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Goals and System Description

Complete Evaluation System for any AAM/UAM design

Give useful feedback to quickly iterate on system design

Integrate with existing research systems

Utilize Microsoft Flight Simulator environment for simulation and data collection.
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System Evaluation: Overview

e Collect data from MSFS Simulation
e Create Evaluation Systems From Aircraft Data
o Interchangeable Software Components
o Useanalyzed information to inform further
components
e Use for routing, terminal procedures, and scheduling
software.
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System Evaluation: Aircraft Data

e \Variety of Aircraft Data
o Aircraft Position and Altitude
o Control Inputs
o Aircraft Configuration

Altitude and Speed Over Time
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System Evaluation: Case Study - Glide

Custom

o Datalnputs

o Algorithms

o Equations
Can be done for all
components

o Noise
Energy
Terrain
Obstacles
Traffic

O O O O

Simulation Data

Environmental &
Systems Data
(Default or Custom)

Glide Calculation
Algorithm

| Glide Visualization
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Best glide angle is calculated using

4Cp,
singpg = =y | —————
reAcos™p +4Cp,

This is the angle between the flight path and the ground that provides the highest L/D ratio.

gamma_bg_rad = asin( —sqrt ((4.*C_DO')./(pi*e*A*cos (phi)*2 + 4.*C_D0")) );
Convert glide angle from radians to degrees using convana:
gamma_bg = convang(gamma H )

Best glide drag is calculated using:

Diin = Dy = £ p(TAS})S(2Cp)) = ~Wsinys,

D_bg = -W*sin(gamma_bg_rad);

Best glide lift is calculated using;

Ly = Lo = Weosyp = /W2 = D},

L_bg = W*cos(gamma_bg_rad);
Calculate dynamic pressure using dpressure
gbar = dpressure ([TAS_bg' zeros(size(TAS_bg,2),2)], rho);

Calculate drag and lift coefficients using

Dig
Cp, ==£
D =75
D_bg = D_bg./(gbar*s)
o b
oy =75

Weight = 2400;
WingReferenceArea = 174;
WingAspectRatio = 7.38;
ParasiteDragCoefficient = 90.037;
AircraftefficiencyFactor = 0.72;



System Evaluation: Analysis
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System Evaluation: Analysis
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System Evaluation: Analysis

Noise Footprint of Aircraft (hover mode)
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System Evaluation: Analysis
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Routing

California’s Bay Area

Major Jot Arrival & Departure Routes
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Routing
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Routing

Path of the Plane Altitude Over Time
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Scenic Scenarios

scenic.simulators.msfs.model
math

waypoint("vPMID" nge (800, 1400))

TYDYE = ’ waypoint_id "TYDY alt 3000
TRUKN = : waypoint_id ° N alt Seee, speed 250

trukn2 = [TYDYE, TRUKN]

WUVON = 1 waypoint_id " ON alt 4100

MITOE = waypoint id "MITO alt 2000, speed 180

GO_AROUND = | lat 37.687960, lon -122.192458, alt 4ee

THREE ZERO = t lat 37.702506, lon -122.215325, alt Range(800, 1400)

oak 30 arr = [WUVON, MITOE, GO AROUND, THREE ZERO]

waypoint ("FRNNY", 4100), speed 210, trajectory oak 30 arr
spatial position_to_euclidian(37.608353, -122.379887, 0), trajectory trukn2, ground 1 (:|1-F2|£5

¢BANATAO
ZINSTITUTE




Scenic Scenarios
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Terminal Procedures
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Scheduling System

System
Configuration

Variables
(User-Defined)

16

Environment

Configuration Analysis Inputs

Variables (eg. Costs)
(Can be custom or
sim-based)
Economic Evaluation
\i \
Discrete Event & Analysis

Simulation

Data Report and
Visualization

Scheduling

Algorithm
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Scheduling System

Vertiport Dataset Schema

Field Name | Data Type | Description

id_string String Unique 3-letter code identifying the vertiport
id_num Integer Unique numeric ID for the vertiport

capacity Integer Number of aircraft the vertiport can accommodate

Schema for Aircraft Distribution Starting State

Field Name Data Type | Description

Vertiport String Unique 3-letter code identifying the vertiport
# of aircraft in vertiport | Integer Number of aircraft assigned to the vertiport
aircraft_id Integer Unique identifier for each aircraft
aircraft_capacity Integer Capacity of each aircraft

dep_times

00:00,01:10,02:20,03:30,04:40,05:50,07:00,08:10,09:20,10:30,11:40,12:50,14:00,15:10,16:20,17:30,18:40,19:50,21:00,22:10

00:10,01:20,02:30,03:40,04:50,06:00,07:10,08:20,09:30,10:40,11:50,13:00,14:10,15:20,16:30,17:40,18:50,20:00,21:10,22:20

00:15,01:30,02:45,04:00,05:15,06:30,07:45,09:00,10:15,11:30,12:45,14:00,15:15,16:30,17:45,19:00,20:15,21:30,22:45,23:59

00:05,01:25,02:45,

:05,05:25,06:45,08:05,09:25,10:45,12:05,13:25,14:45,16:05,17:25,18:45,20:05,21:25,22:45,23:30,23:59

00:30,01:45,03:00,04:15,05:30,06:45,08:00,09:15,10:30,11:45,13:00,14:15,15:30,16:45,18:00,19:15,20:30,21:45,23:00,23:59

5

SCZ,1,4
MOF, 2, 4
BER, 3, 4
MER, 4, 4
DAV, 5, 4

CITRIS

¢BANATAO
ZINSTITUTE



Scheduling System

hourlyPassengers

' Figure 1 = a X

Passenger Demand from SCZ to MOF

SCZ
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MER | [0,0,2,0,1,3,6,9,

Number of Passengers
»
L
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Scheduling System

src,dest, transportTime
SCZ, MOF, 13
SCZ, BER, 32
SCZ, MER, 48
SCZ, DAV, 72
MOF, SCZ, 15
MOF, BER, 14
MOF, MER, 36
MOF, DAV, 42
BER, SCZ, 35
BER, MOF, 18
BER, MER, 45
BER, DAV, 26
MER, SCZ, 43
MER, MOF, 38
MER, BER, 50
MER, DAV, 67
DAV, SCZ, 67
DAV, MOF, 45
DAV, BER, 25
DAV, MER, 49
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Scheduling System

join_id,

.624794191741007,
9.129954663541,
.66459639578306,
.931026635916442,
24794191741007,
).624794191741007,
.129954663541,
.129954663541,
.75085966295568,
.33249331751791,
9.76690505927268,
.75085966295568,
/‘,>08‘J:1(»0195‘)08,
.406561709031934,
.43850227995671
.696528931634965,
.58871428172766,
33249331751791,
62.33249331751791,
20 S CITRIS
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Scheduling System

Passenger Hourly Throughput

Wait Times (Histogram) Flight Load
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Scheduling System

Aircraft Timelines
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Scheduling System

item, ,unit

energy cost, kwh

joby vehicle,22 .plane, pilot salary, ), person_year
archer vehicle, plane, pilot_training, year

joby charger, , charger,
archer_charger,_ , charger,

item, ,unit,

flight operations salary, ,person_year
ground_operations_salary, ,person_year
landing fees, flight

training simulator, - simulator, maintenance, ,aircraft year

hdngdr’ hd”gdr’ insur‘ance, ,aircraft year

ground vehicle vehicle general and adminstrative, 0, year
g : : : sales and marketing, year

it_infrastructure, 00, infrastructure, legal and_compliance year

10 r_and d,1¢ } year, software and systems, ,year
spare_parts, year
taxes, dollar
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Scheduling System

,ticket price
F,20
, 37
1,49
y 72
17

Data folder location: ../data/financial/
Total Flights: 233
Total Passengers: 817

14 Cost per Flight: $213.76
R,44 Cost per Passenger: $60.96
v,19 Revenue per Flight: $136.25
,29 Revenue per Passenger: $38.86
F,A8 Annual Revenue: $11,587,290.00

70 Annual Operating Costs (before Depreciation): $30,198,934.50
20 Annual Depreciation: $1,975,000.00
7 52 EBIT: $—20,586,6UU.50
£ 89 Taxes Paid: $0.00
N Net Income: $-20,6586,644.50
V,67
,61
, 16
25
-R,49
CITRIS
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Scheduling System

ticket price
67
%,123
R,163
WV, 240
D/
47

V,63
97

Data folder location: ../data/financial/
Total Flights: 233

Total Passengers: 817

Cost per Flight: $213.76

Cost per Passenger: $60.96

Revenue per Flight: $454.40

Revenue per Passenger: $129.59

Annual Revenue: $38,644,6740.00

Annual Operating Costs (before Depreciation): $30,198,934.50
Annual Depreciation: $1,975,000.00

EBIT: $6,470,805.50

Taxes Paid: $711,788.60

Net Income: $5,759,016.89
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Scheduling System

% Figure 1 = o X

Flight Load

160

140

120

Frequency
o @ 5
8 o o o

n
(=]
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Load

Data folder location: ../data/financial/
Total Flights: 233
Total Passengers: 817
Cost per Flight: $213.76
Cost per Passenger: $60.96
Revenue per Flight: $136.25
Revenue per Passenger: $38.86
Annual Revenue: $11,587,290.00
Annual Operating Costs (before Depreciation): $30,198,934.50
Annual Depreciation: $1,975,000.00
EBIT: $-20,586,6U44.50
Taxes Paid: $0.00
Net Income: $-20,586,644.50
26

% Figure 1

Flight Load
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36 38 4.0 4.2 4.4

Total Flights: 201

Total Passengers: 864

Cost per Flight: $215.31

Cost per Passenger: $53.83
Revenue per Flight: $155.26
Revenue per Passenger: $38.82
Annual Revenue: $11,390,920.00

Annual Operating Costs (before Depreciation):

Annual Depreciation: $1,975,000.00
EBIT: $-18,400,130.25

Taxes Paid: $0.00

Net Income: $-18,400,6130.25

$27,816,050.25
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Conclusion

Key Points

e Use High-Fidelity Simulation to capture essential aircraft
data to inform analysis systems

e Make analysis components interchangeable for differing
models and equations

e Use analysis programs to evaluate proposed routes, terminal
procedures, and scheduling systems

e Use Scenic for particular scenarios requiring thorough
investigation for safety and efficiency

27 CITRIS
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