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Analyzing 3D telemetry data collected from competitive video games on the internet

can support players in improving performance as well as spectators in viewing data-driven

narratives of the gameplay. In this thesis, we conduct an in-depth qualitative study on

the use of telemetry analysis by embedding over several weeks in a virtual F-14A Tomcat

squadron in the multiplayer combat flight simulator DCS World (DCS) (2008). Based on

formative interviews with DCS pilots, we design a web-based game analytics framework

for rendering 3D telemetry from the flight simulator in a live 3D player, incorporating many

of the data displays and visualizations requested by the participants. We then evaluate the

framework with real mission data from several air-to-air engagements involving the virtual

squadron. Our findings highlight the key role of 3D telemetry playback in competitive

multiplayer gaming.
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Chapter 1: Introduction

Video games are becoming increasingly complex and accordingly require increasingly

sophisticated skills and tactics. This is doubly true for online multiplayer games, particu-

larly those that pit players against other players in so-called Player vs. Player—or “PvP”—

combat because the opponent is not an arti�cial but a real intelligence. For example, in

the multiplayer gameBattle�eld V (2018), the players take the role of World War II sol-

diers from both Axis and Allied sides and battle it out on historic battlegrounds; inFortnite

(2017) the players �ght solo or in teams against a hundred other people in a shrinking

area in the format known as “Battle Royale” (after the 1999 namesake novel written by

Koushun Takami); and inWorld of Warcraft(2004), players become characters of fantasy

classes such as paladins, wizards, and archers to �ght in either open-world or arena-based

PvP. In all of these examples, as well as in countless others on the internet, there is an op-

portunity for collecting, processing, and analyzing potentially vast amounts of 3D teleme-

try data to help players improve their skills and coordination. In fact, in the burgeoning

esports industry, where players compete professionally in organized multiplayer competi-

tions, suchgame analytics[13–15] may be the difference between a win and a loss, which

could amount to thousands of dollars in prize money. Similarly, as gameplay—professional

and casual alike—is increasingly streamed online on Twitch and Youtube, the boundary be-

tween electronic and traditional sports is becoming blurred and the demand for robust data
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collection and display is increasing.

In this thesis, we study 3D real-time telemetry for post-game analysis in the context of

the combat �ight simulatorDCS World(Digital Combat Simulator) (2008).

1.1 Thesis Statement

Studying the needs of a �ight simulator community. Building and evaluating a 3D

telemetry data exploration tool to support these requirements.

1.2 Approach

Embedding in a DCS F-14A Tomcat virtual squadron over a period of several weeks,

we conducted an in-depth observational and interview study to understand the data col-

lection and analysis practices of a highly competitive group of �ight simulator players.

While our approach is applicable to any multiplayer 3D game, combat �ight simulation

is particularly amenable to this kind of telemetry data analysis because extensive debrief-

ings tend to be routine for many so-called “milsim” (military simulation) communities.

During the debrie�ngs, squadron members pore endlessly over individual maneuvers to

give feedback and help each other improve. In response to a formative evaluation with

DCS players, we derived requirements for 3D telemetry analysis and propose a suite of

tools called TACREEL for collecting, visualizing, and analyzing this kind data. TacReel

caters both to players analyzing their performance by replaying a game session as well

as to spectators viewing a data-driven narrative summarizing the session. In the playback

mode, TacReel provides situated visualizations to help the players orient themselves and

analyze the telemetry data. In the summary mode, TacReel uses author-speci�ed rules to
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automatically detect events and generate compelling highlight reels summarizing a long

session. We report on a summative evaluation involving members of the virtual squadron

and collect their feedback on using TacReel for their mission data.

1.3 Outcomes

In this thesis, we �rst give a background on game analytics and its use of visualiza-

tion and visual analytics. We then discuss the multiplayer gaming problem domain and its

data management, analytics, and visualization needs. We describe DCS and VF-1 Wolf-

pack, the virtual DCS World squadron �ying the Grumman F-14A Tomcat �eet defense

interceptor that we primarily embedded in for our work. We present results from forma-

tive interview sessions with DCS players, including one who is also a professional combat

pilot. Based on these �ndings, we then present the TacReel tool, its visualization compo-

nents, and its deployment in DCS World. Finally, we present �ndings from a summative

evaluation where squadron members used the tool for their training debrie�ngs. We close

by deriving implications and discussing directions for future research.
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Chapter 2: Background

Video game analytics[13–15, 33] refers to the process of collecting, processing, and

analyzing data generated by player interactions within video games. This data encompasses

a wide range of information such as player behavior, in-game events, performance metrics,

in-game purchases, and player statistics. For this reason, game analytics is often a data

science problem [15]. In this section, we review the background on video game analytics,

focusing in particular on 3D telemetry data. We begin by discussing the larger area of game

analytics, which covers many different topics and audiences, including game developers,

designers, and marketers, but also the players themselves and the spectators who enjoy

watching them play. We then discuss the emerging role of visualization for game analytics.

Finally, we present the speci�c visualization techniques that are relevant to real-time 3D

telemetry data: spatiotemporal visualization.

2.1 Game Telemetry

Telemetrycan loosely be thought of asremote measurement: the automatic collection

and transmission of data from a remote point of interest [10], such as a space, airborne, or

underwater vehicle. In the context of video games, telemetry can be used to refer to any

data collection from a running game [13, 34], but for the purposes of this article we will

use it in the spirit of classic vehicle telemetry: real-time player behavior in the form of
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quantitative spatiotemporal metrics such as position, orientation, and velocity, as well as

discrete events such as shooting, reloading, changing posture, etc.

Many video games capture real-time player behavior at high precision. It is particu-

larly true for �rst-person shooters (FPS) such asCounterstrike: Global Offensive(CS:GO)

(2012),Halo: In�nite (2021), orCall of Duty: Modern Warfare II(2022), but also for real-

time strategy (RTS) games and Multiplayer Online Battle Arena (MOBAs) games such as

Starcraft II (2010),Defense of the Ancients 2(DotA 2) (2013), andLeague of Legends

(LoL) (2009). FPS telemetry goes back to the originalDoom(1993) by id Software, which

used a special “lump” �le format (.lmp ) that was essentially a time-stamped stream of

player inputs,1 allowing a game session to be perfectly recreated with little storage require-

ments.

There are several legitimate and well as illegitimate uses of real-time 3D telemetry.

Game developers use aggregated telemetry data to identify concerns and balance game-

play, such as areas where the polygon count is too high; bugs and glitches in logic, levels,

or 3D models; or places in a level where the player is too vulnerable or too protected [6].

During esports events broadcast to an in-person or virtual audience, telemetry can be used

to generate a spectator view that shows more information than what the individual players

see, such as the name, team, and location of all combatants in the level. Also, in-game re-

play theaters and online replay aggregators such as GameReplays use telemetry to recreate

post-mortem recordings of a match, often with the added bene�t that the player can freely

navigate both in time as well as in the 3D space of the level. However, the ability to extract

exact telemetry for all enemy players can also be used by cheaters, for example by making

the level's walls semi-transparent (wallhack) or even automatically aiming and shooting at

1https://doom.fandom.com/wiki/Demo#Technical_information
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the enemy with inhuman speed and accuracy (aimbot). For this reason, anti-cheat software

such as Easy Anti-Cheat, BattlEye, and Denuvo use—among other things—telemetry to

detect tampering and cheating.

Flight simulators are a special case because of the desires for many simulator pilots to

study their performance after a �ight to understand mistakes, how to address them, and how

to improve. Thus, many �ight simulators, such asMicrosoft Flight Simulator(�rst released

in 1982; most recent release in 2020),X-Plane(�rst released in 1995; most recently in

2022),Falcon BMS(�rst released asF-16 Fighting Falconin 1987; BMS from 2012),IL-2

Sturmovik(�rst released in 2001; most recent release in 2013), andDCS World(2008),

include built-in telemetry �ight recording and replay functionality.

In addition, the third-party toolTacview2 (�rst released in 2006) uses a universal teleme-

try �le format called ACMI,3 and comes with exporters for most popular simulators (the

ones listed above among others). Tacview is a native Windows application based around

a 3D map view of the world. Once installed, the tool will automatically record telemetry

for any �ight the player takes on that computer. It is extensively used by DCS players in

particular.

2.2 Visualization and Games

Several comprehensive surveys have been presented on the state of data visualization

in video games. Medler and Magerko [35] conducted a study encompassing a wide array

of currently available games on the market. Building upon the foundation of casual in-

formation visualization [37], they introduced the concept of “playful visualization,” which

involves using data visualization to enhance and encourage gameplay. Bowman et al. [6]

2https://www.tacview.net/
3https://www.tacview.net/documentation/acmi/en/
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presented a design framework that explores visualization research problems as they apply

to video games. This framework presents �ve categories that can be used to classify speci�c

visualization technique found in video games:

• Primary purpose: Intended use;

• Target audience:Intended audience;

• Temporal usage:Timing of use;

• Visual complexity: Level of visual sophistication of the visualization in the game;

• Immersion/integration: Whether the visualization is in spirit with the game and

whether it is inside the game or not;

The authors derive several common design patterns from an extensive survey of games,

such asHeads-up Display, Replay Theatre, Progression Tree, Data in Space, Data in Time,

etc. From these patterns “data in space, data in time & replay theatre” are precisely what

our proposed visualization intervention in this thesis supports.

Finally, Wallner and Kriglstein [39] review the literature on visualization-based analysis

of game metric data, providing an overview of the current state in this �eld, categorizing

visualization techniques, highlighting their characteristics, and identifying open research

challenges for the future.

While visualization has made signi�cant inroads into the games industry, the contri-

butions to the visualization scienti�c community are still relatively few. Halper and Ma-

such [18] concentrate on the extraction of noteworthy highlights from real-time �rst-person

shooter footage for the bene�t of spectators. Data Cracker [34] is a web-based information

dashboard tool designed for the multiplayer variant ofDead Space 2(2010). Li et al. [29]
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present a multi-view dashboard showing event sequences in a MOBA over time, using it to

explain comeback behavior.

The burgeoning esports genre particularly bene�ts from data-driven displays and visu-

alizations [26]. Charleer et al. [8] design information dashboards for bothLoL andCS:GO

esports events, �nding that they improve spectator insight and experience but increase the

viewing complexity and the resulting cognitive load. Ahmad et al.'s interactive behavior

analysis method [2] combines a map with an event sequence visualization to help esports

players improve. Kleinman et al. [24] build on this to present a discrete event timeline that,

when coupled with an interactive map, can help externalize teamwork in multiplayer games

such asDotA 2. Finally, Wallner et al. [41] present an in-depth study of player needs for

post-game visualizations; the guidelines particularly relevant to our work include careful

data curation, integrating many data sources, highlighting high-level gameplay concepts,

and summarizing in-game events.

2.3 Spatiotemporal Visualization

Real-time 3D telemetry is best visualized using spatiotemporal visualization techniques [4].

Accordingly, there has been a signi�cant adoption of spatiotemporal visualization in many

video games, online as well as off. For example, the originalSim CityandPopulous, inde-

pendently released by legendary game designers Will Wright and Peter Molyneux in 1989,

both incorporate forms of in-game bird's eye views and heatmaps to aid the player in their

decision-making.

Some of these spatiotemporal visualizations have made the leap to academic research,

either adopting techniques for real-time game telemetry, or even using the game as a spring-

board for innovation. Hoobler et al. [21] employ localized visual elements such as player

8



symbols, paths, and traces in space to depict team-oriented competitive gameplay within

multiplayer �rst-person shooter games. G-Player [7] uses heatmaps and event plots to

facilitate the understanding of player movement in time and space. Drawing inspiration

from classic battle maps from military history, Wallner [38] present an approach to create

a static visual summary of engagements in the online gameWorld of Tanks(2010). Kuan

et al.'s visualization system [28] uses a similar approach to summarize battles inStarCraft

II (2010) as static map overviews with arrows showing movement and troop concentra-

tions as colored �elds. VisuaLeague II [1] enables the analysis ofLoL game data through

dynamic spatiotemporal visualization, comparing its performance to the LoL replay sys-

tem as well as the online website OP.GG. Building on the popularity of hexagonal maps

in board games such asGettysburg(1958) andCatan(1995), which later was adopted in

video games such asSteel Panthers(1995) andCivilization V (2010), hexbin maps [40]

are a spatial binning technique for aggregating spatial data and then visualizing it using

color-coded glyphs. CS:Show [22] is a match analysis tool forCS:GOthat uses dynamic

heatmap representations of game levels to support esports coaching. Finally, ggViz [42]

presents visual representations of player tracking data inCS:GOto enable users to query a

vast esports dataset through game state sketches, addressing the gap in data-driven analysis

for esports.

Building on many of these spatiotemporal gameplay visualizations, Kleinman et al. [25]

presents results from a qualitative user study with experiencedDotA 2 players, yielding

an early version of a taxonomy for user interaction with spatiotemporal game data that

consists of seven activities organized into three categories: data interaction, sensemaking,

and validation. Our proposed TacReel tool supports actions drawn from each of these three

categories and seven activities, speci�cally - . However, to our knowledge, no existing
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work targets �ight simulators and competitive online air combat.

2.4 Related work and tools

2.4.1 Visualizing Real-Time Strategy Games

Figure 2.1:Screenshot of Star Craft 2 visualization system [27]

Previous work by Yen-Ting Kuan Et al [27] presents a visualization system for users to

analyze real-time strategy games. The system visualizes movements of army units belong-

ing to respective players on a map. The system allows exploration through multiple views.

In the global view, battles are showing by using curved arrows as marks. Through these

marks and the height map of the terrain, users can make sense of offensive and defensive

strategies. In thelocal view, each unit of different types represented on the map, and their

movements are shown through animation. The system also renders attack line between

pairs of units which help users analyze the micro and macro strategies. Instatus viewusers

can view build order, and unit deaths to seek to interesting events. Lastly thebattle view

shows a map to describe the process of a battle. Users pointed out in the study that they had

to manually tune the level of details of armies' movements and the arrow size, related to

the zoom level, they expected the parameters to be automatically determined. This caused
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occlusions of curved arrows on the map as sometimes the arrows are too large or bent to

avoid passing through obstacles.

2.4.2 Visualeague II Tool

Figure 2.2:Screenshot of Visualeague II visualization tool prototype [1]

Visualeague II [1] is a visualization tool for analysis of League of Legends (LoL)

game's statistical and spatio-temporal data for players, teams, single and matches. The

VisuaLeague II tool focuses on theanimated mapvisualization technique, which covers

80% of the screen, showing players positions, pathing/trajectory progress and events like

players deaths, towers destruction etc. The remaining screen has displays for static and sta-

tistical data which includes -Filter Panel, Timeline, Mini Map & an Information Panel.

Their user study performed showed that the participants prefer to visualize spatio-temporal

data dynamically, i.e., using animated maps or the replay system. Furthermore, it also

showed different ways in which the same information is analysed by casual players and
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professionals, which suggests importance to study the possible design implications these

may bring.

2.4.3 StratMapper Tool

Figure 2.3:Screenshot of StratMapper interface [2]

Stratmapper [2] is a spatio-temporal visualization system developed in the GUII lab.

StratMapper, similar to the other systems described earlier, visualizes players' movement

as well as game variables over time and over spatial maps focuing on two games Boom-

Town and DOTA 2. However, Stratmapper goes further and allows space–time constraint

modi�ers that allow users to apply spatial and temporal constraint on queries, limiting the

amount of data visualized to a small set. In thetimeline users can select a temporal period

of interest with the brush component. Events listed on this timeline can also be �ltered

based on the event type. The paper also presents a new methodology, called Interactive Be-

havior Analytics (IBA), comprised of two visualization systems, a labeling mechanism, and
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(a) Example of a typical player trajectory from DEDICOM-generated cluster

(b) Player trajectories of different behavioral pro�les for the Mountain Res-
cue mission in Just Cause 2

Figure 2.4: The trails of Just Cause 2 [5]

abstraction algorithms packaged in a seamless interface to facilitate knowledge discovery

from game data.
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2.4.4 Spatio-Temporal Player Pro�ling in Open-World Games

This study by Myat Aung Et al.[5] focuses on behavioral pro�ling of players in digital

games analytics, speci�cally in Open-World Games. In Open-World Games incorporating

the spatial and temporal dimensions of player behavior is necessary when pro�ling behav-

ior, as these dimensions are important to the playing experience. The study analyses the

behavior of more than 5,000 players of the major Open-World game - Just Cause 2 . It

further presents analyses that apply cluster analysis and the DEDICOM decompositional

model to pro�le the spatio-temporal behavior of players shown in Figure 2.4. Through

this is displays the applicability of spatio-temporal pro�ling to condense player behavior

across large sample sizes. The method presented in this study provides a means to build

pro�les of player activity in game environments with high degrees of freedom. The results

of this study may be speci�c to one game, but they provide a means to build pro�les based

on player activity in unrestricted open-world game environments. For any problem space

that contains a large range of spatial, temporal and varied data, the combinative methods

used in this study are suitable, allowing player pro�ling to be adapted to a variety of situ-

ations, with examples including detailed analysis of the performance and positional tactics

of teams.

2.5 Summary

In all the previous mentioned work the tools focus on games that are three dimenional,

however their third dimension is used only to support the aesthetics [23] of the underly-

ing gameplay. When the dimensionality is reduced and the gameplay represented in the

respective tool's visualization, the dimension of height/altitude/Z-axis/ZY plane/ZX plane
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Figure 2.5:Game object movement across planeGame object P moves from P1 to P2. Path a
takes route that is above the plane, Path b along the plane, Path c below the plane

is lost. In no above mentioned research does this impact the user's understanding of the on

going scenario. This is explained using �gure 2.5 , the information about the path ( a, b ,

c) that any game object or player object ( P1 ) takes is of little to no importance compared

to the objective destination ( P2) it arrives over time. Suggesting that when the information

about the spatiotemporal path needs to be explored, the these tools can not support the third

dimension of movement. Building upon the previous research and user studies of various

tools, this thesis aims to build a data visualization tool that can support 3D spatiotemoral

telemetry data.
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Chapter 3: Case Study: Virtual Squadrons in DCS World

Digital Combat Simulator World(2008), often known merely as DCS, is a comprehen-

sive combat simulator for PC focused on high realism. The game is developed by Eagle

Dynamics, a Russian/Swiss game developer. Initially introduced asLock On: Modern Air

Combatin the early 2000s, it has since expanded to cover various historical eras, offering

a wide range of combat aircraft and immersive environments. DCS has gained popularity

among aviation enthusiasts and military professionals, and its user community continues to

grow. As a digital battle�eld software, the core DCS game is free to play and includes two

free aircraft—the Su-25 Frogfoot (a Soviet-era attack jet) and the TF-51 Mustang (an un-

armed trainer version of the famous U.S. WWII �ghter). However, additional full-�delity

aircraft, known as “modules,” are generally paid and cost around $80 a piece, featuring real-

istic �ight models, fully clickable cockpits, and painstakingly modeled weapons and sensor

systems. Some of the modern-day aircraft include the F/A-18C Hornet, the AJ 37 Viggen,

the F-16 Fighting Falcon (known as the “Viper” among its pilots), the F-15E Strike Eagle

(the “Mudhen”), and the mighty F-14 Tomcat (Figure 3.1). DCS also includes a number

of rotary-wing aircraft, like the AH-64D Apache, the Mi-8 Hip, and the venerable UH-1

Huey, as well as World War II “warbirds,” such as the de Havilland Mosquito light bomber,

the Focke-Wulf Fw 190A “Anton,” and, of course, the iconic Supermarine Spit�re.

The simulator is considered “study-level,” which means that players are expected to
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have to read detailed manuals to perform even simple procedures, ranging from merely

starting up or shutting down the aircraft, to taking off and landing as well as engag-

ing weapons. Accordingly, many players purchase expensive computer peripherals to

best mimic the real-world experience of �ight, including �ight sticks and throttles, multi-

function displays and rudder pedals, and even seat vibrators and full-motion platforms.

Hardcore enthusiasts sometimes go so far as to build 1:1 replica cockpits. Many players

use VR to �nd themselves inside a fully immersive 3D cockpit. Those that do not have

access to VR at least use head tracking (using a webcam or dedicated hardware such as

TrackIR) with a regular monitor to control their viewpoint merely by moving their head

(although the screen obviously does not move).

3.1 Multiplayer Support

While most DCS players use the simulator in single player mode with computer-controlled

allies and enemies, DCS also has full support for online servers where multiple players—

sometimes as many as 64 at a time—can connect to �y together or �ght. At the time of

writing (February 2024), there are currently more than 1,500 public DCS servers. The

basic DCS server setup has two factions: a red (often Soviet or Russian bloc) and a blue

(NATO and/or Western countries). Each server has its own server rules and parameters;

some support only player vs. environment (PvE) combat against a computer-controlled fac-

tion, whereas others enable full PvP combat against other players. There are even servers

dedicated to air acrobatics. Another dimension is the level of military verisimilitude; for

example, many public PvP servers essentially facilitate “air quake” deathmatches using

combat aircraft, whereas others focus on realism.

Key for multiplayer coordination in DCS is communication. This is mostly facilitated

17



using SimpleRadio Standalone DCS (SRS-DCS), a free third-party tool that interfaces with

the in-game radios of each aircraft to enable voice-over-IP communication between players.

SRS models radio parameters such as line of sight, range, and frequencies to provide an

immersive communication environment. Furthermore, not all players on a multiplayer

DCS server �y aircraft. Players can also take the role of GCI/AWACS (Ground-Controlled

Interception/Airborne Warning And Combat System) operators, directing friendly �ghter to

enemy air threats or commanding a strike, or as ground-based JTACs (Joint Terminal Attack

Controllers) directing the close-air support (CAS) aircraft attacking ground targets such as

tanks or troops. When no human GCI or JTAC is around, these roles are often managed by

voice-controlled third-party software that interface with the game using SRS. Many servers

also provide ATC (Air Traf�c Control) services for administrative �ight operations, such

as coordinating take-offs and landings around air�elds and aircraft carriers.

Multiplayer functionality has also given rise to a small but determined esports scene

within DCS. The SATAL series of events pit teams of players in multi-aircraft engage-

ments under speci�c rules of engagement. However, because of the in-depth nature of the

simulator, DCS lacks the broad appeal that more popular esports enjoy. Analogously, on

the other end of the spectrum is the DCS Academy, a group of experienced players dedi-

cated to teaching fundamental aviation and military tactics through an in-depth, hardcore

training program spanning several weeks.

3.2 Telemetry Collection and Display

The ability to collect and view real-time 3D telemetry is key for many training activities

in DCS. While Eagle Dynamics does not provide any specialized data collection and visu-

alization functionality inside the game beyond a simple mission replay, this mechanism is
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instead provided by Tacview.

The Tacview tool itself is basically a 3D map viewer that can visualize real-time teleme-

try of many objects—aircraft, ships, and ground units—over time in time and space. The

tool has support for many different unit types (icons representing both NATO and So-

viet/Russian aircraft), view settings (�rst-person, top-down, 3D orbiting camera, tactical,

etc), as well as data displays (including speed, altitude, G-force, aspect ratios, distance,

etc). It also has native support for screen-sharing so that the presenter can stream a clutter-

free display during debrie�ngs.

3.3 Virtual Squadrons

For players who want to lean into the social aspect of multiplayer gaming, there are

DCS “virtual squadrons” that represent stable groups of players �ying together under com-

mon goals and values. Virtual squadrons are focused on speci�c missions, such as aerial

acrobatics, ground attack, air-to-air-combat, or even transport missions (such as with the

C-130 Hercules or any of the available transport helicopters such as the UH-1 or the UH-60

Blackhawk). Often these squadrons �y a common airframe under a semi-formal order of

battle and with various training and certi�cation protocols. Many take the name of a real

or �ctional squadron drawn from air forces or navies around the world.

Like many social gaming organizations, DCS virtual squadrons typically span many

different forms of internet media. Discord tends to be the main chat and voice communica-

tion platform, which is consistent with many gaming communities. SRS-DCS tends to be

used for in-game radio communication. GCI, JTAC, and ATC operators often use the DCS

World client itself in the F10 “map mode” together with SRS to communicate with their

assigned aircraft, but the specialized LotAtc tool provides a dedicated GCI/ATC interface
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for this purpose. Some squadrons also have websites, discussion forums, and Facebook

groups. Because of the prevalence of study-level documentation in the DCS world, many

squadrons use Google Docs or other �lesharing services to distribute written materials to

their pilots.

Figure 3.1:Grumman F-14A Tomcat. A VF-1 Tomcat �ghter entering the pattern for a CASE I
recovery on CVN-71, theU.S.S. Theodore Roosevelt, while deployed in the Persian Gulf. (Image
by P04 fromDCS World.)

3.4 VF-1 Wolfpack

VF-1,1 theWolfpack(callsign Wichita), is a DCS World virtual squadron. The squadron

considers itself “semi-milsim” (military simulation), which means that its procedures are

inspired by—but do not strictly follow—real military protocol. In the case of VF-1, this

means that the squadron attempts to emulate actual U.S. Navy combat tactics, but take

a relaxed approach to other aspects of Navy life, such as ranks, roles, and duties. VF-1

was selected for this study because one of the authors has been an active member in the

squadron for two years.

1Names and designations for the units and pilots described in this thesis have been changed to preserve
the anonymity of the participants.
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Aircraft. The squadron currently �ies the Grumman F-14A Tomcat (Figure 3.1), an all-

weather interceptor and air superiority �ghter operated by the U.S. Navy from 1970 to

2006. Made famous by the movieTop Gun(1986), the Tomcat is one of the most iconic

combat aircraft of all time, characterized by its dual engines, twin vertical stabilizers,

variable-sweep wings, and two-man crew: a pilot (e.g. Maverick) and a radar intercept

operator (RIO; e.g. Goose). The DCS module for the F-14 (both A and B variants) is de-

signed by Heatblur Simulations, a third party vendor, and is widely regarded as one of the

highest quality and most accurate aircraft modules in DCS World.

Organization. As a Tomcat squadron, VF-1 has a full complement of 13 aircrews, each

one consisting of a pilot and a RIO. The squadron is commanded by a commanding of�cer

(CO), supported by an executive of�cer (XO). At the time of this research, the squadron

had 9 active aircrews and 5 replacement/reserve/training ones. The squadron itself is part of

CVW-1, a virtual Carrier Air Wing formed by several virtual squadrons based on the same

carrier. CVW-1 is stationed on the U.S.S.Theodore Roosevelt(CVN-71), aNimitz-class

supercarrier, and also includes two F/A-18C Hornet strike �ghter squadrons. (The F/A-18

is a DCS aircraft module designed by Eagle Dynamics themselves.)

Missions. The Tomcat's—and thus also VF-1's—primary mission is�eet defense: the

protection of U.S. naval assets—such as aircraft carriers, ships, and other aircraft—from

potential threats in order to maintain maritime superiority. This mission includes employ-

ing a variety of defensive strategies, technologies, and tactics to counteract threats such

as enemy ships, submarines, aircraft, and missiles. In the context of the F-14 Tomcat and

VF-1, this primarily entails air-to-air combat operations against hostile air assets using the

powerful AIM-54 Phoenix, a long-range active radar-guided air-to-air missile capable of
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engaging enemy bombers at ranges in excess of 100 nautical miles (180 kilometers). To

support the Phoenix missile, the F-14 is equipped with the AWG-9 radar, which at the time

of its introduction in 1970 was one of the most powerful airborne radars ever placed on a

�ghter aircraft, and the primary reason for a second crew member serving as a dedicated

radar operator. The F-14 also carries AIM-7 Sparrow (semi-active radar guided) and AIM-9

Sidewinder (heatseeking) missiles for medium and short range engagements, respectively.

Since the introduction of the AN/AAQ-14 LANTIRN targeting pod, the F-14 Tomcat

is also capable of laser-guided precision bombing, making the F-14 a true multirole strike

�ghter. The DCS F-14 module has full support for the LANTIRN pod. Thus, a secondary

mission for VF-1 is ground attack.

Procedures. VF-1 of�cially meets as a squadron for training three times week on the

VF-1 or CVW-1 private DCS servers. Squadron members often �y together on the server

outside the of�cial training nights as well. Furthermore, when deployed in a theater of

operations, the squadron may also be engaged in missions beyond or in lieu of the training

�ights (often Saturdays). Training �ights are typically two to three hours in duration, and

start with a brie�ng where the section (2 aircraft, a lead and a wingman) and division (4

aircraft; 2 sections) leads decide on the evening's mission, discuss tactics and areas to

train, and determine the �ight roster. This is followed by the �ight itself, which usually

starts and ends on the squadron's carrier (theRoosevelt) with a CASE I departure and

arrival (clear �ight conditions), unless the squadron is deployed for shore operations on

an air�eld. Because of VF-1's status as a carrier-capable Navy squadron, the squadron

engages in monthly carrier quali�cations (CQs) as well as regular CASE III (no visibility

or night) launch and recovery operations. After recovery, each training is followed by a

debrie�ng session, where one member will share their screen of the Tacview tool loaded
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with the.acmi telemetry trace �le for the session.
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Chapter 4: Formative Study

We conducted several interviews with dedicated DCS players to better understand the

domain and their visualization and analytics needs. These interviews were conducted both

in groups or as 1-on-1 sessions, online as well as in-person, and included observing a PvE

session with brie�ng, game session and debrie�ng. Below we describe our study in detail.

Note that this study as well as the summative study (Section 6) were approved by our

institution's IRB.

4.1 Participants

We engaged a total of seven individuals (P1-P7) in interviews: �ve 1-on-1 sessions (one

in-person, the rest remote), and two in a group session on Discord voice. All participants

were screened to be 18 years or older, native or �uent English speakers, and experienced

DCS players. P1 was a professional combat pilot. P2, P3, P4, P5, and P7 were part of VF-

1. P5 was ranked in the top percentile in another popular multiplayer strategy game (DotA

2). P6 was a �ight test engineer who collaborated with pilots and had an understanding of

�ight simulators. All participants were male.
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4.2 Method

Sessions started with participants providing informed consent, during which time they

were given the chance to ask questions about the study. We followed a semi-structured

interview protocol; the list of questions can be found in our supplemental material. The

format was relaxed and questions were asked in no particular order, but rather as dictated

by the �ow of conversation. Sessions lasted between 30 minutes up to an hour (the group

discussion). The experimenters collected notes and observations, but none of the sessions

were recorded (thus the lack of direct quotes).

4.3 Results

Here we summarize the main themes from our conversations.

• Flight simulators tend to be a life-long interest. All participants expressed an

af�nity towards �ight simulators that go back many years, often to each participant's

very �rst video gaming experiences. While several participants said that they played

other video games, they all indicated that DCS is a game they keep coming back. For

example, P3 had been part of DCS since the Black Shark module release in 2008;

P4 since at least 5 to 6 years, but had been active �ying �ight simulators since their

early childhood.

• Virtual squadron authenticity. All participants expressed in various ways how au-

thenticity and military simulation is a big part of what attracts them to DCS and

their virtual squadron. The attraction appeared not restricted to merely employing

weapons against enemies, but to all aspects of modern air combat, including ad-
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ministrative �ight duties such as communicating with ground control, ATC, carrier

operations, etc. Participants expressed the feeling that many DCS players are en-

thusiasts who wanted to but never had the opportunity to �y in a military air force.

Several of the current VF-1 members are civilian pilots. Some have a military past,

although only P1 was a current combat pilot.

• On the importance of the debrief. All participants emphasized the importance of

a debrie�ng following a mission, either the same day or the following one. They

felt that debrie�ngs are what puts organized DCS players apart from other online

games. Another reason for the debrief is that it is a routine occurrence in real �ghter

squadrons, and thus should be simulated also in the virtual squadron.

• Egos and lack thereof.Both P3 and P4 remarked on the lack of egos and postur-

ing during debrie�ng session, which is unlike their experiences in other multiplayer

games (especially �rst-person shooters such asFortnite or Call of Duty), which they

felt were rife with toxicity. The participants speculated that this may be because DCS

virtual squadrons such as VF-1 aspire to emulate real combat pilots, who are said to

be equally non-defensive during debriefs. P3 expressed the sentiment that a pilot

should be the �rst to offer self-criticism on their own mistakes; failure to do so is a

red �ag. However, sometimes errors are not obvious, which leads to the next point...

• Data is king. All participants expressed the sentiment that constructive criticism and

re�ection is not possible without telemetry data serving as evidence. Most players

as well as the server itself runs Tacview, thereby capturing the real-time telemetry of

each �ight, and one player would routinely open up the tool to stream their screen

during debrie�ngs. During the debrief, the different aircrews will take turns going
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through the recorded data to discuss what went right, what went wrong, and offer

constructive criticism to themselves and others. In the real world, all combat aircraft

are equipped with video recorders that capture different aspects of the �ight.

• Mind the voice. Voice communications—both the intercom between the pilot and

RIO within the aircrew and the inter-�ight VHF/UHF and administrative VHF ra-

dios in the Tomcat—are often of critical importance. During intercept operations,

for example, the RIO will issue directive commentary to the pilot to control the

�ghter's heading, speed, and altitude. Similarly, during tactical formation �ight—

which is employed during air-to-air engagements—the �ight lead will issue stan-

dardized maneuvering commands. Administrative �ight operations require checking

in and checking out of different channels, communicating with ATC, ground, and

tower control, and managing air intercept, strike lead, and tactical communications.

For all of these situations, the participants expressed the need to capture radio com-

munications in addition to telemetry.

• Tacview woes.While participants generally agreed that Tacview is a powerful piece

of software that �lls an important role in the DCS scene, they also had feedback

on some of its shortcomings and gaps. Radio communication, for example, is not

routinely captured, likely because Tacview is not integrated with SRS. P3 did note

that Tacview can link telemetry to radio communications, and related an anecdote

where this was used to great effect in a sequence of training missions. Furthermore,

both P3 and P4 remarked on Tacview labels sometimes being so large and full of

data that they obscure the ongoing action. Another concern is that Tacview data

�les can be very long, and it can be challenging to navigate through a sequence to

�nd a speci�c event or repetition of interest. This is particularly challenging for
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large-scale missions, where hundreds of moving 3D entities may be involved over

a duration of several hours. It also means that viewing everything that happens in

such a large-scale mission is cumbersome and time-consuming. Participants also

had dif�culty in recalling and then pinpointing game events on the Tacview timeline.

P3 also mentioned feeling friction in the entire process of collaborating during the

debrief which involved uploading the replay �le, waiting for everyone to download

it, and then screen sharing using another software such as Discord.

4.4 Implications

We take several teachings from our semi-structured interviews. The primary implica-

tion is that the DCS community is highly interested in data-driven telemetry analysis and

has the motivation and time to engage in it—or at least virtual squadrons do. At the same

time, while the Tacview tool serves this need in many ways, it has several shortcomings:

I1 - Tacview is a native Windows application, which makes sharing telemetry and speci�c

highlights cumbersome.

I2 - There is no easy and scalable approach to sharing clips from speci�c missions to

illustrate important concepts.

I3 - While the tool supports several data displays, such as aspect ratio, distance, speed,

altitude, and G-forces, these displays sometimes obscure the action, can be cumber-

some to display, and do not aggregate data over time.

I4 - The Tacview tool is designed for viewing individual sequences, but does not fare

well when displaying data from large-scale missions spanning many units, a long

time period, and a large volume of space.
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Chapter 5: TacReel: 3D Telemetry Visualizer

Figure 5.1:TacReel player.

To address the shortcomings of existing tools for 3D telemetry analysis, we propose

TACREEL, a web-based 3D visualization tool that allows virtual pilots to explore, analyze,

and share combat �ight simulator telemetry data. The TacReel player is a 3D telemetry

visualization tool that enables the user to navigate freely in both time and space for teleme-

try playback. Users can control the unit to focus on 5.1) (dropdown menu in the upper

left). Labels (whose size, position, and visibility can be controlled) show the units being

tracked. Trails show unit movement in both time and space. Based on user requirements,

the tool also has support for uploading and synchronizing audio, such as radio communi-
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cations stored via SRS. The interface is very similar to a regular web-based video player,

such as Youtube TacReel consists of four components: (1) atelemetry persistencebackend

that enables uploading and storing ACMI and other telemetry �les; (2) atelemetry player

that enables the playback and analysis of 3D telemetry data; (3) areel directorfor editing

and constructing highlight reels that summarize long missions; and (4) anevent timelineto

automatically detect important simulator-speci�c events in a telemetry reel.

5.1 Use Cases

Drawing on our formative evaluation, we derive the following uses cases for the new

tool:

• Playerswant to recall speci�c events during a �ight, share them with the squadron,

and compare the execution to their actual plans;

• Scenario/Level creatorsare interested in knowing did the scenario play out as in-

tended and which parts could be more entertaining;

• Streamers/Broadcastersneed to tell a story of the game play session through inter-

esting events, possibly through different perspectives and cameras; and

• Spectatorswatch for entertainment and seek interesting moments; expert spectators

want to explore, go into details and potentially learn through observation.

Based on these use cases, we designed TacReel to help users (1) recall and locate spe-

ci�c events by providing rich context, (2) analyze telemetry data in both time and space,

(3) identify important events based on simulator-speci�c or player-de�ned rules, and (4)

construct reels using storytelling techniques such as views, clips, and camera angles.

Below we discuss each of these components in turn.
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