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Fig.1 Diagram of Sequences of Street View Images and Gaze Photos
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Fig.2 Diagram of Estimation Error
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Fig.3 Diagram of Street View Images Selection
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Fig.5 Diagram of Image Matching While Overlapping
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Fig.6 Flowchart of Gaze-Direction Estimation for
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Estimating Gaze Directions for Pedestrian Navigation

ZHOU Sha "** NIU Jigiang '** XU Feng'?’ PAN Xiaofang '*’
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1 School of Geographic Science, Xinyang Normal University, Xinyang 464000, China
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Abstract: Objectives: Accurately capturing gaze directions of pedestrians can effectively improve the effi-
ciency and the safety of pedestrian navigation. Traditional methods of gaze direction estimation are some-
what invasive in many practical applications and unadapted to different users and head pose variations, and
unsuitable for pedestrian navigation in terms of the portability of the corresponding devices. Accordingly,
we propose a model to estimate the gaze directions of pedestrians using smart glasses. Methods: Based on
scale invariant feature transform features, we first measure the similarity degree between gaze photos and
street view images. Then we propose a method to estimate gaze directions while pedestrians and street
view images are disjoint. When pedestrians and street view images are overlapped, we develop ano-
ther estimation method that considers the position error of pedestrians. Furthermore, we establish a gaze-di-
rection estimation model that considers the positional relationship between pedestrians and street view ima-
ges. Finally, we select two real-world scenes to verify the reliability of the proposed estimation model of

(T4 % 735 )
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set-partitioning and other optimization strategies. The basic modules such as initial solution generation
method, local search operators, solution perturbation, model building and solving, and search strategies,
are provided in the framework. Using these building blocks, some exact, metaheuristic and hybrid algo-
rithms could be implemented effectively. Five algorithms are implemented for the FSDP: Exact method by
solving a mixed integer linear programming model, simulated annealing (SA) algorithm, iterative local
search (ILS) algorithm, SA with set-partitioning, and IL.S with set-partitioning. In addition, four instances
are designed to test the algorithms. The instance size, supply-demand ratio, and geographic environment
are considered in the instance design.Results: There are several findings from computing experimentation:
Optimal or near-optimal solutions of the instances could be obtained by CPLLEX optimizer; high-quality so-
lutions could be found by SA and ILS algorithms much more efficiently; the set-partitioning procedure is ca-
pable of improving the solution quality.Conclusions: Based on the proposed algorithm framework, it is easy
and flexible to design local-search based matheuristics and hybrid algorithms for the FSDP. High quality so-
lutions could be obtained by coupling the local search with ruin-recreate perturbation and set-partitioning.

Key words: facility service districting problem; spatial contiguity ; mixed integer linear programming ; algo-

rithm framework; algorithm design
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gaze directions by simulation experiments.Results: The results show that:(1) The estimation errors of the
proposed estimation model(i.e., gaze-direction estimation model considering positional relationship) are sig-
nificantly lower than that of gaze-directions estimation model ignoring positional relationship. (2) In the
same scenes, the estimated error does not increase with the test distances. Moreover, the average estima-
tion accuracy of our model is almost similar to the estimation method based on depth cameras.Conclusions:
(1) The proposed gaze direction estimation is significantly superior to the model that ignores positional rela-
tionship.(2) Pedestrian position variations have little impact on the estimation accuracies of our model in the
same scene. Hence, the proposed model is suitable for pedestrian navigation and we can use portable smart
glasses to estimate gaze directions.

Key words: pedestrian navigation; gaze directions estimation; gaze photo; street view; image similarity
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