, convenient data acquisition, and significant adaptability, has developed into
one of the mainstream indoor positioning technologies. Image-based indoor positioning
uses the results of image retrieval directly as the positioning results [8]. Although the
operation is simple, the positioning results are utterly dependent on the established offline
database and image search, resulting in low accuracy. Geometric relationship-based visual
indoor localization methods add a step to calculating the relative positional relationship
between the query camera and the database camera, hence having higher localization
accuracy [9,10]. In addition to using traditional vision sensors to capture image information,
there are many ways to use depth cameras to obtain information about the surrounding
environment. In [11,12], RGB-D cameras were used to capture RGB and depth images from

ISPRS Int. J. Geo-Inf. 2023, 12, 169. https://doi.org/10.3390/ijgi12040169 https://www.mdpi.com/journal/ijgi

https://doi.org/10.3390/ijgi12040169
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijgi
https://www.mdpi.com
https://orcid.org/0000-0001-5829-6121
https://orcid.org/0000-0003-1684-9714
https://doi.org/10.3390/ijgi12040169
https://www.mdpi.com/journal/ijgi
https://www.mdpi.com/article/10.3390/ijgi12040169?type=check_update&version=2


ISPRS Int. J. Geo-Inf. 2023, 12, 169 2 of 15

the surrounding environment to obtain camera poses and 3D coordinates of pixels. In order
to improve positioning accuracy, some scholars have proposed a visual indoor positioning
method based on multi-sensor or fusion information [13,14]. Although the above method
has a high positioning accuracy, it requires being equipped with additional equipment to
assist the visual sensor, which weakens the low deployment cost and strong adaptability of
visual indoor positioning.

For existing visual indoor localization methods, it is typically essential to collect
images and build an offline database, which is then used as the foundation for localization.
A visual map, an image database supporting visual indoor positioning, stores the image
information from the indoor environment as well as the position coordinates of each image,
all of which are collected and stored in the offline stage of the system. Therefore, it is crucial
to establish a visual map database with comprehensive image information and precise
geographical coordinates. Consequently, this paper proposes a visual map construction
method based on pre-sampled image similarity.

Following the creation of an offline image database, an efficient image retrieval method
is required in order to acquire database images that are visually comparable to the query
image. Generally, traditional feature extraction methods or convolutional neural networks
are used to extract feature vectors from images, and local feature aggregation descriptors
(VLAD) [15], the Fisher Vector, and BoW [9,10] are used to describe vectors to achieve
image retrieval. To some degree, the preceding approaches may meet the requirements
of indoor positioning. However, when the indoor area is large and the scene information
is abundant, the scale of the visual map produced will become quite large. Accordingly,
additional retrieval time will be consumed. More crucially, when it comes to moving-target
positioning and navigation, the longer the image retrieval time, the farther the target
moves, which in turn leads to larger positioning errors. To overcome this issue, an image
retrieval method based on the deep hashing method was used in this paper. This method
can map high-dimensional image features into a two-dimensional space and create hash
codes, which greatly reduces the number of feature dimensions. In addition, since the hash
codes are composed of a simple arrangement of 0 and 1, only a simple Hamming distance
calculation is required to return results. This method will, therefore, take less retrieval time
than other similarity metrics such as the complex Euclidean distance, Manhattan distance,
and Mahalanobis distance.

The main contributions of this paper are summarized in Figure 1.
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(1) A visual map construction method is proposed, based on pre-sampled image
features matching, to solve the problem of redundant image samples and missing scenes
features resulting in the erroneous setup of fixed sampling spacing in a varied indoor
environment. While effectively controlling the scale of the database, the integrity of the
visual features of indoor scenes is nevertheless maintained.

(2) A novel image retrieval model is established based on deep hashing to achieve high
precision and speed in image retrieval on the constructed visual map of actual buildings,
which has certain practical engineering significance.

2. Related Work
2.1. Visual Map

The methods of building a visual map can be summarized into two categories accord-
ing to the sampling method, which are the video-stream-based construction method [16,17]
and the point-by-point sampling method. The video-stream-based method has the ad-
vantage of simple sampling, but the non-uniform motion of the visual sensor can easily
cause image redundancy or loss in some areas. Furthermore, the approach of directly
using successive frames cannot directly query the geographic information of a specific
location, and can only speculate from the previous frame, which has accumulated errors
and certain limitations. In order to reduce the size of the database, some studies select
frames in the video stream in a certain way and use them as keyframes to build a visual
map database. In the literature [18], the keyframes are determined using the matching
rate as the metric of choice to generate an offline image database. However, due to the
movement speed of the vision sensor not being stable, it is difficult to accurately calculate
the geographic coordinates of a specific position or keyframe, making it difficult to perform
indoor positioning effectively. Therefore, this paper adopts a static point-by-point sampling
method to construct a visual map. Using visual sensors to capture images at locations
pre-marked in the indoor environment and recording the geographic coordinates of the
locations avoids the problems of blurred images and uneven image distribution in some
scenes caused by the dynamic acquisition method.

2.2. Content-Based Image Retrieval

Before performing the search, the content-based image retrieval system extracts fea-
tures from the database images and describes the images using feature vectors so that there
is a one-to-one correspondence between the images and the feature vectors, and finally
returns the retrieved results by calculating and sorting the distance between the feature
vectors. Therefore, retrieval performance is closely related to feature extraction, feature
selection, and similarity measurement of matched images [19]. Among these, feature
extraction and selection are the most influential factors in representing images’ semantic
content. These features can be divided into global features (colour features, texture fea-
tures, shape features, etc.) that describe the entire image and local features (edges, corners,
lines, etc.) that describe part of the image. When using the aforementioned low-level
features to retrieve images, the practice of increasing the feature dimension is generally
adopted to improve the accuracy of the retrieval results, so the retrieval time will also grow
linearly with the increase in scene images. However, when it comes to the positioning and
navigation of moving objects, a long retrieval time is bound to reduce the performance
and efficiency of positioning. Therefore, it is necessary to choose a fast and accurate image
retrieval method. In addition, these low-level features cannot comprehend the abundant
semantic information in the image and cannot sufficiently express the user’s purpose.
With the continuous development of computer technology, deep-learning algorithms have
been widely employed in the field of computer vision, and semantic-based image retrieval
methods have also demonstrated improved performance.

Deep hashing can map high-dimensional image features into two-dimensional space,
considerably reducing the dimension of features, and binary encoding has the advantage
of rapid search. When mapping, a semantic similarity structure will be constructed to
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guide the binary encoding based on image similarity to preserve the semantic relationship
between different data points. Therefore, in order to adapt to today’s trend of high-
dimensional image features, to meet the user’s need to search for desired information in
the database, and to take into account the convenience of the user and the characteristics
of the input image, this paper will use a deep hashing method to achieve the learning of
image semantic information and efficient image retrieval. Inspired by [20] and based on
the significant impact of data distribution on data-dependent hash learning, this paper also
empirically investigates the deep feature statistics and designs a deep hash image retrieval
method based on similarity reconstruction.

3. Methodology
3.1. Establishment of Indoor Positioning Image Database

Visual indoor localization is a special application of content-based image retrieval
(CBIR). Image retrieval returns the database picture with comparable scene information to
the query image, and the geographical coordinates of the query image may then be deter-
mined based on the annotated geographical coordinates of the database image. Therefore,
the results of localization are extremely dependent on the image quality and the accuracy of
the geographical coordinates of the offline database. The video-based approach to building
a visual map has the advantage of simple sampling, but the visual sensor motion is not
stable, which tends to lead to image blurring and to reduce the efficiency and the results
of image matching. In addition, vision sensors struggle to maintain uniform motion, and
non-uniform motion complicates the computation of geographical coordinates, resulting
in incorrect location findings. Hence, in order to eliminate image blurring and ensure the
reliability of geographical coordinates, this paper used a static image acquisition method.
The equipment used to construct the visual map is shown in Figure 2. First, the image was
captured using a DJI Pocket2 with three-axis mechanical stabilization, and the resolution
of the image was 4608 × 3456. Then, the coordinates of the position of the equipment in
the world coordinate system were calculated based on the laser rangefinder, and the angle
of the capture was recorded using MATLAB Mobile. A mobile phone can be connected
to MATLAB using this app, and the direction of the device can be collected by using the
sensor module, including the azimuth, pitch, and roll. Additionally, sensor data can be
streamed directly to the MathWorks Cloud for analysis, and data can be saved offline.
For collecting complete picture information surrounding the shooting point, the camera
captured pictures from eight different angles, as illustrated in Figure 3. Considering that
the natural lighting in the indoor environment is not steady, artificial lighting was used
to reduce blur and keep image noise to a minimum in order to decrease the influence of
lighting variations on image retrieval.
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Figure 3. (a) Image capture angle; (b) determination of image acquisition position.

Using the point-by-point sampling approach, however, a small sample distance results
in redundant picture information and a greater database size, which increases the retrieval
complexity and time consumption. Excessive sampling spacing will lead to the lack of
image information and coordinate information for some scenes in the visual map, limiting
the accuracy of image retrieval or even making it impossible, resulting in the inability to
achieve positioning in the online stage. As a result, and based on epipolar geometry, this
paper proposes a visual map construction method that uses feature point matching, so as to
determine the optimal sampling interval within the constraints and effectively control the
scale of the database. As shown in Figure 4, the relative positional relationship between the
query camera and the database camera can be estimated according to the epipolar geometry.
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Figure 4. Epipolar geometry.

According to the characteristics of the epipolar geometry, the electronics laboratory
building of Heilongjiang University was used as the experimental scene, and images were
captured every 0.6 m. In order to obtain the optimal sampling spacing in the vertical
axis direction, an image pair consisting of a reference image with the same horizontal
coordinate and a pre-sampled image was tested, and the results obtained are shown in
Table 1. Here, the green points are inliers, the red points are outliers, and the yellow straight
line represents the relative direction between the two images, which is consistent with the
relative direction between the sampling points in the real scene. The next steps were to
observe the match of feature points between the reference image and the images acquired at
different coordinates; define the coverage ratio Cd as the ratio of feature points between the
sampled image and the corresponding reference image; and define the match ratio Md as
the ratio of the number of matched points in the image to the total number of feature points.
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The specific form of the coverage ratio and the match ratio is shown in Formulas (1) and (2).

Cd =
Nsam

Ncor
(1)

Md =
Nmatch
Ntotal

(2)

Table 1. Epipole distribution of the images collected at each coordinate point.
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Statistical analysis was performed on the obtained experimental data, and as it was
found that the coverage ratio was more likely to fall at or near 0.7, that value was selected.
Due to the small error in solving the fundamental matrix when the feature point matching
rate was above 50% in the online positioning stage, the matching rate was determined to be
0.5. Finally, based on the fact that the corridor width of the electronic laboratory building is
2 m and the physical structure of the building is tortuous and has a strong sense of depth,
the optimal sampling spacing for the experimental environment was determined to be
3 m × 1.8 m. Figure 5 depicts the specific distribution of sample sites in the experimental
situation, with the lower left corner representing the origin position and the red markers
representing the sampling locations.
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3.2. Deep Hash Model

Figure 6 shows the overall process of image retrieval based on deep hashing.
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First, the database image is preprocessed to obtain the binary code of the label. Second,
image retrieval based on deep hashing learns a feature mapping function through the
similarity of images so that it can map the binary code according to the input image. Finally,
the Hamming distance between the binary codes is calculated as the foundation for judging
the similarity between the images. Suppose the dataset contains n images, X = {xi}n

i=1
represents the dataset, and xi is the ith image in the dataset. The hash code of each image in
the dataset is learned by the hashing method, and then the binary code of the query image
is generated according to the constructed hash function M(xi; θ), where θ represents the
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parameters of the neural network. When mapping an image to a two-dimensional space,
the sign(x) function is used to perform a binarization operation, as shown in Formula (3).

sign(x) =
{

1
−1

(x ≥ 0)
(x < 0)

(3)

The obtained hash code can be represented by B =
{

bi ∈ {±1}L
}n

i=1
, where bi repre-

sents the ith hash code and L represents the length of the hash code, which can generally be
set to 16 bits, 32 bits, 64 bits, and 128 bits. Semantic learning of images can be accomplished
by constructing a semantic similarity matrix between image pairs. In this paper, first,
images were randomly extracted from the dataset by a pre-trained VGG-F network, and
the features from the fc-7 layer were extracted to construct the similarity matrix. Second,
the similarity of each pair of data points was calculated for the extracted deep features
considering the data-dependent hashing algorithm.

Image similarity is usually measured using Euclidean distance and cosine distance.
Euclidean distance can reflect the absolute difference of individual numerical characteristics,
while cosine distance is more about distinguishing differences in direction and is not
sensitive to absolute values. Refer to [20] and calculate the cosine distances of the visual
map images to generate the distribution displayed in Figure 7. Divide it into two parts
according to the maximum value of the histogram, and use two semi-Gaussian distributions
to fit them, respectively. The constructed semantic similarity matrix is as follows:

Sij =


1, if D(i, j) ≤ lm− δlstd
0, if lm− δlstd < d(i, j) < rm + δrstd
−1, if D(i, j) ≥ rm + δrstd

(4)

where D(i, j) denotes the cosine distance between data point xi and data point xj, lm and
lstd are the mean and standard deviation of the Gaussian distribution on the left, rm and
rstd are the mean and standard deviation on the right, and δ is the key parameter for
constructing the semantic similarity matrix, which will continue to be discussed in the
later experiments. Sij is set to 1 when the semantic similarity between xi and xj is high.
On the contrary, Sij is set to −1 when xi and xj are not semantically similar. When the
similarity cannot be judged, Sij is set to 0. The data points in the visual map may be
mapped to hash codes using the principle that hash codes describe data points with similar
semantics and dissimilar hash codes describe data points with distinct semantics.

However, the sign function cannot be used for gradient training and should be re-
placed with a differentiable relaxation function for model training. Among the numerous
alternative functions, the tanh function achieves the approximation and similarity of the
sign function and makes up for the disadvantage that the sign function is difficult to op-
timize because of its discreteness. As a result, the tanh function is chosen for network
training, and the hash code h = tanh (M(x; θ)) ∈ {±1}L is obtained. The similarity matrix
is obtained by calculating the inner product of the hash codes, which can be used to judge
whether the binary hash codes are similar or not. The constructed similarity matrix is
as follows:

Sh
ij =

1
L
(hi

Thj) (5)

In deep-hashing-based image retrieval algorithms, the mean squared error (L2 loss) is
typically employed to improve the network so as to retain the semantic structure and mini-
mize the difference between the semantic similarity matrix and the hash similarity matrix.
This method has the advantage of being simple to calculate. However, the robustness of
the algorithm is low, and it is easily affected by outliers, resulting in a loss that cannot be
ignored. Consequently, the log-cosh loss, which is smoother than the mean squared error,
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was utilized in this research. The specific expressions of the mean squared error and the
log-cosh function are as follows:

MSE =
n

∑
i=1

(
yi − yp

i

)2
(6)

L(y, yp) =
n

∑
i=1

log
(

cosh
(

yp
i − yi

))
(7)

where the cosh function is

cosh(x) =
ex + e−x

2
(8)

It can be observed that when the sample data y is small, the log-cosh loss can be

approximated to y2

2 , and when the sample data y is large, the log-cosh loss can be ap-
proximated to |y| − log(2). From this, it can be inferred that the log-cosh loss has similar
properties to the mean squared error but is more robust and less susceptible to outliers.
As a result, the loss function designed in this paper based on the log-cosh function was
as follows:

Loss =
1
n2

n

∑
i=1

n

∑
j=1

log(cosh(
∣∣Sij
∣∣(Sij − Sh

ij))) (9)

ISPRS Int. J. Geo-Inf. 2023, 12, 169 9 of 16 
 

 

according to the maximum value of the histogram, and use two semi-Gaussian distribu-
tions to fit them, respectively. The constructed semantic similarity matrix is as follows: 

1,  if D( , )
0,  if ( , )

1,  if D( , )
ij

i j lm lstd
S lm lstd d i j rm rstd

i j rm rstd

δ
δ δ

δ

 ≤ −
=  − < < +
−  ≥ +

 (4)

where D( , )i j  denotes the cosine distance between data point ix  and data point jx , 
lm  and lstd  are the mean and standard deviation of the Gaussian distribution on the 
left, rm  and rstd  are the mean and standard deviation on the right, and δ  is the key 
parameter for constructing the semantic similarity matrix, which will continue to be dis-
cussed in the later experiments. ijS  is set to 1 when the semantic similarity between ix
and jx  is high. On the contrary, ijS  is set to −1 when ix  and jx  are not semantically 
similar. When the similarity cannot be judged, ijS  is set to 0. The data points in the visual 
map may be mapped to hash codes using the principle that hash codes describe data 
points with similar semantics and dissimilar hash codes describe data points with distinct 
semantics. 

 
Figure 7. Histogram distribution of image cosine distances in the visual map. 

However, the sign  function cannot be used for gradient training and should be re-
placed with a differentiable relaxation function for model training. Among the numerous 
alternative functions, the tanh  function achieves the approximation and similarity of the 
sign  function and makes up for the disadvantage that the sign  function is difficult to 
optimize because of its discreteness. As a result, the tanh  function is chosen for network 
training, and the hash code tanh( ( ; )) { 1}Lh M x θ= ∈ ±  is obtained. The similarity matrix is 
obtained by calculating the inner product of the hash codes, which can be used to judge 
whether the binary hash codes are similar or not. The constructed similarity matrix is as 
follows: 

Figure 7. Histogram distribution of image cosine distances in the visual map.

3.3. Optimization

After obtaining the semantic similarity structure and hash similarity matrix, Formula (7)
needed to be continuously optimized. The mini-batch gradient descent (MBGD) method was
a better choice, since it combines both batch gradient descent (BGD) and stochastic gradient
descent (SGD) methods to accelerate the convergence of the model and considerably reduce
the number of iterations required for convergence while ensuring the accuracy of the
training results. Nevertheless, it is difficult to define the initial learning rate of this method,
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and it falls easily into a local optimum solution. As a result, the learning rate of the MBGD
algorithm was further optimized in this work.

Nowadays, the optimization algorithms for adaptive learning rates include Ada-
Grad [21], RMSProp [22], and Adam [23]. The AdaGrad algorithm adjusts the learning rate
according to the size of the gradient. When the gradient is large, the learning rate will de-
cline significantly. Correspondingly, when the gradient is relatively small, the learning rate
will drop less. Although this strategy produces superior results for convex optimization
problems, it is not relevant to all deep-learning models. The RMSProp algorithm is a further
improvement of the AdaGrad algorithm with an additional decay factor. Compared to
the cumulative gradient approach of the AdaGrad algorithm, RMSProp accelerates the
convergence by discarding some of the previous values, and the algorithm performs better
under non-convex conditions. The Adam algorithm is essentially RMSProp with added
momentum, which combines the advantages of the AdaGrad algorithm that make it good
at dealing with sparse gradients and the RMSProp algorithm, which is good at dealing
with non-stationary targets. Considering that the optimizer may have some influence on
the performance of the model, the experiment was conducted on the dataset, the associated
mAPs were calculated, and the acquired results are shown in the Figure 8. The experimental
findings demonstrate that the mAPs achieved by the Adam optimizer and the AdaGrad
optimizer are greater; nevertheless, the AdaGrad curve is unstable with a large amplitude.
The reason for this is that the convergence speed of the AdaGrad optimizer for the loss
function in this paper is too fast, which causes the descending result to jump repeatedly
near the extreme value of the loss function. However, it is difficult to reach the extreme
point, thus missing the optimal global solution. Hence, in this paper, Adam was chosen as
the method for learning rate optimization in the experiments.
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4. Experiment
4.1. Database

To verify the feasibility of the model in this paper, FLICKR25K was used as the baseline
dataset for comparison with other methods. Moreover, the model proposed in this paper
was also applied to the established visual map to observe the model effects.

(1) FLICKR25K contains 25,000 images, and the images are already annotated. The
dataset has 24 category labels in total, and each image corresponds to one or more categories,
making it a multi-label dataset.



ISPRS Int. J. Geo-Inf. 2023, 12, 169 11 of 15

(2) In this paper, the captured images were preprocessed separately for rotation,
brightness, and saturation, taking into consideration the different weather conditions, the
variations in brightness and darkness of indoor ambient light, and the possible existence
of a particular rotation angle when the user takes the image. The dataset for the relevant
part of the visual map is shown in Figure 9. Due to the strong structural similarity and
repetition of decorations in the indoor scenes in the dataset, a total of 97 categories and
corresponding label IDs were set in this paper, and Table 2 illustrates some of the categories
and corresponding label IDs in the visual map.
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Figure 9. Example of the visual map.

Table 2. Examples of partial annotations for visual map.

Label ID Category The Number of Images Label ID Category The Number of Images

75 window 110 68 heating 63
74 table 31 67 glass door 20
73 storage room 63 66 garbage can 102
72 stairwell 114 65 flower stand 189
71 stairs 4 64 fire cabinet 191
70 open elevator 3 63 extinguisher 273
69 laboratory 116 62 elevator 22

4.2. Experimental Design and Results
4.2.1. Experimental Design

The GPU and the CPU of the computer used in this paper are NVIDIA GeForce RTX
3090 and 18-core Inter(R) Core (TM) i9-109080XE CPU @ 3.00GHZ, respectively. Consider-
ing that δ is a very critical hyperparameter in the constructed deep hashing model, which
seriously affects the performance of the system, an experiment was designed to determine
the hyperparameter. Based on the cosine distance histogram, the total probability of se-
mantic similarity was set to 49.8%, 47.7%, and 34.1%, corresponding to hyperparameters
1, 2, and 3, respectively, to explore the effect of these hyperparameters on the retrieval
performance of the model. As shown in Table 3, this paper used as an evaluation criterion
the mean average precision (mAP), which is one of the primary criteria for evaluating
retrieval accuracy.



ISPRS Int. J. Geo-Inf. 2023, 12, 169 12 of 15

Table 3. mAP with different hyperparameters.

Hyperparameter 16 bits 32 bits 64 bits 128 bits

δ= 1 0.7324 0.7410 0.7458 0.7482
δ= 2 0.7112 0.7266 0.7386 0.7394
δ= 3 0.5599 0.6293 0.6033 0.6609

4.2.2. Results and Discussion

Observing Table 3, when the hyperparameter δ= 1, the average accuracy is the highest,
with better image retrieval capability regardless of whether the code length is 16 bits, 32 bits,
64 bits, or 128 bits. The explanation for this might be that a higher probability of semantic
similarity is chosen, allowing the semantics in the picture to be better preserved. In order to
verify the accuracy of the proposed algorithm, it was compared with other hashing image
retrieval algorithms on the FLICKR25K public dataset. This comparison included three
state-of-the-art traditional unsupervised hashing methods, namely ITQ [24], SH [25], and
DSH [26], and the deep unsupervised hashing methods SGH [27], DeepBit [28], SSDH,
and DistillHash [29] which have been proposed in recent years. The results in Table 4
show that the performance of deep-learning-based algorithms is usually significantly
better than that of traditional methods. However, when no proper supervisory signals are
found, the powerful representation ability of deep learning cannot be expressed, and its
performance may not be as strong as that of traditional unsupervised hashing methods, as
in the cases of SGH and DeepBit. In addition, the experimental data also demonstrate that
the suggested approach can achieve greater mAP values and more accuracy for a variety of
hash code lengths.

Table 4. mAP with other unsupervised methods on FLICKR25K.

Methods 16 bits 32 bits 64 bits 128 bits

ITQ 0.6492 0.6518 0.6546 0.6577
SH 0.6091 0.6105 0.6033 0.6014

DSH 0.6452 0.6547 0.6551 0.6557
SGH 0.6362 0.6283 0.6253 0.6206

DeepBit 0.5934 0.5933 0.6199 0.6349
SSDH 0.7240 0.7276 0.7377 0.7343

DistillHash 0.6964 0.7056 0.7075 0.6995
Ours 0.7324 0.7410 0.7458 0.7482

To demonstrate the results of this method, precision–recall curves and top-N-precision
curves for this method and the other comparative methods were plotted, as shown in
Figure 10. Precision–recall is a good criterion of overall performance and reflects the
precision of different recall levels. Top-N precision reveals the average ratio of similar
instances in the top-N retrieved instances of all queries, which was calculated by Hamming
distance in this paper. Consistent with the mAP results, this paper’s proposed method
achieved the best top-N-precision results among all methods. Moreover, the precision–
recall curves further demonstrate that the proposed method has better hash search results.
The above experimental results all prove the superiority of the proposed method.

Experiments will be conducted on the created visual map to validate the model’s
ability to realize image retrieval in the actual indoor environment and provide significant
technical support for indoor visual positioning. Nevertheless, owing to the limitations of
the scale of the visual map, this paper added the images from the public dataset FLICKR25K
as the interference set. A total of 9900 images from FLICKR25K and 100 images from the
visual map were selected as the training set, 1980 images from the FLICKR25K dataset and
20 images from visual map were used as the test set, and 19 labels from the visual map
label set, together with the original 24 labels from FLICKR25K, were used as the new label
set. Experiments were performed on the recreated dataset, and the mAP was calculated
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to obtain the results shown in Figure 11. In addition, Figure 12 shows the precision–recall
curves and top-N-precision curves for this paper’s method and the SSDH method as used
on the new dataset. Experimental results show that the proposed method has higher mAP
values than the SSDH method for the constructed dataset. Precision–recall curves and
top-N precision also prove that the algorithm in this paper shows better performance on
the constructed dataset.
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A further experiment in relation to the time cost of the method considered the impact
of image retrieval time on real-time positioning. For code lengths of 16, 32, 64 and 128 bits,
the average encoding times of the proposed method and SSDH were as shown in Table 5.
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The encoding time was controlled within 0.09 s for all the different code lengths. Under
different encoding lengths, the encoding time difference between the improved method
and SSDH was not significant.

Table 5. Encoding time on visual map.

Methods 16 bits 32 bits 64 bits 128 bits

SSDH 0.086673 s 0.087979 s 0.087694 s 0.088878 s
Ours 0.087017 s 0.089920 s 0.089114 s 0.089756 s

5. Conclusions

This paper proposed a visual map construction method based on pre-sampled image
features matching, and according to the epipolar geometry of neighbouring location images.
The proposed method determined the static sampling interval based on the matching of
the feature points between the baseline image and each position image, in a way that
effectively balanced the scale of the database and the integrity of the image information.
In addition, this paper also proposed a deep hashing-based image retrieval method and
designed a loss function based on the characteristics of the log-cosh function curve, namely
its being smooth and not susceptible to outliers. The proposed method achieved higher
average accuracy in the FLICKR25K baseline dataset, which proved the effectiveness of the
method. At the same time, the retrieval results could be returned in sub-second time on the
visual map, enabling fast image retrieval with guaranteed accuracy.

Author Contributions: Methodology, software and writing—original draft preparation, Jianan Bai;
formal analysis, Jianan Bai and Danyang Qin; resources and project administration, Danyang Qin,
Jianan Bai, and Ping Zheng; supervision, Danyang Qin and Lin Ma. All authors have read and agreed
to the published version of the manuscript.

Funding: This work was supported by the Outstanding Youth Program of Natural Science Foun-
dation of Heilongjiang Province (YQ2020F012), the Open Research Fund of the National Mobile
Communications Research Laboratory, Southeast University (No. 2023D07), the National Natural
Science Foundation of China (61771186), and the Postgraduate Innovative Science Research Project of
Heilongjiang University in 2022 (YJSCX2022-205HLJU, YJSCX2022-080HLJU).

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy considerations.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Weiser, M. The computer for the 21st Century. IEEE Pervasive Comput. 2002, 1, 19–25. [CrossRef]
2. Huang, K.; He, K.; Du, X. A hybrid method to improve the BLE-based indoor positioning in a dense bluetooth environment.

Sensors 2019, 19, 424. [CrossRef] [PubMed]
3. Dinh, T.-M.T.; Duong, N.-S.; Sandrasegaran, K. Smartphone-based indoor positioning using BLE iBeacon and reliable lightweight

fingerprint map. IEEE Sens. J. 2020, 20, 10283–10294. [CrossRef]
4. Hao, Z.; Dang, J.; Cai, W.; Duan, Y. A Multi-Floor Location Method Based on Multi-Sensor and WiFi Fingerprint Fusion. IEEE

Access 2020, 8, 223765–223781. [CrossRef]
5. Zhang, W.; Yu, K.; Wang, W.; Li, X. A Self-Adaptive AP Selection Algorithm Based on Multiobjective Optimization for Indoor

WiFi Positioning. IEEE Internet Things J. 2021, 8, 1406–1416. [CrossRef]
6. Karakaya, S.; Ocak, H. Low Cost Easy-to-Install Indoor Positioning System. J. Intell. Robot. Syst. 2020, 100, 131–144. [CrossRef]
7. Zhu, X.; Yi, J.; Cheng, J.; He, L. Adapted Error Map Based Mobile Robot UWB Indoor Positioning. IEEE Trans. Instrum. Meas.

2020, 69, 6336–6350. [CrossRef]
8. Piciarelli, C. Visual Indoor Localization in Known Environments. IEEE Signal Process. Lett. 2016, 23, 1330–1334. [CrossRef]
9. Li, M.; Chen, R.; Liao, X.; Guo, B.; Zhang, W.; Guo, G. A Precise Indoor Visual Positioning Approach Using a Built Image Feature

Database and Single User Image from Smartphone Cameras. Remote Sens. 2020, 12, 869. [CrossRef]
10. Wu, T.; Liu, J.; Li, Z.; Liu, K.; Xu, B. Accurate Smartphone Indoor Visual Positioning Based on a High-Precision 3D Photorealistic

Map. Sensors 2018, 18, 1974. [CrossRef]

https://doi.org/10.1109/MPRV.2002.993141
https://doi.org/10.3390/s19020424
https://www.ncbi.nlm.nih.gov/pubmed/30669629
https://doi.org/10.1109/JSEN.2020.2989411
https://doi.org/10.1109/ACCESS.2020.3039394
https://doi.org/10.1109/JIOT.2020.3011402
https://doi.org/10.1007/s10846-020-01193-1
https://doi.org/10.1109/TIM.2020.2967114
https://doi.org/10.1109/LSP.2016.2593958
https://doi.org/10.3390/rs12050869
https://doi.org/10.3390/s18061974


ISPRS Int. J. Geo-Inf. 2023, 12, 169 15 of 15

11. Li, S.; Yu, B.; Jin, Y.; Huang, L.; Zhang, H.; Liang, X. Image-Based Indoor Localization Using Smartphone Camera. Wirel. Commun.
Mob. Comput. 2021, 2021, e3279059. [CrossRef]

12. Liu, X.; Huang, H.; Hu, B. Indoor Visual Positioning Method Based on Image Features. Sens. Mater. 2022, 34, 337. [CrossRef]
13. Jiao, J.; Li, F.; Tang, W.; Deng, Z.; Cao, J. A hybrid fusion of wireless signals and RGB image for indoor positioning. Int. J. Distrib.

Sens. Netw. 2018, 14, 1550147718757664. [CrossRef]
14. Poulose, A.; Han, D.S. Hybrid Indoor Localization Using IMU Sensors and Smartphone Camera. Sensors 2019, 19, 23. [CrossRef]
15. Zhang, L.; Xia, H.; Liu, Q.; Wei, C.; Fu, D.; Qiao, Y. Visual Positioning in Indoor Environments Using RGB-D Images and Improved

Vector of Local Aggregated Descriptors. ISPRS Int. J. Geo-Inf. 2021, 10, 195. [CrossRef]
16. Zhang, X.; Lin, J.; Li, Q.; Liu, T.; Fang, Z. Continuous Indoor Visual Localization Using a Spatial Model and Constraint. IEEE

Access 2020, 8, 69800–69815. [CrossRef]
17. Lu, G.; Yan, Y.; Sebe, N.; Kambhamettu, C. Indoor localization via multi-view images and videos. Comput. Vis. Image Underst.

2017, 161, 145–160. [CrossRef]
18. Feng, G.; Ma, L.; Tan, X. Visual Map Construction Using RGB-D Sensors for Image-Based Localization in Indoor Environments.

J. Sens. 2017, 2017, e8037607. [CrossRef]
19. Chavda, S.; Goyani, M.M. Content-Based Image Retrieval: The State of the Art. Int. J.-Gener. Comput. 2019, 10, 193–212. [CrossRef]
20. Yang, E.; Deng, C.; Liu, T.; Liu, W.; Tao, D. Semantic structure-based unsupervised deep hashing. In Proceedings of the 27th

International Joint Conference on Artificial Intelligence, Stockholm, Sweden, 13 July 2018; pp. 1064–1070. Available online:
https://dl.acm.org/doi/abs/10.5555/3304415.3304566 (accessed on 13 April 2022).

21. Duchi, J.; Hazan, E.; Singer, Y. Adaptive Subgradient Methods for Online Learning and Stochastic Optimization. J. Mach. Learn.
Res. 2011, 12, 2121–2159.

22. Tieleman, T.; Hinton, G. RMSprop Divide the Gradient by a Running Average of its Recent Magnitude. COURSERA Neural Netw.
Mach. Learn. 2012, 4, 26–30.

23. Kingma, D.P.; Ba, J. Adam: A Method for Stochastic Optimization. arXiv 2017, arXiv:1412.6980. [CrossRef]
24. Gong, Y.; Lazebnik, S.; Gordo, A.; Perronnin, F. Iterative Quantization: A Procrustean Approach to Learning Binary Codes for

Large-Scale Image Retrieval. IEEE Trans. Pattern Anal. Mach. Intell. 2013, 35, 2916–2929. [CrossRef] [PubMed]
25. Weiss, Y.; Torralba, A.; Fergus, R. Spectral hashing. In Proceedings of the 21st International Conference on Neural Information

Processing Systems, Red Hook, NY, USA, 8 December 2008; pp. 1753–1760. Available online: https://dl.acm.org/doi/abs/10.555
5/2981780.2981999 (accessed on 25 August 2022).

26. Jin, Z.; Li, C.; Lin, Y.; Cai, D. Density Sensitive Hashing. IEEE Trans. Cybern. 2014, 44, 1362–1371. [CrossRef]
27. Dai, B.; Guo, R.; Kumar, S.; He, N.; Song, L. Stochastic Generative Hashing. In Proceedings of the 34th International Conference

on Machine Learning, Sydney, Australia, 6–11 August 2017; pp. 913–922. Available online: https://dl.acm.org/doi/abs/10.5555/
3305381.3305476 (accessed on 25 August 2022).

28. Lin, K.; Lu, J.; Chen, C.-S.; Zhou, J. Learning Compact Binary Descriptors with Unsupervised Deep Neural Networks. In Proceed-
ings of the IEEE Conference on Computer Vision and Pattern Recognition, Las Vegas, NV, USA, 27–30 June 2016; pp. 1183–1192.
[CrossRef]

29. Yang, E.; Liu, T.; Deng, C.; Liu, W.; Tao, D. DistillHash: Unsupervised Deep Hashing by Distilling Data Pairs. In Proceedings of
the IEEE/CVF Conference on Computer Vision and Pattern Recognition, Long Beach, CA, USA, 15–20 June 2019; pp. 2946–2955.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1155/2021/3279059
https://doi.org/10.18494/SAM3562
https://doi.org/10.1177/1550147718757664
https://doi.org/10.3390/s19235084
https://doi.org/10.3390/ijgi10040195
https://doi.org/10.1109/ACCESS.2020.2986044
https://doi.org/10.1016/j.cviu.2017.05.003
https://doi.org/10.1155/2017/8037607
https://doi.org/10.47164/ijngc.v10i3.166
https://dl.acm.org/doi/abs/10.5555/3304415.3304566
https://doi.org/10.48550/arXiv.1412.6980
https://doi.org/10.1109/TPAMI.2012.193
https://www.ncbi.nlm.nih.gov/pubmed/24136430
https://dl.acm.org/doi/abs/10.5555/2981780.2981999
https://dl.acm.org/doi/abs/10.5555/2981780.2981999
https://doi.org/10.1109/TCYB.2013.2283497
https://dl.acm.org/doi/abs/10.5555/3305381.3305476
https://dl.acm.org/doi/abs/10.5555/3305381.3305476
https://doi.org/10.1109/CVPR.2016.133
https://doi.org/10.1109/CVPR.2019.00306

	Introduction 
	Related Work 
	Visual Map 
	Content-Based Image Retrieval 

	Methodology 
	Establishment of Indoor Positioning Image Database 
	Deep Hash Model 
	Optimization 

	Experiment 
	Database 
	Experimental Design and Results 
	Experimental Design 
	Results and Discussion 


	Conclusions 
	References

