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Summary 
 

Nanjing Omeida Elevator Equipment Company is currently conducting a survey on the dispatch 
mode and usage of special elevators for operation in Jiangsu Province Hospital. I participated in this 
project during my internship in the company. Through interviews with the staff of the hospital’s 
technical department, elevator monitoring center personnel, and liftmans, as well as online 
questionnaires for the doctors about elevator usage, and integrating their feedback, I learned about 
the current operating procedures and limitations of elevators for surgery. The existing surgical 
elevator scheduling process in the hospital has problems such as low scheduling efficiency, long 
waiting time, cumbersome operation process, and inability to multi-thread response. To solve these 
problems, I conducted in-depth research on how to improve the existing process and simplify the 
operation process. Combined with the IoT smart elevator technology, I developed a more efficient 
and convenient remote reservation and dispatching plan for special elevators for operation. In order 
to cope with the special use scenario of the hospital where every second counts, a variety of 
emergency plans are included in the plan to ensure the normal operation of the elevator. The plan 
includes the interaction between the doctor’s mobile phone, the elevator manager operation 
interface of the monitoring center, and the large-screen interface outside the elevator, so as to 
maximize efficiency. At the same time, through the improvement of the monitoring center manager 
interface, the interactive interface is visually more intuitive for easier administrator-operation. The 
research and development of this system is also of practical significance for other hospitals with 
high-level wards, and since the existing hardware system will not be replaced, the cost of this 
solution is relatively low,  so it is also an important reference for the future improvement of 
medical elevators. 

Keywords: 

Remote dispatch, IOT intelligent elevator, Operation elevator dispatching plan 
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1. Introduction 
 

1.1 Motivation  
Jiangsu Province Hospital of China has 3 surgical buildings, namely Building 2, Building 12 and 
Outpatient Building. Take Building 12 as an example, it has a total of 24 floors. For inpatients on 
each floor, especially the Hepatobiliary Center and the Cardiology Departments, the use of special 
elevators for operation is very frequent in unexpected situations. The current elevator solution is 
very cumbersome: Except for one of the 4 dedicated special elevators for operation in Building 12 
that is operated by a dedicated liftman which Only working at daytime from 8am till 4pm, the other 
three elevators require a doctor to swipe the access card in front of the elevator door to get access to 
start the elevator. However, it is quite often the case that the elevator is not on the same floor as the 
doctor. As a result, the doctor will have to wait for quite a long time in front of the elevator entrance 
before the elevator arrives. For a high-rise building which has 24 floors, the results of our 
experiment show that in the worst case, the doctor needs to wait more than 2 minutes to get into the 
elevator. In a hospital where efficiency is critical and every second counts, this waiting time may be 
fatal for patients. To make matters worse, if the doctor on duty forgets to carry the access card with 
him, he needs to call the monitoring center administrator, and the administrator will send relevant 
employees to the doctor’s floor to help him swipe the card. In this case, the time wasted is difficult 
to estimate. 

 

Currently on the market, OTIS has just published an appointment system for the intelligent elevator 
of the Internet of Things in modern high-rise residential areas in 2020 [3,32,33]. However, due to 
the special use scenario of the hospital, the monitoring center needs real-time monitoring, and 
human dispatch and intervention are required in an emergency, so there is no fully-developed 
solution for remote dispatching systems for hospital special elevators for operation.   

 

Based on the problems mentioned above, I proposed to design a dispatching plan for remote 
reservation of elevators [8]. The program has both a mobile phone appointment interface and a 
monitoring center administrator monitoring operation interface [7]. At the current market, there is 
no monitoring center administrator monitoring operation interface which combines the elevator 
monitoring with the function of remote elevator control. This is also one of the main research 
directions and innovation of this article. 

 

1.2 Research Objective  
This project takes the doctors and the employees of the elevator monitoring center of the Jiangsu 
Provincial People's Hospital as the ultimate target users, and conducts unified management and 
unmanned improvement of the special elevator for operation scheduling process on different floors 
and wards. The circumstance is that only the No. 2 elevator in Building 12 is equipped with a 
liftman now (Building 2 and Outpatient Building have no liftman which can only by using access 
card to control the elevators), but in the solution I proposed, remote operation on the application 
side will replace the liftman, following the trend of de-manualization, and saving expenses while 
increasing operational efficiency [13]. 
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1.3 Contribution 
The main contributions of this article mainly include the following points: 

1. Dispatch the elevator through the mobile app, make an appointment in advance in the office or 
on the way to the elevator. Compared with the current scheme of having to swipe the card in 
front of the elevator to operate the elevator, this greatly reduces the waiting time for the 
elevator. Make the traffic efficiency increase. 

2. There is a complete emergency response mechanism for emergency situations. If the doctor 
does not carry the elevator access card or other special circumstances, he can directly call the 
monitoring center, and the administrator can remotely operate the elevator on the screen 
through the operation interface. without calling other staff who have the access card rush to the 
scene to come help, which is much faster. 

3. Replace the existing liftman through the development of a remote dispatch interface. Liftman 
can only handle one emergency case at one time, but by using the remote elevator control 
system, the monitoring center will allow control of multiple elevator equipment at the same 
time on the screen when multiple emergency situations happen.  

4. Unify the dispatch mode of the three buildings with dedicated elevators for surgery, and 
standardize the emergency operation process. 

 

1.4 Thesis Organization 
In this paper, I first analyzed the needs of users. I conducted face-to-face interviews with 
stakeholders of different professional backgrounds, and then conducted online questionnaire 
surveys specifically for surgeons. In this way, while ensuring multi-dimensional feedback, the 
details of the problem can also be grasped. In short, the results of user research help determine the 
design goals and design scenarios in the design phase. In Chapter 2, I introduced the interactive 
design of the mobile phone, the back-end management of the control center, and the electronic 
display, and detailed each step in the form of Task. The preliminary evaluation is completed in 
Chapter 3. 
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2. Chapter 1 Methodologies

2.1 Double Diamond Design
From the workk of Yu-Jin Kim [1], the double diamond design is a typical theme of design thinking 
practices. It can be broken down into four steps: Discover, Define, Develop, and Deliver.

Figure 1: The process of double diamond design

In all design work, before the final solution (Convergent Thinking) is obtained, there will be 
countless related projects (Divergent Thinking) output. The shape of the diamond illustrates this 
phenomenon well (that is, first divergence, then concentrated and finally integrated into one point).

The double diamond design emphasizes that the thought process of diamonds needs to be done 
twice instead of once. They are respectively defining the problem, and the other time is solving the 
demand. But when we design, we often ignore the diamond on the left hand side, so that there is no 
clear definition of the requirement (Problem Definition), and a solution (Deliver) is provided for the 
wrong requirement.

In order to discover the best idea, the entire process above also needs to be iterated continuously. 
Ideas need to be continuously produced, tested, and defined more precisely [12]. Bad Ideas are 
constantly iterated and screened out. Of course, this process is also the only way to produce a good 
design.

When practicing this process, we should follow the order of the quadrants and continue to advance 
our projects [27]:

1. Exploring requirements Discover (divergence): The first quadrant is the beginning of the 
project. Designers should examine the world around them from a new perspective, constantly 
pay attention to emerging things, and collect requirements.

2. Requirements Define (focus): The second quadrant is the stage of requirements definition. 
Designers think about whether the requirements in the first quadrant actually exist. What are 
the real rigid needs? Which requirement should we start designing from? At the same time, 
which demand can be solved? In this quadrant, we need to define a creative outline that 
includes future designs.

3. Conception Plan Develop (re-divergence): The third quadrant is the divergence conception 
plan, propose different solutions and continue to create, prototype, test, and iterate. The 
problems that arise in this process can help designers to continuously improve and improve 
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their ideas.

4. Solution Delivery (Focus again): The fourth stage of the project indicates that the concept has 
been clarified, the delivery stage has been reached, and the result of the project (product, 
service, environment, etc.) has been determined, produced, or even already in operation.

2.2 User Centered Design
User-centered design [29] is a design method that is not limited to interface design or design skills. 
It’s core idea is that in every aspect of product development, users are included in the scope of 
thinking. It usually focuses on the following elements: usability, user characteristics, usage 
scenarios, user tasks and user processes.

Figure 2: How To Design In User-Centric Way

What UCD provides is a multi-stage problem-solving process, which not only requires designers to 
analyze and hypothesize how users use the product [30], but also conduct user tests in a real 
environment to verify and improve the product. Subject to "expert barriers", interaction designers 
may not be able to truly understand the user's initial using condition. Therefore, such tests and 
verification also provide a closed-loop proof of UCD. 

Different from other product design concepts, UCD optimizes the product by thinking about what 
users can do with the product, what they want, and what needs to be satisfied, instead of forcing 
users to change their habits to adapt to the product [31].

The following are principles to ensure that the design is user-centric:

1. Clearly understand users, tasks and scenarios
2. User needs are involved in the design and development process
3. UCD evaluates and perfects the design
4. Iterative development
5. Improve the user experience of the product
6. The design team can provide a multi-disciplinary perspective
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Figure 3: How iterative process works

2.3 Goal Driven Design
Goal-driven design is defined as a "problem solving is the highest priority" design [28]. In other 
words, it first focuses on meeting the specific needs of the end user, rather than the old design 
method, which focuses on technical feasibility. In the process of goal-driven design, interaction 
designers need to make five transitions.

1. Design first, program second: In other words, goal-driven design should first consider how 
users interact and how the interface is displayed, rather than starting from technical 
considerations.

2. Separate responsibility for design from responsibility for programming: Separating the 
design responsibility from the programming responsibility means that the interaction designer 
responsible for the end user does not have to worry about technical limitations, and the designer 
should trust the developer to be able to deal with technical issues. 

3. Hold designers responsible for product quality and user satisfaction: Make designers 
responsible for product quality and user satisfaction. Although stakeholders or customers have 
their own considerations, interaction designers are responsible for users on the other side of the 
screen.

4. Define one specific user for your product: Define a specific user for your product. This 
particular idea has now evolved into something related to user research: personas. The designer 
needs to connect the persona back to the product and keep asking: Where will this person use it? 
Who are they? What do they want to accomplish?

5. Work in teams of two: Work in pairs. Interaction designers should collaborate with "design 
communicators", which is the key. These people usually include project managers, content 
strategists, and information architects.

2.4 Heuristic Evaluation
Heuristic Evaluation, created by Jakob Nielsen and his colleagues in 1995 [34], whose goal is to 
find usability issues in the design.

Nielsen's Ten Usability Principles are the most classic and most commonly used design evaluation 
rules:
1. Visibility of system status: Also known as the principle of visibility, that is: let users know 

what the system is doing; there is feedback on the system status, and the waiting time should be 
reasonable.

2. Match between system and the real world : Also known as the environment-appropriate 
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principle, that is: use user language instead of developer language; close to real life, not 
academic concepts. In short, use user-understandable expressions. Information display must be 
natural and appropriate, logically correct, and minimize user cognitive costs. 

3. User Control and Freedom : Also known as the principle of undo and redo, that is: operation 
errors can be returned. Users often mistakenly touch system functions, at this time, a clear 
"emergency exit" is needed to leave the unexpected state, instead of having to expand a new 
window. 

4. Consistency and standards : Also known as the principle of consistency, that is: the 
representation of the same thing and similar operations must be consistent everywhere. Don't let 
users consider whether different words, scenes, and actions mean the same thing. Follow the 
platform specifications. 

5. Error prevention : Also known as the principle of error prevention, that is: more friendly than 
error prompts-use a prudent design method to prevent problems from the beginning. Either 
eliminate error-prone conditions, or check these conditions, and provide users with confirmation 
options when they trigger operations to eliminate misoperations as early as possible. 

6. Recognition rather than recall : Also known as the principle of accessibility, that is: letting 
users identify or recognize is a better way than letting users recall. By visualizing objects, users 
can reduce the burden of memory. Users should not be required to remember every part of the 
information in the dialog box (also can't remember), and the system should automatically 
provide visual or easy-to-retrieve information prompts when appropriate; 

7. Flexibility and efficiency of use : Also known as the principle of flexibility and efficiency, that 
is: make users more flexible and efficient in the process of operation through a reasonable 
design. Design customized operation methods for novices and experts, such as: provide 
operation guidance for novices, and provide quick operations for expert users, so that the system 
can satisfy both experienced and inexperienced users at the same time. Users can customize 
frequently used operations 

8. Aesthetic and minimalist design : Also known as the principle of legibility or the principle of 
easy scanning, that is: reduce irrelevant information, reflect the beauty of simplicity, and the 
more accurate description of the actions of Internet users should be "sweep". The dialog box 
should not contain irrelevant or infrequently used information. Each additional information unit 
added to the dialog box will compete with related information units for user attention and 
reduce the relative visibility of the information. 

9. Help users recognize, diagnose, and recover from errors : It is also known as the principle of 
fault tolerance, that is: when there is an error in the system, the error message must be clearly 
displayed to the user. Accurately point out the problem, actively provide solutions, and assist 
users to recover from the error state as soon as possible. 

10. Help and documentation : Also known as the humanized help principle, that is: provide 
necessary help tips and documentation. It is naturally excellent to use the product smoothly 
without documentation, but general documentation is also necessary. Documents should be easy 
to search, focus on user tasks, list specific execution steps, and not be too lengthy. 
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3. Chapter 2 Competitors Analysis

Currently there are no related products in the Chinese market that combine the elevator back-end 
management interface with the elevator remote control interface. So I mainly analyze the current 
mainstream elevator back-end management and monitoring interface in China, and conduct research 
on the elevator control and remote call solutions in the market.

3.1 Elevator Back-end User Management
Here are some user interfaces that are used in China today [35, 36]:

Figure 4 : Elevator Management System User Inerface in China

Through the analysis of the existing elevator management back-end interfaces in China [37, 38], I 
found that these interfaces in the market have the following problems:

1. Most of the data, and elements of the elevator operation are described in text, which makes it 
compulsory for the operator to read the text information in order to clarify the operating status. 
The way in which information displays is not intuitive enough and leads to low reading 
efficiency. This can be found in figure 5 below:
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Figure 5 : Shuhai Software Elevator Status Bar

2. Logically speaking, according to the different business scope of companies, their requirements 
for elevator supervision are also different. However, when displaying the items of  data of 
elevator operation, they do not sort and filter the data according to its importance and relevance. 
Data that is not so relevant to the company’s business occupies a large part of the interface, 
making the interface look poorly organized and difficult to highlight. 

3. There is no obvious distinction between the busy state and the idle state of the elevator. If the 
monitor wants to dispatch remotely, it is particularly important to be able to distinguish these 
two states at a glance.

4. As shown in figure 6, at present, the elevator internal CCTV screen cannot be displayed on the 
elevator background management interface. If the supervisor wants to know the internal 
monitoring screen of a particular elevator, he needs to find the specific screen among the 
surrounding monitoring screens, which is time-consuming.

Figure 6 : CCTV in elevators (left) and background management interface (right)

3.2 Remote Control
Otis eCall C, developed by Otis, is the most popular mobile phone-controlled elevator application in 
Google App Store. In order to identify the floor where the user is located, the user needs to 
approach a specific elevator and then automatically connect to the elevator through the Bluetooth of 
the mobile phone. Then the user can press the “up” or “down” button on the application, and press 
the floor number button on the phone after getting into the elevator [39]. 

The main purpose of it is touchless dispatch, which means users can call an elevator cab for 
dispatch to a destination from your mobile device without touching anything outside or inside the 
cab, which is Covid friendly.
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Figure 7: The user interface of Otis eCall C

Recently, Otic published a professional version of this application named Otis eCall Pro [40]. 
Instead of choosing the elevator by the user himself, the algorithm can automatically dispatch the 
nearest elevator to the user's floor, and tell the user on the application which elevator door to wait.

Figure 8: The user interface of Otis eCall Pro

Since the mobile phone is paired with elevators via bluetooth technology, the limitation of 
transmission distance and the connection stability always make the performance of this function 
unsatisfactory. Even in the latest Bluetooth 5.0, the maximum reach is only as far as 50m indoors
[41]. The rating 3.7 out of 5 of this software on Google App Store also illustrates this problem.
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4. Chapter 3 Requirement Analysis 
 

4.1 Interviews 

4.1.1 Method 
Through competitor analysis, I established a general research direction: simplify the operation 
elevator scheduling process through remote scheduling technology, thereby saving time for doctors 
and patients. In order to understand the details of the elevator dispatching process and the problems 
that employees in different positions may encounter in this context, I interviewed a total of eight 
relevant personnel with different positions and professional backgrounds. 
 
The interview with each person lasted about an hour. The main purpose was to familiarize me with 
the entire elevator scheduling process and highlight their views, experience, and their understanding 
of other roles involved in elevator scheduling. In this case, the analysis of user behavior, thoughts, 
and feelings helped me determine more specific design requirements. Participants were first asked 
to introduce their roles, and then they reviewed in depth their views on the user experience of the 
operating elevator dispatch system [4]. Sometimes, participants will share their computer screens 
and show the principles and interaction design of the elevator dispatching plan when they speak. 
After obtaining the informed consent of the participants, all interviews were videotaped and 
transcribed. The interview includes open-ended interview questions: 
1. Their role in the company or hospital, 
2. Their daily work activities, 
3. Their own understanding of the operation elevator dispatching system 
 

ID Gender Job title 

P1 Male Chief Engineer of Elevator System 

P2 Male Surgeon 

P3 Male Surgeon 

P4 Female Surgeon 

P5 Male Elevator Monitoring Center Dispatcher 

P6 Male Director of Personnel Department 

P7 Female Elevator Technicians  

P8 Female Elevator Management System UI designer 

Table 1: Participants Summary 
 

4.1.2 Results 
Hospital hardware equipment and personnel planning 
 
From the interview, Jiangsu Province Hospital of China currently has 3 buildings with special 
elevators for operation, including 2 surgical buildings (Buildings 2 and 12) and an outpatient 
building. The specific information is summarized in the following table 2. 
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Building name Total number of 

floors 
Floor number of 
operating room  

Number of special elevators 
for operation 

Number of liftman 

Outpatient building 8 B1 4 None 

Building 2  15 2 and 3 2 None 

Building 12 24 7 and 8 4 1 

Table 2: Specific information about hospital floors  
 
As Building 12 has the highest floor, the largest number of inpatients, and the most intensive care 
units, one of the 4 elevators located in Building 12 is equipped with a liftman. During daytime 
working hours, the liftman’s job responsibility is to bring the elevator to the desired floor according 
to the dispatching task assigned by the monitoring center. 
 
The main purpose of having special elevators for operation is to allow doctors to go to the 
corresponding floor as soon as possible when emergencies happen [12]. The common situation is 
that  the patient in the ward is in urgent need of surgery, and the doctor needs to accompany him to 
the operating room or the doctor encounters an emergency and needs to take the elevator himself, 
such as the doctor is called to the operating room for emergency surgery, the anesthesiologist needs 
to go to intubate the patient, the consultation doctor is called for emergency consultation, the doctor 
on duty is not in the ward when emergency happens and etc.  
 
The special elevator for operation has two card swiping devices, which are located on the outside of 
the elevator door and below the floor button inside the elevator. It can only be used by swiping the 
elevator card from the outside in an emergency case [13]. 
 

  
Figure 9: The access card sensor for elevator 

 
The specific operation process is divided into two steps: 
1. Swipe the access card at the sensor outside the elevator to activate the elevator, choose to go 

up/down, and wait for the elevator to arrive. 
2. When the elevator arrives, enter the elevator, swipe the card at the bottom of the floor button, 

and then get permission to select the floor. 
 
Now part of the special elevator for operation in Building 12 still retains manual control mode, 
which is manipulated by liftman.  
 
The main responsibilities of elevator monitoring center are as follows: 
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1. Real-time monitoring of elevator operation, and dispatching an operator to the site for 
management in time if any abnormality is found.

2. Receiving emergency calls from doctors, and assigning tasks through the walkie-talkie to 
liftman or the nearest operator upon the doctor’s request.

Dispatching Process
From the doctors’ side, the process of taking the special elevator is as follows:

Figure 10 : Flow chart of the original elevator dispatching process

For the doctor in Building 12, they need to call the monitoring center first in case of an emergency. 
The dispatcher of the monitoring center receives the call and dispatches a liftman to the floor where 
the doctor is through the walkie-talkie. If the liftman is not at work or the liftman driver is in other 
tasks, the doctor needs to go to the elevator door, activate the elevator through the access card, and 
wait for the elevator to come.

For the doctors in the outpatient building and building 2, because these two buildings do not have 
liftmen, the doctors need to walk to the elevator, swipe the card at the door, wait for the elevator to 
arrive, swipe the card again after entering, and then select the floor.

When the doctor directly calls the monitoring center if he does not have a card, the dispatcher of the 
monitoring center will dispatch the nearest operator closest to the doctor.

The dispatchers of the monitoring center not only have to deal with the dispatching of elevator 
operators in building 12 in an emergency, but also deal with all special situations such as doctors 
forgetting to take their access cards. When answering the phone, they need to make quick 
judgments based on the specific conditions of different buildings.

Design principles

In the background management user interface, there are 5 elements that must be displayed 
according to the industrial design principles:

1. The current running direction of the elevator (up, down, stop)
2. The floor where the elevator is currently located
3. Elevator open/close door status
4. Whether there are passengers in the elevator
5. Elevator operation failure warning
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4.2 Online Survey 

4.2.1 Method 
In order to understand the doctor's experience of using the current elevator dispatching system as 
end users, after obtaining permission from the personnel department, I sent a questionnaire to the 
email list of surgeons at Jiangsu Provincial People's Hospital by email. The questionnaire contains 
more standardized quantitative evaluation details, which is more conducive to performance 
evaluation than the answers to subjective interviews.  
 

4.2.2 Results 
We know that 72% of surveyed doctors have average experience in the overall dispatch of hospital 
operating elevators. According to the department of the doctor who answered, I found that the most 
frequent use of surgical elevators are doctors in critical care departments such as thoracic surgery, 
hepatobiliary center, urology, anesthesiology, cardiovascular surgery, etc., and it is far greater than 
those in ophthalmology and neurology. Basically, surgeons in the rehabilitation center do not use 
the special elevator for operations. Besides, due to the large number of floors and intensive care 
units in Building 12, the frequency of use of the special elevators is higher than that of the other two 
buildings. For the doctors who often work in Building 12, they are basically satisfied with the 
elevator dispatching and calling process of liftmen during working hours. 
 
The survey shows that the most important function of the operating elevator is that when the doctor 
finds the patient in the ward under his management needing an emergency operation, he will 
accompany the patient to the floor where the operating room is located. However, it is worth noting 
that in many other emergency situations, doctors also need to use surgical elevators to reach the 
destination floor. There are many types of such emergencies. For example, a patient on a certain 
floor is suffocated, and there are no medical staff who can intubate on the spot, and an 
anesthesiologist is required to rush to a certain floor to intubate the patient immediately; if the 
doctor on duty has insufficient experience, the second-line doctor needs to take the job for 
emergency treatment;  or the surgeon was urgently notified to go to the operating room on a 
certain floor for emergency surgery or emergency consultation. This kind of use of elevators for 
surgery is also common. 
 
When the doctor finds an emergency situation and needs to go to the operating elevator, it will often 
take at least 1 minute to reach the operating elevator hall, and the time spent in the case of 
accompanying the surgical patient to the operating room takes more time. When the doctor rushes 
to the operating elevator lobby and chooses to swipe the card to use the special elevator, the doctor 
needs to wait 30 to 50 seconds for the arrival of the special elevator. However, in reality, it is 
necessary to consider the time for the doctor to find the elevator closest to his floor, find and swipe 
the card, and the time of 3-5 seconds to open the elevator door (70% of the doctors in the survey are 
not satisfied with the speed of opening and closing the door of the special elevator), and enter the 
elevator and swipe the card for the second time to select the floor and wait for the elevator door to 
close. The whole process basically takes 60 to 90 seconds. 
 
In extreme cases, if the doctor needs to use the special elevator to send the patient to the operating 
room for emergency surgery and does not carry the access card with him, he needs to call the 
elevator monitoring center immediately and let them send the nearest operator with the card 
immediately for assistance. The results show that there is often a delay of 2 minutes or more in this 
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situation. If the doctor needs to go to a specific floor to perform an emergency task, since there is no 
patient, he can choose to call the monitoring center, climb the stairs on his own, or use an ordinary 
elevator. This will take more time. 
 

4.3 Summary  
Through the interview and online survey, I define the following user requirements: 
 
1. Less time: When the liftman is not available, the doctor needs to swipe the card to use the 

special elevator. In this process, the doctor needs to wait for the elevator to reach the floor 
where the doctor is. This often wastes valuable rescue time.  

2. Multi-process scheduling: Since Building 12 is equipped with only one liftman, under extreme 
conditions, if multiple emergency tasks occur at the same time, the liftman can only handle one 
of them, and for the remaining emergencies, the doctor can only go to swipe the card to activate 
the elevator. If the doctor forgets to bring the access card, he needs to call the monitoring center, 
which will make the waiting time longer. 

3. Higher Efficiency: Except for the elevator with the elevator driver, the current use of the 
special elevator requires swiping cards twice, one activation of the elevator, and one floor 
selection, which is inefficient. 

4. Simpler process: For the dispatcher who is responsible for answering the phone in the 
monitoring center, he needs to analyze the situation of the different buildings to make different 
decisions, which increases the thinking time and workload. 

5. Lower cost: At present, there are too many people involved in the whole process of elevator 
dispatching. The hospital hopes to simplify the process, reduce the cost of personnel 
employment, and therefore reduce expenses. 
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5. Chapter 4 Design 
 

5.1 Design Goals 
Simplify the operation elevator dispatching process for the Jiangsu Provincial People's Hospital. 
Reduce the time that doctors wait for the special elevator for operation. Unify the scheduling plan 
of each building’s elevator. Realize more standardized management. Improve the handling 
efficiency of the elevator monitoring center in emergency situations. Design a more efficient and 
convenient scheduling process [9]. 
 

5.2 Design Process 
In my design process, I will use “Design first, program second” in goal driven design [28] as my 
design starting point, and develop based on the premise of “Separate responsibility for design from 
responsibility for programming”. At the same time, it draws on some of the ideas of user centered 
design [29, 30, 31] and the design process of the double diamond design [25, 26, 27] for 
development. 
 
Through the definition of goal driven design to meet the needs of end users, and from the analysis 
of surveys and interviews, we define the needs of each role in the entire elevator interaction process. 
 
1. For doctors, they hope to use the elevator to reach the corresponding floor as quickly as possible. 
2. For the monitoring center, they hope to reduce workload and improve efficiency. 
3. For the hospital manager, they hope to reduce labor costs. 
 
After sorting out the above problems, we brought it into the design process of the double diamond 
design for development 
 

5.2.1 Discover 
In the requirement analysis part, I have analyzed the pros and cons of each key step in the operation 
elevator dispatching process, including the problems encountered by the monitoring center, elevator 
drivers, surgeons who use the elevator, and cases of extreme situations. The exploratory problems 
related to each step are also listed.  
 

5.2.2 Define 
After merging the scattered problems that I discovered before, I finally define the two most 
important points below: 
 
1. The overall operation process is complicated and there is no unified planning due to the fact that 

different buildings have different management modes. 
2. Inefficient operation and wasted time. Shown in figure 11, the red rectangles are the main 

wasted time in the current process. More specifically, they are the time the doctor needs to wait 
for the operation of the elevator operation elevator and wait for the operator to send the card 
under special circumstances plus the time for the monitoring center to make preliminary 
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judgments on the different tasks of the incoming call and then tell the information to the liftman
through the walkie-talkie.

Figure 11 : The wasted time in original dispatching process

To sum up, I will create a series of HMW problems, the so-called "how might we..." problems, and 
put forward suggestions on what we need to do in the hospital field and what problems we need to 
solve.

1. How might we unify elevator dispatching plans in all buildings?
2. How might we simplify the process of the doctor waiting for the elevator?
3. How might we simplify the operation process required in emergency situations?
4. How might we reduce the workload of the monitoring center staff?

5.2.3 Develop

Figure 12 : Ideation (left) and Evaluation (right)

First of all, I classify the problems for each stakeholder, and conceive how my own design should 
be based on the current existing dispatching plan and process design trends. Then I evaluate the 
feasibility of each plan I propose and ask the relevant technical personnel for their opinions.

5.2.4 Deliver
Through meticulous research and demonstration of the solutions proposed in the “develop” stage, I 
finally chose the solution that suits the design principles best. The program flow chart is shown in 
figure below, which is greatly simplified compared to the current elevator dispatching process.
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Figure 13: New Dispatching Process 

I unified and standardized the elevator dispatching plan for each building of the hospital. I used the 
mobile phone to make an elevator appointment plan, and carried out an unmanned transformation of 
the whole process, which reduced the workload of the dispatchers in the monitoring center. Beyond 
that, I design a more efficient and fast elevator scheduling process to replace the existing elevator 
driver system. And in special circumstances, no matter where the doctors are, they can directly call 
the monitoring center. The monitoring center does not need to spend time sending the operator 
closest to the doctor to help the doctor according to the doctor’s specific location, instead, the 
remote control is performed directly on the computer side, which greatly saves the doctor's waiting 
time while reducing personnel expenses [14]. The specific design details are as follows. 
 

Elevator Reservation Mobile Application 
 
When doctors need to use the operating elevator in an emergency, they can use the application to 
make an appointment for the operating elevator on a mobile phone. Only doctors in the hospital are 
eligible to use this application as logging in needs their employee ID. Then, through the algorithm 
of the elevator backstage, the operating elevator in the idle state closest to the doctor is 
automatically dispatched when reservations are made. Then the doctor’s mobile app will prompt the 
doctor which elevator is dispatched, so that the doctor can go directly to the destination elevator 
[16]. 
 
When the elevator reaches the floor where the doctor is, the elevator door is automatically opened 
and locked until the doctor enters the elevator and swipes his access card to unlock the elevator.   
 
This saves time in four steps:  
 
1. The time for the doctor to look for the idle elevator  
2. The time when the doctor came to the door of the corresponding operation elevator to swipe the 

card  
3. The time the doctor waits for the arrival of the elevator in the elevator lobby 
4. Time to wait for the elevator door to open after the elevator arrives 
 
I once envisaged canceling the mechanism of swiping the card, but it may cause the following 
problems: 
 
1. When the elevator has opened the door and is waiting for the doctor, any non-medical personnel 

can enter and start the elevator if the card sensor is removed. 
2. If the doctor's mobile phone is out of power, he will lose control of the elevator. 
3. If there is an emergency in the process of elevator remote dispatching, such as the computer 

crash, the internal network of the hospital is attacked by hackers, and the large-scale collective 
network disconnection in the city, etc., a stable alternative is needed. 

 
As mentioned above, under normal circumstances, we use the existing new operation-dedicated 
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elevator control program. But when the program cannot work as usual due to an accident, we need 
to switch to the original manual process. It is particularly important to keep the most original steps 
of swiping the card and waiting for the elevator as a backup plan used in emergency situations. 
Therefore, the existing card swiping sensor cannot be cancelled.

Elevator Lobby Interactive Interface

A dedicated electronic screen is placed at the entrance of each special elevator for operation, the 
reason for this are: First, when an elevator is reserved, the electronic screen corresponded will 
display the reservation status of the elevator and the ID of the doctor who reserved the elevator. 
Second, to divert the flow of people and reach the warning effect [10]. When the operating elevator 
is in emergency operation, the screen corresponded will display: The operating elevator is about to 
arrive at the corresponding floor, please keep the passage clear and non-medical personnel are 
prohibited from approaching. This increases the traffic efficiency.

Currently there are already electronic screens at the entrances of every consultation office in the 
outpatient building and some surgical elevators, as shown in the figure below.

Figure 14 : Current LED screen in elevator lobby

Elevator Management Interface 

In the original process, the monitoring center not only has to deal with the normal dispatching of 
elevator drivers in building 12 in an emergency, but also has to deal with special situations such as 
doctors forgetting to bring elevator control cards. When answering the phone, the dispatcher needs 
to make judgments based on the specific conditions of different buildings. Now adopting the mobile 
phone reservation system, the elevator is automatically dispatched through more efficient 
algorithms, therefore, the dispatcher of the monitoring center does not have to receive emergency 
dispatch tasks at all times, which greatly reduces the workload [6].
  
The new elevator background management interface includes the existing elevator monitoring
functions and the manual remote dispatching elevator function. It interacts with the doctor’s mobile 
phone app and the electronic screen in the elevator lobby to realize the functional connection. When 
a doctor makes an appointment for an elevator via a mobile phone, this request will be displayed on 
the screen.

By using the remote elevator control function, doctors can directly call the monitoring center no 
matter where he is. The monitoring center does not need to spend time sending the operator closest
to the doctor to help the doctor according to the doctor's specific location. Instead, remote control is 
performed directly on the computer, which greatly saves the doctor’s waiting time while reducing 
personnel expenses.
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The interface of remote control elevators needs to be multi-threaded scheduling, that is scheduling 
multiple elevators in one interface, so that it can solve the problem of handling multiple tasks in 
extreme situations, such as receiving multiple emergency tasks at the same time.

5.3 Final Design
The interfaces I designed include the elevator reservation interface of the doctor's mobile 
application, the LED screen in the elevator lobby and the elevator back-end management interface 
used in the elevator monitoring center. These three interfaces are linked. When the doctor sends 
instructions on the mobile phone, the elevator back-end management system will receive and 
display them on the management interface and LED screen in the lobby. They all adopt a unified 
design language [2].

5.3.1 Mobile Reservation System
In special use scenarios like hospitals, time and efficiency are the most important, so the number of 
interfaces available for doctors in the entire reservation process should be minimized. The design 
language of pages should also be simplified as much as possible to make it clear to the doctor. 
Reducing operation steps while preventing misoperation is also significant.

I use a flat design language to maximize the efficiency of the entire operation process of reserving 
an elevator, and at the same time strive to improve the learnability, memorability and satisfaction of 
the interface usability.

Figure 15 : Mobile Inerfaces

Reservation process and instructions

Figure 16 : Reservation Interfaces
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Take the outpatient as an example, there are five steps:
1. The doctor chooses the building.
2. The doctor selects the starting floor
3. The selected floor button and go button turn green (the reason for designing this interface is to 

prevent doctors from misoperation)
4. The computer automatically allocates the idle elevator closest to the doctor through the 

algorithm, so that the doctor can go directly to the elevator shown on the app.
5. When the elevator reaches the floor, the elevator door opens automatically and remains open 

until the doctor enters the elevator, swipes the access card to activate the elevator, select the 
floor and go to the corresponding floor.

Emergency report of elevator failure 
   

Figure 17 : Failure Report Interfaces

1. Click the button on the main interface to enter the fault reporting mode
2. Choose the ward
3. Select the number of the malfunctioning elevator
4. Send the fault information and wait for the monitoring center to respond.

The doctor's operation elevator failure report can let the monitoring center immediately know when 
an elevator encounters a problem or an equipment use problem is discovered, and then the relevant 
staff can be sent to deal with it in time. It is even more critical in the scenario of the hospital.

Other Interfaces

Figure 18 : Interface for Login (left), Call (Middle) and Reserved (Right)

In the employee login interface, only relevant employees of the hospital can use their ID to log in to 
the application.
Click the button on any interface to have a voice or video conversation with the 
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monitoring center at any time.
The appointment waiting interface after all operating elevators in a certain building have been 
reserved.

5.3.2 Elevator Lobby Interactive Interface

Figure 19: LED screen interface

This is what the corresponding LED screen in the elevator lobby shows when a doctor reserves an 
elevator. On the top right is the doctor’s ID and photo. In the middle there are warnings to tell 
people this elevator is reserved.

5.3.3 Monitoring Center Management Interface
The main interface uses the classic blue of Jiangsu Provincial People’s Hospital as the main color, a 
large number of graphic languages are used instead of traditional text, different colors are defined 
for different states, and the color of each part of the entire interface is unified [11]. The ultimate 
goal is to make the entire interface’s learnability, efficiency, memorability and satisfaction 
maximize the improvement.

Figure 20 : Management Interface
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Lift Status & Status Bar

I design the Lift Status interface as simple as possible and use graphical language instead of text 
language to make the interface more intuitive and easy to read [5]. This is especially important for 
hospitals that require emergency response. Through interviews with interface designers and 
suggestions, I learned that my design must include the following 5 most important basic elements as 
shown in table below.

1 Elevator goes up/down

2 Current floor

3 Door closed/open

4 People inside/No people 

5 Error Warning

Table 3 : Basic Elements for elevator status

The Lift Status status bar uses 4 different colors to correspond to 4 different states (idle, running, 
manual and failure), making it more intuitive and efficient to read.

The Status Bar is on the top of the main interface and adopts the same color design as Lift Status, 
which counts the different statuses of all elevators in quantity.

Idle Status Running Status Manual Status Failure Status

Table 4 : Four states for elevator
Main Interface

Figure 21 : Main Interface



27

Three groups of horizontal blue background squares are used to distinguish operating elevators in 
different buildings. For the main interface with 4+4+2 and a total of 10 elevators, I think this 
solution is the best to achieve the best screen utilization.

Notification Centre

Notification Centre Notification Notification Explanation 

When the doctor’s reservation is received in the 
background, a green notification will appear in 
the information bar. The notification will 
display the doctor’s ID and the current elevator 
operation. If the supervisor wants to see the 
elevator interior, he can press the ‘monitoring’
button. When the doctor finishes using the 
elevator, this notification will automatically 
disappear.

‘monitoring’ Button

When the operator presses the Lift Dispatch
button, the notification centre automatically 
generates a red notification.

Lift Dispatch utton

When the background receives the report of 
elevator failure from the mobile phone, the 
information bar will automatically generate a 
yellow notification and indicate the ID of the 
doctor who sent the message. If the supervisor 
wants to see the elevator interior, he can press 
the monitoring button.

‘monitoring’ Button

Table 5 : Notification Center

5.3.4 Instructions
The introduction is divided into three scenarios, the green general monitoring use scenario, the red 
emergency manual scheduling use scenario, and the yellow fault use scenario.

Green Normal Monitoring Scenario

In normal case, the whole process is scheduled by the computer, without any manual operation.
When one or more doctors make a reservation for an elevator, the computer will automatically 
dispatch the nearest elevator. After the doctor enters the elevator, he swipes his card to select a floor 
and goes there. In this process, the elevator monitoring center does not need to perform any 
operation. When needed, they can see the monitoring screen of one or more elevators on the 
management interface. I use a Task to illustrate the specific process:
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Task: A doctor is outside the outpatient building and wants to make a reservation for an elevator. 
From the first floor to the sixth floor of the outpatient building, he now uses his mobile phone to 
make an appointment for the elevator. 

Mobile Application Auto-response in Management User Interface 

User Interface Request & Response 

 

Request: 
The doctor opens the 
mobile app 
 
Response: 
The app displays the main 
page 
  

 
No Response 

 

Request: 
The doctor chooses the 
outpatient building  
 

 
Outpatient  

 
Response: 
Show the outpatient 
building select floor page  

 
No Response 

 

Request: 
The doctor selects the 
button of the 1st floor  
where he is located 
 
Response: 
The 1st floor button and 
the Go button turn green  

 
No Response 
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Request: 
Press the NEXT  button 
to confirm the operation 
 

 
NEXT  button 

 
 
Response: 
Display the waiting page 
and the doctor is 
instructed to go to 
elevator L3 of the 
outpatient building  

 
The computer receives the doctor's reservation request and automatically 
dispatches the nearest L3 elevator. 
The status of elevator L3 changed from blue idle state to green running 
state 

. 
At the same time, the Notification Centre recognizes the doctor’s ID and 
the starting floor, and automatically creates a new task 

. 

 

The doctor heads to 
elevator L3 according to 
the app. 

 
Elevator L3 has reached the doctor's appointment floor No. 1. 
Elevator doors icon turns open. 
The elevator is locked, waiting for the doctor. 

 
Elevator doors icon  

 
The doctor arrives and 
enters the outpatient 
elevator L3, swipes the 
card  unlock the 
elevator and chooses the 
6th floor. 

 
Notification Centre identify the destination floor and refresh the status 
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The doctor goes from the 
1st floor to the 6th floor 
in the elevator. 

 

The supervisor can click the monitoring button  in the Notification to 

view the internal status of the elevator, and click the button  again to 
return to the main interface.  

 
The doctor successfully 
reaches the 6th floor and 
the task was completed. 

 
The task is over, so the Notification disappears, and L3 returns to idle 
status. 

Table 6: A task in green scenario 
 
When multiple elevators are reserved, the display page is as follows: 
 

   
Figure 22: Main page (left) and monitoring page (right) for multi-task scenario 

 
Red Emergency Manual Control Scenario 
 
When the doctor needs to use the operating elevator and does not carry the card with him, the 
supervisor needs to perform manual remote control of the elevator while receiving the emergency 
call from the doctor. I’ll take an example to illustrate the specific process: 
 

Task: In No. 2 Surgical Building, a doctor on the 15th floor does not carry an elevator card with 
him. He wants to take the patient to the 3rd floor for surgery. The doctor calls the monitoring 
center and requests emergency dispatch of the operation elevator to the doctor’s floor. 
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Screen Reaction Monitor Operation 

 

This page is the normal state. Click the Lift Dispatch  
button to manually control 
the elevator.  
 

 
Lift Dispatch  button 

 

Enter the main page of Lift 
Dispatch control 

Choose the idle elevator L2 
in Building 2 which is 
closest to the doctor’s floor 
 

 

 

Enter the page of manually 
controlling the elevator of L2 of 
Building 2, and a red manual 
Notification appears in the 
Notification Centre on the left 

 

Click to select the 15th floor 
 

 
15th floor Button  

 

After selecting the 15th floor, the 
15th floor button and the Start 
button turn red, indicating that the 
elevator can be started, and the 
red Notification has been created 
at the same time 

   

Click the ‘start’ button to 
start the elevator 
 

 
‘start’ button  

 

The elevator starts to move up The monitor waits for the 
elevator to go up to the 15th 
floor  

 

After the elevator goes up to the 
15th floor, the elevator door opens 
automatically. 
 
 
 
 
 
  

During the waiting process, 
the elevator remains locked, 
and no one except the 
supervisor has the authority 
to control the elevator. 
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The monitoring screen shows that 
the doctor and the patient have 
arrived inside the elevator.  
 

(The  button can be used to 
communicate with the doctor in 
the elevator) 

When the supervisor sees 
that the doctor has arrived, 
he clicks the elevator 
release control button to 
release the elevator lock 
state and give the doctor the 
authority so that the doctor 
can use the elevator without 
an elevator card. 
 

 
release control button  

 

When the doctor selects the 3rd 
floor, the red Notification in the 
Notification Centre turns to 
normal green and normal driving 
status 

  

After the control is released, 
the system returns to the 
green normal mode. The 
supervisor can press the 
monitoring button to check 
the situation in the elevator. 
 

 
monitoring button 

Table 7: A task in red emergency scenario 
 
If the supervisor of the monitoring center receives another emergency task while operating an 
elevator, he can manually press the button  again on the elevator control interface to 
enter the main interface, and select another elevator to be controlled. Simultaneous remote control 
of two or more elevators at the same time. As shown below. 
 

 
Figure 23: Multi-task interface in red emergency scenario 

 
Yellow failure scenario 
             
When the system background receives the equipment failure report from the doctor's mobile phone, 
the monitoring center will receive a prompt as shown below: 
 

 
Figure 24 : Interface in yellow failure scenario 
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6. Chapter 5 Evaluation 
 
So far, the company is summarizing and evaluating the plans conceived by each internship. After 
summarizing, they will select the excellent plans from all the works, and then sort them out, and 
finally submit them to the hospital so that the hospital can make the best choice. 
 
In a limited time, in order to understand the effect of the whole process with my design, considering 
the mobile elevator reservation end and the end user of the elevator back-end management interface 
are different, my evaluation study was focus on two different dimensions: Evaluation of the mobile 
app and evaluation of the background management interface. I am going to describe two evaluation 
studies, explain the evaluation methods, and state the evaluation results. 
 

6.1 Method 
I selected different relevant technical personnel for the mobile phone interface and the background 
operation interface to evaluate. First, I did the evaluation with experienced people who are engaged 
in interaction design and related majors, and then select different types for different end users. 
Relevant practitioners conduct different assessment methods and record their questions and 
opinions. Finally I analyze and summarize the finding. 
 

6.1.1 Evaluation of the Mobile App 
Because the operation process of the mobile phone interface and the difficulty of getting started are 
very simple, I chose onlly one designer as an expert evaluation for usability test. His research field 
is related to human-computer interaction, which means that he is more likely to provide me with 
valuable feedback. Through analyzing the mobile phone interactive page, his main evaluation 
direction is: whether the entire elevator reservation operation process is simple enough, whether it 
meets the user's daily use habits, whether the user can quit from the operation process at any time 
during the reservation operation, whether the interface has a consistent design language and image, 
and efficiency. The results of the research are recorded and used for subsequent analysis, and to 
optimize the design of the mobile phone interface. 
 
After the expert evaluation, I selected 5 surgeons working in different buildings of the hospital as 
end users for cognitive walkthrough. I let them walk through several typical task scenarios in the 
elevator reservation process, and break the task into multiple steps. I use the observation method to 
observe in the project of each task operation performed by the user if the current user's behavior and 
goals are consistent, if the user's operational behavior is visible, if there are any place on the screen 
for the user to operate, whether users can correctly recognize their behavior, if there is a correct 
label indication and whether the user can correctly understand the feedback given by the application. 
At the same time, it records the usability problems that users may encounter, and finally 
summarizes and optimizes my design. 
 

Task 
Participant 

Task 1: Making an appointment 
from Outpatient Building 1st floor 

Task 2: At Building 12, No.3 Lift is 
malfunctioning, please do the report. 

Task 3: Do an emergency 
call through the App 

Doctor 1 Succeed / 5s Succeed / 12s Succeed 
Doctor 2 Succeed / 10s Succeed / 10s Succeed 
Doctor 3 Succeed /  8s Succeed / 20s Succeed 
Doctor 4 Succeed / 6s Fault (Cannot find the icon to report) Succeed 
Doctor 5 Succeed / 4s Succeed / 15s Succeed 

Table 8 : Test Results 
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6.1.2 Evaluation of the back-end management interface 
Because the design of the back-end management interface is very special compared to the design of 
ordinary computer interfaces, it requires people with relevant professional knowledge and 
background to conduct a professional evaluation. I find a person who specializes in back-end 
management interface development to evaluate my interface. Through the form of remote video 
conference, a total of 4 hours of discussions were divided into two days. The specific details of the 
discussion were as follows: 
1. Investigate each elevator operation element that needs to be displayed in the elevator operation 

background, and check whether there are lack of important information that shows the normal 
operation of the elevator on the page. 

2. Focus on the usability test of the manual operation task of the elevator. Combined with his 
elevator related background knowledge, feedback on the usability of the entire operation 
process. 

3. After completing the above two steps, summarize my entire page design and put forward 
usability suggestions. 

 

6.2 Results 

6.2.1 Feedback on Mobile App Evaluation 
The interaction designer express satisfaction with the interface and successfully complete all tasks. 
All 5 doctor participants also successfully pass the test. They also agree with us in terms of usability 
and efficiency. However, during the test, several problems are found. In the task of reporting the 
fault, there is a doctor who does not know that he needs to click the button during the test. In the 
follow-up, a text description in Chinese and English will be added under the button of the fault 
report. Other detailed feedbacks include the unclear meaning of the emergency call button design (a 
doctor says that if he encounters an elevator failure, he will still choose to call as soon as possible 
instead of reporting in the app), but overall the evaluation of 5 participants on using app to reserve 
elevators is positive. For the follow-up design, I need to continue to investigate the design and 
significance of the emergency call button and the elevator fault report button, and modify or cancel 
it in the future redesign. 

6.2.2 Feedback on Background Management Evaluation 
The developers of the back-end management interface praised the beautiful and refined design of 
the entire interface. The user interface did not contain too much irrelevant or rarely used 
information, which greatly enhanced the visibility of the information. The pictures and buttons of 
the elevator monitoring are consistent, which conforms to the user's usage habits. However, he 
expressed his personal opinions on several interfaces of the remote elevator control. There is no 
clear "emergency exit" button for the operation process of the manual elevator control. Due to the 
particularity of the operation interface, the user needs to adapt to it. When there is a scenario where 
two elevators need to be dispatched at the same time, it is necessary to press the ‘elevator dispatch 
button’ again on the interface on which he manually dispatching the first elevator, which does not 
conform to the setting of ‘consistent and standardization’. Therefore, it is necessary to make 
necessary adjustments to the process and interface of manually controlling the elevator. In the 
follow-up, I will continue to discuss about the interface of manual elevator control with related 
personnel, make adjustments and optimizations. Up to now, the company and I are still discussing 
the usability of the remote elevator control interface. 
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Conclusion & Future Work 
 

In this paper, I first analyzed the needs of users. I conducted face-to-face interviews with 
stakeholders of different professional backgrounds, and then conducted online questionnaire 
surveys specifically for surgeons. In this way, while ensuring multi-dimensional feedback, the 
details of the problem can also be grasped. In short, the results of user research help determine the 
design goals and design scenarios in the design phase. In Chapter 2, I introduced the interactive 
design of the mobile phone, the back-end management of the control center, and the electronic 
display, and detailed each step in the form of Task. The preliminary evaluation is completed in 
Chapter 3. 
 
In future work, I will conduct cooperative research with the company’s elevator hardware 
technology personnel, elevator dispatch algorithm engineers and software development engineers, 
and conduct discussions and feasibility studies on the related technologies required for the entire 
elevator dispatch system, from the software and hardware levels. To complete the research and 
development of the whole process together. Specific related technologies include algorithms for 
remotely dispatching elevators on mobile phones, and methods for remotely controlling elevators 
on computers. For the latter with higher technical difficulty, we have obtained the authorization 
based on the patent of the destination control system of lifts [1], and will use the wireless local area 
network remote control technology for development. 
 
In addition, due to the use of a large number of Internet and Internet of Things related technologies 
in the current solution, the security of the existing system still needs to be further improved and 
optimized. 
 
At the same time, for the remote control of the elevator, it is necessary to add modules to the 
elevator hardware and replace the main board, signal receiving device and controller. And rewrite 
the program (open protocol of the destination floor control system), and install a screen for each 
elevator door in the elevator lobby [15]. 
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Appendix 
Appendix A Intterview Questions  
 
The following questions were used as a baseline during the interviews completed with 
different role including: 
1. Chief Engineer of Elevator System      
2. Surgeon 
3. Elevator Monitoring Center Dispatcher 
4. Director of Personnel Department 
5. Elevator Technicians  
6. Elevator Background Monitoring Interface Designer 
The questions mainly focus on their role and experience in their field. 
 
 
 
 
 
Chief Engineer of Elevator System interview questions: 
 
1. Can you give me an introduction of yourself and your role at Hospital? 

-How long have you been working at Hospital? 
-What is your scope of work? 
-What is your main responsibility and contribution to work? 

 
2. What does your typical working day look like? 
 
3. Can you describe the process of what doctors should do if they need to use the Elevator?  
 
4. In which situation the doctors were allowed to use Operation Elevator? 

 
5. Who took the responsibility of Operation Elevator using? 
 
6. What is the hospital's Elevator system that differs from other normal use cases? 
 
7. Could you explain how the Operation Elevator System works in Hospital? 

-Does every doctor have the right to use Operation Elevator? 
-Which method do the doctors use to access Operation Elevator? 
-Who should take charge of the management of Operation Elevator? 
-Are there any cases that all the Operation Elevators are all occupied? 

 
8. Can you introduce the related system of operating elevator management? 
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Surgeon interview questions: 
 
1. Can you give me an introduction of yourself and your role at Hospital? 

-What is your ward?  
-What does your typical working day look like? 

 
2. Are you a frequent user of Operation Elevator? 

-What is your main purpose of using a surgical elevator? 
 
3. Are you satisfied with the operating elevator system in the hospital? 

-Which building's operating elevator do you usually use? 
-Which areas of the hospital do you think the operating elevators are busy? 
-In a day, how often do you use the elevator? 
-In a day, when do you think most people wait for the operation elevator to use  

 
4. When you need an elevator to be operated, how long do you generally wait for the elevator? 
 
5. How do you hope to improve the problems related to elevator operation? 
 
6. Do you have any suggestions and comments on the operation of the hospital's operation 

elevator? 
 
 
 
Elevator Monitoring Center Dispatcher interview questions: 
 
1. Can you give me an introduction of yourself and your role at Hospital? 

-What is your scope of work? 
-What is your main responsibility and contribution to work? 

 
2. What does your typical working day look like? 
 
3. What jobs did the Elevator Monitoring Center take in response to?  

-What specific cases does the Elevator Monitoring Center will handle? 
-Are you taking responsibility to handle Emergency cases? 

 
4. When the emergency cases happen, what is the process to handle?  
 
5. What is the hospital's Monitoring Center differ from others? 
 
6. Are you satisfied with the current status of detection methods and why? 

-How satisfied are you with the training venue and equipment arrangements  
-What is the main interface system of the current monitoring center? 

 
7. How many people are in the monitoring center and what are the working hours? 
 
8. Do you have any suggestions for improvement of the current monitoring process ? 
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Director of Personnel Department interview questions: 
 
1. Can you give me an introduction of yourself and your role at Hospital? 

-What is your scope of work? 
-What is your main responsibility and contribution to work? 

 
2. What are your recruitment requirements for elevator managers  
 
3. Can you tell me the structure of the current hospital staff engaged in elevator dispatching? 

-What is the composition of the staff  

-What are the daily duties of these staff  
-Are you satisfied with the current distribution of elevator dispatch related personnel? 

 
4. Do you have any plans to streamline the composition of elevator related personnel  
 
5. Would you please disclose the current budget and quota restrictions on elevator related 

management personnel? 
 
6. What do you think about the position of elevator driver  
 
      
 
Elevator Technicians interview questions  
   
1. Can you give me an introduction of yourself  
 
2. What is your scope of work? 
 
3. Do you know what surgical elevators differ from the normal Elevator? 
 
4. Are there some of the latest technologies related to surgical elevators? 
 
5. What special functions does the design of surgical elevators need to achieve? 
 
6. Do you know the related technology of operating elevators in hospitals? 
 
 
     
Elevator Background Monitoring Interface Designer interview questions  
  
1. Can you give me an introduction of yourself  
 
2. Can you tell me about the classification of the elevator back-end system? 
 
3. How does the current mainstream interface show the operating status of the elevator? 
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4. Can you tell me about the key points of the elevator back-end management interface design? 

-How to design a good elevator background management interface  
-What design methods should be followed in the design process? 
-Do you know what key information is indispensable for the design? 
-Do you have some suggestions for this special use scenario in the hospital? 

 
5. What background knowledge of elevator technology should be mastered in the process of 

designing the elevator back-end interface?  
-Do you know some good professional books for recommendation? 
-Do you have some guiding suggestions for my self-study related knowledge? 

 
6. How to collect and display elevator information in the background management interface? 
 
7. Under the current technology, which state of the elevator can be received by the sensor 
 



44 
 

 

Appendix B Online Survey 
 

Investigation on the use of operating elevators  
in the People's Hospital of Jiangsu Province 

 
Hello, dear surgeons. In order to improve the efficiency and user experience of the surgical 
elevators of Jiangsu Provincial People's Hospital, please help us to fill out this questionnaire. We 
sincerely hope to hear your voice. We invite you to fill out this questionnaire, thank you for your 
time. 
 
1. Basic situation: 

  

Department: ________________________ 

 
2. The overall operation of the elevator in our hospital: [Single-choice Question]* 

Excellent 

Good

Acceptable

Poor

Bad
 
3. Which operating elevator in the building do you usually use? [Multiple-choice Question]* 

Building 2 

Building 12

Outpatient Building
 
4. In which areas of the hospital do you think the operating elevators are busy? [Multiple-choice 

Question]* 

Building 2 
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Building 12

Outpatient Building
 
5. In a day, how often do you use the elevator? [Single-choice Question]* 

No more than once 

-3 times

-4 times

More than 4 times
 
6. In a day, when do you think the most people wait for the operation elevator to use? [Multiple-

choice Questions]* 

-8:00 -10:30

-12:00 -14:00

-16:00 -18:00

Other _________________
 
7. When you need to use the elevator in an emergency, what is the general time to go to the elevator 

room? [Single-choice Question]* 

 seconds 

-60 seconds

60-90 seconds

90-120 seconds

120 seconds
 
8. When you choose to use your own operating elevator by swiping your card, how long do you 

generally wait for the elevator? [Single-choice Question]* 
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 seconds 

-60 seconds

60-90 seconds
 
9. Operating elevator door opening and closing speed [Single-choice Question] *

10. When you encounter an emergency in Building 12, will you choose to call the monitoring center 
to dispatch the elevator driver or choose to swipe your card to wait for the elevator?
 [Single choice question] *

me to dispatch the elevator driver

11. When you call the monitoring center in an emergency, will the line be busy? 
[Single-choice question] *

12. When you don’t have the control card with you, how long do you generally have to wait before 
the dispatcher comes after you call the monitoring center? [Single choice question] *



47 
 

13. What do you think is the reason for the long waiting time for the operation elevator? 
[Single choice question] *

 small

r card swiping is too cumbersome

14. How do you hope to improve the problems related to elevator operation? 
[Single choice question]*

e hospital improves the existing dispatch system

mproves the speed of answering calls

 _________________

15. What do you think is the reason for the low efficiency of operating elevator dispatching? 
[Multiple Choice Questions] *

 

ning and closing the door takes too much time

em with elevator scheduling

16. Your purpose of using a surgical elevator is usually [fill in the blanks] *
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_________________________________

17.Do you have any suggestions and comments on the operation of the hospital's operation elevator? 
[Fill in the blanks]
_________________________________

19. (Optional) What do you think can improve the efficiency of elevator operation? (This question 
is not mandatory, if you choose to answer it, we will consider it as a very valuable suggestion!) 
[Fill in the blank]
_________________________________
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Appendix C Heuristic Evaluation Form 

Heuristics Rating Description Notes 

1. Visibility of system 
status 

 The system should always keep 
users informed about what is 
going on, through appropriate 
feedback within reasonable 
time. 

 

2. Match between 
system and the real world 

 The system should speak the 
users' language, with words, 
phrases and concepts familiar to 
the user, rather than system-
oriented terms. Follow real-
world conventions, making 
information appear in a natural 
and logical order. 

 

3. User control and 
freedom 

 Users often choose system 
functions by mistake and will 
need a clearly marked 
"emergency exit" to leave the 
unwanted state without having 
to go through an extended 
dialogue. Support undo and 
redo. 

 

4. Consistency and 
standards 

 Users should not have to 
wonder whether different words, 
situations, or actions mean the 
same thing.  

 

5. Error prevention  Even better than good error 
messages are a careful design 
which prevents a problem from 
occurring in the first place. 
Either eliminate error-prone 
conditions or check for them 
and present users with a 
confirmation option before they 
commit to the action. 

 

6. Recognition rather 
than recall 

 Minimize the user's memory 
load by making objects, actions, 
and options visible. The user 
should not have to remember 
information from one part of the 
dialogue to another. Instructions 
for use of the system should be 
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Heuristics Rating Description Notes 

visible or easily retrievable 
whenever appropriate. 

7. Flexibility and 
efficiency of use 

 Accelerators—unseen by the 
novice user—may often speed 
up the interaction for the expert 
user such that the system can 
cater to both inexperienced and 
experienced users. Allow users 
to tailor frequent actions. 

 

8. Aesthetic and 
minimalist design 

 Dialogues should not contain 
information which is irrelevant or 
rarely needed. Every extra unit 
of information in a dialogue 
competes with the relevant units 
of information and diminishes 
their relative visibility. 

 

9. Help users 
recognize, diagnose, and 
recover from errors 

 Error messages should be 
expressed in plain language (no 
codes), precisely indicate the 
problem, and constructively 
suggest a solution. 

 

10. Help and 
documentation 

 Even though it is better if the 
system can be used without 
documentation, it may be 
necessary to provide help and 
documentation. Any such 
information should be easy to 
search, focused on the user's 
task, list concrete steps to be 
carried out, and not be too 
large. 

 

Overall Average    

 
 
 
 


