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Background: Hospital outpatient services handle a large number of patients daily, with
busy and standardized processes, making them crucial to the hospital’s daily operations.
Approximately one-third of outpatients seek assistance at the information desk daily,
with 60% of these inquiries related to department location and the treatment process.
Despite the hospital displaying prominent maps and signs, many patients still get lost,
repeatedly search for departments, or endure long waits, hindering patient satisfaction.
Objective: To design and implement an intelligent indoor navigation system deeply
integrated with the hospital information system (HIS). This system helps patients
quickly and conveniently plan their routes, improve the overall medical experience,
reduce the workload of medical staff and hospital operating costs, and implement the
hospital’s “one-phone-for-all” outpatient service process optimization concept. Methods:
This study constructed a real-time navigation system integrating Bluetooth iBeacon
positioning technology, a 3D electronic map, and a WeChat official account platform.
The system architecture is deeply integrated with the HIS to achieve proactive navigation
based on the treatment process. This study employed a retrospective cohort analysis to
compare the differences in patient time spent on key medical routes before and after the
system’s implementation, and analyzed its application effectiveness using actual system
usage data. Results: The system provides real-time, intelligent, and dynamic route
guidance and path planning, effectively reducing patient navigation time, optimizing the
medical experience, and lowering the workload and operating costs of patient guidance
services. During the COVID-19 pandemic, the system provided strong support for the
implementation of hospital epidemic prevention measures, reduced unnecessary contact
between medical staff and patients, and ensured the safety of both.
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1 INTRODUCTION

In recent years, general hospitals have developed rapidly, with
their building area and number of departments continuously
increasing. This represents an important direction for hospital
development [1]. Meanwhile, with the development of medical
disciplines, outpatient functional areas have been frequently
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adjusted, leading to a continuous expansion of hospital layouts
and increasingly complex patient routes. These issues pose sig-
nificant challenges to patient movement within the hospital [2].

In the field of indoor navigation technology, various technical
solutions such as Bluetooth, WiFi, and ultra-wideband have
been explored and researched [3]. Among them, Bluetooth
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Figure 1. Technical architecture of in-hospital navigation system. POI, points of interest; HIS, hospital information system.

iBeacon-based technology is convenient to deploy and has a
moderate cost [4-6]. However, most existing research focuses
on positioning accuracy and technical implementation, and its
practical application in hospitals is often disconnected from
core business processes, failing to achieve the transformation
from “simple static location query” to “dynamic process guid-
ance” [2, 7-9]. To address the above issues, this paper con-
structs an intelligent in-hospital navigation system and carries
out online testing at Shanghai Pudong New Area Zhoupu
Hospital. This study makes three key contributions: (1) It
designs a process-aware system architecture, which is deeply
integrated with the hospital information system (HIS) and links
navigation guidance with the real-time progress of patients’
visits, thereby clearly guiding them to the next destination and
realizing proactive guidance on “where to go next”. (2) It uses
the message push function of WeChat Official Account to
automatically send navigation information according to the
patient’s subsequent visits [10]. (3) It adopts rule-based
dynamic path planning, which can recommend the optimal
route for patients and realize one-way traffic control, meeting
the relevant requirements of epidemic prevention. This paper
combines real application data to fully elaborate on the solu-
tion, covering system design, core technologies, on-site deploy-
ment and effect evaluation.

2 SYSTEM ARCHITECTURE AND CORE
ALGORITHMS

2.1 Overall architecture design

The overall system architecture is shown in Figure 1.

https://doi.org/10.61189/7875800rkjwce

2.1.1 Positioning module

This module includes a positioning device and a positioning
terminal (i.e., the patient’s smartphone), primarily employing
iBeacon Bluetooth beacon technology [4-6]. To ensure the con-
tinuity of indoor positioning, this technology is also combined
with the smartphone’s inertial navigation function and an
improved pedestrian dead reckoning algorithm [3, 8, 11].
Positioning is achieved through two methods: received signal
strength indicator (RSSI)-based fingerprint matching and pe-
destrian dead reckoning (PDR).

2.1.2 Indoor/outdoor positioning cloud platform

This platform encompasses a positioning engine, a map
engine, and a path engine. It provides lightweight 3D vector
maps and manages points of interest (POI) information for
various departments and facilities within the hospital in a
unified manner.

2.1.3 Business logic module (core)

It is responsible for intelligent decision-making throughout the
entire patient care process. This module interfaces with the
HIS via a status listener to monitor changes in the patient’s
medical status in real time (e.g., “Registered” or “Paid”). The
path planning engine triggers and executes a dynamic path
planning algorithm based on the status information, and then
the message distributor accurately and proactively pushes the
generated navigation guidance to the patient’s end.


https://doi.org/10.61189/787580orkjwc

Medical Artificial Intelligence 2026; 2 (1): 1-6.

Sun et al.

m m WecChat Official Account Navigation Mini Program
Make payment
Ll ]
Make |
payment !
< Push navigation message
(including the next destination: Pharmacy,

Laboratory Department, Radiology Department, etc.)
|-

Patient clicks on the navigation message

Start navigation to the destination

Figure 2. Sequence diagram of visit process-based navigation.

2.1.4 Human-computer interaction module

It runs on WeChat Official Account, providing patients with
multiple navigation methods such as map, augmented reality
(AR), and voice navigation.

2.2 Process-aware navigation mechanism

The core innovation of this system lies in the process-aware
navigation mechanism, which is consistent with the goal of
process optimization in the construction of smart hospitals [1,
2]. Figure 2 shows the system sequence diagram. When the
patient information changes in the HIS, the business logic
module automatically performs path planning based on the
patient’s current location and destination, and actively pushs
navigation messages to the patient’s WeChat through the
human-computer interaction module [10]. This design effec-
tively realizes the transformation of the service model from
“people seeking tasks” to “tasks finding people”.

2.3 Path planning strategy

The path planning is based on an improved algorithm that not
only calculates the geometric shortest path, but also incorpo-
rates business rule weights (such as prioritizing the planning
of accessible pathways and elevators for wheelchair users) and
management rules (such as setting up one-way electronic fenc-
es during the pandemic) to generate an optimal path with con-
text-aware capabilities. Figure 3 shows the navigation results,
which presents examples of optimal paths generated under four
different travel preferences (escalator, elevator, stair, and barri-
er-free access), including the default recommended route.
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3 SYSTEM DEPLOYMENT AND EFFICACY
EVALUATION

3.1 System deployment and usage overview

Since its deployment at the end of 2021, the system has pro-
vided navigation services 720,000 times, with an average daily
usage of 457 times. Figure 4 shows the monthly usage from
June 2022 onwards. The data shows a steady increase in usage,
consistently maintaining a high level. The system has been
widely recognized and applied in clinical practice.

3.2 Visit efficiency evaluation

To quantify the impact of this system on patient visit efficiency,
we conducted a retrospective cohort study. Anonymous patient
process timestamp data was extracted from the HIS, covering
before system implementation (October 2020) and after imple-
mentation (October 2024). The typical patient visit process of
“payment — examination registration” was selected, and the
average time for this process was calculated for all patients
before and after the system implementation. After the system
implementation, the total time from payment to completion of
examination registration decreased by 17%. This is showed in
Table 1.

Figure 5 show the comparison of daily average process time
for the selected months. In contrast, patients who did not use
the navigation system did not experience a significant differ-
ence in navigation time compared with before the system was
applied.
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Figure 4. Statistics on the number of in-hospital navigation users.

Table 1. Time from payment to CT registration (monthly average)

Before implementation (2020.10, min) After implementation (2024.10, min) %
7.95 6.57 17%
Note: The interval from payment completion to radiology registration was used as a sur-
rogate for patient travel and waiting time. This interval was compared before and after
system deployment, using data from October 2020 (pre-deployment) and October 2024
(post-deployment). Only patients who completed both payment and CT registration

on the same day were included. In October 2020 (pre-deployment, n=7,482), the mean
interval was 7.95 minutes. In October 2024 (post-deployment, n=10,144), the mean

interval decreased to 6.57 minutes. The reduction was 1.38 minutes, representing a 17%
decrease.

4 CONCLUSION the solution is

scenarios.
This paper designs an in-hospital intelligent navigation system

that is deeply integrated into the entire patient visit process. It

tion, fulfilling the design goals of a new gen-
eration of hospital navigation systems, and
also aligns with the core objective of optimiz-
ing outpatient process management [2].

This study conducted a retrospective cohort
analysis, which provided reliable empirical
evidence: patients using the system spent sig-
nificantly less time finding their way than
those who did not use it. The system operates
stably and has received positive feedback
from users. All of these factors confirm that
feasible, effective, and practical in real medical

has been successfully deployed and tightly integrated with the
HIS. This integration achieves process-aware proactive naviga-
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The main contribution of this study is the successful transfor-
mation of a navigation tool: from a technology-driven tool to a
patient-centered, process-aware intelligent service system.
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Figure 5. Payment-to-CT registration time: pre- vs. post-implementation daily averages.

This achievement aligns with national policies on high-quality
hospital development and provides an effective practical case
for improving outpatient efficiency and enhancing patients’
medical experience [1, 2].

In the future, we will utilize the trajectory data generated by
this system to further study patient flow patterns and explore
predictive navigation and crowd management solutions based
on artificial intelligence.
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