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1. Context Analysis 
 
1.1 Sports 
 
1.1.1 History of Sports 
 
 A “sport” is considered as “an activity involving physical exertion and skill in which an 
individual or team competes against another or others for entertainment” [1]. It has been very 
complicated for historians to determine the history of them. Despite all their efforts, the limited 
amount of evidence available has not been able to suggest which was the first sport to ever 
come about. Historians do believe, however, that the first physical ability to be considered a 
sport should have been related to hunting or throwing activities, or that they could have 
possibly “developed as competitions from means of early transportation, such as horse riding 
and canoeing, and from military activities such as archery” [2]. 

Even though the origins of sports are uncertain, these physical competitions have 
proven to be a very effective source of entertainment since ancient times. In the year 776 BC, 
for example, the ancient Greeks enjoyed all the Olympic competitions conducted in their first 
Olympic Games [3].  Several hundred years later, Roman people would gather in public places 
to watch warriors fight for their lives to prove who is the best soldier. Two thousand years later, 
people are currently paying extensive amounts of money to watch their favorite competitors 
perform in their respective sport. [3]. 

It is inevitable to begin wondering about what makes sports so appealing to humans. 
Many psychologists throughout the last decades have attempted to understand this, however 
few answers have been found. According to the Columbia Journalism Review, an American 
magazine published by the Columbia University Graduate School of Journalism, it seems that 
“there is no single answer to why people watch sports” [4]. According to this source, extensive 
research done by psychologists have led them to conclude that “People like sports because 
they get self-esteem benefits from it. People like sports because they have money on it. People 
like sports because their boyfriend or girlfriend or family member likes sports. People like 
sports because it’s exciting. People like sports because it’s aesthetically pleasing. People like 
sports because, like the theater, it is a venue for emotional expression. People like sports 
because they need an escape from real-world troubles. People like sports because it provides a 
sense of belonging, a connection to a wider world” [4]. All these answers of why people like 
sports show psychologists that people feel attracted to sports for multiple reasons, and that no 
reason is more significant than another. During this investigation, the leading sports-fan 
psychologist in North America, Daniel Wann, found that the answer to why people love sports 
does not lie in the sports themselves, but rather it lies inside every individual [4]. 

Although the reasons why people feel attracted to sports vary, the effects sports have 
on humans is generally the same, despite differences in age, gender, religion, among other 
characteristics. Psychological studies have determined that sports help humans satisfy their 
need to belong [5], and that “higher identification with a team is associated with significantly 
lower levels of alienation, loneliness, and higher levels of collective self-esteem and positive 
emotion” [5]. It is because of this reason why people feel connected to one another when one 
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sees another wearing one’s team’s jersey.  Being part of something bigger, and competition 
itself, excites people. The desire to win makes people feel nervous and anxious, along with 
many other feelings. Sports activate these emotions in humans, and this is what makes 
everyone enjoy them so much. 

 
1.2 Soccer 
 
1.2.1 Soccer Popularity Around the World 

Soccer is the most popular sport in the world. The game attracts billions of people to 
watch every year. In 2014 World Cup Final in Brazil, with the Audience reaching 3.2 billion 
people [6]. Table 1 entails the popularity of the 10 most followed sports in the world [7]. As 
seen, Soccer tops the list, as 53.3% of the world population follows the sport. Soccer’s 
popularity is due to the facts that it is playable on any surface, it requires little to no equipment, 
it has simple rules, and it is one of the oldest sports in the world. 

Table 1: Sports Popularity around the World [7] 

 
1.2.2 College soccer 
 
 Currently, there are 1,941 universities across the United States that are associated with 
either the National Collegiate Athletic Association (NCAA), National Association of 
Intercollegiate Athletics (NAIA), or Junior College (JUCO)[8]. Out of the 1,941 universities, 1,100 
are associated with NCAA, and the remaining 841 are distributed between NAIA and JUCO [9]. A 
total of 35,568 male student athletes participate in men’s college soccer programs, while a total 
of 37,280 female student athletes participate in women’s soccer programs [10]. 
 A typical college soccer team competes only in the Fall semester, playing around 20 
matches throughout the season. The games are usually hosted in the stadiums of universities; 
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hence, these games usually attract fans of all ages to watch. For example, the Men’s and 
Women’s soccer team at George Mason University played a total of 36 games in 2017.  
 College soccer generates some revenue to universities through ticket sales and 
advertisements. Each university controls the costs of their tickets, but the price range are 
usually between $3 and $6 per game.  
 

1.2.2.1 George Mason University Soccer 
 
 George Mason University has both, a men’s and a women’s soccer team. Just like any 
other college soccer program, each squad plays between 18 and 20 games per season. On 
average, half of these games are played away, and the other half are played at home. According 
to the 2017-2018 GMU’s Budget Executive Summary, the total revenue generated by GMU’s 
soccer program is of $1.28M, $0.60M coming from the men’s team, and $0.68M coming from 
the women’s [11]. This total revenue, however, only represents 6.37% of the Athletic 
Department’s total revenue ($20.184M) [11].  

 
1.3 Sports Broadcasting 

 
1.3.1 Definition and Brief History  

 Per Oxford dictionary, a broadcast is a “radio or television programme or transmission” 
[12]. Thus, sports broadcasting is the transmission of a sport event via television or radio. 
Sports broadcasting started in 1911, in Lawrence, Kansas, where 1,000 people watched a 
Kansas vs. Missouri football game, telegraphed live by Western Union [13]. 
 The first televised live sports event, the 1936 Summer Olympics, was aired in Berlin, 
Germany in 1936 [13]. The event was shown to a limited amount of people since very few 
people owned a television. From 1939 to September 1951, live televised sporting events were 
only shown in individual markets. On September 29th, 1951, the first coast to coast televised 
sports broadcast was shown in the United States, where the University of Pittsburgh and Duke 
faced each other in a football game 

 
1.3.2 Broadcasting and Mass Communication Schools 

 There currently aren’t any schools that specifically provide sports broadcasting 
programs, which is why people pursuing a career in sports broadcasting pick to enroll in 
programs or certificates in mass communication or broadcasting [14]. In a typical Mass 
Communications or Journalism Broadcasting Program, one develops skills to organize, express, 
evaluate, and explain certain observed content [15]. One learns how to organize content, think 
critically, influence, and persuade a public in a competent manner. In addition, mass 
communication programs teach a person how to present information and data to the public. 

 
 
 



7 
 

1.3.3 Sports Broadcasting Coverage in the United States 
 
1.3.3.1 Professional Broadcasting 

Sports viewership in the United States has increased from 93.63 million views in the 
Spring of 2008 to 104.64 million views in the Spring of 2017 [16]. Sport network companies 
such as ESPN, Fox Sports 1, the Golf Channel, NBCSN, and TBS provide sports coverage to 87 
million, 84 million, 75 million, and 83 million Americans respectively [17]. These broadcasting 
networks pose a different charge per subscription. As seen in Table 2, ESPN’s yearly total 
subscription fee of 687 million dollars is dramatically higher than the second placed network, 
FOX Sports 1 which generates 109 million dollars from total yearly subscription fees. ESPN 
broadcasting company charges $9.06 per subscriber [18]. As seen in Figure 1, ESPN charges a 
significantly higher amount of money than its competitors in the United States. The reason for 
such high charges is due to broadcasting rights; for example, in 2011, the company struck a deal 
worth 1.9 Billion Dollars with the NFL to broadcast Monday Night Football games for the next 8 
years [19]. 

Table 2: Cable Satellite TV Subscription Fees [17] 
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Figure 1: Monthly Subscriber fees paid by cable and satellite customers [18]  

 

1.3.3.2 Collegiate Broadcasting 

 College sports are very popular throughout the United States. Their popularity has given 
universities the opportunity to stream their games all over the country, so that fans can actively 
follow the team. This, at the same time, has also been beneficial to colleges since it has helped 
them to substantially increase their athletics revenue. 

 The greatest problem for colleges is that not all sports are streamed. As of now, only 
popular American sports such as basketball and football are streamed constantly. The rest of 
the collegiate sports are either streamed with low frequency, streamed without commentary, 
or not streamed at all, limiting the virtual audience per game, which limits advertising revenues 
for media right contractors. The latter is due to high commentary costs. 

1.3.3.3 College Sports Media Rights Contractors 

 
 College sports generate revenue by selling media rights to media contractors. Media 
rights contractors generate revenue selling advertising boards at venues and selling ad slots to 
third party companies on platforms that live stream games. The following are the media rights 
included in the contracts: 

 Signage 

 Event Sponsorships and Promotions 

 Corporate Hospitality 
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 Digital Engagement and Visibility (through GoMason) 
o Sidearm Sports (a Learfield Company)—dedicated to support the streaming of 

events 
o Mogo Interactive (a Learfiled Company)—dedicated to do online advertising 

 

 Media rights revenue for sports at colleges account for a significant portion of the total 
revenue for College Athletic Departments. For example, George Mason University’s Athletic 
Department receives $1,334,932 for full media rights, accounting for 6.6% of the Department’s 
total revenue ($20,184,400) [11]. More specifically George Mason Soccer accounts for 6.37% 
($85,034) of GMU Athletic Department’s revenue. 

A majority of Colleges in the United States contract their media rights with companies 
such as Learfield Communications LLC to increase revenue. In George Mason University 
Soccer’s case, the soccer program receives $85,034 for media rights, and Learfield generates 
$27,720 from the GMU streaming platform by charging for ad slots depending on audience size: 
$50 (0-100 in the audience), $100 (for 101-300 in the audience), and $150 (for >300 in the 
audience). Total revenue was calculated using the data in Table 3 and the following formula: 

𝑇𝑜𝑡𝑎𝑙 𝐴𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒𝑑 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 =
36

20
∗ ∑ 𝐷𝑖 ∗ 𝐴𝑖 ∗ 7 (𝑠𝑒𝑣𝑒𝑛

𝑎𝑑𝑠

𝑔𝑎𝑚𝑒
)𝑛=20

𝑖=1 ,  

where:  Di=Streaming Audience Demand, Ai = Cost Per ad 

 Table 3 shows the home stadium attendance for the GMU soccer team (men and 
women). In the above formula, the AUTOCOM team assumes that all GMU soccer games are 
live streamed without commentary, and that Learfield Communications allows seven ad slots 
per game. Therefore, the formula has a constant of 7 (ad slots per game), and a factor of 36/20 
(aggregation to match GMU’s 36 games).  
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Table 3: Table showing GMU Soccer Live Streaming Audience and Revenue for Learfield 

Communications 

GMU Stadium 
Attendance (SA) 

Streaming Audience 
( = SA/2) 

Ad Slot Charge 
($) 

Revenue/Game 
($) 

(Without Comm.) 

394 197 100 700 

542 271 100 700 

967 484 150 1050 

376 188 100 700 

124 62 50 350 

831 416 150 1050 

685 343 150 1050 

385 193 100 700 

479 240 100 700 

638 319 150 1050 

243 122 100 700 

607 304 150 1050 

521 261 100 700 

211 106 100 700 

234 117 100 700 

305 153 100 700 

570 285 100 700 

436 218 100 700 

297 149 100 700 

276 138 100 700 

 
Aggregated Total ($) 

  

 

27720 
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1.3.4 Sports Broadcasting Process 
 

 
 

Figure 2: Current Broadcasting Process [20] 
 

 Figure 2 shows the broadcasting process for any live event. As it is obvious, it all begins 
with the live event [20]. This event is being recorded by a set of cameras, and this recording is 
stored in a video file. This video file is then inputted into the Director and Assistant. In parallel 
to this process, there are at least two people giving their audio commentaries into the system. 
This audio input is stored in an Audio Mix, and then outputted to the Director and Assistant. 
The Director and Assistant combine the audio input, video input, and video overlay into a single 
transmission. They send this transmission to a Transmitter, and the Transmitter sends it to a 
Satellite via an uplink. The Satellite then transmits this information to a receiver via a Downlink. 
Finally, the receiver outputs the transmission and inputs it into the device that is reproducing 
the live stream. 

 
 
 
1.4 Sports Broadcasters and Commentators 
 
1.4.1 Sports Broadcasters, Play by Play Commentators, and Color Commentators 
 

A sport broadcaster is an individual providing coverage of sporting events through 
several means of the media such as radio, television, or the internet [21]. Typically, sport 
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broadcaster will either choose to cover a certain sport by commentating, or cover several 
sports and conduct research, production and presentation regarding the latter. The most 
common career paths that sports broadcasters choose is the commentator role. A typical 
commentator team consists of 2 people: the play-by-play commentator and the color 
commentator. A play by play commentator is the person that describes a sport event as seen by 
the viewer, while a color commentator provides his perspective of the game by sharing 
personal knowledge about the teams involved, and experiences. The idea behind having two 
different types of commentators in one team is to engage in a conversation and engage the 
audience. 
 

1.4.2 Qualifications to become a Sports Commentator 
 

There are two main paths that are taken in order to become a sports commentator. The 
first is the traditional approach, which is becoming increasingly harder every year.  The 
traditional approach consists of getting a bachelor's degree, usually in a field related to 
communications or journalism. While getting your bachelor's degree, one must try and gain real 
life experience in broadcasting, whether it be your local school radio, or simply making a demo 
tape. The next step is willingness to start from the bottom, and periodically build up the career 
by gaining experience and promotions. Finally, one must network, and send out demo tapes to 
job openings in major networks. The alternative approach to becoming a sports broadcaster is 
by having a background in professional sports. Often, retired players will transition into sports 
commentary due to their extensive knowledge of the game along with the fact that they 
already have a reputable name [21]. 

 
1.4.3 Sports Commentators Performance Measures 
 

Sports commentator performance measures have always been a difficult thing to 
measure. Should you choose to evaluate the commentator using a small sample, a large 
sample, or using specific statistical measures such as total viewership? TSE consulting believes 
they have the solution by bringing numerical values to the three key components: 
management, focus and results [22]. They believe that “While installing performance 
measurement metrics is not always easy in practice, the first step should always be 
management understanding why they are needed in the first place” [22]. This is just one 
approach to evaluating commentator performance. Anthony C Gunn proposes a different 
approach to what commentators should be measured upon, and he wrote about it in his theses 
paper published by Brigham Young University [23]. In his report, Young argues that the majority 
of commentator performance evaluations are done by using “gut feelings” [23], and vary rarely 
does this give accurate results. To conclude, a need for more numerical analysis is needed in 
this sector. 

 
 
 



13 
 

1.4.4 Sports Commentators Contracts 
 

Sports commentators today face extreme constant competition for their jobs. Only the 
excellent and most wanted commentators are able to survive in this tough market. It is because 
of the latter, that there is a high variance in payment. The range of salaries for a professional 
sports broadcaster, for example, is from $18,000 to 20 million+ a year [21]. Although the range 
is extensive, it is important to understand that people whose salary is in the higher end of this 
range are considered outliers. The majority of the data points fall in between $18,000-$72,000 
per year. The average salary falls close to the middle of that range, at $41,800. Because of the 
high volatility, the types of contracts vary on a case by case, network by network basis, and are 
generally uniquely crafted to meet the needs of the broadcasting company. For a radio station, 
they may choose to pay a flat hourly rate and have a full-time employee, where as a vast 
network like ESPN may pay its employee on a game by game basis. 

 

1.5 Sport Event Data Collection Methods  
 
1.5.1 Sports in Terms of Events  
 

 Sports are a natural environment for competition. As such, each competitor will do 
whatever it is in their power to perform better than his opponent, with the final objective of 
winning.  Because of this nature, it is normal for the game events to be random. In soccer or 
basketball, for example, it is impossible to predict how many passes will happen in a play, or at 
what moment in time will a team score a goal or a hoop. These events constantly vary and 
happen randomly. At any random moment in time, for instance, a soccer player can steal the 
ball from his opponent, cause a counter attack and score a goal. Similarly, a silly mistake by the 
goalkeeper could cost his team an own goal. Events can be so random that people feel amused 
when they happen. Part of the reasons why sports are so entertaining is precisely because of 
the randomness in events. The uncertainty of what is going to happen keeps people at ease and 
involved in the game. 
 Events in sports vary according to the type of sport, the number of players in the field, 
the actions each player does, among other characteristics. In general, an “event” is any play or 
movement that happens during the game. It usually occurs in random order.  In soccer, for 
example, every touch, pass, foul, goal, among others are considered game events and happen 
in random order. At the time of conducting statistics it is very important to understand that a 
sportive event is decomposed into smaller game events. These game events are recorded and 
counted, and it is thanks to them that statistics are possible. 
 The manipulation of event data is not only useful for the calculation of statistics, but 
also for game narrations and interpretations. The more detail one can obtain from a sportive 
game, the better one can convey the information about what is occurring. More detail also 
means more information, which is always helpful at the time of creating predictive statistics. 
 
 
 



14 
 

1.5.2 Event Data Collection Methods 
 
 In the previous section of this context analysis it has been demonstrated that sports can 
be thought of as a sequence of random events that happen during physical competition. It has 
been previously discussed that the natural randomness of such events is due to competition, 
and that it is this uncertainty that make sports so entertaining for humans. It was also 
previously mentioned that the more detail one can obtain from a sportive game, the better one 
can convey the information about what is occurring, and the more statistics one can draw from 
the game. 

There are companies such as OPTA, Pro Zone, STATS, among others that dedicate their 
time to record all the random events that happen in a game. They grasp all the possible 
information they can from every event. Then, they manipulate this data to provide game and 
individual player statistics to broadcasting channels, sports teams, and individuals. Data 
providers transmit information to their customers via API feed, in XML format as shown in 
Figure 3 [24].  
 

 
Figure 3: API feed in XML Format [24] 
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The way data providers operate is by having a group of people, with the assistance of a 
ball recognition software, monitoring everything that is going on in a sportive event. A typical 
recording team is composed of 3 individuals: one person recording the home team, one person 
recording the away team, and one person checking recorded work. Each individual must record 
in a computer every action that is happening [25]. Table 4 is a clear example of how a typical 
event file looks like for a soccer game.  

Table # 4: Sample random events data table 
 

 
 Figure 4 shows how a soccer field is divided into a Cartesian plane. It can be observed 
how the field is divided into an X and Y plane. This enables event data providers to demonstrate 
the position of the ball at all times. This is also beneficial for companies who calculate statistics 
because it gives them numerical values to where the ball goes. This is useful, for example, in the 
calculations of pass distance, shot distance, average zone of possession, among others. 

 
Figure 4 - Soccer Grid for Tracking Ball Location 
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1.5.3 College Soccer Data Collection for Statistics 
 
 Statistics are extremely important for any system that wants to measure its 
performance. Sports is not exception to this rule. According to Brad Edwards, George Mason’s 
Athletic Director, statistics are “very important to coaches when assessing team and player 
performances”[26]. Statistics guide coaches and helps them determine the team’s line up, and 
recruit new players. 
 Ironically, college soccer statistics are very limited. A complete statistical report is 
expensive, and most colleges cannot afford it. Therefore, a college’s only option is to compute 
basic statistics, such as number of goals, number of shots, saves, corner kicks, and fouls. 
Currently, colleges hire two people per soccer game to tabulate such statistics. Given that, on 
average, these people are paid $13 per hour, totaling $1,900 per year in exchange for basic 
game statistics. 
 College coaching personnel are not benefitting from game statistics because of the 
simplicity of the information provided. This shows that colleges are investing money in a service 
that does not provide any benefit. 

 
1.6 Artificial Intelligence and Voice Synthesis 
 
1.6.1 Artificial Intelligence  
 

Artificial Intelligence (AI) is one of the newest scientific disciplines that attempts to 
understand intelligent entities such as humans. It is “the ability of a digital computer or 
computer-controlled robot to perform tasks commonly associated with intelligent beings” 
[27]. AI was formally initiated in the 1950s with the introduction of the term. From those days 
until today many modern technologies have arisen, which have helped in the development of 
the discipline. According to Stuart J. Russell, current Computer Science professor at UC Berkeley 
and scientist known for his contributions to AI, in order for a system to be considered artificially 
intelligent it possess the following capabilities [28]. 

· Natural Language Processing: enables the system to communicate successfully in a 
human language [28] 
· Knowledge Presentation: store information provided before or during system 
deployment [28] 
· Automated reasoning: use stored information to answer questions or draw new 
conclusions [28] 
· Machine learning: adapt to new circumstances and detect patterns [28] 

 Russell explains that for artificial intelligence to succeed, two things must coordinate 
perfectly: intelligence and an artifact. The artifact should be able to do or say what the 
intelligent body commands. Essentially, this is an imitation of the human body, in which the 
intelligence represents the brain, and the artifact represents the body. 

As stated above, part of the development of an artificially intelligent system involves its 
capability to communicate successfully in a human language. This is the part of AI in which the 
speech synthesis technology has been involved in in the last years. 



17 
 

 

1.6.2 Voice Synthesis 
 
 Voice synthesis, or text-to-speech (TTS), is when a speech synthesizer takes a text as an 
input, and produces a voice as an output. When a synthesizer takes in a text, it must process it 
and analyze it to generate an output that would accurately pronounce the text as if a human 
was talking.  
 There are many different methods to generate voice synthesis. Generally speaking, each 
method can fall in any of the three following categories:  
a. Articulatory Synthesis: this method “uses computational biomechanical models of 
 speech production such as models for the glottis (that generates the periodic and 
 aspiration excitation)  and the moving vocal tract” [29]. This method does not yet result 
 in natural-sounding fluent speech because speech scientists still lack significant 
 knowledge to create systems that can articulate like humans. It may sound somewhat 
 robotic. 
 

b. Formant Synthesis: this method of speech synthesis “uses a set of rules for controlling a 
highly simplified source-filter model that assumes that the (glottal) source is completely 
independent from the filter (the vocal tract)” [30]. This system is considered “highly 
intelligible, but not completely natural sounding speech” [30].  

 
c. Concatenative Synthesis: this method combines prerecorded audio files stored in a voice 

database to pronounce words. 
 
 The most effective way of illustrating how a speech synthesizer works is by showing a 
diagram of a concatenative synthesizer. Figure 5 shows the process of how the synthesizer can 
obtain a text message as input and transform it into a speech output. 
 
  
  
  
  
  
  
  

Figure 5: 
Block 

Diagram of TTS Synthesis System 



18 
 

 
 The speech synthesis process is divided into two main parts: front end and back end. 
The front end of speech synthesis is where the text is analyzed using natural language rules, 
while the back end uses the analysis done by the front end, runs an analysis on its own, then 
generates the appropriate sounds from the text taken in as input. 
 

1.6.2.1 Front End of Speech Synthesis (Text Analysis) 
 

In Figure 5, the front end of speech synthesis corresponds to the block labeled as “Text 
Analysis, Letter-to-Sound, Prosody”. At this stage, the system uses a string of characters to 
determine where words are. After this, the system uses dictionaries and sets of prosody and 
phonetic rules to attempt to understand the grammatical details of a stream of text. With this, 
the system is able to identify the phonetic symbols and prosody targets of the inputted text 
message-- determine where the accents should go, the tone of voice used, among other 
characteristics. Once this process is ready, it encodes all the phonetic symbols and prosody 
targets and outputs them to the next stage of speech synthesis, the back end. 

Before analyzing the back end of speech synthesis, it is important to understand that 
the introduction of different languages further complicates text analysis because each language 
has its own sets of rules in speech synthesis. In other words, the dictionaries and set of prosody 
and phonetic rules that apply to English will be different to those used for Arabic, or Spanish, or 
French. This complexity, therefore, suggests that if speech synthesizers want to be developed 
for different languages, developers must establish specific prosody and phonetic rules for every 
language. 

 
 
1.6.2.2 Back End of Speech Synthesis (Sound Generation) 
 
 The blocks that represent the back end of speech synthesis in Figure 5 are “Assemble 
Units that Match Input Targets” and “Synthesizer”. In the former block, the system will receive 
the outputted information from the text analysis. In this stage, the system will find all of the 
necessary phonetic recordings to pronounce the text that was inputted into the system. In the 
“Synthesizer” stage, the software will put all of the recordings together and finally generate the 
audio sound (the final output of the system). 

Old versions of the back-end stage in a speech synthesizer used an old algorithm to 
generate audio sounds. It is because of this algorithm that old automated speech systems emit 
a “robotic sound”. Modern voice synthesizers use databases where sounds segments are 
recorded to generate a human-like voice. 

 

1.6.2.3 Emotional Speech Synthesis and the Existing Approaches and Techniques 
 
 The back end of speech synthesis is dedicated to generating the audio sounds that will 
eventually be outputted. In the earliest stages of the back end of speech synthesis, voice 
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synthesizers would merely have robotic sounds. With the evolution of technology, however, it 
has become necessary to develop voice synthesizers that are capable of talking as humanly as 
possible. According to Marc Schroder, from the Institute of Phonetics of the University of 
Saarland, “Several prototypes and fully operational systems have been built based on different 
synthesis techniques” [31]. In other words, there are currently methods that enable speech 
synthesis systems to not only talk like humans, but also to emulate human emotions. The 
different synthesis techniques to approach this issue are: 

A) Formant Synthesis: “also known as rule-based synthesis, creates the acoustic 
speech data entirely through rules on the acoustic correlates of the various 
speech sounds. No human speech recording is involved [...] The resulting speech 
sounds relatively unnatural and ‘robot like’ compare to state-of-the-art 
concatenative systems” [32]. The high level of control developers have over this 
synthesizer enables them to be able to manipulate the frequencies, pitches, and 
tones the software. This helps them to add emotion to the synthetic voice. 

B) Diphone Concatenation: “The diphone concatenative synthesis is used to 
generate a waveform from a sequence of phones by selecting and concatenating 
units from a prerecorded [sic] database of diphones” [32].  In other words, this 
method merges multiple pre-recorded sounds into a single sound to form words. 

C) Unit selection: this technique is thought of as the most natural speech 
synthesizer. This is due to the large database synthesis it has. “Instead of a 
minimum speech data inventory as in diphone synthesis, a large inventory (e.g., 
one hour of speech) is used. Out of this large database, units of variable size are 
selected which best approximate a desired target utterance defined by a number 
of parameters” [32]. 

 

1.6.2.4 Speech Audio Variations According to Emotions 
 
 Most of the time humans talk, we tend to use different pitches, tempos, and volumes to 
communicate different information. We mainly vary each one of these audio characteristics 
based on emotions and feelings. Thanks to extensive research, it has been possible to establish 
different patterns that determine the prosody rules of how to express emotions. The following 
table shows the six best features for voice synthesis for the different emotions: 

Table 5: Best Features of Emotional Speech [33] 

Emotions Best Features 

Happiness Medium frequency ratio, high frequency ratio, pitch variance, jitter, low frequency 
radio, pitch mean 

Sadness Energy mean, energy minimum, energy variance, energy maximum, jitter, pitch 
variance 

Anger Pitch variance, fraction of falling pitch segments, energy variance, energy mean, 
energy maximum, pause ratio 
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Fear Energy range, high frequency ratio, energy minimum, fraction of rising pitch 
segments, low frequency ratio, medium frequency ratio 

Neutral Average pitch slope, fraction of falling pitch, segments, energy mean, energy 
maximum, pitch mean, fraction of rising pitch segments 
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2. Stakeholders Analysis 

 
The scope of this project is encompassed at international level and targeted towards the 

sports broadcasting industry. The stakeholder analysis allowed the identification of each of the 
stakeholder’s objectives, as well as potential conflicts that could arise. Table 6 below describes 
each of the stakeholders, with their respective objectives and conflicts. Figure 6 represents the 
stakeholders’ relationship diagram, representing the tensions between different stakeholders.  
 

Table 6: Stakeholders and their objectives and conflicts 

 
 

 

 

 

 

 

 

 

 

 

Class Stakeholder Objectives Conflicts

Primary College Athletic Department . Maximize Brand Exposure

. Obtain valuable team and player

statistics to assess team 

performance 

. High costs to obtain 

valuable statistics 

Commentators . Maintain jobs

. Maximize salaries

. Low paying jobs

. Competition

Audience . Watch Entertaining live streames 

. Indulge in game statistics

. Boring Sports streaming 

Event Providers . Maximizing Revenue while

providing quality statistics

Media Rights Contractors . Maximize revenue while managing

college sports media 

. High media rights fees

Secondary Communications Commissions . Accredit Broadcasting entities 

that meet qualification specs

Leagues . Give rights to collee athletic 

departments 

that pass qualifications spec

3rd Party Companies . Advertise their brands to maximize 

revenue 

. High ad slots fees 
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Figure 6: Stakeholders diagram 
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3. Problem Statement and Need Statement 

 

3.1 Problem Statement  

 
 The absence of soccer commentary, due to high costs of $36,000/year, and the absence 

of complex game statistics at underserved colleges limits the ad revenues for media rights 

contractors.  

 

3.2 Need Statement 
 

 Advances in technology have enabled increasing viewership in long tail sports in 

colleges. Modern technology allows the automation of processes such as the live collection of 

soccer game event data which is used to provide live statistics, and voice synthesizers which are 

used to replace human voices. There is a need to develop a system to provide low cost live 

soccer commentary and complex game statistics to increases live streaming viewership, thus 

increasing ad revenue by at least $10,000 for media rights contractors.  
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4. Concept of Operations  

4.1 Vision Statement 

 
 The AUTOCOM team is building a software capable of automating real time 
commentary for a soccer game. The system designed provides statistical insight by 
incorporating game statistical analysis in the narrations. The system will receive live event 
information from event data providers; furthermore, it will take this information and it will 
interpret it, analyze it, and convert it to play-by-play commentary using its text to speech 
feature. The system will be accessible through a graphical user interface and will be kept up to 
date by personnel working for sport broadcasting entity. The AUTOCOM team will develop a 
prototype and will provide a demonstration at the end of the project. It is important to know 
the limitation of the software: video and audio synchronization, data event retrieval (the 
designed software does not retrieve information from an API, but rather a CSV file), and event 
data feed delay.  
 

4.2 Operational Scenarios 

The AUTOCOM software was developed to operate under a certain type of scenarios. The 
following set of scenarios explain how the software must behave under those conditions: 
 

1. Receiving data and transforming it to audio for the viewers 
 

Table 7: Receiving data and transforming it to audio for the viewers 
 

Scenario: Software receives event 
data and transforms it to audio 
narration 

User Objective: Automatically broadcast live events 
when data is inputted into the system. 

Scenario Objective: Automatically broadcast a sportive event  

Source Step Action Comments 

Event Data Providers 1 Software receives the data from 
the statistic companies 

 

Automated Commentary 
System 

2 Software transforms this data 
into text, and then from text into 
audio narration 

Viewers can listen 
to the game 
narration 

 Loop Steps 1 and 2 loop until the last 
data update 
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Automated Commentary 
System 

3 AUTOCOM receives its last data 
input for that half 

 

Automated Commentary 
System 

5 AUTOCOM gives the “End of Half 
Report” 

 

 if  If the match goes to extra time, 
or penalties, the initial 
procedure repeats again 

 

Automated Commentary 
System 

else Narrations are done  

 

 

 
Figure 7: Receiving data and transforming it to audio for the viewers 
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2. User starting the software 
 

Table 8: User starting the software 

Scenario: Running the 
program 

User Objective: Initialize the AUTOCOM software 

Scenario Objective: Initialize the AUTOCOM software so that the software can automatically 
narrate events. 

Source Step Action Comments 

College Athletic 
Department 

1 Open AUTOCOM software in the 
computer 

 

Automated 
Commentary 
System 

2 Program confirms initialization is 
beginning 

 

Automated 
Commentary 
System 

3 System log-in  

College Athletic 
Department 

4 Enter username and password. Press 
“Access” button. 

 

College Athletic 
Department 

5 Select the datatype of the files containing 
the event information  

Choose one of the 
different alternatives 
(csv, Excel, JSON, XML) 

College Athletic 
Department 

6 Enter the data address of the event file 
(computer path in case file is stored in 
computer; website in case it is stored in 
the web) 

 

College Athletic 
Department 

7 Enter data file main name in the “Data File 
Name” textbox. 

 

College Athletic 
Department 

8 Request to start automatic commentary 
by clicking on “Start Automatic 
Commentary” button to run the program. 

 

Automated 
Commentary 
System 

9 Confirmation or Error message  
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Automated 
Commentary 
System 

10 Game Narration  

 

 
 
 

Figure 8: User starting the system 
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3. Having a broadcasting company employee that is dedicated to update data 
information in the software’s database 
 
Table 9: Having a broadcasting company employee that is dedicated to update data information 

in the software’s database 
 

Scenario: College Athletic 
Department employee updates 
software’s info 

User Objective: Update software’s information to 
include relevant information about players and teams. 

Scenario Objective: Give extra statistics and commentaries about events outside the sportive 
event. 

Source Step Action Comments 

College Athletic Department 1 Broadcasting company employee must 
initialize the AUTOCOM software 

 

Automated Commentary 
System 

2 Initialization confirmation  

College Athletic Department 3 Update request by clicking on “Update”  

Automated Commentary 
System 

4 Username and password box pop up  

College Athletic Department 5 Enter username and password  

Automated Commentary 
System 

6 AUTOCOM will send an 
error/confirmation message 

 

College Athletic Department 7 Update the old data, or add new data  

College Athletic Department 8 Click “Save Changes”  

Automated Commentary 
System 

9 “Changes saved” confirmation  
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Figure 9: Having a broadcasting company employee that is dedicated to update data 

information in the software’s database 
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4.3 Proposed Broadcasting Process 

   

Figure 10: Current Broadcasting Process 

Figure 11: Proposed Broadcasting Process 
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It will be necessary to make some changes in the broadcasting process in order to 
incorporate this software into the current industry. Figure 10, which was also shown earlier in 
the Context section, shows how the current broadcasting process operates. Figure 11 shows 
AUTOCOM’s proposed solution to adapt its system into the industry. 
 There are minor in the process. The main differences are that the audio section was 
deleted and replaced with two systems: event data processing and AUTOCOM. Between these 
two systems it will be possible to generate automatic commentary and calculate game 
statistics. 

4.4 Graphical User Interface 

 

Figure 12: User Login graphical user interface 

 

Figure 13: Add User graphical user interface 
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Figure 14: AUTOCOM software graphical user interface 

 

Figure 15: Remove User graphical user interface 
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Figure 16: Automatic narration graphical user interface 

 
It is necessary to create a username before operating the AUTOCOM Software. This is 

necessary in order to have a control over who is changing information, and when. Therefore, 
the first interface that a user will face will be a login GUI (similar to Figure 12). In this GUI, a 
user must enter its username and password if he wants to start the program. For users that 
have not yet registered, there will be a button that enables them to register. Add User GUI 
(Figure 13) will be triggered when this button is clicked. The User GUI will ask for six different 
data entries. Five of these six entries are related to the new user being created. The last entry, 
“Access Code”, is an entry created by the developers to ensure that whoever is being registered 
is being approved by someone else that is already previously registered. If the access code is 
incorrect, it means that no one has approved this user as an AUTOCOM user, meaning that they 
do not have the knowledge operate the software or change background information.  

If the login credentials are correct and the user enters the “Access” button, then the 
system will trigger the AUTOCOM Software GUI (Figure 14).  In this GUI, the user can choose if 
he wants to delete his account, update the background information database, or start the 
automatic narrations. If the user clicks on the “Update Background information” button, the 
software will open the Excel document that works as a database for the system. In it, the user 
can update anything he wants on player and team information, etc. If the user clicks on the 
“Remove User Account” button, then another window will appear and ask him if he is sure he 
wants to do this action (Figure 15).  If the user agrees to this, then his account will be removed 
from the database. In order to begin the automatic narrations, the user must enter the “Event 
file type”, “File Name”, “File Path”, “Home Team”, and “Away Team” information. The 
automatic software narrations will begin if the user fills this information correctly and he clicks 
on the “Start Automatic Narrations” button. Also, at the time of clicking on this button the 
“Automatic Narrations GUI” (Figure 16) will be triggered. 
  For any time, the system receives inaccurate or wrong data, the system will notify the 
user with an error message and the system will not perform the user’s desired actions. System 
will only perform accordingly if the provided information is correct. 
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4.5 IDEF0: External Systems Diagram  

 
Figure 17: IDEF0: External Systems Diagram 

  
Figure 17 shows AUTOCOM’s external systems diagram. In it, four different functions 

can be observed. The function modeling AUTOCOM is F.0 “Provide Automated Commentary 
and Statistics”. EF.2 simulates the game event Data Providers, EF.1 models the Broadcasting 
Companies, and EF.3 models the Weather Providers. 
 The process begins when EF.1 is triggered by “Need to listen to live commentary”. At 
this stage, EF.1 outputs “User Request”, a trigger that initializes F.0. F.0 then initializes and 
immediately receives User Input from EF.1. F.0 confirms that it received this input by outputting 
an “Input Confirmation” message. F.0 will parse weather information from EF.3 and receive 
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Event Data from EF.2. F.0 will incorporate the obtained weather information to the initial game 
introduction. Throughout the rest of the game, F.0 will use Event Data to narrate the plays, 
make color commentaries, and calculate statistics. F.0 will constantly output game narrations 
and statistics until the Last Event Update, the last time EF.2 outputs an event update to F.0. At 
this stage, F.0 will output a game ending narration and a statistics end of half report. It is 
important to note that all the narrations outputted by F.0 trigger EF.1, and that the statistics 
outputted by F.0 work are considered inputs by EF.1. 
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4.6 Functional Flow Block Diagram: System Context 

 
Figure 18: Functional Flow Block Diagram: System Context 

Figure 18 shows the functional flow block diagram that explains how the AUTOCOM software interacts with other external 
systems. Just like the IDEF0 diagram explains, the first function starts with EF.1 (Provide Live Broadcast). College Athletic Department 
would open the AUTOCOM software and would be faced with two options: update background information databases or request 
live game broadcasting. 

If College Athletic Department choose “update background information databases”, F.0 will be triggered and the software 
will open the background database where information is stored.  At this point, the Athletic Department can update whatever 
information they want and it will be reflected in the audio commentary. For example, they could change the name of D.C. United’s 
stadium from R.F.K Stadium to Audi Stadium. In the next game narration in D.C.’s stadium, the software will talk about the Audi 
Stadium instead of the R.F.K. 

On the other hand, if the Athletic Department chooses “request live game broadcasting”, the automated narration process 
will begin. The first step for this is when E.F.3 outputs weather information into F.0. F.0 uses this information to generate a game 
introduction narration. This narration is outputted from F.0 into E.F.1. After this, F.0, E.F.1, and E.F.2 enter a loop that is essentially 
controlled by E.F.2. The loop works in the following order: E.F.2 outputs live game event data to F.0; F.0 transforms this data into 
play by play and color narration, and it outputs this to E.F.1; E.F.1 will finally distribute this narration all throughout its broadcasting 
coverage. This loop will continue until the last live game event data entry. The loop will end after this last data entry, therefore 
ending with the automated broadcasting process. 
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5. Requirements 

 
Several requirements have been developed to ensure that the system mission, 

functions, and design reflects the concept of operations.  

 

5.1 Mission Requirements 

 

Table 10: Mission Requirements 

 Requirement ID Requirement 

MR.1 The system shall provide live commentary for a complete duration of a 

soccer game 

MR.1.1 The system shall provide play-by-play commentary with 99.0 % 

accuracy, given the accuracy of the data provided 

MR.1.2 The system shall provide team and player background information with 

99.0 % accuracy 

MR.1.3 The system shall provide game statistics with 99.0 % accuracy, given the 

accuracy of the data provided  

MR.2 The system shall provide live commentary in English and Spanish 

MR.3 The system shall incorporate ambient noise during a game (different 

events have different ambient noises) 

 

 

 

5.2 Design Requirements 

Table 11: Design Requirements  

 Requirement ID Requirement 

D.1 The system shall have a script for automated commentary 

D.2 The system shall have a library with Spanish and English languages 
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D.3 The system shall have a solver for tallying game statistics 

D.4 The system shall have a database for team and player background data 

 

 

5.3 Input Requirements 

 

Table 12: Input Requirements 

 Requirement ID Requirement 

I.1 The system shall receive up to 10,000 game-event data 

I.2 The system shall receive initialization request input in less than 1 second 

I.3 The system shall receive 1 username per initialization request 

I.4 The system shall receive 1 password per initialization request 

I.5 The system shall receive an update upon request 

I.6 The system shall receive 1 event data file address per game 

I.7 The system shall receive 1 event data file name per game 

I.8 The system shall receive 1 request to start automated commentary 

I.9 The system shall receive home team name input 

I.10 The system shall receive away team name input 

I.11 The system shall access weather data prior to the start of game 
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5.4 Output Requirements 

 

Table 13: Output Requirements 

 Requirement ID Requirement 

O.1 The system shall output automated audio narration 

O.2 The system shall output end-of-half statistics reports for a game with 
99% accuracy 

O.3 The system shall output a login information page 

O.4 The system shall prompt the user to enter username 

O.5 The system shall prompt the user to enter password 

O.6 The system shall verify the authentication information of a user 

O.7 The system shall alert the user of false authentication information 

O.8 The system shall request weather data for the designated location of a 
game 

O.9 The system shall notify the user of storing information. 

 

5.5 Functional Requirements 

 

Table 14: Functional Requirements 

 Requirement ID Requirement 

F.1 The system shall use one distinct voice for play by play commentary 

F.2 The system shall use one distinct voice for color commentary 

F.3 The system shall process login credentials in less than 1 second 

F.4 The system shall tabulate statistics after receiving new event data 99.0% 
of the time 
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F.5 The system shall distinguish between non-important, important, and 
crucial events 

F.6 The system shall provide play by play commentary for an important event 
99.0% of the time 

F.6.1 The system shall provide color commentary with probability of 40% when 
the current event is crucial, and the following event is not crucial 

F.7 The system shall compare current team performance to historical 
performance when an event is not important and game time (in minutes) 
is divisible by 15 

F.7.1 The system shall compare either passing, possession, or shooting 
performance to historical performance at an even 1/3 split 

F.8 The system shall provide play by play commentary when an event is not 
important and game time (in minutes) is divisible by 8 

F.8.1 The system shall provide color commentary with probability 40% for 
corner cross, corner pass, or pass. 

F.9 The system shall provide color commentary with probability 14% when an 
event is not important, game time is not divisible by 15, event number is 
not divisible by 8, ball is not in final fourth, and game time is divisible by 
16 

F.10 The system shall provide an introduction for a soccer game that lasts 90 
seconds at the most 
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6. Software Design 

 

6.1 Functional Architecture 

Figure 19 represents the functional architecture of the AUTOCOM software. The Highest 

level function, Provide Automated Commentary & Statistics (F.0) is decomposed by six sub-

functions: Provide User Services (F.0.1), which satisfies the user’s inputs, Retrieve Game Event 

Data (F.0.2), which processes event data feed, Perform Game Event Analysis (F.0.3), Provide 

External Information (F.0.4), Provide Data to Text Information (F.0.5), which serves as a mean 

to provide different ways of outputting commentary (Decision making Process), and Provide 

Text to Audio Speech (F.0.6). Perform Game Event Analysis, Provide External Information, and 

Provide Data to Text Information are decomposed by sub-functions that serve to satisfy higher 

level functions.  

 

Figure 19: Provide Automated Commentary and Statistics – Functional Hierarchy 
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6.2 Physical Architecture 

 

Figure 20: Physical Architecture 

Figure 20 represents the physical architecture of the Automated Commentary System. It 

includes the internal subsystems that interact together in order to meet operational needs of 

the system. The Automated Commentary System is Built by six subsystems: the Data to Text 

Component (SYS.0.1), which create the strings (script) of narrating a game, the External 

Information Component (SYS.0.2), which provide background information for players and teams 

involved in a game, the Game Event Analysis Component (SYS.0.3), which calculates statistics, 

calls for play by play narrations, and acts as the decision maker that choses what the 

appropriate commentary to be outputted; obtain_data_info() (SYS.0.4), which is responsible for 

receiving game event feed, the system() (SYS.0.5) method, which is responsible for producing 

speech and acts as the voice synthesizer, and login_info() & Dead_time_Changes() (SYS.0..6) 

methods, which support user inputs. Furthermore, the Data To Text Component, the External 

Information Component, and the Game Event Analysis Component are build by parts known as 

methods and databases. Databases serves as locations to store information about team and 
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players’ background information. In order to understand the allocation of Functions to 

Components, Table 18 provide the allocation of functions to components in the AUTOCOM 

software. Each Component performs one and only one function. 

Table 15: Allocation of System Functions to Components 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Number & Name performs 

SYS.0  Automated Commentary System F.0 Provide Automated Commentary & Statistics 

SYS.0.1  Data To Text Component F.0.5 Provide Data to Text Information 

SYS.0.1.1  create_color_commentary() F.0.5.4 Provide Background to Text Script 

SYS.0.1.2  create_play_by_play_narration() F.0.5.1 Provide Play by Play Script 

SYS.0.1.3  stats_text_generator() F.0.5.2 Provide Game Statistics Script 

SYS.0.1.4  provide_weather_description() F.0.5.3 Provide Weather Description Script 

SYS.0.2  External Information Component F.0.4 Provide External Information 

SYS.0.2.1  Background Infromation Component F.0.4.1 Provide Player And Team Background Information 

SYS.0.2.1.1  player_bg_info() and Databases F.0.4.1.1 Provide Player Background Information 

SYS.0.2.1.2  team_bg_info() and Databases F.0.4.1.2 Provide Team Background Information 

SYS.0.2.2  obtain_weather_description() F.0.4.2 Provide live Weather 

SYS.0.3  Game Event Analysis Component F.0.3 Perform Game Event Analysis 

SYS.0.3.1  create_play_play_narration() F.0.3.2 Provide Play by Play Interpretation 

SYS.0.3.2  Statistical Analysis Component F.0.3.1 Provide Statistical Analysis 

SYS.0.3.2.1  calculate_player_statistics() F.0.3.1.2 Provide Player Statistics 

SYS.0.3.2.2  calculate_expected_statistics() & 

calculate_team_detailed_statistics() 

F.0.3.1.1 Provide Team Statistics 

SYS.0.4  obtain_data_info() F.0.2 Retrieve Game Event Data 

SYS.0.5  system() F.0.6 Provide Text to Audio Speech 

SYS.0.6  login_info() & Dead_time_Changes() F.0.1 Provide User Services 
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6.3 Data Models 

In order to understand the interactions of sub functions within the commentary system 

a data model for each functional level has been provided. Each function has at least 1 trigger, 1 

output and is allocated to a mechanism, known as component.  Table 16, 17, and 18 represent 

all function, their allocations, triggers, inputs, and outputs (ICOM Table). 

Table 16: ICOM Table – Part I

 

Table 17: ICOM Table – Part II
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Table 18: ICOM Table – Part III 

 

 

6.3.1 Data Model: Provide Automated Commentary and Statistics (F.0) 

 Figure 21 represents the data model for the highest-level function, Provide Automated 

Commentary and Statistics. Provide User Services (F.0.1) is triggered by user requests. It takes 

user input and information storage signal as input, and outputs requests acknowledgment, 

input confirmation, dead time changes, and location of a game, team names input, and signal 

for automatic narration which triggers Retrieve Game Even Data (F.0.2). F.0.2 take Event Data 

input, and outputs event information, which triggers Perform Game Event Analysis (F.0.3). F.0.3 

outputs Numerical Information, Play by Play Information, and Statistics. Provide External 

Information (F.0.4) is triggered by Dead-Time Changes, and Location of a game.  It takes 

statistics and weather information as input. F.0.4 outputs request for weather data, Dead-Time 

Information, And Information Storage Signal. Provide Data to Text Information (F.0.5) is 

triggered by Dead-Time Information, Play by Play Information, and Numerical information. F.0.5 

outputs Speech in Text Form, which triggers Provide Text to Audio Speech (F.0.6). F.0.6 Outputs 

Automatic Audio Narration.  
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Figure 21: Data Model - Provide Automated Commentary and Statistics (F.0) 
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6.3.2 Data Model: Perform Game Event Analysis (F.0.3) 

Figure 22 represents the data model for Perform Game Event Analysis (F.0.3). Provide 

Statistical Analysis (F.0.3.1) is triggered by event information. F.0.3.1 outputs Statistics and 

Numerical information. Provide Play by Play Interpretation (F.0.3.2) is triggered by Event 

Information. F.0.3.2 Outputs Play by Play Information.  

 

Figure 22 Data Model – Perform Game Event Analysis (F.0.3) 
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6.3.3 Data Model: Perform Statistical Analysis (F.0.3.1) 

Figure 23 represents the data model for Perform Statistical Analysis (F.0.3.1). Provide 

Player Statistics (F.0.3.1.2) is triggered by event information, and outputs statistics, numerical 

information. F.0.3.1.2 outputs player statistics, which triggers Provide Team Statistics 

(F.0.3.1.1). F.0.3.1.1 outputs statistics and numerical information.  

 

Figure 23 Data Model – Provide Statistical Analysis (F.0.3.1) 
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6.3.4 Data Model: Provide External Information (F.0.4) 

Figure 24 represents the Data Model for Provide External Information (F.0.4). Provide 

Player and Team Background Information (F.0.4.1) is triggered by dead time changes. F.0.4.1 

takes team names and statistics as input, and outputs information storage signal and dead-time 

Information. Provide Live Weather (F.0.4.2) is triggered by location of game. F.0.4.2 outputs 

requests for weather data and takes weather information as input. 

Figure 24 Data Model – Provide External Information (F.0.4) 
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6.3.5 Data Model: Provide Player and Team Background Information (F.0.4.1) 

Figure 25 represents the data model for Provide Player and Team Background 

Information (F.0.4.1). Provide Player Background Information (F.0.4.1.1) is triggered by dead 

time changes and player names. F.0.4.1 takes player statistics report as input, and outputs 

Information Storage Signal as well as dead time information. Provide Team Background 

Information (F.0.4.1.2) is triggered by Dead-Time Changes. F.0.4.1.2 takes team statistics report 

and team names as input. F.0.4.1.2 outputs information storage signal, Dead-Time Information 

as well as player names.  

 

Figure 25 Data Model – Provide Player and Team Background Information (F.0.4.1) 
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6.3.6 Data Model: Provide Data to Text Information (F.0.5) 

Figure 26 represents the data model for Provide Data to Text Information (F.0.5). The 

data model does not show the decision-making process between function, which will be shown 

in a later section, but it shows the triggers to these functions. Provide Play by Play Script 

(F.0.5.1) is triggered by Play by Play information, and outputs speech in text form. Provide 

Game Statistics Script (F.0.5.2) is triggered by Numerical Information, and outputs speech in 

text form. Provide Weather Description Script (F.0.5.3) is triggered by weather information, and 

outputs speech in text form. Provide Background to Text Script (F.0.5.4) is triggered by Team 

and Player Info, and outputs speech in text form.  

 

Figure 26 Data Model – Provide Data to Text Information (F.5) 
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7. Software Development  

 

7.1 AUTOCOM Commentary Process: From events to narration 

 
Figure 27: AUTOCOM Process 

 
A functional description of the AUTOCOM process is described in Figure 27. This diagram 
depicts the automated process for soccer commentary, from the instance of receiving game 
event data, until the generation of voice commentary. The process starts with game event data 
being inputted into the AUTOCOM system. This data is then received and transformed into 
game events. Game events are sent to Event Identifier and Statistics. Event Identifier will 
classify each event as important, crucial, and non-important. Statistics will take the inputted 
data and convert it to statistics. Once the event is identified and the statistics calculated, both 
Event Identifier and Statistics will send its data to Data to Text section. Particularly, Statistics 
will also provide statistical information to Background Information. This will enable the system 
to have a historical background on statistics for a team’s performance. The artificial 
commentators can now statistically compare team performances during each game. 
 
The text script is generated In the Data to Text section. As it can be seen, there are two 
different sub-processes inside this section: Play by Play Narration and Color Commentary 
Narration. Although they work the same, each sub-process has a different purpose. Play by Play 
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Narration is in charge of developing the script for every play’s narration. This sub-process is 
generally called upon more than the Color Commentary process. On the other hand, the Color 
Commentary Narration process is responsible of developing the script for the color comments 
the broadcaster says. Both processes receive statistics from Event Analysis, and both processes 
incorporate statistics into their text script. For example, if the script is talking about a “Goal” 
event, the software could use statistical information to come up with come up with the 
narration. In this case, an example would be like: “Great goal by D.C. United! They have finally 
scored one goal after shooting 12 times!”. As it can be seen, the software incorporated 
statistics in the narration by talking about the number of shots a team had before they scored 
their first goal. 
 
It is important to distinguish that Color Commentary Narration and Play by Play Narration 
processes are not mutually exclusive, but that does not mean that they work together all the 
time. Because of the nature of the software, Color Commentary Narration will only occur with 
limited frequency in comparison with Play by Play Narration. 
 
A distinct artificial voice will be triggered, depending on the text script that was generated. If 
the script was generated by the Play by Play Narration software, then the PBP Narrator Voice 
(play by play narrator voice) will be triggered. On the other hand, if the script was generated by 
the Color Commentary Narration, the CC Commentator Voice (Color Commentary 
Commentator Voice) will be triggered. Finally, whichever synthesizer is supposed to “speak” 
will do so and therefore output Game Narration. 
 

7.2 Script Code Decision Making Process 

 
Figure 28: Script Code Decision Making Process: Diagram 
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Figure 33: Important and Crucial Events 

 
Figure 28 shows a visual representation of AUTOCOM’s script decision making process. The 

decision-making process is represented by one iteration (while loop) and one global conditional 

statement (if statement): the decision iterates continuously while a soccer game is played and 

executes its conditional statements. 

The first step the code executes after it transforms the received data to a list of game events is 

to iterate over this list of events. The system will proceed to identify and analyze each event 

and generate a play by play narration and color narration if necessary. By “identifying an 

event”, the code: a) understands what event is occurring, and b) classifies the event as 

“important”, “crucial”, or “not important”. The system calculates statistics in parallel with the 

event identification process. 

Once the current event (event_i) is identified, the process to narration begins. The code finds 

the current event (event_i) in the list of important events. If event_i is in the list, it is therefore 

considered an “important event”. If not, it is not important. If event_i is important, then the 

code will generate a play by play narration text script and audio narration corresponding to that 

event. After narrating this important event, the code identifies if event_i is also crucial. The 

rationale behind identifying if an event is crucial or not is to generate color commentary. Color 

commentary should only be done with events that are important in a soccer game. If event_i is 

crucial, and the following event (event_i+1) is not crucial the software will generate a color 

commentary with a probability of 40%-- meaning that it will generate a color commentary 40% 

of the times the code reaches this decision. It is important to consider the following event 

(event_i+1), because a human commentator would not give a color commentary on an event if 

the immediate next event is also very important. For example, a commentator would not give a 

comment on a shot if the next event is a goal. 
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If the event_i is not important, then the code will analyze the current game time. If the current 

game time is at a 15-minute increment, then there will be a Performance Assessment 

Commentary, were narrators give a comment on the statistical summary of the game. If the 

game time is not at a 15-minute increment, then the process will proceed with the next 

iteration. 

Every event is stored into a database; therefore, every event has an “event number” (i). At this 

instance in the code, if the event is not important and game time is not at 15-minute 

increments, the software will analyze if the event number (i) is divisible by 8; the code will 

narrate every 8 events in case of the absence of important events, or if the game time is not a 

multiple of 15 minutes. If (i) is divisible by 8 then the system will execute a play by play 

narration. If event_i is equal to “Corner Cross”, “Corner Pass”, or “Pass”, the software will 

output color commentary with a probability of 40%. 

If the previous conditions are false, then the code will evaluate the position of the ball in the 

game. If the ball is in the middle of the field (neutral zone) -- from the x-coordinates -27 to 27-- 

and the game time is divisible by 16 seconds, the system will output a background color 

commentary with a probability of 15%. A background color commentary is when the narrators 

provide information pertaining the teams that are playing, but not necessarily about the game 

itself. An example could be when commentators talk about the stadium, specific players, 

transfer rumors, among others. 

Finally, if the previous conditions are false, the software will skip event_i and continue narrating 

the following event. Regardless of what the output narration is, the software will always 

narrate the game if the game is on. If the game is stopped for any reason (half time, game 

suspended, game is over, etc), the software will receive no additional game event feed, thus 

stalling narrations. However, to keep the audience entertained, the software provides the 

audience with entertaining music.  

 

7.3 Calculating statistics 

 
 The process to calculate statistics is very simple. Once the data is received and stored in 
a database, the code iterates over the entire database and calculates statistics accordingly. For 
example, when the software calculates the number of passes per team, it would iterate over 
the entire event database. For an example: 
 

Table 19: Sample Event Database 

Matchname Half Time Event Name Player Name Team Name 

TeamA v TeamB First Half 1.7 Touch Player1 TeamA 
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TeamA v TeamB First Half 2.1 Touch Player1 TeamA 

TeamA v TeamB First Half 2.8 Pass Player1 TeamA 

TeamA v TeamB First Half 3.1 Touch Player2 TeamA 

TeamA v TeamB First Half 3.8 Pass Player2 TeamA 

 
Table 19 shows a sample event database. In this particular database, there are 5 

different event entries. Because this is a very simple database it is possible to identify that in a 
time span of 2.1 seconds TeamA had 3 touches, and 2 passes. However, with databases of more 
than 2000 entries it would take a longer time for a human to count all these values. For 
example, Figure 29 is the process AUTOCOM would follow if it wanted to calculate the number 
of passes for TeamA in this lapse of time: 
 

 
Figure 29: Statistics process diagram 

 
After this process, then, the software will obtain that the total number of passes for 

TeamA were 2. The process will be identical for every other event that must be tallied. 
The formulas used to calculate statistics are very similar. Most of the statistical values 

are calculated using the same function but applied in a different way. Three main formulas are 
used: 

   (1) 𝐶𝑜𝑢𝑛𝑡 =  ∑ 1  𝑖𝑓 𝑒𝑣𝑒𝑛𝑡 = "𝑋" 
 

   (2) 𝑅𝑎𝑡𝑖𝑜 =
𝐴

𝐵
, 𝑤ℎ𝑒𝑟𝑒 𝐵 ≥ 𝐴 

 

   (3) 𝐴𝑣𝑔 =
1

𝑛
∗ ∑ 𝑥𝑖

𝑛
𝑖  

 
 Formula (1) is a simple counter. It will add a +1 to the count whenever the code is 
attempts to find a value. Every time an event matches the desired event, the system will 
compute a +1. An example can be a counter for goals. If the software is trying to count the 
amount of goals scored by a team, it will iterate over the entire available event database. It will 
search of the word “Goal” in the event column. Once it finds it, and after it verifies that the goal 
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corresponds to the team the code is trying to find the information for, the code will add a +1 to 
the count. 
 Formula (2) is a ratio. It is a simple division of two values. This is used to compute values 
such as the goal ratio, passing accuracy, shooting accuracy, etc. Goal ratio, for example, talks 
about how many shots does a player need to score one goal. So how the formula would work is 
by dividing number of goals by number of shots. Thus, if a player had 5 shots and 1 goal, his 
shot ratio would be ⅕ = 0.20. 
 Formula (3) is a formula that computes the mean of a list.  This is used to compute the 
average passing distance, average shooting distance, etc.  The software will add the length of 
each of the n passes done by a team, and then it will divide this summation by n (number of 
passes).  
 
A Table of statistics that the software can calculate is provided in Table 20 and Table 21. It is 
important to note that the statistics that the software calculate may be different than statistics 
found online due to the way each statistic is defined. It is also important to note that each 
statistic can be calculated for both team and player. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



58 
 

 
Table 20: Statistics Calculated by the AUTOCOM software 
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Table 21: Statistics Calculated by the AUTOCOM software 

 
 
7.4 Sample Play by Play Commentary Scripts 
 

 
Figure 30: Sample event narration 
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 Figure 30 shows a sample of how an event is narrated. In this case, this event is a Corner 
Pass. A corner pass is when the player taking a corner makes a short pass to one of his 
teammates instead of crossing the ball.  
 In the example, it can be seen how the function takes in 5 different parameters. The 
“list_of_dictionaries” parameter refers to the database containing all the event data; “i” is the 
event number; “player_name” represents the player that is performing the event; “team” is the 
team for which player_name plays for; and “player_stats” and “team_expected_stats” are the 
dictionaries of player and team statistics, respectively. 
 For most of the events, its corresponding function uses all of these parameters to come 
up with the strings that narrate that particular event. For events such as shots, passes, or goals, 
the software uses statistical information contained in player_stats and team_expected_stats. In 
this case, because the “Corner Pass” event is not quantified, there is no relatable statistic, 
therefore no statistics can be used. 
 As it can be seen, five different strings are created: corner_pass1String, 
corner_pass2String, corner_pass3String, corner_pass4String, and corner_pass6String. Each 
string narrates the same event, but in a different way. Later on, all of these strings are stored 
together in a same list (corner_pass_text_list). Then, one of these strings is randomly selected 
using the random package. The randomly selected string is the one that is returned and 
therefore used in the narration of that event. 
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8. Test Plan and Test Procedures 

 

8.1 Test Plan 

 
 Tables 22, 23, 24, 25, 26 show the verification test for each requirement. A test plan is 

needed to verify requirements. A requirement can either be tested by Demonstration (D), 

Inspection (I), Simulation and Analysis (S), or Instrumented Test (T).  Each requirement is 

assigned an evaluation ID. Multiple requirement may have the same evaluation ID because they 

can be tested under the same test procedure.  

Mission Requirements 

Table 22: Mission Requirements Test Plan 

Requirement 
ID 

Requirement Evaluation 
ID 

Evaluation 
Type 

Evaluation Description 

MR.1 The system shall provide live 
commentary for a complete 
duration of a soccer game 

D1 Demonstration Demonstrate that the 
system can provide live 
commentary for a soccer 
game to an audience by 
providing it with a live feed 
and producing an audio 
output for a soccer game. 

MR.1.1 The system shall provide play-
by-play commentary with 99% 
accuracy, given the accuracy of 
the data provided 

S1 Simulation Simulate a feed of 1500 
events into the system. The 
system should output play 
by play commentary with 
99% accuracy 

MR.1.2 The system shall provide team 
and player background 
information with 99% accuracy 

S2 Simulation Simulate 200 instances of 
color commentary for 
team/player background 
information. The system 
should output the correct 
background information 
with 99% accuracy. 

MR.1.3 The system shall provide game 
statistics with 99% accuracy, 
given the accuracy of the data 
provided 

S3 Simulation Run a simulation of a soccer 
game using the D.C. United 
vs. New England Revolution 
(June 25th, 2016) CSV file, 
tally all appropriate statistics 
and compare them to 
manual calculations. The 
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Design Requirements 

Table 23: Design Requirements Test Plan 

 

 

 

 

 

 

 

test should be 99% accurate 

MR.2 The system shall provide live 
commentary in English and 
Spanish 

I1 Inspection Check that the system 
contains a library with both 
languages stored 

MR.3   The system shall incorporate 
ambient noise during a game 
(different events have 
different ambient noises) 

D1 Demonstration Demonstrate that the 
system can incorporate 
appropriate ambient noises 
based on the occurring 
events 

Requirement ID Requirement Evaluation 
ID 

Evaluation 
Type 

Evaluation Description 

D.1 The system shall have a 
script for automated 
commentary 

I2 Inspection Check that there is a code 
that decides the decision-
making process for the 
automated script 

D.2 The system shall have a 
library with Spanish and 
English languages 

I1 Inspection Check that the system 
contains a library with both 
languages stored 

D.3 The system shall have a 
solver for tallying game 
statistics  

I3 Inspection Check that the system has 
functions that tally numbers 
for each statistic category 

D.4 The system shall have a 
database for team and 
player background data 

I4 Inspection Check that there exists a file 
that contains player and 
team background 
information 
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Input Requirements 
Table 24: Input Requirements Test Plan 

 

Requirement ID Requirement Evaluation 
ID 

Evaluation 
Type 

Evaluation Description 

I.1 The system shall receive up 
to 10,000 game-event data 

S4 Simulation Attempt to feed the 
system with 10,000 
amount of data until it 
can no longer process 
information due to 
overfeed 

I.2 The system shall receive 
initialization request input 
in less than 1 second 

T1 Instrumented 
Test 

Test how long it takes to 
initialize the system (15 
times) 

I.3 The system shall receive 1 
username per initialization 
request 

D2 Demonstration Demonstrate that the 
system can take 1 and 
only 1 username input 
per request (10 times) 

I.4 The system shall receive 1 
password per initialization 
request 

D2 Demonstration Demonstrate that the 
system can take 1 and 
only 1 password input per 
request (10 times) 

I.5 The system shall receive an 
update upon request 

D2 Demonstration Demonstrate that the 
system can take update 
input (10 times) 

I.6 The system shall receive 1 
event data file address per 
game 

D2 Demonstration Demonstrate that the 
system can only accept 1 
event file address for 
every game (10 times) 

I.7 The system shall receive 1 
event data file name per 
game 

D2 Demonstration Demonstrate that the 
system can only accept 1 
event file name for every 
game (10 times) 

I.8 The system shall receive 1 
request to start automated 
commentary  

D2 Demonstration Demonstrate one request 
for automated 
commentary is sufficient 
to start automated 
commentary (10 times) 

I.9 The system shall receive 
home team name input 

D2 Demonstration Demonstrate that the 
system can take team 
name as input (10 times) 
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I.10 The system shall receive 
away team name input 

D2 Demonstration Demonstrate that the 
system can take team 
name as input (10 times) 

I.11 The system shall access 
weather data prior to the 
start of game 

D2 Demonstration Demonstrate that prior to 
a game, the system can 
access weather 
information (10 times) 

 

Output Requirements 

Table 25: Output Requirements Test Plan 

Requirement ID Requirement Evaluation ID Evaluation Type Evaluation Description 

O.1 The system shall output 
automated audio narration  

D1 Demonstration Demonstrate that the 
system can output 
audio narration when it 
is triggered to output 
commentary 

O.2 The system shall output end-of-
half statistics reports for a game 
with 99% accuracy 

S5 Simulation Run a simulation of a 
soccer game, tally all 
appropriate statistics 
and compare them to 
manual calculations of 
end of half reports. The 
test should be 99% 
accurate 

O.3 The system shall output a login 
information page  

D2 Demonstration Demonstrate that the 
system can output a 
login page upon 
initialization request 
(10 times) 

O.4 The system shall prompt the 
user to enter username 

D2 Demonstration Demonstrate that the 
login page can present 
the user with username 
request (10 times) 

O.5 The system shall prompt the 
user to enter password  

D2 Demonstration Demonstrate that the 
login page can present 
the user with password 
request (10 times) 

O.6 The system shall verify the 
authentication information of a 
user 

D2 Demonstration Demonstrate that the 
system can verify 
matching username 
and password (10 
times) 

O.7 The system shall alert the user of 
false authentication information  

D2 Demonstration Demonstrate that the 
system can identify a 
username and 
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password mismatch (10 
times) 

O.8 The system shall request 
weather data for the designated 
location of a game 

D2 Demonstration Demonstrate that prior 
to a game, the system 
can access weather 
information (10 times) 

O.9 The system shall notify the user 
of storing information 

D2 Demonstration Demonstrate that the 
system can notify the 
user of the storing of 
new information (10 
times) 

 

Functional Requirements 

Table 26: Functional Requirements Test Plan 

Requirement ID Requirement Evaluation 
ID 

Evaluation 
Type 

Evaluation 
Description 

F.1 The system shall use one 
distinct voice for play by play 
commentary 

I5 Inspection Check if the system 
has one designated 
voice for play by play 
commentary 

F.2 The system shall use one 
distinct voice for color 
commentary 

I6 Inspection Check if the system 
has one designated 
voice for color 
commentary  

F.3 The system shall process login 
credentials in less than 1 second 

T2 Instrumented 
test 

Measure the time it 
takes to initialize the 
system 

F.4 The system shall tabulate 
statistics after receiving new 
event data 99% of the time  

S6 Simulation Show that the system 
can tally statistics 
after receiving new 
game event data 

F.5 The system shall distinguish 
between non-important, 
important, and crucial events   

I7 Inspection Check that the system 
can differentiate 
between the three 
types of events  

F.6 The system shall provide play by 
play commentary for an 
important event 99% of the 
time 

S6 Simulation Simulate the first 20 
minutes of a game 
using print statements 
describing each event, 
and check whether 
the output follows the 
provided script 

F.6.1 The system shall provide color S6 Simulation Simulate the first 20 
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commentary with probability of 
40% when the current event is 
crucial, and the following event 
is not crucial 

minutes of a game 
using print statements 
describing each event, 
and check whether 
the output follows the 
provided script 

F.7 The system shall compare 
current team performance to 
historical performance when an 
event is not important and 
game time (in minutes) is 
divisible by 15 

S6 Simulation Simulate the first 20 
minutes of a game 
using print statements 
describing each event, 
and check whether 
the output follows the 
provided script 

F.7.1 The system shall compare either 
passing, possession, or shooting 
performance to historical 
performance at an even 1/3 
split 

S6 Simulation Simulate the first 20 
minutes of a game 
using print statements 
describing each event, 
and check whether 
the output follows the 
provided script 

F.8 The system shall provide play by 
play commentary when an 
event is not important and 
game time (in minutes) is 
divisible by 8 

S6 Simulation  Simulate the first 20 
minutes of a game 
using print statements 
describing each event, 
and check whether 
the output follows the 
provided script 

F.8.1 The system shall provide color 
commentary with probability 
40% for corner cross, corner 
pass, or pass.  

S6 Simulation  Simulate the first 20 
minutes of a game 
using print statements 
describing each event, 
and check whether 
the output follows the 
provided script 

F.9 The system shall provide color 
commentary with probability 
14% when an event is not 
important, game time is not 
divisible by 15, event number is 
not divisible by 8, ball is not in 
final fourth, and game time is 
divisible by 16 

S6 Simulation  Simulate the first 20 
minutes of a game 
using print statements 
describing each event, 
and check whether 
the output follows the 
provided script 
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8.2 Test Procedures and Results 

 
The developed system contains approximately 10,500 lines of code, seven databases, at least 3 different ways of narrating an 

event, one voice synthesizer for each type of commentator, 46 team statistics, and 40 player statistics (Table 27). Table 28 

represents the detailed test procedures that need to be conducted to verify the requirements for the AUTOCOM system.  

 

Table 27: Verified Statistics: Team, Player or Both 
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Procedure 
# 

Procedure  Evaluation 
ID 

Requirements Satisfied Requirements 
Pass/Fail 

1 1. Manually start automated narration 
for D.C United vs. New England 
Revolution (played on June 25th,2016) 

2. Check if there is audio output and 
relevant ambient noise during 
narration 

D1 MR.1 The system shall provide live 
commentary for a complete duration of a 
soccer game 
O.1 The system shall output automated audio 
narration 
MR.3 The system shall incorporate ambient 
noise during a game (different events have 
different ambient noises) 
 

Pass (7 runs) 

2 Prior to starting the test: have a print 
statement that outputs the event 
number and name of even being 
processed 

1. Create a CSV file containing 1500 
event-data entries 

2. Run a simulation of the system taking 
the 1500 events as input. 

3. Simulate a feed of 1500 events into the 
system.  

4. Check if the system can output the 
name of the events as expected (event 
number output matches expected 
event name) 

S1  MR.1.1 The system shall provide play-by-play 
commentary with 99% accuracy 

Pass (10 runs) 

3 1. Create a test file that returns 200 
instances of color commentary for 
team and player background 
information 

2. Run the software and check whether 
the description of each player or team 

S2 MR.1.2 The system shall provide team and 
player background information with 99% 
accuracy 

Pass (10 runs) 
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is accurate 

4 1. Open system software 
2. At home screen, Input incorrect 

username  
3. Input correct password 
4. Record if login attempt is successful (if 

success, then there is an error) 
5. Input correct username  
6. Input correct password 
7. Record if login attempt is successful (if 

successful, then there isn’t an error) 
8. Request for database update 
9. Enter database update 
10. Return to home screen, check for 

database notification update 
11. Return to home screen. Input data 

file address 
12. Input data file name 
13. Input home team name 
14. Input away team name 
15. Listen to start of narration, and 

record whether weather information is 
provided.  

D2 I.3 The system shall receive 1 username per 
initialization request 
I.4 The system shall receive 1 password per 
initialization request 
I.5 The system shall receive an update upon 
request 
I.6 The system shall receive 1 event data file 
address per game 
I.7 The system shall receive 1 event data file 
name per game 
I.8 The system shall receive 1 request to start 
automated commentary 
I.9 The system shall receive home team name 
input 
I.10 The system shall receive away team name 
input 
I.11 The system shall access weather data 
prior to the start of game  
O.3 The system shall output a login 
information page 
O.4 The system shall prompt the user to enter 
username 
O.5 The system shall prompt the user to enter 
password 
O.6 The system shall verify the authentication 
information of a user 
O.7 The system shall alert the user of false 
authentication information 
O.8 The system shall request weather data for 
the designated location of a game 

Pass (10 runs) 
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O.9 The system shall notify the user of storing 
information 

5 1. Manually calculate the statistics of a 
game with provided data. 

2. Run a simulation, using AUTOCOM 
software, for the entire game, 
calculating statistics. 

3. Compare manual calculations to 
software calculations 

S3 MR.1.3 The system shall provide game 
statistics with 99% accuracy 

Pass (10 runs) 

6 1. Create a CSV file with 10,000 amount 
of event data 

2. Run a simulation, using AUTOCOM 
software, for the entire game, of the 
data created 

3. Check that there isn’t any data 
overfeed 

S4 I.1 The system shall receive up to 10,000 
game-event data 

Pass (7 runs) 

7 1. Manually calculate statistics for every 
half of DC United vs New England 
Revolution (played on June 25, 2016) 

2. Run a simulation, using AUTOCOM 
software, for the entire game 

3. Check to see if end of half reports is 
created 

4. Compare end of half reports statistics 
to statistics calculated manually 

S5 0.2 The system shall output end-of-half 
statistics reports for a game with 99% 
accuracy 

Pass (10 runs) 

8 Prior to Starting Procedure, put print 
statements displaying: 

 Updated statistic upon receiving 
game event data 

 Game event data received (type, 
time, coordinates) 

S6 F.4 The system shall tabulate statistics after 
receiving new event data 95% of the time 
F.6 The system shall provide play by play 
commentary for an important event 90% of 
the time 
F.6.1 The system shall provide color 

Pass (7 runs) 
 
 

 



71 
 

 Type of commentator used (color 
or plat by play) 

 Historical performance and team 
performance when at minute 15 

 Name of event being compared to 
historical performance 

 Time at which commentary is 
provided  

 Commentary (string) provided 
1. Run script for 20 minutes of game time 
2. Obtain output for print statements 
3. Trace code for script 
4. Compare expected output to actual 
output  
5. Check whether probabilities are 
satisfied  
6. Record accuracy of code execution 

commentary with probability of 40% when the 
current event is crucial, and the following 
event is not crucial 
F.7 The system shall compare current team 
performance to historical performance when 
an event is not important and game time (in 
minutes) is divisible by 15 
F.7.1 The system shall compare either passing, 
possession, or shooting performance to 
historical performance at an even 1/3 split 
F.8 The system shall provide play by play 
commentary when an event is not important 
and game time (in minutes) is divisible by 8 
F.8.1 The system shall provide color 
commentary with probability 40% for corner 
cross, corner pass, or pass. 
F.9 The system shall provide color 
commentary with probability 14% when an 
event is not important, game time is not 
divisible by 15, event number is not divisible 
by 8, ball is not in final fourth, and game time 
is divisible by 16 

9 1. Open AUTOCOM software code 
2. Find library that contains Spanish and 
English Languages 
3. Check that code script calls for either 
English or Spanish library when it returns 
commentary 

I1 MR.2 The system shall provide live 
commentary in English and Spanish 
D.2 The system shall have a library with 
Spanish and English languages 

Pass 

10 1. Open AUTOCOM software code 
2. Locate script for color and play by play 
commentary 

I2 D.1 The system shall have a script for 
automated commentary 

Pass 
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11 1. Open AUTOCO software code 
2. Locate file that contains all methods for 
tallying statistics 

I3 D.3 The system shall have a solver for tallying 
game statistics 

Pass 

12 1. Open AUTOCOMM software 
2. Locate file containing player/team 
information 

I4 D.4 The system shall have a database for team 
and player background data 

Pass 

13 1. Open AUTOCOM software  
2. Find script code 
3. Check that play by play commentary is 
assigned a unique voice 

I5 F.1 The system shall use one distinct voice for 
play by play commentary 

Pass 

14 1.Open AUTOCOM software 
2. Find Script code  
3. Check that color commentary is 
assigned a unique voice 

I6 F.2 The system shall use one distinct voice for 
color commentary 

Pass 

15 1. Open AUTOCOM software 
2. Find Script code  
3. Check for list containing non- important 
events 
4. Check for list containing important 
events 
5. Check for list containing crucial events 

I7 F.5 The system shall distinguish between non-
important, important, and crucial events 

Pass 

16 1. Initialize AUTOCOM software 
2. Record time it takes from initialization 
until login page prompt 

T1 I.2 The system shall receive initialization 
request input in less than 1 second 

Pass 
(10 runs) 

17 1. Open AUTCOM software 
2. Input login credentials 
3. record time it takes to deny/accept 
login information 

T2 F.3 The system shall process login credentials 
in less than 1 second 

Pass  
(10 runs) 
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8.3 Validation 

 
Validating the AUTOCOM system requires testing the software with numerous games to ensure that the right system was built. The 

AUTOCOM team was provided with 7 files containing soccer game event data for 7 D.C. United matches. As a result, the team tested 

the software against 7 soccer games in total. The system passes its requirements across the simulated games, thus ensuring 

validation of the system.  
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9. Business Case 

 

9.1 AUTOCOM Business Plan 

 

9.1.1 Market Penetration 

 
AUTOCOM’s primary customers are media rights contractors. Media rights contractors have the 

incentive to maximize ad revenue on streaming platforms. The platform’s consumers are 

colleges that offer soccer programs.  There are 1941 Athletic Departments that offer soccer 

programs in the United States. AUTOCOM expects Media Rights Contractors to use the 

AUTOCOM platform in colleges at an increasing rate of seven percent, increasing exponentially 

as the company becomes prominent in the market. Marketing will be done via phone calls in 

direct contact with media contractors, where a marketing specialist provides the contractor a 

business case.  The company expects to capture 50% of the market (970 Athletic Departments 

that offer soccer programs) in five years as shown in figure 31. The company intends to license 

its product at a cost of $10,000 per college, per year.  

 
Figure 31: AUTOCOM Market Penetration 

9.1.2 Business Costs  

 
AUTOCOM’s cost breakdown is decomposed into: 

a) Startup Costs of $115,500 (Initial Investment):  
- Code Efficiency Work (1 week) – 1 Developer: $2,200 
- Voice and Video Synchronization (2 people: 4 months): $75,000 
- Patent Claim + Patent Maintenance Fee: $20,000 
- Initial Startup Legal Costs: $5,000 
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- API Component Development – Back End (2 weeks, 1 Developer): $4,400 
- App/web Development – Front End (4 Weeks, 1 Developer): $8,800 

b) Fixed Costs of $543,300: 
- 5 Systems, Software Engineering, and marketing specialist Salaries: $425,000 
- Premium Health Insurance: $25,000 
- Contracts (Accounting Services): $42,000 
- Contracts (Legal Services): $500 
- General Liability Insurance: $1000 
- Office Space Insurance: $500 
- Office Space utility $300 
- Office Rent: $24,000 
- Unexpected System Failures Maintenance Contract + Website Support Contract: 

$25,000 
c) Variable Costs: Customers at year i * $5,000(cost to support a customer) 

 

9.1.3 Net Present Value Revenue and Profit Projections 
 

Accounting for the mentioned expenses, AUTOCOM expects to license its product at a price of 

$10,000, thus generating $23,453,315 in revenues, as shown in Figure 32 and $9,127,002 in 

profits after five years of sales, as shown in Figure 32 as well, meaning a return on investment 

of 7,144%, as shown in Figure 33. The break-event point occurs during the first year of 

implementation. 
 

 

 



76 
 

Figure 32: AUTOCOM NPV for Revenue and Profit 

 

 
Figure 33: AUTOCOM Return on Investment  

 

9.2 Media Rights Contractors Business Case 

 
As stated in the AUTOCOM business plan, each license costs $10,000/year per school. Analysis 
has forecast the streaming audience to double with commentary and live statistics updates 
added to the live streaming video, equaling stadium attendance (Table 29). An increased game 
by game viewership allows Learfield to increase the ad slots fee for high audience games (>300 
in the audience) to $250/game per slot. This results into an increase from $27,720 to $51,030 
(84% increase), or an additional profit of $13,310.  
 

Table 29: Learfield revenue after the implementation of AUTOCOM  
Stadium 

Attendence (SA) Streaming Audience

Ad Slot 

Charge ($)

Revenue/Game 

($)(With Comm.)

394 394 250 1750

542 542 250 1750

967 967 250 1750

376 376 250 1750

124 124 50 350

831 831 250 1750

685 685 250 1750

385 385 250 1750

479 479 250 1750

638 638 250 1750

243 243 100 700

607 607 250 1750

521 521 250 1750

211 211 100 700

234 234 100 700

305 305 250 1750

570 570 250 1750

436 436 250 1750

297 297 100 700

276 276 100 700

Aggregated Total ($)

51030
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10. Conclusion and Recommendations 

 
 Based on the preliminary results, automating game narration is possible using current 
technology and can be used as an alternative to current play-by-play sports commentary 
methodologies. For the system to work in a real-time, unsupervised environment, additional 
software development work must be completed: developing an API game event retrieval 
component and an audio/video synchronization component. After these enhancements are in 
place, operational pilot testing must be conducted with a customer, such as George Mason 
University, to ensure and refine functionality of the system.   
 
 As noted in Learfield Communications’ business case, the company can increase 
revenue from $27,720 to $51,030 (84% increase), or a profit of $13,310. George Mason 
University benefit from the AUTOCOM platform by increasing brand exposure due to an online 
soccer audience that is expected to double. Similar results could be expected for other 
collegiate sports such as basketball, football, etc., however, the AUTOCOM Team will focus on 
application to soccer initially.  
 
 If the AUTOCOM Team can prove out the profitability of this venture at George Mason 
University, it is highly likely that this success could be replicated at other universities, resulting 
in a very large potential market valuation in the next 2-3 years. Expanding into other collegiate 
sports will require additional investment but will also increase the potential revenue and 
profitability of the new play-by-play sports commentary solution. 
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11. Project Plan 

 

11.1 Statement of Work 

Scope of Work:  

The designed system will be directly working with event information provided by data event 

providers. This information will be received, interpreted, analyzed and finally converted into 

live commentary. Issues of cybersecurity as well as event feed delay, the availability of different 

voices in voice synthesizers, and the control of emotions are out of the scope of the project.  

Period of Performance: 

The period of performance for the AUTOCOM project begins on August 28th, 2017 and ends in 

May 15th, 2018. All the deliverables concerning this project will be submitted during this time 

frame. The group will be spending the months of October through December in the software 

development phase, and January through April in the testing phase. All the necessary 

requirements will be verified and validated during this time. 

Place of Performance: 

The place of performance of this project will be the George Mason Fairfax campus. 

Milestones (Fall 2017):  

1) Briefing #1, due 9/18/17 

2) Briefing #2, due 10/02/17 

3) Briefing #3, due 10/23/17 

4) Briefing #4, due 11/06/17 

5) Faculty Briefing: Fall, due 11/17/17 

6) Draft Poster, due: 12/06/17 

7) Fall Report, due: 12/06/17 

8) Fall Conference Paper, due 12/06/17 
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11.2 Work Breakdown Structure 

 
Figure 34: AUTOCOM Work Breakdown Structure 
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Figure 34 above illustrates the Work Breakdown Structure (WBS) diagram that was developed for this project. The hierarchy 

shows that the project is decomposed into nine different categories, which are further disintegrated into specific tasks. 

 The “Management” category of the project deals with project scheduling and cost analysis. The cost analysis section is 

specified by the budget, statement of work, and earned value. The scheduling section involves WBS, Pert Chart, and project 

schedule. This section will constantly be updated throughout the duration of the project because of possible scope changes. 

 “Research” section is decomposed into context, stakeholder analysis, problem and need statements. This stage of the project 

is important because it helps to understand define the problem faced, who is affected by the problem, where the problem is 

occurring, and what the need is to eliminate the problem. In order to define the problem and the need, extensive research must be 

conducted. 

 The “CONOPS” section of the diagram is further divided into five tasks: Vision Statement, Mission Requirements, Operational 

Scenarios, and External Systems Diagram. The purpose of defining the concept of operations is to give the project direction and 

specifications. It is easy to identify the project’s direction after establishing its vision and objectives. Similarly, by generating mission 

requirements, external system diagrams, and operating scenarios it is possible to understand how should the system look like and 

how it should operate under different conditions. 

 The “System requirements” category provides requirements that must be satisfied to later verify and validate the system. It 

works as a guide for the system designer to understand how must the inputs be received, how must they be manipulated, how must 

the system components behave, how must the output look like, among other requirements. 

 The “high level design” category explains how the high-level subsystems should interact with each other for the system to 

work. 

 The “detailed design” category is further decomposed into four tasks. These tasks represent the lowest level subsystems that 

will interact as parts to provide functionality to the system. 

 “Software Development and Simulation” section represents the stage of the project in which the software is developed. The 

group decided that in order to construct the software, it must be divided into seven main tasks, “Receiving and Reading Data”, 

“Storing Data”, “Converting Data to Text”, “Text to Speech”, “Tracking Statistics”, “Team Background Information”, and “Graphical 

User Interface”. Each of these tasks must be completed as efficiently as possible in order to minimize software bugs. 

 “Testing” is the stage of the project in which the system is tested. For this project, the group decided to include unit testing, 

subsystem testing, system testing and acceptance testing. This stage of the project is designed so that requirements are verified and 
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that the developers can guarantee that the software works as desired. Acceptance testing is included in this stage because it is 

important to determine as early as possible if the system is valid in the eyes of the stakeholders. 

 The “Documentation” section is the part of the project in which the data is presented to the public. Therefore, in this part the 

group must show the audience how the software operates, what are its outputs, explain the system development process, system 

limitations, among other information.  

 The conclusion of the project will be explained in the last stage (“Documentation” section). At this stage, the group will 

present the software, results, and the recommendations to the stakeholders.  
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11.3 Project Schedule 

 The project schedule, in Figure 35 and Figure 36, is based on the 9 parts that are 

presented in the work breakdown structure for the AUTOCOM project:  Management, 

Research, CONOPS, System Requirements, High Level Design, Detailed Design, Software 

Development and Simulation, Testing, and Documentation. Figure 35 and 36 represents a 

detailed project schedule developed in Microsoft Project. It contains the lists of tasks, their 

expected duration, and their predecessors. The project started on August 28th, 2017, and is 

scheduled to end on May 15th, 2018. Assuming the AUTOCOM team takes a break from 

December 7th until January 22nd, the total project working period is 215 days long.  

 

Figure 35: AUTOCOM Schedule: Part 1 
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Figure 36: AUTOCOM Schedule: Part 2 

 

11.4 Project Budget 

 According to Glassdoor.com, the average salary for an Entry-level Systems Engineer is 

$78,000, nationally, and $85,000 in the D.C. Metro area. Assuming these salaries are distributed 

over a 52-week period, and assuming that a work schedule consists of 40 hours/week, then the 

average hourly salary for an Entry-level Systems Engineer is $37.5, nationally, and $40.8 in the 

D.C. Metro area. The AUTOCOM team has determined that our hourly worth is $41.  

 The total budget cost is based on an optimistic performance of 75 hours/week, a 

standard performance of 90 hours/week, and a pessimistic performance of 105 hours/week. 

Our predicted hours are based on student class schedules and student work schedules for the 

duration of 215 days, as well as recommendation from GMU SEOR Alumnus. There is an 

overhead cost factor of 1.9 associated with the AUTOCOM project. Table 30 below provides 

estimates for Optimistic, Standard and Pessimistic project budget costs.  
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Table 30: Project Budget 

  

 

 

11.5 Gantt Chart 

 Figure 37 and 38 below represents the Gantt Chart for the AUTOCOM Project. Each bar 

represents a subtask. There is a total of 60 subtasks. The tasks in red represent the critical tasks, 

the tasks that must be completed on time to avoid any project delay. There is a total of 22 

critical tasks. These critical tasks entail the Business Case, Earned Value Management, High and 

Detailed Design, Software Development, Testing, and the Submission of Spring Reports.  

 

Figure 37: AUTOCOM Gantt Chart: Part 1 
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Figure 38: AUTOCOM Gantt Chart: Part 2 

 

11.6 Critical Path Network 

 Figure 39 below represents AUTOCOM’s filtered probabilistic network of tasks, meaning 

that the set of tasks shown represents the set of critical tasks required to complete the project. 

Figures 40,41,42 are zoomed in version of the PERT Network that clarify which tasks are critical. 

The critical path involves completing the High and Detailed design, developing the software for 

AUTOCOM, Testing the software, completing the Business Case, completing the IEEE Spring 

Report, the Spring report, the Final poster, as well as Earned Value Management 
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Figure 39: Filtered Critical Path Network overall view 
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Figure 40: Critical Path Network: Part I 



88 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 41: Critical Path Network: Part II              Figure 42: Critical Path Network: Part III 
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11.7 Project Risks/Mitigation 

The AUTOCOM group decided that it will use the FMEA methodology because is the best available to address the project’s risks. 

Table 31 represents the project risks, causes and mitigations strategies. The following risk determination table is ranked by the 

following criteria: 

 
 Severity of failure: 1 (not severe) - 10 (highly severe) 

 Likelihood of failure: 1 (not likely) - 10 (highly likely) 

 Detection: 1 (easily detectable before it occurs) - 10 (impossible to detect before it occurs) 

 

Table 31: Project Risks and Mitigation Strategy 

Risk 
Cause  

Severity Likelihood Detection 
Risk 

Priority 
Risk Mitigation Strategy 

Project Delays Failure to 

complete 

critical tasks 

9 4 7 252 Group must develop a detailed project plan 

that allows the group to have a margin of 

error for unexpected delays. The group 

must use slack time to work on critical tasks 

Software testing 

is longer, more 

difficult than 

expected 

Software Bugs 9 4 9 324 Group must have a clear and high-detailed 

design plan so that the developed software 

is built exactly as it was thought, therefore 

operating as thought. This will help the 

system to be at a better standpoint to pass 

every testing procedure. 
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Demand is out of 

Scope 

 

Addition of 

tasks that are 

too difficult to 

complete  

9 3 4 108 Group must conduct establish a scope with 

the project sponsor and determine the 

project limits 

Misunderstanding 

of Stakeholder’s 

goals  

Failure to 

communicate 

ideas between 

stakeholder 

and AUTOCOM 

team 

8 2 7 112 Group must establish clear objectives and 

requirements, and constantly brief 

sponsors about the project’s development  

Tension between 

team members  

Lack of 

communication 

and slacking 

5 6 6 180 Our product must be able to work under 

several conditions. Therefore, a strong 

must be built and to also be tested to 

prevent our product from natural disasters 

or weather changes. 
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11.8 Earned Value Management/SPI/CPI 

As of May 9th, 2018, AUTOCOM’s earned value is $215,338. The planned value is $210,330, and 

the Actual Cost is $133,326 (Figure 43).  This indicates that the AUTOCOM team is working 

under budget and behind schedule as shown in the CPI Chart (Figure 44) and the SPI Chart 

(Figure 45), respectively. It is important to note that the Schedule performance index increases 

rapidly during the last two weeks due to the change of schedule (earlier deadline) set by the 

faculty advisor. The Final CPI is 1.63, and the Final SPI is 1.03 

 

 

Figure 43: Earned Value Management Chart (EVM) 
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Figure 44: Cost Performance Index Chart (CPI) 

 

Figure 45: Schedule Performance Index Chart(SPI) 
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13. Appendix 

 Python Code: The following code is the main function of the AUTOCOM 

software.  

 

1. """  
2. @author: danielgutierrez  
3. """   
4.    
5. #!/usr/bin/env python3   
6. # -*- coding: utf-8 -*-   
7. """  
8. Created on Thu Oct 26 15:17:03 2017  
9.   
10. @author: danielgutierrez  
11.   
12. """   
13.    
14. import time, datetime   
15. from statistical_functions import *   
16. from receiving_data import *   
17. from play_by_play_data_to_text import *   
18. from automatic_narration import *   
19. import os,sys   
20. import pandas as pd   
21. from calculate_statistics import *   
22. import pygame   
23. import random   
24.    
25.    
26. def autocom_english_narration(file_path, user_file_name, doc_extension = ".csv"):   
27.     # The following variables will have the path for were the audio files are stored   
28.     # and where the csv files are stored   
29.     csv_file_path = file_path    
30.        
31.     file_name = user_file_name + doc_extension   
32.        
33.     # This boolean controls the while loop.  
34.     # If the game is still in play, the while loop   
35.     # will continue. If the game is stopped, then  the while loop will stop   
36.     game_in_play = True   
37.        
38.     # The following is a counter of the csv files that have been downloaded. When    
39.     # game_update_number > 0, it would mean that there have been updates. For ex:   
40.     # if game_update_number == 1, it means last csv file was soccerDataCSV1.csv   
41.     # if game_update_number == 2, it means last csv file was soccerDataCSV2.csv ... and   

 # so on   
42.     game_update_number = 1   
43.        
44.     # This will be the list of dictionaries that will store all the data from the  
45.     # inputd   
46.     # files.   
47.     list_of_dictionaries = []   
48.        
49.     # The following list will keep track of the number of the last row in all of the    
50.     # refreshments of the csv documents.   
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51.     last_row_number_list = [0]   
52.        
53.     # Will create a list containing the names of important events   
54.     important_events = ["Block", "Clearance", "Dribble", "Foul", "Goalkeeper Save", "Goal"

,   
55.                         "Goalkeeper Save Catch", "Header Shot", "Kick Off", "Penalty Shot"

,    
56.                         "Red Card", "Start of Half", "Substitution","Shot","Yellow Card"] 

  
57.        
58.     important_events_and_stat_keys = {"Block": "Blocks",   
59.                                       "Dribble": "Dribbles",   
60.                                       "Foul" : "Fouls",   
61.                                       "Goalkeeper Save": "Saves",   
62.                                       "Goal": "Goals",   
63.                                       "Goalkeeper Save Catch" : "Saves",   
64.                                       "Header Shot": "Shots",   
65.                                       "Penalty Shot":"Penalties Attempted",   
66.                                       "Red Card":"Red Cards",   
67.                                       "Substitution":"Substitutions",   
68.                                       "Shot": "Shots",   
69.                                       "Yellow Card": "Yellow Cards"}   
70.        
71.     crucial_events = ["Goal", "Red Card", "Goalkeeper Save", "Goalkeeper Save Catch",   
72.                       "Penalty Shot", "Substitution", "Yellow Card"]   
73.        
74.     random_list = [True, True, True, True, False, False, False, False, False, False] # 40%

 == True   
75.        
76.     if os.path.exists(csv_file_path + str(file_name)): # if document exists, read it   
77.         list_of_dictionaries = obtain_data_info(list_of_dictionaries,0,file_name)   
78.     else: # if doc doesnt exist, break   
79.         try:   
80.             raise ValueError()   
81.         finally:   
82.             print("******* Warning: File '" + str(csv_file_path+file_name) + "' does not e

xist.")   
83.        
84.        
85.     # Retrieve blank player statistics so that the project can run   
86.     team_expected_stats = blank_team_expected_stats(list_of_dictionaries)   
87.     team_detailed_stats = blank_team_detailed_stats(list_of_dictionaries)   
88.     player_stats = blank_player_stats(list_of_dictionaries)    
89.        
90.        
91.        
92.     # Welcome and Introduction audio   
93.        
94.     # Background noise --> MLS, Concacaf anthems, FIFA Anthem min 15+   
95.        
96.     teams_list = determine_team_names(list_of_dictionaries)   
97.        
98.        
99.     #***Good ideas: Find a transition sound for 15min performance and/or color commentarie

s   
100.     '''''  
101.     ***Initial Background noise --> MLS, Concacaf, Fifa,etc  
102.       
103.     '''   
104.        
105.     intro_music = ['Audio_Files/Avicii-Levels.wav',   
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106.                    'Audio_Files/Avicii-The_Nights.wav',   
107.                    'Audio_Files/Disclosure-F_For_You.wav']   
108.     pygame.mixer.init() # will initialize the mixer   
109.        
110.     pygame.mixer.music.load(random.choice(intro_music)) # will find this audio file (lo

cated in Audio_Files folder in AUTOCOM folder)   
111.     pygame.mixer.music.play(1)   
112.        
113.        
114.     greeting = greeting_text_generator()   
115.     welcome_text = welcome_text_generator(greeting, teams_list)   
116.     game_intro = narrators_introduction(welcome_text)   
117.     team_comparison_desc_text = team_comparison_description(teams_list)   
118.     top_scorers_comparison_desc_text = top_scorers_comparison_text_generator(teams_list

)   
119.     weather_desc = parse_weather_description(teams_list[0])   
120.     game_introduction_text = game_introduction(game_intro, weather_desc,team_comparison

_desc_text,top_scorers_comparison_desc_text)   
121.     pbp_commentator_intro = 'say -v Daniel -r 200 ' + str(game_introduction_text)   
122.     print('Daniel Johnson: ' + str(game_introduction_text))   
123.     system(pbp_commentator_intro)   
124.     color_comm_intro_narration = color_commentary_narrator_intro()   
125.     color_commentator_intro = 'say -v Lee -r 200 ' +  str(color_comm_intro_narration)   
126.     print("\nAlex Smith: " + str(color_comm_intro_narration))   
127.     system(color_commentator_intro)   
128.        
129.        
130.     time.sleep(3)   
131.     t1 = time.time()   
132.        
133.     pygame.mixer.music.stop()   
134.     pygame.mixer.music.load('Audio_Files/Football_Game.wav') # will find this audio fil

e (located in Audio_Files folder in AUTOCOM folder)   
135.     pygame.mixer.music.play(-

1) # will play the audio file infinitely (until I make it stop)   
136.        
137.    
138.     # Play by play narrator: Daniel   
139.     # Color commentator: Lee   
140.     while game_in_play:    
141.         # Create the file name of the file that contains the game data       
142.         file_name = user_file_name + str(game_update_number) + doc_extension    
143.         # Will determine the last row of the dictionaries of events. Necessary to obtai

n data info   
144.         if game_update_number == 1: #if len(list_of_dictionaries) == 0:   
145.             last_row_number = 0   
146.         else:   
147.             last_row_number = len(list_of_dictionaries) - 1   
148.             last_row_number_list.append(last_row_number)   
149.            
150.         # Refresh the data. 1) Check if next document exists. 2-

a) Refresh data if next doc   
151.         # exists. 2-b) If doc does not exist, end code   
152.         if game_update_number != 1:       
153.             if os.path.exists(file_name): # if document exists, read it   
154.                 list_of_dictionaries = obtain_data_info(list_of_dictionaries,last_row_n

umber,file_name)   
155.             else: # if doc doesnt exist, break   
156.                 print("******* Warning: File '" + str(file_name) + "' does not exist.")

   
157.                 break   
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158.            
159.         # Update game_update_number. This value refers to the number of csv document   
160.         # for the game   
161.         game_update_number = game_update_number + 1            
162.         # Will determine the number of the last row in the previous document. This is  

  
163.         # essential for the code because it will enable the code to narrate by pieces. 

  
164.         # In other words, this prevents the software from narrating the game all over   
165.         # again.   
166.         last_narration_time = 0   
167.         i = last_row_number_list[-1]   
168.         number_times_it_has_been_1 = 0   
169.         perf_assesment_mark_up = 900       
170.         while i < len(list_of_dictionaries):          
171.             team = list_of_dictionaries[i]['Player1ClubName']   
172.             player_name = str(list_of_dictionaries[i]['Player1Name']).title()   
173.             game_event = list_of_dictionaries[i]['EventName']   
174.             game_time = float(list_of_dictionaries[i]['Time'])   
175.                
176.             # First IF --> Refresh stats if there is a new kick off   
177.             if game_event == "Kick Off": # Refresh statistics   
178.                 team_expected_stats = calculate_expected_statistics(list_of_dictionarie

s)   
179.                 team_detailed_stats = calculate_team_detailed_statistics(list_of_dictio

naries)   
180.                 #Will obtain player statistics   
181.                 player_stats = calculate_player_statistics(list_of_dictionaries)   
182.                 pass   
183.                
184.             # Second IF --

> Return a 15 min report assesment if no important events are happening   
185.             if game_time >= perf_assesment_mark_up: # Do a performance assesment report

 every 15 mins. Any sec of the 15th min works   
186.                 if game_event not in important_events:   
187.                     perf_assesment_mark_up += 900   
188.                     perf_assesment = performance_assesment(teams_list,team_expected_sta

ts,team_detailed_stats)   
189.                     print("Alex Smith: " + str(perf_assesment) + "\n")   
190.                     perf_assesment_intro = introduce_15_min_performance_narration()   
191.                     text_to_speech(perf_assesment_intro, "Daniel", 205)   
192.                     text_to_speech(perf_assesment, "Lee", 203)   
193.                 else:   
194.                     pass   
195.                       
196.             # Third IF --> Evaluate events, and do narrations   
197.             if game_event in important_events: # if it is an important event, narrate i

t   
198.                 elapsed_time_between_narrations = game_time -

 last_narration_time                
199.                 last_narration_time = game_time   
200.                 play_by_play_narration = create_play_by_play_narration(list_of_dictiona

ries,i,player_name,   
201.                                                                        team,player_stat

s,team_expected_stats,team_detailed_stats)   
202.                 if game_event in ['Header Shot', 'Shot','Penalty Shot']:   
203.                     print("Daniel Johnson: " + str(play_by_play_narration))   
204.                     text_to_speech(play_by_play_narration, "Daniel", 205)   
205.                     pass   
206.                 else:   
207.                     play_ambient_sound(game_event,play_by_play_narration)   
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208.                     pass   
209.                    
210.                 if elapsed_time_between_narrations >= 4:   
211.                     time.sleep(1)   
212.                     play_by_play_narration2 = create_play_by_play_narration(list_of_dic

tionaries,i,player_name,   
213.                                                                            team,player_

stats,team_expected_stats,team_detailed_stats)   
214.                     print("Daniel Johnson: " + str(play_by_play_narration2))   
215.                     text_to_speech(play_by_play_narration2, "Daniel", 205)   
216.                     time.sleep(0.4)   
217.                    
218.                 time.sleep(elapsed_time_between_narrations/2)   
219.                    
220.                 if game_event in crucial_events:   
221.                     if random.choice(random_list): # if choice == True   
222.                         try:   
223.                             next_event = list_of_dictionaries[i+1]['EventName']   
224.                         except IndexError:   
225.                             next_event = "Goal" # We set this == Goal so that we avoid 

the next if statement   
226.                            
227.                         if next_event not in crucial_events:   
228.                             color_commentary = create_color_commentary(list_of_dictiona

ries,i,player_name,   
229.                                                                          team,player_st

ats,team_expected_stats,   
230.                                                                          team_detailed_

stats, "Complementing")   
231.                             print("Alex Smith: " + color_commentary)   
232.                             text_to_speech(color_commentary, "Lee", 205)   
233.                             time.sleep(elapsed_time_between_narrations)   
234.                             i = i + 1   
235.                             # Will obtain the general game statistics   
236.                             team_expected_stats = calculate_expected_statistics(list_of

_dictionaries[0:i])   
237.                             team_detailed_stats = calculate_team_detailed_statistics(li

st_of_dictionaries[0:i])   
238.                             #Will obtain player statistics   
239.                             player_stats = calculate_player_statistics(list_of_dictiona

ries[0:i])   
240.                             continue   
241.                
242.             elif (i%5 == 0) and (game_time != 0): # if iteration is a multiple of 3..(w

e are narrating every 8 events)          
243.                 elapsed_time_between_narrations = game_time -

 last_narration_time                 
244.                 last_narration_time = game_time   
245.                 play_by_play_narration = create_play_by_play_narration(list_of_dictiona

ries,i,player_name,team,player_stats,team_expected_stats,team_detailed_stats)   
246.                 print("Daniel Johnson: " + play_by_play_narration)   
247.                 text_to_speech(play_by_play_narration, "Daniel", 205)   
248.                 if elapsed_time_between_narrations >= 4:   
249.                     time.sleep(1)   
250.                     play_by_play_narration2 = create_play_by_play_narration(list_of_dic

tionaries,i,player_name,   
251.                                                                            team,player_

stats,team_expected_stats,team_detailed_stats)   
252.                     print("Daniel Johnson: " + str(play_by_play_narration2))   
253.                     text_to_speech(play_by_play_narration2, "Daniel", 205)   
254.                     time.sleep(0.4)   
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255.                 time.sleep(elapsed_time_between_narrations/2)   
256.                    
257.                 if (game_event == 'Corner Cross') or (game_event == 'Corner Pass') or (

game_event == 'Pass'):   
258.                     if random.choice(random_list): # if choice == True   
259.                         try:   
260.                             next_event = list_of_dictionaries[i+1]['EventName']   
261.                         except IndexError:   
262.                             next_event = "Goal"   
263.                            
264.                         if next_event not in crucial_events:   
265.                             color_commentary = create_color_commentary(list_of_dictiona

ries,i,player_name,   
266.                                                                          team,player_st

ats,team_expected_stats,   
267.                                                                          team_detailed_

stats, "Complementing")   
268.                                
269.                             print("Alex Smith: " + color_commentary)   
270.                             text_to_speech(color_commentary, "Lee", 205)   
271.                             time.sleep(0.2) # PBP Commentator already took the elapsed 

time between narrations break   
272.                             # Will obtain the general game statistics   
273.                             team_expected_stats = calculate_expected_statistics(list_of

_dictionaries[0:i])   
274.                             team_detailed_stats = calculate_team_detailed_statistics(li

st_of_dictionaries[0:i])   
275.                             #Will obtain player statistics   
276.                             player_stats = calculate_player_statistics(list_of_dictiona

ries[0:i])   
277.                             i = i + 1    
278.                             continue   
279.                         else:   
280.                             pass   
281.                            
282.             elif -

27 <= list_of_dictionaries[i]['XPosOrigin'] <= 27: # if ball is in the middle of the field
   

283.                 elapsed_time_between_narrations = game_time - last_narration_time   
284.                 last_narration_time = game_time   
285.                 random_list2 = [True, False,False,False,False,False,False] # 14%== True

   
286.                 if ((game_time%16 == 0) or (7 <= game_time%16 <= 9)) and (random.choice

(random_list2)): # event has to be a multiple of 8 minutes   
287.                     color_commentary = create_color_commentary(list_of_dictionaries,i,p

layer_name,   
288.                                                                          team,player_st

ats,team_expected_stats,   
289.                                                                          team_detailed_

stats, "Background")   
290.                        
291.                     if type(color_commentary) is list:   
292.                         w = i+1   
293.                         for color_comm_string in color_commentary:   
294.                             try:   
295.                                 following_event = list_of_dictionaries[w]['EventName'] 

  
296.                             except IndexError:   
297.                                 following_event = ""   
298.                                
299.                             print("Alex Smith: " + color_comm_string)   
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300.                             text_to_speech(color_comm_string,"Lee",205)   
301.                             if following_event in crucial_events:   
302.                                 break   
303.                             else:   
304.                                 w += 1   
305.                                 continue       
306.                             time.sleep(elapsed_time_between_narrations)   
307.                         i = i + len(color_commentary)   
308.                         # Will obtain the general game statistics   
309.                         team_expected_stats = calculate_expected_statistics(list_of_dic

tionaries[0:i])   
310.                         team_detailed_stats = calculate_team_detailed_statistics(list_o

f_dictionaries[0:i])   
311.                         #Will obtain player statistics   
312.                         player_stats = calculate_player_statistics(list_of_dictionaries

[0:i])   
313.                         continue   
314.                     else:   
315.                         print("Alex Smith: " + color_commentary)   
316.                         text_to_speech(color_commentary,"Lee",205)   
317.                         time.sleep(elapsed_time_between_narrations)   
318.                         pass   
319.                 else:   
320.                     pass   
321.        
322.             i = i + 1   
323.                    
324.             # Will obtain the general game statistics   
325.             team_expected_stats = calculate_expected_statistics(list_of_dictionaries[0:

i])   
326.             team_detailed_stats = calculate_team_detailed_statistics(list_of_dictionari

es[0:i])   
327.             #Will obtain player statistics   
328.             player_stats = calculate_player_statistics(list_of_dictionaries[0:i])   
329.            
330.         #Will use the following value to control the time delay   
331.         team_expected_stats = calculate_expected_statistics(list_of_dictionaries)   
332.         team_detailed_stats = calculate_team_detailed_statistics(list_of_dictionaries) 

  
333.         #Will obtain player statistics   
334.         player_stats = calculate_player_statistics(list_of_dictionaries)   
335.            
336.         # The following line will append a new value to the last_row_number_list. This 

new   
337.         # value is the number of the last row of the last refreshment    
338.         last_row_number_list.append(len(list_of_dictionaries)-1)   
339.            
340.         pygame.mixer.music.stop() # will stop the backgroun noise playing   
341.    
342.    
343. def play_ambient_sound(game_event, pbp_narration):   
344.     pygame.mixer.music.stop() # will stop the background noise playing   
345.     complain_events = ["Foul", "Red Card", "Yellow Card"]   
346.     clapping_events = ["Block", "Clearance", "Goalkeeper Save Catch", "Substitution"]   
347.     ooooh_reactions = ["Dribble", "Goalkeeper Save"]   
348.     excitement_events = ["Start of Half"]   
349.     celebration_events = ["Goal"]   
350.        
351.     complain_sound_file_names = ["Whistles1.wav"]   
352.     clapping_sound_file_names = ["Applause1.wav","Applause2.wav"]   
353.     ooooh_sound_file_names = ["Ah1.wav","Ah2.wav","Ah3.wav","Ah4.wav"]   
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354.     excitement_sound_file_names = ["Uy1.wav","Uy2.wav","Uy3.wav"]   
355.     celebration_sound_file_names = ["Goal1.wav","Goal2.wav","Goal3.wav"]   
356.    
357.     if game_event in celebration_events:   
358.         audio_file_name = 'Audio_Files/' + str(random.choice(celebration_sound_file_nam

es))   
359.         pygame.mixer.music.load(audio_file_name) # will find this audio file (located i

n Audio_Files folder in AUTOCOM folder)   
360.         pygame.mixer.music.play(1) # play audio file once   
361.         print("Daniel Johnson: " + str(pbp_narration))   
362.         text_to_speech(pbp_narration, "Daniel", 205)   
363.         time.sleep(1.5)   
364.         pygame.mixer.music.stop()   
365.         pygame.mixer.music.load('Audio_Files/Football_Game.wav') # will find this audio

 file (located in Audio_Files folder in AUTOCOM folder)   
366.         pygame.mixer.music.play(-

1) # will play the audio file infinitely (until I make it stop)   
367.         return   
368.     elif game_event == "Kick Off":   
369.         audio_file_name = 'Audio_Files/KickOff1.wav'   
370.         pygame.mixer.music.load(audio_file_name) # will find this audio file (located i

n Audio_Files folder in AUTOCOM folder)   
371.         pygame.mixer.music.play(1) # play audio file once   
372.         print("Daniel Johnson: " + str(pbp_narration))   
373.         text_to_speech(pbp_narration, "Daniel", 205)   
374.         time.sleep(1.5)   
375.         pygame.mixer.music.stop()   
376.         pygame.mixer.music.load('Audio_Files/Football_Game.wav') # will find this audio

 file (located in Audio_Files folder in AUTOCOM folder)   
377.         pygame.mixer.music.play(-

1) # will play the audio file infinitely (until I make it stop)   
378.         return   
379.     elif game_event in excitement_events:   
380.         audio_file_name = 'Audio_Files/' + str(random.choice(excitement_sound_file_name

s))   
381.         pygame.mixer.music.load(audio_file_name) # will find this audio file (located i

n Audio_Files folder in AUTOCOM folder)   
382.         pygame.mixer.music.play(1)   
383.         print("Daniel Johnson: " + str(pbp_narration))   
384.         text_to_speech(pbp_narration, "Daniel", 205)   
385.         time.sleep(1.5)   
386.         pygame.mixer.music.stop()   
387.         pygame.mixer.music.load('Audio_Files/Football_Game.wav') # will find this audio

 file (located in Audio_Files folder in AUTOCOM folder)   
388.         pygame.mixer.music.play(-

1) # will play the audio file infinitely (until I make it stop)   
389.         return   
390.     elif game_event in ooooh_reactions:   
391.         audio_file_name = 'Audio_Files/' + str(random.choice(ooooh_sound_file_names))   
392.         pygame.mixer.music.load(audio_file_name) # will find this audio file (located i

n Audio_Files folder in AUTOCOM folder)   
393.         pygame.mixer.music.play(1)   
394.         print("Daniel Johnson: " + str(pbp_narration))   
395.         text_to_speech(pbp_narration, "Daniel", 205)   
396.         time.sleep(1.5)   
397.         pygame.mixer.music.stop()   
398.         pygame.mixer.music.load('Audio_Files/Football_Game.wav') # will find this audio

 file (located in Audio_Files folder in AUTOCOM folder)   
399.         pygame.mixer.music.play(-

1) # will play the audio file infinitely (until I make it stop)   
400.         return   
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401.     elif game_event in clapping_events:   
402.         audio_file_name = 'Audio_Files/' + str(random.choice(clapping_sound_file_names)

)   
403.         pygame.mixer.music.load(audio_file_name) # will find this audio file (located i

n Audio_Files folder in AUTOCOM folder)   
404.         pygame.mixer.music.play(1)   
405.         print("Daniel Johnson: " + str(pbp_narration))   
406.         text_to_speech(pbp_narration, "Daniel", 205)   
407.         time.sleep(1.5)   
408.         pygame.mixer.music.stop()   
409.         pygame.mixer.music.load('Audio_Files/Football_Game.wav') # will find this audio

 file (located in Audio_Files folder in AUTOCOM folder)   
410.         pygame.mixer.music.play(-

1) # will play the audio file infinitely (until I make it stop)   
411.         return   
412.     elif game_event in complain_events: # will stop the backgroun noise playing   
413.         audio_file_name = 'Audio_Files/' + str(random.choice(complain_sound_file_names)

)   
414.         pygame.mixer.music.load(audio_file_name) # will find this audio file (located i

n Audio_Files folder in AUTOCOM folder)   
415.         pygame.mixer.music.play(1)   
416.         print("Daniel Johnson: " + str(pbp_narration))   
417.         text_to_speech(pbp_narration, "Daniel", 205)   
418.         time.sleep(1.5)   
419.         pygame.mixer.music.stop()   
420.         pygame.mixer.music.load('Audio_Files/Football_Game.wav') # will find this audio

 file (located in Audio_Files folder in AUTOCOM folder)   
421.         pygame.mixer.music.play(-

1) # will play the audio file infinitely (until I make it stop)   
422.         return   
423.     else:   
424.         return   

 

 


