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Abstract

There are two kinds of dynamic games of pursuit-evasion (pure naturally games of reach-avoid),
namely differential games (when t ∈ R+) and discrete games (when t ∈ N). Initially, they will be
given by the following data: a phase space Z (usually a Euclidean space Rd) sets P and Q of values
of control parameters of the players, an equation of motion (ż = f (z,u,v) and zn+1 = f (zn,u,v),
respectively) and a terminal subset M of the phase space. Informally, the game consists of the
following problem: the first player (conditionally, Pursuer), controlling the control parameter u,
tries to reach the condition z(t) ∈M while the second player (Evader), controlling v, tries to avoid
the condition z(t) ∈M.

A mathematical formulation requires the clarification of all intuitive notions: control, trajectory
z(t), trying and so on. There are two approaches of realizing this demand. In accordance with the
first approach, the game is divided into two separate problems, namely a pursuit problem and an
evasion problem (L.S. Pontryagin, N.N. Krasovskii). The second approach involves reducing the
considering game to a normal form in the sense of J. von Neumann (A. Friedman, L.A. Petrosyan,
R.J. Elliot & N.J. Kalton). Below the second approach will be discussed. Here it comprises the
following steps:

1. It should be defined classes of admissible strategies P and Q for both players.

2. For each triple (ξ ,u,v) ∈ (Z,P,Q), it should be defined a trajectory z(·;ξ ,u,v).

Let
Tξ (u,v) = inf{t ≥ 0 | z(t;ξ ,u,v) ∈M},

τξ (u,v) =
{

0, if ∃ t : z(t;ξ ,u,v) ∈M,
1, if ∀ t : z(t;ξ ,u,v) /∈M.

As a result, for every ξ , we get normal forms 〈P,Q,Tξ 〉 (the quantity problem) and 〈P,Q,τξ 〉
(the quality problem). Then the task will be to investigate if the normal forms have an equilibrium
situation. It turns out that even for natural classes of strategies, an equilibrium situation may not
exist.

Let J be [0,T ] or [0,+∞). In the theory of dynamic games, the following problems are used for
consider:

Definition 1. ξ is winning for Pursuer on the interval J if and only if:

∃ û ∈ P, ∀ v ∈Q, ∃ t : z(t;ξ , û,v) ∈M.



Definition 2. ξ is winning for Evader on the interval J if and only if:

∃ v̂ ∈Q, ∀ u ∈ P, ∀ t : z(t;ξ ,u, v̂) /∈M.

The set of all ξ winning for Pursuer (Evader) is denoted Z+ (respectively, Z−).

Always Z+ ∩Z− = ∅ but one can not confirm Z+ ∪Z− = Z. The quality Z = Z+⊕Z− (if
Z+∪Z− = Z) depends on how classes P and Q are chosen.

The problem has enough simple solution for discrete time games:

zn+1 = f (zn,u,v), zn ∈ Z, u ∈ P, v ∈Q, f : Z×P×Q→ Z, M ⊂ Z.

Let
P∗ = {u : N×Z→ P}, P∗ = {u : N×Z×Q→ P},

Q∗ = {v : N×Z→Q}, Q∗ = {v : N×Z×P→Q}, J = [0,T ], T ∈ N.

Theorem 1. If J = [0,T ], then the natural forms 〈P∗,Q∗,Tξ 〉 and 〈P∗,Q∗,Tξ 〉 have an equilibrium
situation.

Theorem 2. If J = [0,+∞), then the natural forms 〈P∗,Q∗,τξ 〉 and 〈P∗,Q∗,τξ 〉 have an equilib-
rium situation.

It will be given two samples of differential games when the normal form 〈P,Q,τξ 〉 has an
equilibrium situation.

It is easy to see that, in the game [P∗,Q∗], a situation is possible in which ξ is not winning for
either player.
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Abstract

As modern space exploration missions, including the recent lunar landing missions advance in-
creasingly autonomous operations, the development and implementation of robust and computa-
tionally efficient guidance laws and schemes remain critical. This paper presents modifications
to Apollo-era lunar descent guidance methods, specifically George Cherry’s Explicit Guidance,
through the introduction of Chebyshev polynomial representations. While Explicit Guidance was
originally developed for spaceflight applications, its underlying structure and analyticity enable
extension to atmospheric flight regimes. By adapting the guidance formulation for small un-
manned aerial vehicles, the simulation results demonstrate its versatility and continued relevance
in modern aerospace systems. Simulations of a drone performing triangular and trapezoidal flight
maneuvers demonstrate that the proposed Chebyshev polynomial-based formulation improves ro-
bustness, computational efficiency, and target-state accuracy compared to the traditionally used
formulation in Explicit Guidance.



Development of Cooperative Control and Localization of 

Multiple Spacecraft using a Multi-Agent Mission Operations 

System for Enhancing Data Collection from Space 

Authors 

Trevor Sorensen, trevor.sorensen@interstel.tech 

Eric Pilger, eric.pilger@interstel.tech 

Miguel Nunes, miguel.nunes@interstel.tech 

James Lewis, jim.lewis@interstel.tech 

Lynzee Hoegger, lynzeehoegger@gmail.com 

Interstel Technologies, Inc. 

 2800 Woodlawn #132 

 Honolulu, HI 96822 

 

Zhuoyuan Song, zsong@hawaii.edu 

Sachin Shriwastav,sachins@hawaii.edu 

Scott Ginoza, scott.ginoza@hsfl.hawaii.edu  

Yosef Ben Gershom,yosef@hsfl.hawaii.edu 
 Department of Mechanical Engineering 

 Holmes Hall 

 University of Hawaii at Manoa 

 Honolulu, HI 96822 

Abstract 

Multi-satellite swarms are becoming popular due to their low costs and short development time. 

Instead of large and costly monolithic satellites, small satellite swarms can be flown as 

distributed sensing platforms for atmospheric sampling, distributed antennas, and synthetic 

apertures among other exciting applications, delivering an even greater mission capability. This 

project contributes to the development and demonstration of a mission operations system for 

robust, coordinated operation of mobile agent swarms in dynamic space environments. 

Through a collaboration with the University of Hawai'i at Mānoa, Interstel Technologies’ 

Comprehensive Open-architecture Solution for Mission Operations Systems (iCOSMOS) was 

enhanced through a NASA contract to develop iCOSMOS-Swarm, which can coordinate and 

control swarms of space vehicles and other assets. iCOSMOS-Swarm enables systematic 

motion planning, robust state estimation, and coordination for multiple agents. It consists of a 

scalable multi-agent coordination module to coordinate, control, and guide large agent swarms, 

a multi-nodal software architecture for diverse (heterogeneous) assets, and a multi-agent state 

estimation module for robust navigation. iCOSMOS-Swarm will facilitate satellite swarm 

missions (such as our baseline mission with one Mothership and four ChildSats) to collect 

dynamic, multi-dimensional data sets over a wildfire outbreak or similar events through the use 

of multiple detectors, spread out in time, space and spectrum. iCOSMOS-Swarm will enable 

scalable mission control supporting multiple and heterogeneous assets simultaneously. This 

coordination improves support for remote sensing of terrestrial or planetary missions (Earth, 

lunar, Mars), utilizing diverse assets such as aerial, ground, subterranean, and underwater 

agents. Example missions include tracking of dynamic events (e.g. wildfires) and monitoring 

of environmental conditions (e.g. climate change, agriculture, forestry) where swarms of agents 

will provide improved remote sensing outcomes over large areas and volumes.  This provides 

an agile and more responsive solution to improve frequency and quality of coverage over single 

satellites or static constellations. 
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Abstract

The article investigates the solvability of the synthesis problem in the nonlinear optimization of
thermal processes described by partial differential equations. The case is considered in which
the sought optimal control is defined as a function or functional of the state of the controlled
process, which makes it possible to take into account the spatio-temporal structure of the control
object. Particular attention is paid to the construction of a uniformly distributed control that ensures
optimal system behavior over the entire domain of its definition. The study is carried out on the
basis of the Bellman–Egorov scheme, which makes it possible to reduce the original problem to
a sequence of auxiliary optimal control problems. Conditions for the existence and uniqueness of
the solution to the synthesis problem are obtained, and an algorithm for constructing a uniformly
distributed optimal control is proposed. The developed algorithm takes into account the features of
the dynamics of thermal processes and ensures the stability and efficiency of control. The obtained
results can be used in the modeling and optimization of thermal processes in distributed systems,
as well as in the development of control methods for systems with distributed parameters.

1 Generalized Solution of the Boundary Value Problem for a Controlled Thermal Process

Consider a thermal process described by the boundary value problem

Vt(t,x) =Vxx(t,x)+h(x) f [t,u(t)], 0 < x < 1, 0 < t < T, (1)

V (0,x) = ψ(x), 0 < x < 1, (2)

Vx(t,0) = 0, Vx(t,1)+αV (t,1) = 0, 0 < t < T, (3)

where the function V (t,x) describes the state of the controlled process; h(x) ∈ H(0,1), ψ(x) ∈
H2(0,1) are given functions; u(t) ∈ H(0,T ) is the control function; f [t,u(t)] ∈ H(0,T ) is the ex-
ternal forcing function, which is nonlinear and monotonic with respect to the functional argument
u(t), t ∈ (0,T ); H(Y ) is the space of square-integrable functions defined on the set Y ; H1(Y ) is the
first-order Sobolev space; the constant α > 0; and T is a fixed moment in time.



In the process of investigating the solvability of the optimal control synthesis problem, we shall
use the concept of a generalized solution to the boundary value problem (1)–(3), which more or
less adequately describes the physical process occurring in reality.

By a generalized solution of the boundary value problem (1)–(3), we mean a function V (t,x) ∈
H1(Q), Q = (0,1)× (0,T ), that satisfies the integral identity

∫ 1

0

(
V (t2,x)Φ(t2,x)−V (t1,x)Φ(t1,x)

)
dx

=
∫ t2

t1

∫ 1

0

(
V (t,x)Φt(t,x)−Vx(t,x)Φx(t,x)+h(x) f [t,u(t)]Φ(t,x)

)
dxdt

−α

∫ t2

t1
V (t,1)Φ(t,1)dt (4)

for any values t1 and t2 (0 < t1 < t2 < T ) and for any function Φ(t,x)∈ H2(Q), as well as the initial
condition (2) in a weak sense, i.e., for any function Φ0(x) ∈ H(0,1), the following relation holds:

lim
t→t0

∫ 1

0
V (t,x)Φ0(x)dx =

∫ 1

0
ψ(x)Φ0(x)dx.

2 The Optimal Control Synthesis Problem

In applications, control problems are encountered where the control function is required to transfer
the controlled process from a given initial state to another given state within a specified time. This
article considers the question of the unique solvability of a similar problem in the case where the
external influence function f [t,u(t)] is nonlinear with respect to the functional variable u(t).

Consider a nonlinear optimization problem where it is required to minimize a quadratic integral
functional

J[u(t)] =
∫ 1

0

[
V (T,x)−ξ (x)

]2 dx+β

∫ T

0
p2[t,u(t)]dt, β > 0, (5)

on the set of generalized solutions to the boundary value problem (1)–(3). Here, the given function
p[t,u(t)] ∈ H(0,T ) is nonlinear with respect to the functional argument u(t) ∈ H(0,T ); ξ (x) ∈
H(0,1) is a given function. In the synthesis problem, the sought optimal control u◦(t) ∈ H(0,T )
should be found as a function (functional) of the state of the controlled process V (t,x), i.e., in the
form

u◦(t) = ϕ
[
t,V ◦(t,x)

]
, t ∈ [0,T ), (6)

where ϕ(·) is a known single-valued function.

The theoretical findings are verified by a model example, where

f [t,u(t)] = [u(t)]2m−1, m = 1,2,3, . . . , (7)

and
p[t,u(t)] =

(
[u(t)]2m−1 +1

)1/2
, m = 1,2,3, . . . , (8)

and
P =

{
u(t) ∈ H(0,T ) | |u(t)| ≤ 1

}
. (9)

and the set of admissible control values is a closed set.
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Abstract 

This project presents a Smart City Design with Drone Collision Avoidance model developed 
through a three phase educational collaboration between Hampton University students and New 
Horizons Regional Education Center: Newport Academy. The project focuses on designing and 
constructing a medium scale model city to evaluate how both manually piloted and autonomous 
drones operate safely in complex urban environments. The study emphasizes collision 
avoidance, operational safety, efficiency, and practical applications in real world city systems. 

Students design a structured city layout that includes residential and commercial zones, 
emergency facilities, warehouses, transportation routes, designated landing zones, and no fly 
zones such as schools, parks, and airports. Within this environment, participants test drone 
missions including package delivery, emergency response routing, traffic observation, and 
infrastructure inspection. Defined roles are assigned to simulate real operational conditions, and 
post activity surveys are used to evaluate perceived safety, performance, and improvement 
opportunities. 

Phase one will consist of Manual drone operations that are tested under visual line of sight rules 
using pilot awareness, speed control, and planned flight paths as primary collision avoidance 
strategies. Identified limitations include slower human reaction time, reduced depth perception, 
and higher collision risk. Then we will begin phase two with Autonomous drone operations.  
Phase two will be using pre mapped routes, simulated or sensor based obstacle detection 
altitude control, and automated stop or reroute protocols. New Horizons Regional Education 
Center: Newport Academy has already started pre mapped and sensor based drone control. We 
believe that autonomous systems will demonstrate higher consistency, faster response, and 
lower collision probability during routine missions. 

Phase three will be to use both Phase 1 and 2 properties. Phase three integrates an Air Traffic 
Control (ATC) simulation system with both manual and autonomous drone operations within the 
smart city model to improve airspace safety, coordination, and collision avoidance. A student 
operated ATC center will manage all drone activity using an airspace map, flight progress 



tracking, call signs, and clearance procedures to simulate real world air traffic and unmanned 
traffic management systems. Manual drone pilots must request takeoff and landing clearance, 
follow assigned routes and altitude layers, report checkpoints, and comply with ATC instructions 
for holds or reroutes. Autonomous drones must submit programmed flight paths for approval 
before launch and can receive ATC overrides such as delays, route changes, or emergency 
landing commands when conflicts or hazards are detected. Performance data such as conflict 
rates, intervention counts, mission time, and compliance levels are recorded to compare 
outcomes. This integrated ATC phase will show that centralized traffic management significantly 
increases safety, efficiency, and scalability when coordinating mixed manual and autonomous 
drone traffic in a smart city environment. 

Our test focus is to see if manual control offers flexibility and adaptive decision making during 
unpredictable emergency scenarios and if autonomous control provides superior repeatability 
and safety for routine delivery and monitoring tasks. Safety procedures such as propeller 
guards, low speed indoor flight, and emergency landing zones are integrated throughout testing. 

Results will indicate that combining smart city planning principles with layered drone control 
strategies significantly improves operational safety and efficiency. Hybrid deployment models  
using autonomous systems for routine operations and human pilots for exceptions offer the best 
framework for future urban drone integration. Funding is in progress to support full material 
acquisition and expanded implementation of the model city environment. 
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