HHAI 2024: Hybrid Human Al Systems for the Social Good 325
F. Lorig et al. (Eds.)

© 2024 The Authors.

This article is published online with Open Access by 10S Press and distributed under the terms

of the Creative Commons Attribution Non-Commercial License 4.0 (CC BY-NC 4.0).
doi:10.3233/FAIA240205

Human-Aware Planning for Situational
Awareness in Indoor Police Interventions

Joost VOSSERS *!, Andreas BRANNSTROM ? Erik BORGLUND®
Jonas HANSSON P and Juan Carlos NIEVES 2

a Department of Computing Science, Umed University
b Police Education Unit, Umed University

Abstract. Indoor interventions are among the most dangerous situations police of-
ficers have to deal with, mostly due to a lack of situational awareness. This work
describes a planner that determines when to provide information, implemented in
DLVX. It is based on the General Tactical Explanation Model, used by Swedish
police during tactical interventions. The planner is envisioned to be integrated in an
augmented reality tool to enhance officers’ situational awareness.
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1. Introduction

Police officers deal with many dangerous situations, with indoor emergency interventions
being one of the most challenging. Situational Awareness (SA) has been identified as
one of the major themes in the existing challenges [1]. SA is about obtaining a thorough
understanding of the situation and environment, as well as the projection of future status,
and is crucial in decision-making during high-risk situations [2,3].

One way of enhancing officers’ level of SA is by providing the proper tools. An
automated planner can support officers with deciding where to go and what to do, de-
termining what course of actions would fit the user’s goals best. For such an automated
planner to be human-aware, it needs to be able to adapt to the goal of the human [4]. This
is important in the case of interventions where plans and goals can change constantly.

With this in mind, the research question to be explored is: How can a human-aware
planning system support police officers with interventions for indoor emergencies?

In this work, we investigate the possibility of planning a path through an indoor
emergency. Providing information about the environment can help with increasing offi-
cers’ SA, assisting them in situations where this is crucial. The planner is envisioned to
be integrated in an augmented reality (AR) tool to present the plans and information.

The remainder of this work is structured as follows: The related work and the ap-
plied methodology are discussed. The contributions of this work consist of a further
problem understanding and a human-aware planner with implementation and evaluation.
The discussion and conclusion elaborate on the results and suggest future work.
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2. Related Work

Previous work on logic-based planning often focuses on mobile robots, designing envi-
ronments for the planner to navigate through [5]. A human-aware planner operates in a
space that is populated and affected by human actors [6]. Logic-based planning with a
focus on the human-aware aspect includes work on planning towards the promotion of
behaviour-change, where a planner is incorporated in an AR environment [7]. Moreover,
in the area of plan and goal recognition there is a body of research related to the current
work [8,9,10,11,12,13]. Plan recognition as planning, originally introduced by Ramirez
and Geftner [8], use planning algorithms to enable an agent to recognise the goals and
plans of other agents. Empathetic Planning [9] computes solutions by considering other
agents’ preferences. In Emotion-aware planning [11], trajectories are generated to tran-
sition between mental states, which can be related to the concept of planning for SA. In
Active Goal Recognition [10], an agent senses and acts as part of the goal recognition
process. While advancing towards its goal, the agent executes sensing and world-altering
actions. This relates to the method of supporting SA in the current work. In contrast to
previous works, the current work incorporates actions for information retrieval, particu-
larly considering the tactical model, in response to deficient safety conditions.

Earlier work points out difficulties in applying new technologies in the public do-
main with regard to trustworthiness of both the technology towards the police and of the
police towards the public [14,15]. Furthermore, Sanz-Urquijo et. al point out that de-
ployment of Al technologies for law enforcement can come with drawbacks towards the
public regarding, among others, discrimination and data safety [16].

3. Methodology

Figure 1 shows the applied methodology of an iterative design process. The first step is
to gather sufficient domain knowledge on the problem through a knowledge elicitation
process and a literature review. Out of the literature, we selected a model upon which
to expand: the General Tactical Explanation Model (GTEM) [3]. These findings are ag-
gregated in the knowledge engineering process. The planner is realised through a logic
programming approach. The plans produced by the automated planner inform us on how
to deal with the problem or indicate any gaps in knowledge requiring further research.

1= = Fill Knowledge Gaps = = = Mode! Refi

Knowledge Problem Knowledge
Engineering

Elicitation » Understanding
Literature Logic
R e\ri . GTE M

Figure 1. A visualisation of the methodology of the iterative design process

Human-Aware
Planner

To better understand the problem setting, we elicited meetings with a domain expert
on indoor interventions from the police education unit at Umeé University. The goal of
these meetings was to develop a shared understanding of the situation and its challenges.
Discussed topics include standard protocols, the main goals, and the people involved.

These meeting provided two major themes of difficulty:



J. Vossers et al. / Human-Aware Planning for Situational Awareness 327

* Information transfer: providing the available information to everyone is a chal-
lenge. Information such as which rooms have been searched can be difficult to
convey within appropriate time, but is essential for understanding the situation.

* Navigation: from a single-user perspective, it is hard to navigate an unknown
building and to properly perceive the situation and environment.

The automated planner can support here by deciding when to show the available
information. This would advance the user’s understanding of their environment and the
situation, making it safer and easier to navigate.

To determine when to show information, we utilise the GTEM. This model is used
by police in Sweden in tactical intervention scenarios [3]. One of the main points of focus
is on human limitations, divided into three areas:

1. Perception: perceive the surroundings and people in it
2. Definition: define the situation and see whether an attack is occurring
3. Reaction: react and respond to the situation within adequate time

The planner is implemented in the logic-based planning language K, which allows
for planning under incomplete knowledge [17]. The DLVX planning system implements
K on top of the disjunctive logic programming system DLV. The system is able to solve
problems with incomplete initial states [18]. Several example programs using the DLVK
planner are available online?, such as the Blocksworld domain.

In the planner, a problem is represented using a program which consists of:

» fluents: the properties of a state that are relevant to a situation

* actions: the actions the planner can execute to change fluents

* always: the rules specifying the dynamics of change in the planning domain

* initially: the conditions that hold at the start of a situation

* goal: a set of values for fluents which must hold true when the planner converges

4. Human-Aware Planner

This section defines the different parts of the planner. The operating space and the states
in it need to be defined properly and it needs to be clear how to transition between states
and what the properties of a produced plan are.

We first introduce fluents, which are a way to describe the world (i.e. the state space).
They convey properties of entities in the world that are deemed relevant to the domain.

Definition 1 The set of fluents F = {f1,..., fu} consists of all variables in the environ-
ment that are relevant to the state space.

Considering fluents, we define the operating space of the planner. A state in this
space is characterised by a combination of the fluents’ values. State transitions are re-
alised by taking actions to change or update the fluents.

Definition 2 A state s; = {f1 : x1,..., fu : Xu } is a mapping from fluents to values, where
each fluent f; is mapped to a value x;. Each state in the state space consist of a unique
combination of values for fluents.

2URL: https://www.dbai.tuwien.ac.at/proj/dlv/K/
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Definition 3 Given two states in the state space S: s; and s;y1, with s; 7 si+1, an action
a € A causes a transition (s;,a;,s;+1), where the current state of the planner changes
from s; to siy1 by executing action a;.

The planner then has an initial state and a goal state that are part of the state space,
a set of fluents, and a set of actions. It produces a plan to navigate towards the goal state.
The execution of a plan results in a trajectory (a path) from an initial state to a goal state.

Definition 4 A planner Pl is a function (S;,Sg,F,A) — P with S the initial state, S the
goal state, F the set of fluents, A the set of available actions, and P a produced plan.

Definition 5 A plan P is a sequence of actions {a; .. .a;),i > 0 which, if executed in order,
provide a trajectory through the state space to reach the goal state Sg.

5. Implementation

A characterisation of the described system is implemented in the planning language K.

Figure 2 visualises the use case. It contains a building with several rooms. Room C1 is the

starting position and room R9 is the goal state. Room C5 contains a warning, indicating a

potential dangerous situation which would require a higher level of SA before entering.
The values in each room are an indication of the obstacles of gaining perception,

definition, and reaction insights there, with a higher value indicating a higher difficulty

(e.g. room C5 has higher obstacle values, since there is a potential dangerous situation).
All code and map visualisations are available online?.
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Figure 2. Map of the use case environment

5.1. Background Knowledge

The background knowledge consists of the fixed values. This information is predeter-
mined and depends on the use case. First, it contains the spaces and the accessibility
between them. The background on the spaces consists of an id and three integers. These
correspond to the three obstacle levels. All rooms have some inherent difficulty in en-
tering, therefore all rooms have basic obstacle levels of 1. To safely enter a room with

3URL: https://github.com/joostvossers/HAP-SA
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a warning indication, the user will need to overcome more obstacles - they should only
enter if their SA of the situation has been appropriately increased. Therefore, the obstacle
levels for a room with a warning sign are set to 3. Since rooms C1 and R9 are the initial
and goal state, they have not been given inherent obstacle values.

5.2. Planner

The implementation of the planner follows the program structure, described in Section 3.
The first part of the planner are the fluents. These are the values that can change or
be changed throughout the plans. We identify the following fluents:

* The user’s current location, as a space in the environment
* The user’s indication of SA, divided into perception, definition, and reaction.

current_loc (L) requires space(L, _, _, _).
perception_level (P) requires #int(P).
definition_level (D) requires #int (D).
reaction_level (R) requires #int(R).

The available actions are divided into two parts. First, we need to be able to move
through the environment. The remaining actions consist of actions that are used to in-
crease the perception, definition, and reaction levels. How exactly these levels are in-
creased depends on the specific domain and use case. In this case, the focus is on when
to take which action, for which the basic ‘increase’ actions should suffice.

move(L) requires space(L, -, -, _).
increase_perception (X) requires #int (X).
increase_definition (X) requires #int(X).
increase_reaction (X) requires #int(X).

How the fluents change based on the execution of an action is defined in the always
section of the implementation. It also specifies rules and constraints for the execution of
certain actions. Together, the section consists of three parts:

* tracking the perception, definition, and reaction levels
* moving through the environment
* the inertials: fluents that need to stay consistent after the planner takes an action

The three levels are updated in the same manner. After a move to a new space, they
are set to O because of the assumption that the user has no prior knowledge on the newly
entered room. The levels can be increased one step at a time, with a minimum of 0 and a
maximum of 3. As an example, the rules for updating the perception level look like this:

caused perception_level (0) after move(L).
caused —perception_level (P) after move(L),
perception_level (P).

caused perception_level (X) after increase_perception (X).

caused —perception_level (X) after increase_perception(Xl),
perception_level (X), XI=X+1.

executable increase_perception(l) if perception_level (0).
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executable increase_perception(2) if perception_level (1).
executable increase_perception(3) if perception_level (2).

For the move action to be possible, the new location needs to be accessible from the
current location and, most importantly, the perception, definition, and reaction levels of
the user need to be high enough to safely enter the next space.

executable move(Ll) if acc(Ll, L2), current_loc(L2),
space (L1, P, R, D),
perception_level (P1), P1>=P,
reaction_level (R1), R1>=R,
definition_level (D1), DI>=D.

The starting state consists of the starting values for the determined fluents. In this
case, the user’s start position is room C1 and the perception, definition, and reaction levels
are set to 0. The goal state contains the desired values for certain fluents. The final state
of a plan should include the values for these fluents for it to be considered successful. In
the use case, the user should get to room R9, the room with the suspect.

6. Evaluation

To evaluate the planner, we use the environment presented in Figure 2. The planner
generates plans of sequential actions through the space. If executed, these result in the
goal (i.e. ending in room R9) being reached. We identify three of these possible plans
and compare them with the straightforward, intuitively fastest way. The plans are:

e Fast: C1 — C5 — C6 — RO (Figure 3)
* Plan I: C1 — C2 — C4 — R9 (Figure 4)
e Plan 2: C1 — C2 — C3 — C6 — R9 (Figure 5)
e Plan 3: C1 — R6 — R7 — R8 — R9 (Figure 6)

Depending on the specifics of the environment, different paths can be favourable
against others. We compare the paths with each other on three different scenarios:

* There is no additional warning in any of the rooms
* There is a warning for potential danger in room C5
* There is a warning for potential danger in room C6

In case of a warning on the path, the user needs to receive additional information to
increase their perception, definition, and reaction levels (i.e. their SA).

Figure 3. The trajectory of the fast plan Figure 4. The trajectory of plan 1
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Figure 5. The trajectory of plan 2 Figure 6. The trajectory of plan 3

The amount of steps for the four paths in the three different scenarios are shown
in Figure 7. The bottom part of the bars are the move actions and the top part are the
increase actions. We can see that for the scenario without additional warnings, the
fastest path is one of the most optimal, which is in line with expectations. In the other
scenarios, there is always a path from the planner that is favourable over the fastest path.
In fact, the fastest path is never strictly preferred over all three alternatives.
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Figure 7. A comparison of the amount of steps necessary to traverse the paths through the different scenarios

7. Discussion

The aim of this work was to construct a planner to support police officers during indoor
interventions. The foundation for the planner lies in the GTEM, which models human
limitations in perception, definition, and reaction. Based on these levels and a specified
environment, the automated planner provides a plan through the intervention including
the necessary extra steps to keep an appropriate level of SA. The current implementation
is straightforward, but versatile. It is easily adaptable to a new environment and more
constraints on the system actions can be added without too much difficulty.

The planner can support police officers by deciding what kind of information is
necessary at which time. The calculated plans are supposed to be part of a bigger sys-
tem which incorporates them in a virtual environment. In-the-field applications of AR
technologies have been suggested [19,20,21,22], as well as its applicability in train-
ing [23,24]. Police officers and experts see the possibilities and are willing to test and
incorporate these tools in their routines [25,26]. Figure 8 visualises an interpretation of
the AR environment on top of the planning system. Some examples of additional infor-
mation are shown, such as the line on the floor and the warning on the left. This visu-
alisation provides an intuition on the tool. An actual implementation for an AR system
should include more extensive research on what information officers want to see.
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Figure 8. A visualisation of vision through the AR glasses in an office space®

With visual tools, it is important to construct ones that are helpful rather than intru-
sive and that do not distract from the main task. Special attention should be paid to not
overstimulate the user and to keep their workload as low as possible [27].

The extra information that is presented to the user guides them while keeping in
mind their SA. The planning system is human-aware in that it is based on the GTEM
model, which is about dealing with human limitations in situations like this. The planner
and the AR environment together can guide the user safely through the intervention.

A limitation in our implementation is in the increase actions. It is more intuitive
to define real actions that elicit specific information. This would require more research
into what officers want in these situations. Our implementation provides a framework for
dealing with indoor emergencies and constructs plans on when to present information
relevant to the scene. What information is presented is left to the specific use case.

Lastly, it is important to ensure transparency of the system. It should be clear how
the planner comes to a plan and why it decides to prioritise certain actions. More trans-
parency also increases the trust that police officers have in the system. As mentioned
before, deploying new technologies in the public domain can result in undesired changes
for the public, such as a decrease in privacy and data safety. Therefore, the ways in which
the increase actions and the rest of the system are realised should be deliberately dis-
cussed with domain experts and the people affected in general.

8. Conclusion

This work presents a human-aware planner to support police officers during interven-
tions for indoor emergencies. The planner models the environment and provides a plan
for how to move through it. More importantly, it strives to heighten the user’s sense of
SA by determining at which moment to show extra information about the situation and
environment. The planner is intended to be integrated in an AR tool where this extra
information is virtually provided to the police officer.

Future work should explore specific types of information to present. This requires
a more intensive cooperation with police officers to learn about their needs and prefer-
ences for such a tool. The next step to extending this work would be the creation of a
3D environment for the envisioned AR system. This would allow for a more extensive
evaluation with police officers to see if the planner meets their requirements.

4Original image from Nastuh Abootalebi, Unsplash, URL: https://unsplash.com/@sunday_digital
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