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Abstract

Trajectory optimization of electric vertical takeoff and landing (eVTOL) vehicles for urban air mobility (UAM)
missions such as passenger transportation and cargo delivery has only been sparingly studied. Tools for the
rapid generation of high-quality trajectories would be useful to many UAM stakeholder organizations, including
research organizations, vehicle original equipment manufacturer companies, and policy and regulation com-
munities. Analyses enabled by such tools could accelerate progress towards the successful introduction of
UAM operations. High-quality optimal cruise, descent, and landing trajectories for eVTOL vehicles under oper-
ational constraints are generated in this study using indirect methods of optimization. We believe this is the first
paper to use indirect methods for trajectory optimization of eVTOL vehicles for UAM missions. For simulations,
we use our model of the EHang-184 eVTOL vehicle. Three cases of the eVTOL trajectory optimization prob-
lem have been devised and solved using an advance indirect method, the Uniform Trigonometrization Method
(UTM). The results generated using the UTM were compared and validated with a popular direct pseudospec-
tral method solver, GPOPS-II. The advantages and limitations of utilizing the UTM are shared, and future work
for effective resolution of these issues is listed.

Keywords: optimal control theory, urban air mobility, uniform trigonometrization method, indirect methods

1. Introduction
Urban Air Mobility (UAM) is considered a sub-category of Advanced Air Mobility (AAM) and is in-
tended as an alternative mode of urban transportation. UAM has been proposed as a solution to
ground transportation congestion for both passenger commutes, cargo, and logistic services [1].
Currently in its developmental phase, most UAM operations will rely on small-scale electric vertical
take-off and landing (eVTOL) or electric short take-off and landing (eSTOL) vehicles [2]. Most UAM
vehicles are currently being developed to suit flight operation policies and requirements within an
urban or metropolitan airspace. UAM vehicles are expected to lower CO2 and noise emissions and
be able to operate with shorter runways or helipads within the metropolitan area [3]. Thus, the tech-
nological advancements in aircraft design allow for eVTOL and eSTOL to be the primary choice for
UAM operations.

Many aspects of the UAM missions are under study by government agencies like NASA, companies
like Airbus, Joby Aviation, Kitty Hawk, Lilium, Terrafugia, Uber Air, Volocopter, and EHang, and uni-
versity researchers at Purdue University, Georgia Institute of Technology, et cetera [4, 5, 6, 7, 8, 9,
10, 11]. The rise in popularity and demand for UAM operations are mainly due to intense congestion
and the exponential increase in CO2 emissions. For example, Chicago suffers from the worst traffic
congestion in the US, with an average driver gaining about 155 driving hours in 2022 [12]. On the
other hand, there is a growing commercial interest in the cargo and logistics segment. Implementing
a combination of UAM vehicles and delivery trucks shows a reduction in CO2 emissions within the
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operating network [5].

The advantages of UAM come with a cost. Similar to other new transportation innovations, multiple
challenges arise, stretching the capability, operability, and feasibility of UAM operations as a mode
of transport. A recent study shows potential challenges in this domain, including but not limited to
safety, community acceptance, security, and the availability of supporting infrastructure [1]. Our pa-
per focuses on addressing the challenge of optimal UAM trajectory planning. Trajectory optimization
is crucial for fulfilling multiple desirable aspects of UAM operations, such as collision avoidance [13],
energy savings [14], reductions in travel and commute times [15], etc. Certain eVTOL concepts have
emerged using different design approaches in the literature. However, trajectory optimization of such
eVTOL vehicles for cruise, descent, and landing missions in the UAM environment has received very
little attention.

Trajectory optimization problems can be solved using either direct methods or indirect methods. Di-
rect methods are more straightforward and very efficient in solving multi-phase problems with many
constraints. However, these direct methods result in lower resolution results as compared to mathe-
matically richer indirect methods for certain problems, such as singular control problems. Chattering
or solutions with many jitters are obtained using direct methods that cannot be implemented in a
real-world scenario. Several recent advancements in indirect methods [16, 17, 18, 19, 20, 21] have
given birth to a technique known as the Uniform Trigonometrization Method (UTM), which gener-
ates higher-resolution, optimal results. Recently, it was discovered by our team that indirect meth-
ods result in a better and different solution than direct methods for certain optimal control problems
(OCPs) [22]. Several other complex OCPs from different domains have been solved using the UTM
[23, 24, 25, 26, 27, 28, 29, 30].

Ref. [15] shows a convex optimization approach for UAM trajectory planning to minimize the energy
required for UAM vehicles using aerodynamic constraints. The authors proposed an optimization al-
gorithm using sequential convex programming (SCP) to model the dynamic behavior and movement
of UAM vehicles concerning the safety of landing multi-rotor vehicles in complex urban landscapes. In
another study, direct collocation optimization methods were used to minimize battery-energy usage
during take-off and landing phases involving the aerodynamic constraints of UAM vehicles. Previ-
ously, we used advance indirect methods for the trajectory planning of UAM missions requiring safe
landing assurance [31]. Previous works have also explored wind-optimal lateral trajectories [32],
real-time merging control of eVTOL for UAM [33], optimal vertiport airspace and approach control
strategies for UAM [34], and optimal flight trajectory generation algorithms for UAM [35].

The OCP used in this study was solved in ref. [36] using convex optimization. An indirect methods-
based Python toolbox, Giuseppe, was used to solve this problem using the UTM [18], which forms
the main contribution of this paper. Three cases of the eVTOL trajectory optimization problem have
been devised and presented in this study, which forms the secondary contribution of this work. For
validation and comparison purposes, we used a popular direct pseudospectral method (PSM)-based
solver, GPOPS-II [37]. The next section illustrates a mathematical form of the eVTOL trajectory
optimization problem for UAM missions.

2. Optimal Control Problem Formulation
The OCP used in this study is taken verbatim from ref. [36]. The following subsection shows the
details of the problem statement. The solution process using the advance indirect method is also
shown.

2
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2.1 Problem Statement
Equation (1) describes the OCP corresponding to the eVTOL cruise, descent, and landing problem.

minimize: J =
∫ t f

t0

1
2

(
T

TMAX

)2

dt (1a)

subject to: ẋ = vx (1b)
ż = vz (1c)

v̇x =
T sinθ

m
− Dx

m
(1d)

v̇z =
T cosθ

m
− Dz

m
−g (1e)

where: Dx =
1
2

ρv2
xSxCD (1f)

Dz =
1
2

ρv2
z SzCD (1g)

with constraints: 0 ≤ x ≤ xMAX (1h)
0 ≤ z ≤ zMAX (1i)

v =
√

v2
x + v2

z ≤ vMAX (1j)

0 ≤ T ≤ TMAX (1k)

In the above equations, x is the along-track distance; z is the altitude; vx is the horizontal velocity; vz

is the vertical component of the airspeed; Sx is the horizontal reference area of the vehicle; Sz is the
vertical reference area of the vehicle; ρ is the atmospheric density of Earth; Dx is the horizontal drag
force; Dz is the vertical drag force; T is the net thrust generated; θ is the rotor tip-path-plane pitch
angle; m is the mass of the vehicle, and g is the gravitational acceleration.

2.2 Chosen Electric Vertical Takeoff and Landing Vehicle
UAM companies are racing to develop and release their vehicles for the market. Currently, the UAM
sector is rapidly advancing alongside technological innovations, with several key companies leading
the market. Joby Aviation is progressing towards obtaining an FAA certification, allowing it to begin
on-demand commercial air taxi operations by 2024 [38]. The Archer Midnight, Archer Aviation’s sec-
ond full-scale eVTOL aircraft, has just completed its transition flight testing [39]. The Lilium Jet is
progressing through its developmental phase and is expected to start operating passenger services
by 2026, connecting locations within the French Riviera [40]. The EHang-216 (EHang-184’s succes-
sor) just completed its first successful passenger demonstration flight in the UAE [41].

For this study, we chose the EHang-184 as our eVTOL vehicle for running simulations due to data
availability. The EHang-184 is a type of autonomous aerial vehicle (AAV) that is pilot-free and requires
no direct human interaction to operate. The operating parameters and specifications for EHang-184
are specified in Table 1 and obtained from ref. [36]. However, the EHang-184 has been discontinued
and replaced by its successor, the EHang-216. Note that any type of eVTOL vehicle can be easily
incorporated into the methodology used in this study.

Figure 1 – The EHang-184 AAV obtained from ref. [42].
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2.3 Problem Parameters and Cases
The vehicle and Earth parameters are given in Table 1. These values are taken directly from ref. [36].

Table 1 – Constants related to the eVTOL vehicle and Earth used in this study.

Parameter Unit Value
g m/s2 9.81
m kg 240
ρ kg/m3 1.225
Sx m2 2.11
Sz m2 1.47

xMAX m 20,000
zMAX m 500
TMAX N 4,800

The initial, terminal, and bounding values of the time, states, and controls are shown in Table 2. The
values for time of flight and maximum velocity in this table depend on three cases designed by the
authors. These three cases are described as follows.

Table 2 – Boundary and bounding conditions for the time and states of the eVTOL vehicle trajectory
optimization problem [36].

Parameter Unit Initial Value Final Value Minimum Value Maximum Value
t s 0 Case Dependent 0 1,500
x m 0 20,000 0 20,000
z m 500 0 0 500
vx m/s 27.78 0 Case Dependent Case Dependent
vz m/s 0 0 Case Dependent Case Dependent

In the first case, there are no path constraints, but there is a T control constraint as specified in
Eq. (1k). Additionally, in the first case, the time of flight is kept free. In the second case, all conditions
are similar to those in case 1, except the time of flight is kept fixed. Bounds on the maximum velocity,
vMAX, are introduced in the third case. The remaining conditions for the third case are the same as in
the first case. Table 3 summarizes the three cases designed for this study. The next section shows a
detailed approach to solving this problem using the UTM.

Table 3 – Specifications for the three cases considered in this study.

Final Time (t f ) Maximum Velocity (vMAX)
Case 1 Free Free
Case 2 1500 s Free
Case 3 Free 30 m/s

3. Solution Process Using the Uniform Trigonometrization Method
While using the UTM, we first need to transform controls that have bounds. Implicit bounds are
placed on control T by using a trigonometric substitution through the UTM. The other control, θ , was
left unconstrained for this study.

T = 2400(1+ sinT TRIG) (2)
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The second step in the UTM is to impose path constraints using a penalty function of secant form.
Only for case 3, there is a path constraint on the velocity as specified in Eq. (1j). Using the problem
statement given in Eq. (1), the Hamiltonian can be formulated as

H = λxvx +λzvz +
λvx

m

(
2400(1+ sin(TT RIG))sin(θ)− 1

2
ρv2

xSxCD

)
+

λvz

m

(
2400(1+ sin(TT RIG))cos(θ)− 1

2
ρv2

z SzCD]−mg
)
+ εv sec

(
π

2
vEXPR

) (3)

where εv is an error parameter to impose the maximum velocity constraint and vEXPR is
2v− vMAX − vMIN

vMAX − vMIN
.

When velocity reaches its extremal values, the expression sec
(

π

2
vEXPR

)
becomes infinitely large in

magnitude. The objective functional, J, thereby gains infinitely high values, and the solution is dis-
carded by the solver during its search for an optimal trajectory.

The optimal control laws can then be obtained using Eq. (4) and are shown in Eq. (5) and Eq. (6),
where * indicates optimal solutions.

∂H
∂u

= 0 (4)

θ
∗ = atan

(
λvx

λvz

)
(5)

T ∗
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
−π

2
→ TMIN

arcsin
(
−

2 TMAX(λvx sinθ +λvz cosθ)

m
−1
)

π

2
→ TMAX

(6)

The costate equations obtained from the Hamiltonian are described in Eq. (7a) - Eq. (7d).

λ̇x =−
[

∂H
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]T

= 0 (7a)

λ̇z =−
[

∂H
∂ z

]T

= 0 (7b)
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[
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λvxCDSxρvx

m
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sec
(

π

2
vEXPR

)
tan
(

π

2
vEXPR

)
(7c)

λ̇vz =−
[

∂H
∂vz

]T

=−λz +
λvzCDSzρvz

m
− εvπ vz

vMAX − vMIN
sec
(

π

2
vEXPR

)
tan
(

π

2
vEXPR

)
(7d)

Along with the UTM, a standard numerical continuation approach [43, 44] has been utilized in this
study. First, a simpler version of the original problem is solved. The solution obtained for this simpler
problem is then used as a guess for the subsequent, more complex versions of the problem. The
continuation process in a particular set is continued until the desired conditions are met. Note that
the sequence and step size of the continuation sets have been found by the authors using trial and
error along with engineering judgment.

Scaling was only performed on the objective function, in which T was divided by TMAX. Thus, the unit
of the objective functional, J, became seconds. Since some variables, like x, have high values as
compared to z, scaling or normalizing these variables could possibly speed up solving this problem.
Scaling or normalization of states and other parameters have been left out of this study as already
rapid computation speeds were obtained.

5
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4. Results and Discussion
A python-based optimal control solver, Giuseppe, is equipped with UTM and used to solve the three
cases discussed in Section 2.. Giuseppe was developed at Purdue University in the System of Sys-
tems lab. All computations were performed on an Apple M3 Pro chip with 18 GB of unified RAM. The
following subsections include the results and their comparison for the three cases.

4.1 Case 1: Unconstrained with Free Time of Flight
Created primarily for validation and verification purposes, this case is the easiest to solve among the
three since all parameters save for the thrust control, T , are unconstrained.

4.1.1 Continuation Process
Propagate the trajectory for 1 second using the initial conditions shown in Table 2. The guess value
for each costate is chosen as 0.1. A quick convergence is obtained for this seed trajectory since it
is very short and easy to solve. In the first continuation set comprising 5 steps, vx f and vz f only are
varied until they reach 0 m/s. x f , z f , and tolerance values are then changed in 50 steps to the desired
final values. The continuation process for case 1 is summarized in Table 4.

Table 4 – Continuation strategy for case 1 of the UAM trajectory optimization problem.

Continuation (seed) #1 #2
Steps 5 50
x f [m] 32.66 20,000
z f [m] 501.46 0

vx f [m/s] 36.73 0
vz f [m/s] 1.06 0

Solver Tolerance 10−4 10−6

It should be noted that due to this continuation process, more computation time is needed by the UTM
to obtain the final optimal solution. Several trajectories generated through this continuation process
showcase the evolution of the solution structure, thereby providing further useful insights.

4.1.2 Verification and Validation
GPOPS-II, based on pseudospectral methods (PSM), was employed in this study for verification and
validation of the UTM results. The parameters used for setting up and solving this problem using
GPOPS-II are shown in Table 5.

Table 5 – GPOPS-II setup parameters and their values for this study.

Parameter Value
Solver IPOPT

Mesh Refinement Method hp-PattersonRao
Maximum Iterations 50

Minimum Collocation Points 3
Maximum Collocation Points 10
Mesh Refinement Tolerance 10−6

Linear Solver ma57
Derivatives Supplier sparseCD

Derivative Level second
Method RPM-Differentiation

The states and control plots obtained using the UTM and PSM are shown in Fig. 2. Since the ob-
jective is to minimize the control effort, the eVTOL vehicle quickly increases its speed to 32.43 m/s.
This is the maximum possible speed of the eVTOL vehicle based on the given boundary conditions.
vz needs to have negative values for the vehicle to descend. On the other hand, vx needs to be

6
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positive for increasing the distance x while minimizing the control effort. Near the start and end of the
trajectory, quick changes in the velocities necessitate sharp jumps in the controls T and θ .

Figure 2 – Time history plots for states and controls obtained using the UTM and PSM for case 1 of
this study. The results from the UTM and PSM match exactly. All the constraints are satisfied.

Thrust and pitch angle controls stay constant for a significant part of the trajectory.

The costates and Hamiltonian plots obtained using the UTM and PSM are shown in Fig. 3. In indirect
methods of optimization, the costates play a crucial role in determining the optimal control values.
The results obtained for case 1 using the UTM were found to be in excellent agreement with the
corresponding results from PSM. Since it is a free final time problem, the Hamiltonian should be
0 based on a transversality condition [45]. Note that the PSM results for the remaining two cases
have also been found to match with the corresponding UTM results. Hence, the PSM results for the
remaining two cases have been excluded from this study for brevity.

Figure 3 – Costates and Hamiltonian time history plots for Case 1 are shown here. The problem is
very sensitive and hard to solve as the costates have values close to 0. Excellent agreement was

found between the UTM and PSM results.
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The first continuation set for case 1 is depicted graphically in Fig. 4. The solution structure drastically
changes from a seed solution (shown in a red dashed line) to the final solution for this set (shown
by a solid blue line). Figure 4 shows that even if the initial guess is bad and if the seed solution is
obtained in an undesirable region, the continuation process can pull the trajectory back to the desired
region of interest.

Figure 4 – Results for continuation on vx f and vz f in the first continuation set of case 1 are shown in
this plot. The red dashed line is the seed solution. The intermediate results are shown in black

dotted lines. The final trajectory, with a t f of around 2.5 s, is shown in a blue solid line.

4.2 Case 2: Unconstrained with Fixed Time of Flight
This case is more difficult to solve than case 1, as the final time of flight is fixed. As a result, it is very
hard to guess apriori the continuation sequence for this problem. However, continuation solutions for
case 1 provide insights on setting up the continuation strategy for case 2.

4.2.1 Continuation Process
A convergence for a 1-second seed solution was successfully obtained for this case, similar to case
1. The guess value for each costate is again chosen as 0.1 to obtain this seed solution. vx f , vz f , and
t f are then varied in 50 steps until they reach values of 0, 0, and 620, respectively. The final value
of t f in this continuation step was chosen as 620 s to imitate the results of case 1. t f , x f , and z f are
then changed in 140 steps to the desired final values. Note that the continuation process requires
more steps as this case becomes more complex and hard to solve as compared to case 1. In the
third and final continuation set, the value of t f and solver tolerance are changed to the desired values
in 5 steps. The continuation process for case 2 is summarized in Table 6.

Table 6 – Continuation strategy for case 2 of the UAM trajectory optimization problem.

Continuation (seed) #1 #2 #3
Steps 50 140 5
t f [s] 1 2.5 620 1,500
x f [m] 32.66 20,000
z f [m] 501.46 0

vx f [m/s] 36.72 0
vz f [m/s] 1.06 0

Solver Tolerance 10−4 10−6

8
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4.2.2 Results Using the UTM
The time history of states and controls for this case is shown in Fig. 5. It was found that the addi-
tional constraints never became active. For instance, the values of x and z always stayed within their
bounds. While case 1 had a total flight time of 620 s, case 2 was forced to have a longer flight time
of 1500 s. Because of the longer time of flight, the values of the velocity components, vx and vz, are
already within bounds and lower than those in case 1.

Figure 5 – States and control plots for case 2 are shown in this figure. Except for the vx subplot, the
pattern of remaining states and controls matches very closely with the results from case 1.

The final continuation set for case 2 is shown in Fig. 6. The solution structure is quite similar from the
seed solution (shown in a red dashed line) to the final solution for this set (shown by a solid blue line).
All the states and controls have a uniform change pattern except for vx. For a lower t f , vx increases
first to a high cruise speed and dips at the very end of the trajectory. However, as t f increases, vx

changes its pattern and starts to quickly drop down to lower cruise speeds, and then further dip down
to 0 m/s in the end.

Figure 6 – The results for case 2’s final continuation set on t f are depicted in this plot. The red
dashed line is a seed solution similar to case 1. The intermediate results are shown in black dotted
lines with increasing values of t f . The final trajectory, with t f as 1500 s, is shown in a blue solid line.

9
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4.3 Case 3: Velocity Magnitude Constraint and Free Time of Flight
This is the most complex case designed in this study. Here, the velocity constraint becomes active
for a significant part (the cruise phase) of the eVTOL vehicle’s trajectory. Traditional indirect methods
are quite cumbersome and formidable for this case, as multiple arcs need to be developed. However,
the UTM solves for a single arc and enables quick convergence by utilizing the continuation process
discussed as follows.

4.3.1 Continuation Process
The continuation process for case 3 is summarized in Table 7. The continuation process for case 3
is very similar to that of case 1. An additional continuation set is required to bring down vMAX from
36.73 m/s to 30 m/s in 10 steps. Similarly, two continuation sets were used to bring down the value of
an error parameter εv from 10−4 to 10−8 in 40 steps. The computation time to solve this case is high
as a larger number of intermediate trajectories are generated as compared to the other two cases.

Table 7 – Continuation strategy for case 3 of the UAM trajectory optimization problem.

Continuation (seed) #1 #2 #3 #4 #5 #6
Steps 10 200 10 20 20 2
x f [m] 32.66 20,000
z f [m] 501.46 0

vx f [m/s] 36.73 0
vz f [m/s] 1.06 0

vMAX [m/s] 40 30
εv 10−4 10−6 10−8

Tolerance 10−4 10−6

4.3.2 Results Using the UTM
The time history of states and controls for this case is shown in Fig. 7. It was found that only the
constraint on v is active. Since this case is forced to have a lower vMAX value, the time of flight of the

Figure 7 – States and control time histories for case 3 are shown in this figure. There are sharp
changes at the start and end of the controls and velocities, making this case quite hard to solve.

eVTOL vehicle increases. Like the other two cases, sharp changes in velocities are present, thereby

10
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resulting in ill-conditioned matrices. These matrices make the problem quite difficult to solve.

While running the continuation process on vMAX, its value is brought down at the expense of an
increased time of flight. This is shown in Fig. 8, where the red dashed line is the seed solution and
the blue solid line is the final trajectory.

Figure 8 – Results for continuation on vMAX are shown in this plot. Red dashed line indicates the
results without any constraint on vMAX. The intermediate results are shown in black dotted lines. The

final trajectory with vMAX as 30 m/s is shown in blue solid line.

Similarly, Fig. 9 depicts the continuation process on εv, which results in a decreased time of flight. As
the value of εv is reduced, the solution gets closer to the upper bound on v. Thus, the velocity starts
reaching its upper bound, thereby requiring lesser time to reach the final states.

Figure 9 – This plot shows the results for continuation on εv. The red dashed line indicates the
results for εv as 10−4. The intermediate results are shown in black dotted lines. The final trajectory

with εv as 10−8 is shown in a blue solid line.

11
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The impact of εv was also analyzed on the value of the objective functional, J, and is shown in Fig.
10. It was found that reducing εv beyond a certain value was not useful in obtaining more optimal J
values. Thus, for this study, the final value of εv was chosen as 10−8.

Figure 10 – Objective J is shown as a function of error εv in this plot. Below a certain error value, the
objective value does not improve and only adds to the computation time. Thus, a value of 10−8 for εv

is sufficient for this case.

4.4 Results Comparison
The results obtained for the three cases are summarized in Table 8. Note that the objective values in
this table were calculated from the thrust data using the trapz function given by

J∗ = trapz

(
t,

1
2

(
T

TMAX

)2
)
. (8)

Table 8 – Comparison between the three cases of the UAM trajectory optimization problem.

Computation Trajectories Objective Time of Flight vMAX
Time (s) (#) (s) (s) (m/s)

Case 1 5 55 99.314 619.9 32.43
Case 2 4 195 182.169 1,500 27.78
Case 3 62 262 100.170 669.5 29.98

4.5 Advantages and Limitations of the Uniform Trigonometrization Method
The UTM generates analytical and closed-form expressions for the control law and the costate dy-
namics after placing implicit bounds on the controls and states. Several useful parameter sweeps
related to the eVTOL vehicle can be easily and quickly done using the numerical continuation pro-
cess of the UTM. The continuation plots lead to additional useful insights regarding the structure of
trajectories. Moreover, the UTM guarantees locally optimal trajectories.

Though the UTM has several advantages over traditional indirect methods, its main drawback is the
expertise required for its setup. Engineering intuition and thus experience, with some degree of trial
and error, are required right now to establish the continuation process used in the UTM. The work of
Nolan [46] made some notable progress in this regard, and furthering this line of work seems justified
to widen the applicability of UTM-based approaches.
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5. Conclusions and Future Work
This study aimed at finding optimal trajectories of electric vertical take-off and landing (eVTOL) vehi-
cles for urban air mobility (UAM). An advance indirect method of optimization, the Uniform Trigonometriza-
tion Method (UTM), was used to generate these optimal trajectories. Three cases with different con-
straints on the time of flight and maximum velocity of the eVTOL vehicle were solved. This study
concludes that the UTM can be very effective in solving complex trajectory optimization problems
pertaining to UAM missions. When the time of flight is constrained and forced to be large, the eVTOL
vehicle flies on a safer trajectory even without constraining velocity. If the time of flight is left free, the
safety and comfort of the passengers can be ensured through a constraint on the maximum veloc-
ity. The UTM guarantees locally optimal trajectories, which ensures the results obtained are of high
resolution. The results obtained for this study using the UTM matched those obtained using a direct
pesudospectral method-based solver, GPOPS-II. This study showcases that additional insights can
be gained through the numerical continuation process utilized in the UTM.

Future work includes automatic determination of the sequence and step size of each continuation set
in the numerical continuation process of the UTM. More complex versions of the eVTOL trajectory
optimization problem for UAM missions are yet to be solved. These problems involve more complex
dynamics and objective functionals, including the state of charge of the vehicle.
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