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Introduction: 
Before any device is operated within a cockpit, it has to undergo Federal Aviation Authority (FAA) 

evaluation to insure compliance with safety standards and minimize design-related flightcrew errors. This 

evaluation is called the Human Factors Device Certification. This process, accomplished by inspection and 

by human-in-the-loop testing, is time-consuming and cost-intensive. New regulations, FAR 25.1302, that 

require analysis of all tasks increase the costs and time [7]. The Procedure Analysis Tool (PAT), described as 

the proposed tool in this paper, is a decision support tool for the FAA inspectors and Designated 

Engineering Representatives (DERs) to meet the requirements of the FAR. The PAT uses the Monte Carlo 

method to simulate cockpit procedures and assess the compliance of the device. In this way all the tasks 

can be assessed in a reasonable time and cost budget. 

Context Analysis: 
The context surrounding this project is composed of multiple components, and in an attempt to extricate 

the complexity of the components as well as the complexity of their interactions, a context roadmap is 

shown in the Figure 1 - Context Roadmap below. 

Figure 1 - Context Roadmap 

 

A high level idea to take from this roadmap is that there are two main streams interplaying to create an 

opportunity. The first stream is a sky modernization program and its ripple effect on the income of new 

devices to be installed in the cockpit, and the second stream is the issuance of new regulations to make the 

device certification process a more exhaustive process. The two steams combined create a gap and 

therefore an opportunity to close it. This Context below follows the above roadmap and details every 

component in turn. 



New Modernization Program: 

Increased Demand vs. Constant Supply: 

There is an ever increasing amount of passengers needing to fly each year. The FAA stated that from the 

year 1995 until 2030 the project amount of passengers would increase from 580 million to 1.2 billion [3]. 

With the increase in passengers, the number of daily flights will also double within the same timespan from 

30,000 to 60,000 [4]. The U.S. air transportation infrastructure is aging. Because of aging technology there 

is an increase of delays and cancellations, increase of maintenance costs while safety is remaining stagnate. 

Businesses and the government have recognized these problems and have been working on a new 

legislation called NextGen. NextGen is a program that will transform ground navigation into satellite based 

navigation [1]. The Figure 2 below illustrates the types of new technology NextGEN is introducing.  

Figure 2 - Technologies Introduced by NetGEN 

 

According to the United States Department of Transportation – U.S Air Carrier Traffic Statistic, current flight 

capacity is somewhat constant and flight demand is increasing. Looking at the linear fit of following graphs 

in Figure 3 and Figure 4, it can be noticed there is a positive increasing linear fit for flight demand and a 

nearly flat linear fit for the flight capacity. 



Figure 3 

 

Figure 4 

 

 

Total passenger revenue miles shows the increasing past and projected revenue from 1993 to 2020 [4] . 

This is an indication towards the increasing demand for flights. Available seat miles shows the capacity for 

total flights each year, which is nearly constant. 

The New Modernization Program (NextGen) is Bringing New Devices to Certify: 

The increased demand versus the constant capacity for flights is one of the major motivators of the sky 

overhaul program named NextGen. According to the Joint Planning and Development Office (JPDO), 

NextGen is planned to be brought online by 2025. The goal of NextGen is to significantly increase the 

safety, security, capacity, efficiency, and environmental compatibility of air transportation operations, and 

by doing so, to improve the overall economic well-being. NextGEN is going to cost around $40 billion 



dollars. While the cost of this program seems steep, the projected money it will save through the year 2030 

will be over 123 billion dollars [2]. To equate the 123 billion dollars saved, 400 new NextGen-equipped 

jumbo jets could be manufactured [5].  

The NetGEN modernization program is bringing new devices to be installed in the cockpit, yet new device 

need certification before being operated. Further, NextGEN consists of 9 implementation portfolios and 

each portfolio includes a set of Operational Improvements that provide specifics about the expected 

enhancements [1]. The 9 portfolios are: 

1. Improved Surface Operations 

2. Improved Approaches and low visibility 

3. Closely Spaced, Parallel, Converging and Intersecting Runway Operations 

4. Performance Based Navigation (PBN) 

5. Time Based Flow Management 

6. Collaborative Air Traffic Management 

7. Automation Support for Separation Management  

8. On Demand NAS Information 

9. Environment and Energy 

An example of an Operational Improvement (OI) linked to the Performance Based Navigation Portfolio is: 

increase capacity and efficiency using area navigation and required navigation performance [1]. The 

implementation of this OI requires aircraft to be equipped with PBN equipment, and therefore it requires 

certification before this equipment is installed in the cockpit. This is just one example of an Operational 

Improvement that is being taken into account. There are numerous Operational Improvements through 

2030. Overall, the number of OIs needing certification is projected to peak from 2010 to 2018. This can be 

seen in the graph below: 

Figure 5 

 

Further, each operational improvement is associated with its set of certification related research actions 

with an approximate ratio of (1:2). A research action takes about 3.5 years. Therefore, approximately 1.75 

years are dedicated to each operational improvement. An OI also corresponds to 2 to 3 devices to be 

certified. On the other hand, the number of inspectors available to perform the certification is constant 

creating the figure above shows that in 2014, for example, 60 OIs are expected. Sixty OIs would take over 

100 years to complete. 



New exhaustive Regulations: 

Flightcrew Errors are the Main Causes of Air Accidents: 

Cognitive demand imposed on the pilot during flight is due to the complexity and the dynamic nature of the 

environment. The following are percentages of causes of accidents[14]: 

● 56% errors due to Flight Crew 

● 17% errors due to Aircraft 

● 13% errors due to Weather 

● 6% errors due to Miscellaneous 

● 4% errors due to Maintenance 

● 4% errors due to Airport/ATC 

Regulations to Address Flightcrew Errors: 

The FAA must certify all new devices being produced for installation inside an aircraft. Certification is the 

process of an agency affirming that an item or activity meets agency requirements (e.g., performance or 

safety requirements), and authorizing use of the item or performance of the activity.  

The fact that the main cause of air accidents is due to flightcrew errors motivated FAA to establish new 

Federal Aviation Regulations (FAR) to ensure the design of cockpit devices mitigates flightcrew errors. The 

Federal Aviation Regulation FAR 25.1302 complements existing regulations to ensure the design reduces or 

avoids crew errors and address crew capabilities and limitations in task performances[7]. Pertaining to this 

project, the FAR 25.1302 focuses on Human Factors within the certification process. Complementary to the 

Federal Aviation Regulation is the guidance given within the Advisory Circular 25.1302. 

 

Certification 

To perform proper certification, the Advisory Circular AC25.1302 gives guidelines for the design and 

methods of compliance for installed equipment on airplanes to minimize errors by the crew and enable 

crew to detect and manage errors.  Specifically, the AC 25.1302 provides six guidelines for certification 

process[8]: 

1. Provide device for certification 

2. Evaluate systems, components, and features vs. crew tasks 

3. Identifying degree of novelty, complexity, and integration 

4. Determining applicability of requirements to systems, components, and features and which 

 aspects of the design require substantiation 

5. Selecting appropriate means of compliance 

6. Provide human factors testing 



Figure 6 - Certification Process Steps 

 

The first four guidelines the applicant should provide the device to be certified based on the regulations of 

standard operating procedure 25.1302. Although all flight crew member have a positive contribution to the 

safety of the flight because of their ability to assess continuously changing conditions and make reasoned 

decisions, even healthy and well trained flight-crew members make errors. Thus, design and approval of 

design of any equipment intended for flight-crew members to use from their normally seated position on 

their flight deck in both normal and non-normal (emergency) conditions. Flight-crew members are trained 

to use all the installed equipments that meet the specified requirements for operation of the air system 

vehicle. The applicant must show that all installed equipments individually and in combination with other 

systems and equipments are designed in a way that allows all flight-crew members to perform their task 

safely while operating the airplane. Design of equipments has its own specific features, such as: degree of 

(1) complexity, (2) novelty, and (3) integration. (1) Complexity is a number of element that flightcrew use. 

For instance, flightcrew member should know number of control modes of a knob if it has more than one. 

(2) Novelty is considering if a new design would affect and change flightcrew members` performance. And 

(3) integration is interaction between flightcrew members and systems. All the characteristics of 

equipments should be identified, documented, and provided by applicant for flight-crew members` usage. 

For instance, control, information, buttons, colors, and feedbacks should be identified, provided, 

unambiguous, and accessible for flight-crew members to manage errors if any occur. 

For the sake of this project, we are focusing on the last two steps of the process which are (5) Providing 

Appropriate Means of Compliance (MOC) and (6) Provide Human Factor Testing. Means of Compliance is a 

method to test and evaluate the device, and it includes statement of similarity, overall safety in detail, and 

analysis of the device.  There are four types of testing. They are: 

1. Bench Testing 
2. Human in the Loop Testing 



3. Simulator Testing 
4. Inspector Testing 

In the last step of the process (Provide Human Factor Testing), FAA inspector and DERs choose one of those 

four methods of testing to evaluate the device based on SOPs [13]. They will provide FAA approval or 

rejection as the outcome of their evaluation. 

The Advisory Circular includes 4 requirements that are broken into sub-requirements. The focus of his 

project is on requirement AC25.1302 (b) that requires the design to support the crew in planning and 

decision-making, and reduces errors by making design requirements. Further, part 2 of this requirement 

states that the design of devices should enforce accessible and usable control and information by the 

flightcrew in a manner consistent with urgency, frequency and task duration. 

Figure 7 - Regulation Heavily Based on Evaluation of ALL Tasks 

 

Use of Standard Operating Procedures (SOP) 

As previously stated, the certification process must officially recognize if a device meets FAA standards. The 

regulation FAR 25.1302 and it guideline AC 25.1302 focus heavily on Task Performance, but a more 

important aspect of that regulation is that FAR25.1302 is the first regulation requiring examination of all 

tasks performed on the devices. In order to comply with the FAR 25.1302 and AC 25.1302 requirements, 

Standard Operating Procedure (SOP) will be used to design the tool proposed in this paper. SOPs are a set 

of guidelines given to flightcrew by the airline upon their hiring. They detail the procedures, tasks, and 

duties of flightcrew, including when to perform them. SOPs are specific to the airplane flown and each 

procedure consists of tasks and subtasks. For this project, Swiss European SOPs for the Avro RJ100 airplane 

were used as a test case. The RJ100 SOPs comprise 104 procedures, 642 tasks, and 1,263 subtasks [13]. 



To demonstrate how SOPs are used, take the example of the Initial Approach Procedure. This procedure 

happens prior to landing at the early stages of the approach segment to help the airplane establish itself 

before landing. While performing this procedure, pilots may be required 

to perform a hold at the present position. The Hold at Present Position 

is a task within the Initial Approach Procedure. This task is composed of 

4 sub-tasks. These sub-tasks are performed on a device called the 

Multifunction Control Display Unit (MCDU) shown the picture on the 

right that we are taking as an example of a device to certify. The 

subtasks are[15]: 

1. Press HOLD 

2. Press 6R  

3. Review the default holding patterns/revise as necessary 

4. Press EXEC to activate holding patterns  

Further decomposition of the subtasks is organized using a sequential 

model of Operator Actions (OA) called the Task Specification Language 

(TSL). The model captures both the decision-making actions as well as 

the physical actions (e.g. button push). Predications are based on the salience of the cue to prompt to the 

next operator action. The OAs are finite actions that can be timed. They are configured into a framework 

with 6 steps [9]: 

OA1- Identify task: decision making step to recognize the need to perform a task 

OA2- Select function: decision making step to determine which feature or function of the 

automation should be used. This is known as mapping the task to the function 

OA3- Access function: physical actions to display the correct window, wizard, etc. 

OA4- Enter data or function: physical actions to enter the data or select the required options 

For the aforementioned Initial Approach Procedure and the Hold a present position task, the operator’s 

actions can be broken down using this framework.  

Identify Task: the pilot identifies the hold at present position as the task to perform. 

Select Function: the pilot must mentally select the Flight Management System’s (FMS) Lateral 

Navigation (LNAV) HOLD function. 

Access Function: the pilot must access the HOLD function in the multifunction control display unit.  

Enter: the pilot enters the HOLD selection, or presses buttons. 

Access: pilot 6R mode key 

Enter: pilot presses 6R 

Confirm/verify: the pilot must verify the entry is correct.  

Monitor: the pilot monitors the aircraft trajectory and state changing as per his/her entries for the 

hold at present position. 

The main benefit of this model in addition to allowing a clear and orderly decomposition of the tasks is that 

the Operators actions can be timed - therefore providing a quantitative means to measure the decomposed 

task.  

Figure 8 - Multifuction Control 

Display Unit (MCDU) 



The Time to Complete the Task (TCT) can then be measured in seconds and will be replicated multiple 

times. A frequency distribution of replications against the time to perform the task will be gathered. 

Further, at a fixed threshold of time (currently 3 standard deviations from the mean to provide 99.7% 

confidence interval), the operator will be considered to have failed to complete the task. In other words, if 

the task is not performed within an allowable timeframe, the task has failed to be completed. The area 

beyond the 3 mark is called the Probability of Failure to Complete the Task (PFtoCT). The probability PFtoT 

will be assessed to identify the devices linked to tasks that have a high probability to fail to complete. The 

concept mentioned above is illustrated in the Figure 9 below [9].  

Figure 9 - Distribution of Time-to-Complete a Task. The shaded region represents the percentage of pilots that did not meet 

the Proficiency standard. This defines the Probability of Failure-to-Complete the task 

 

 

Opportunity 
The new modernization program that is bringing new devices into the market combined with the new 

federal aviation regulation on certification that is producing additional work for the inspectors are creating 

a gap in the certification process. This gap shown in the Figure 10 below generates the opportunity for a 

time effective and cost efficient certification process that can be realized by the Procedure Analysis Tool 

(PAT). 

Figure 10 

 



Stakeholder Analysis: 
Today, the U.S. Federal Aviation Administration (FAA) is responsible for licensing pilots, aircraft 

maintenance technicians, aircraft, and airports. Since safety and protection of any aviation danger is a 

primary and essential factor in human life, FAA is the main stakeholder that provides safety and 

certification of it. 

When an aircraft is built, human factor specialist (inspector) who works for FAA checks every single 

instrument and element in the cockpit designed by the aviation manufacturer. The FAA will certify the 

aircraft. Manufacturer Designated Engineering Representatives (DER) push aviation manufacturer to keep 

safety of certification, also aviation manufacturer wants to sell their devices and get the safety approve 

even if there are errors out there with any instrument. On the other side, DERs must report the safety to 

FAA inspector to approve the technical data and give certification [4]. 

FAA employs the air traffic controllers who give tasks to pilot for operation, and provide air traffic control 

information to the airport. However, they are going to be regulated by foreign regulatory authorities.[5] All 

these processes are happening for a very important demand of increasing safety from passengers who 

expect the congress to provide all needs for FAA to do their job.      

Figure 11 - Stakeholders Interactions 

 

Stakeholders Tension 
Stakeholder conflicts arise when the needs of a particular stakeholder group compromises the expectations 

of others. In this scope, there are two main tensions that are at the origin of a broken system.  



The first tension lies between the Designated Engineering Representative and the aviation manufacturers 

they work for. The aviation manufacturer builds the devices to be put inside the aircraft and hires DERS to 

inspect their system. The aviation manufacturers want their device to be certified, yet the DERs must 

ensure the required safety standards are for certification [8].  

The second tension exists between the DERs and the FAA human factors inspector. The DERs inspect the 

device for safety and must report whether such a device passes means for certification. If there are errors 

within the device, the DERs are under pressure to report failures to the inspectors on one hand and on the 

other hand, they are pressured by their employers to sell their products – the devices. This situation 

creates internal conflicts within the manufacturer entity. 

Win-Win Analysis 
A win-win analysis is defined as solving policy problems by finding solutions that exceed the best initial 

expectation of all major groups. The procedure analysis tool would save time in inspecting these new 

devices. Moreover, it will reduce the errors and increase the accuracy of work. This helps to mitigate all 

rework. In this win-win analysis, in addition to the above mentioned benefits, pressure on the DERs is 

eliminated because the PAT would provide an objective proof of certification to FAA human factors 

inspectors as well as for the manufacturer.  

Gap Analysis: 
preparation for these policy activities are used to mitigate potential implementation delays of the related 

NextGen capabilities. To address this delay risk, JPDO’s Strategic Interagency Initiatives Division (SII) 

assessed and estimated the time necessary to transition from research to fully implemented NextGen 

capabilities.  

 

Figure 12 - OIs and Labor Hours Creating Gap 



The “Vision 100 – Century of Aviation Act” charges the Joint Planning and Development Office (JPDO) with 

the primary mission to oversee, prioritize, and coordinate research in the government and private sector to 

support timely implementation of the Next Generation Air Transportation System (NextGen). Planning and  

The study team analyzed 99 of the 109 Rs identified in NextGen for which one or more Operational 

Improvements (OIs) were listed as dependent. For certification, each research action takes about 3.5 years 

and includes on average 2 OIs per research action [6]. Hence, the 

assumption is each OI takes about 1.75 years [6]. Above and to the left 

are histogram and the list of number of OIs expected from 2008 to 

2030. 

The histogram graph in Figure 12 shows that the number of OIs or 

devices that need to be certified are going to peak from 2013-2018. As 

an example, for 2015, the table shows that 67 devices need to be 

certified which requires a total of approximately 117 years. This creates 

a gap between the number of devices that need to be certified 

represented by blue line and the number of limited resources available 

each year represented by the red line in the right hand figure above. 

 

 

 

 

Problem Statements and Proposed Solutions 
The demand for device certification is projected to peak in the years 2013-2018 [6].  An ever increasing gap 

exists between the number of available human factor inspectors and the number of new devices that need 

to be certified, yet the current method used during the certification process lacks inefficiency. The current 

evaluation process is solely paper based and is manually computed. The current process also lacks 

automation; however, if the tool existed, then it would be able to reduce time and cost. The certification 

process includes four different phases where the design and performance assessment phases require the 

most time and are separately conducted. Currently, cockpit interaction is not integrated into the 

certification process. The interactions include crew-crew interactions, crew-automation interaction, crew-

out of the window interaction, crew-Air Traffic Control (ATC) interactions which are not taken into 

consideration during the certification process. The problem statements along with their specific solutions 

can be seen in the table below.  

  

Table 1 – Number of OI Issued per 

Year and Required Years for 

Certification 



Problem Solution 

Stakeholders tension created by the fact that the 

DER (employed by the applicant) reports at the 

same time to the FAA inspector during the 

certification process 

PAT will create a win-win by relieving stress from 

DERs and giving inspectors objective and 

quantifiable measures to evaluate functions 

Expensive and time consuming Simulation will drastically reduce the certification 

time and associated costs 

Lack of cockpit interaction in the current 

certification process 

PAT will model the flight operators’ interactions 

within the cockpit environment using the SOPs 

Current Means of Compliance are subjective PAT will generate decision output based on human 

based model with clear fail/pass threshold 

Proposed Solution: 
The proposed solution is the Procedure Analysis Tool (PAT). This tool simulates operations within the 

cockpit. The use of this tool will solve the four problems stated above, relieve stakeholder tensions, and 

provide for a more efficient use of the inspector’s time. The tool will relieve stakeholder tensions by making 

the stressed imposed on 

the DERs obsolete and 

providing a way to reduce 

travel costs while 

maintaining safety. The 

inspector’s time will be 

more efficient because the 

system will be automated 

and a quantifiable standard 

to complete the procedure 

will be deduced. Figure 13 

on the right is an iDEF0 

diagram that displays the 

automation tool concept. 

  

Figure 13 - IDEF0 of the PAT 



Requirements 

Mission Requirements: 

Figure 14 - Mission Requirements 

 

Figure 14 show three direct mission requirements for the certification tool proposed.  

1. The certification tool shall enforce the regulations and guidelines started in the FAR 

 25.1302 and AC 25.1302. 

2. The certification tool shall reduce the baselines certification time by 80% of the total 

 certification time. 

3. The final certification tool shall measure the time of completion of all SOPs from the 

 operator of the aircraft being certified. 

Technology Requirements 
The Figure 15on the right lists the features planned to be included in the PAT. Each feature derives certain 

technology requirements. For example, to implement 

the operator action category (specific categories that will 

be further defined in the Method of Analysis Section), 

there is a need of a graphic user interface and a lookup 

table for the user to be able to categorize the Operator 

Actions after the decomposition of the task as 

explained in the Use of Standard Operating 

Procedures (SOP). Also, a database is required to store 

the OAC and their statistical distributions (Also 

explained later in the Method of Analysis section). The 

features will be explained further in the prototype 

section. 

Figure 15 - Technology Requirements 



Functional Requirements 
Figure 16 - Functional Requirements 

 

Figure 16 above is a hierarchy that details the main functions for the Procedure Analysis tool. The three 

main functions that it will include is: Provide an Interface, Provide and Store Information, and Process the 

Inputs and Output. Within the Provide an Interface section, the tool will provide an application on a 

computer. After it completes its run, it will have a system shutdown and return to home screen function. It 

will also display the output and create a report. The tool will also input the procedures and tasks from the 

Standard Operating Procedures pertaining to the particular plane and store its data. From there it will 

process the input by identifying keywords, accessing TSL functions, and if any information is needed, it will 

request manual inputs. Once the tool receives the information needed, it will process the data, check if the 

tasks passes or fails. Once it completes it will displace what percentage passed and what tasks failed.  

Objectives Hierarchy 
Figure 17- Objectives Hierarchy 

 



The objectives hierarchy shown in Figure 17 is composed of three categories. The first category regards the 

minimization of operational costs. This is the where it is pertinent that the procedure analysis tool will 

minimize installation costs and maintenance costs. In order to minimize maintenance costs, careful 

consideration will be taken when looking into mechanical system costs and computer system costs. The 

second category, the procedure analysis tool will have optimized performance. This is where it will 

maximize awareness of all results, maximize cover to all functions, and minimize time to perform the 

certification. In order to maximize awareness of all results, the tool will have a notification if the tests have 

passed or failed. From there, if the tool fails, the tool will provide information of which tasks failed and 

provide a percentage of the total device failure. To maximize suitability, the tool will maximize availability 

time, maintainability, and reliability. The availability of this tool will be functional on a computer and will be 

available 99.9% of the time or have only 8.76 days of downtime each year. The tool will remain maintained 

by having updates for any change that needs to occur. The reliability of the tool will be maximized because 

the device must maintain a 95% accuracy and must report within a 5% of error.  

Method of Analysis: 

Overview: 
The PAT will model perceptual, cognitive, and motor processes to simulate pilot operations in the cockpit 

environment. The input to the PAT is the Standard Operating Procedures (SOP). The PAT will combine SOPs 

with a database of Human Factors Metrics expressed in statistical distributions of time to perform an action 

in seconds. The output of the tool is the number of pilots plotted against the time to complete the task. 

Figure 18 shows a model for the tool with input, output, and the human factors database. 

Figure 18 - Model Processed 

 

A device displaying good human factors is expected to enable the operators to complete their tasks in a 

proficient manner. On the other hand, task proficiency is the ability to complete a task, within the 

allowable time window [11]. 

The approach taken in this study is to analyze Time to Complete the Task (TCT) and the Probability of 

Failure to Complete the Task (PFtoCT) [11] as an indication of whether the device should pass the 

certification test or not. A device showing high probability of failure to complete the task is a device that 

will not pass the certification test. 

The PFtoCT is calculated using statistics from the simulation of multiple pilots performing the same task. A 

task is deemed to be successfully accomplished if performed within a specified time window. If a pilot takes 



longer to perform the task, he/she is considered to have failed to complete the task. The graph in Figure 19  

below shows more details about the concept:  

Figure 19 - Distribution of Time-to-Complete a Task. The shaded region represents the percentage of pilots that did not meet 

the Proficiency standard. This defines the Probability of Failure-to-Complete the task 

 

The PAT is projected to work in three steps as follows: 

1. Decompose procedure into OA and associate with Human Factors metrics. 

2. Simulate task operation. 

3. Calculate PFtoCT to determine Failed/Passed devices. 

 1.   Decompose procedure and combine with Human Factors metrics 

Sequence Diagram Creation 

Using a sequence diagram provided by the PAT Graphical User Interface (GUI), the Designated Engineering 

Representative (DER) decomposes the SOP into tasks, sub-tasks, and Operator’s Actions (OA) in addition to 

identifying devices needed to perform the task. OA as defined in Use of Standard Operating Procedures 

(SOP) are finite actions that decompose tasks to a very low level allowing accurate time measurement. The 

tool will provide a means (a drop down menu for example) to categorize (OA) into Operator Actions 

Categories (OAC). This will allow the mapping of the OA to their corresponding statistical distribution 

according to their Operator Action Category. To clarify, the Hold at 

Present Position task also mentioned in the Use of Standard Operating 

Procedures (SOP) to demonstrate running the tool on the MCDU 

displayed on the right, was decomposed and combined to the Human 

Factors metrics as shown on Figure 18: 

1. Press HOLD 

2. Press 6R  

3. Review the default holding patterns/revise as necessary 

4. Press EXEC to activate holding patterns  

 



Figure 20 - Conversion of SOPs into Sequence Diagram 

 

From Figure 20 it is obvious that the 4 sub-tasks can be decomposed to a much lower level since the 

resulting number of OAs is 15. The use of OAs along with their categories to build the simulation is 

explained in the following section. 

The Operators Actions Categories 

The Operators Actions Categories generation is in progress but a preliminary list is shown on Table 2 - 

Operator Actions Categories (OAC) and their Statistical Distributions. This table shows that each OAC is 

linked to its statistical distribution. For example, the button push OAC is linked to a normal distribution with 

a mean of 0.3 seconds and a standard deviation of 10 milliseconds. That means that it takes an average 

person 0.3 seconds to push a button. 



 

Table 2 - Operator Actions Categories (OAC) and their Statistical Distributions 

 

Mapping of Operator Actions to their Categories and Distributions 

The mapping of the Operators Actions to their statistical distributions via the categories they fall under is 

planned to be done on a java created sequence diagram, but an excel version of the mapping of the Hold at 

Present Position is displayed in Table 3 - Tasks Mapping to OAC and Distributions 

Table 3 - Tasks Mapping to OAC and Distributions 

 

This table displays the sequences from the task decomposition on the sequence diagram shown on Figure 

20 - Conversion of SOPs into Sequence Diagram. Each sequence message is linked to a category that was 

previously defined as shown on Table 2. In addition to that, the time of the Operator Action is generated 

using a random number generation according to the statistical distribution of the OAC. To take the same 

OAC Category Distribution

button push Normal(0.3, 0.01)

Task Identification (TSL ID) Lognormal(3, 1)

Function Selection (TSL Select) Lognormal(3, 1)

flight controls manipulation (feet) Lognormal(1, 0.2)

flight controls manipulation (hands) Lognormal(1.5,0.2)

Multi Crew Coordination callout Normal(2,1)

Multi Crew Coordination readback Normal(1.5, 0.2)

memory checklist retrieval Lognormal(1, 0.5)

listen to ATC Clearance Exponential(1, 0.1)

Readback to ATC Exponential(0.9, 0.1)

thrust levers manipulation Triangular(0.1,2,3.5)

visual instrument check Normal( 0.632, 0.011 )

sequence # sequence description (from Sequence Diagram) entity performing OAC OA time

1 SWISS XX Hold at present position, 1 nm leg, right turn, ECHT 

1220Z ATC Listen to ATC Clearance 1.033462118

2 Hold at present position, 1 nm leg, right turn, ECHT 1220Z. 

SWISS XX flightcrew Readback to ATC 0.919539452

3 decide: Present position, existing wypt in flightplan, or specific 

position flightcrew Decision (TSL Id) 2.746652897

4 dcide to hold present position flightcrew TSL Select 3.025068908

5 memory item checklist memory checklist retrieval 1.105461353

6 HOLD mode key automation provide visual cue 1.105461353

7 press the HOLD button flightcrew button push 0.309876543

8 R6 key automation provide visual cue 1.105461353

9 press R6 flightcrew button push 0.309876543

10 review default holding patterns flightcrew visual instrument check 0.639847381

11 EXEC key automation provide visual cue 1.105461353

12 press EXEC flightcrew button push 0.309876543

13 EXEC light OFF automation provide visual cue 1.105461353

14 change of AC state aircraft n/a 1

15 RTE HOLD shows ACT automation visual instrument check 0.639847381

Task Time 16.46135453



example given in The Operators Actions Categories section, the button push time was generated using the 

inverse of a lognormal distribution function. 

2.   Simulate task operation 
After the set up of step 1 is complete, task time is calculated by aggregating the times (random numbers 

generated according to distributions) of all Operator Actions times. The task time is calculated by summing 

up all the times of the OA’s composing the task.  

Task Time is:                  
 
  

A Monte Carlo of the task simulation is then performed to build a frequency chart and display the 

distribution of simulated pilots performing the task. 

3.   Calculate Probability to Complete the Task to Determine Failed/Passed Devices 
A preliminary time window that is chosen for the task performance is three standard deviations from the 

mean to equate to 99.7% confidence interval. The area beyond the 3   threshold represents the 

probability of failure to complete the task PFtoCT where if PFtoCT <= 0.05, the devices involved in the 

performance of the task studied will fail the Human Factors certification test. Note that the 0.05 is based 

arbitrary for the time being and will be researched further. The Result of the simulation for the Hold at 

Present Position Task is shown in Figure 21 below. 

Figure 21  - Results of Hold at Present Position Task Simulation 

 

Human Factors Database: 
The core of the tool is the database of Human Factors Metrics. The database is basically composed of 

Operators Actions Categories and their statistical distributions. This database is build using a combination 

of literature review and experiments results. For example, the Visual Instrument Check statistical 

distribution is taken from literature review of research done by Wu and Liu [17] on the modeling of 

response time and other cognitive measures. The other set of OAC statistics will be derived from 

experiments as follows: 



Flight Controls Manipulation with hands: 

The experiment design for this OAC will be as follows: the location of the flight controls and the 

measurements of the flight controls will be collected and replicated at the GMU Center for Air 

Transportation Systems Research (CATSR) lab at containing flight simulators. Project team members will 

perform multiple trials at moving controls while a timekeeping is collecting their times. Further, Fitts Law 

will be used to determine the statistical distribution of the time to move the controls in different position. 

This experiment is still in design and will be refined along the project. 

Fitts law: 

Fitts’s Law will be used to calculate the time team members move their arm and point to a target of width 

W with a distance of A.  A measures how far the person is away from the 

target.  

A versus W is a logarithmic function of the spatial relative error (A/W) 

The following formula denotes the Movement Time (MT) regarding A and 

W [16]: 

MT = a + b log2(2A/W + c)  

Where: 

a and b are empirically determined constants that are device dependent 

c is a constant of 0, 0.5 or 1 

A is the distance (or amplitude) of movement from start to target center 

W is the width of the target, which corresponds to accuracy 

log2(2A/W + c) is the index of difficulty (ID), describing the difficulty of the motor tasks. 

When interpreted mathematically, Fitt’s Law is a linear regression model. The regression coefficients are: a 

(intercept), b (slope (1/b is index of performance (IP))), and 1/b (index of performance (IP)) measures the 

information capacity of the human motor system. 

Pilot/Air Traffic Control communication 

48 phrases using official Air Traffic Control (ATC) communication phraseology were gathered and 

distributed among team members. 30 of them were to be said by pilots and 18 were to be said by ATC. 

Total of five subjects (project team members) participated in the experiment where everyone vocalized the 

sentences while being timed. Below in Figure 22and Figure 22 are the results of regression analyses 

performed for both ATC and pilot communication. The regression shows a positive correlation between the 

number of words and the completion time. As the number of words increases, the completion time 

increases linearly. 



  Figure 22      Figure 23 

 

 

Using the above regressions, following distributions were created for both pilot and ATC communication. 

The frequency was created using random standard normal number. Using the number along with mean and 

standard deviation, random return of time was calculated. Random standard normal number was 

calculated using inverse cumulative distribution function of normal distribution in excel. Then the time was 

binned together to see the frequency of random occurrence. The output is lognormally distributed since it 

is skewed to the right and a sharp decrease is noticed from the mean. 

 

Business Case - Alternatives 
The current certification process is very time consuming and costly. This is because 70% of the process is 

used for human in the loop and simulator testing. The other 30% is inspection and bench testing. The cost 

regarding the current means of compliance is as follows: 

Cost of Inspector =                                                     

Cost of human in the loop                                                                    

                 

These two equations are calculated by figuring the cost of the inspector testing and the human in the loop 

testing. The cost of the inspector is decided by the wage of the inspector multiplied by the number of labor 



hours spent on the OI. The cost of the human in the loop testing comes from the number of pilots testing 

the device, multiplied by the number of hours the pilots work, multiplied by the number of total hours of 

testing. There is also an additional cost of the wage of inspector who is watching the pilots test the device. 

This inspector is paid hourly and works the entire amount of hours of testing. The total amount of cost per 

OI in the current certification process totals almost $470,000. This is calculated by plugging the results from 

the formulas above into: 

                                                                             

This $470,000  

 

Project Management 

Work Breakdown Structure 

 

The work breakdown structure was separated into five categories. Each category was then broken into 

subtasks. The five categories were Managment and Research, Context Analysis, Concept of Operations, 

Results, and Documentation.  

● Management and Research section, planning, budgeting, risk analysis, time sheets, and 

weekly accomplishment summaries had to be completed.  

● Context Analysis section, a context, problem statement, need statement, and stakeholder 

analysis was completed.  



● Concept of Operations included Requirements, System Alternatives, Modeling and 

Simulation were completed. 

● The results section included the analysis, conclusion, and recommendations. 

● Documentation includes deliverable prepartion, poster, paper, and conference 

preparations. 

Project Critical Path 
The project began September 1, 2014. Below depicts the project plan that was completed in Microsoft 

project. 

 

The project was broken into deadlines. The first deadline was Briefing 1, on September 22, 2014. The 

preparation to this point began with research and gathering data. After reading last year’s project, the 

group read the new legislation that the entire project is based from: Advisory Circular and the aircraft 

operation manual from the RJ100. This began our critical path to when the first meeting with the sponsor 

occurred. Meanwhile, the group defined the project scope, listed the initial stakeholders, created a 

preliminary budget, identified preliminary alternatives and revised. 

 

For the next deliverable, the group will work on mission, system, functional, and derived requirements. The 

concept of operation will be stated as well as a statement of work will be written. Research and revisions 

will be completed by the next deadline on October 13, 2014. 



 

For Briefing 3 on October 28, 2014 the design of the experiment must be completed. The initial coding and 

tool selection will be completed. The creation of a mathematical design and initial results will be compiled. 

The risks of the experiment will analyze and preliminary results will be calculated. 

 

Next, the finalization of results will be compiled. This will entail finalizing the problem/need statement, the 

requirements, the context analysis, the earned value analysis, the final stakeholder analysis and the system 

alternatives. With much revision and preparation we will be ready for the Dry Run briefing due on 

November 17, 2014. 

 

 



For the preparation of the end of the semester, final slides, final report, conference paper, poster, 

presentation slides will be either drafted or completed by December 3, 2014. After the final exam on 

December 3, 2014, winter break work will occur until January 19, 2015. Winter break work will entail the 

necessary revisions of the simulation, analysis, design of experiment, and analysis of results. Once the 

semester begins again, the team will gather questions about revisions and meet with the sponsor by 

February 2, 2015. Two days will be given to writing an abstract and submitting to the instructor and then 

preparing for Briefing 1 on February 9, 2015. Also due February 9, 2015 is the SEIDS extended abstract. 

 

 

Preparing for Briefing 2 will last for 12 days. Briefing 2 will occur on February 23, 2015. Midterm 

preparation and preparation to meet with sponsor will occur for a couple weeks until the Midterm exam 

that is on March 4, 2015. 

 

To finalize our project for Mason, we will prepare for the Dry Run Final Presentation that will occur on 

March 24, 2014. The Final Presentation, Final Report, Final Conference Paper, Final Poster, and Final 

Youtube Video will be completed by April 20, 2015. Preparation for the Conferences will be completed for 

the weeks until the their dates. 

 



The cost for the team is developed by setting a numerical value of each team member per hour. For this 

team, $45.00 an hour was stated. Multiplied by the GMU Factor of 2.1276, the GMU Overhead came to 

$95.74 an hour per person. If on average the team of five people worked 95 hours a week, the total cost of 

the week is $9,095.74. This is shown in the chart below: 

Project Budget 
Wage/hour for team = $45 

GMU Overhead = 2.13 

Total Hourly Rate = $95.74 

If the team were to work 60 hours a week for 34 weeks, the total of the project would come to 

$195,309.60. Some weeks will come to less than 60 hours a week, but other weeks will have more than 60 

hours a week.  There is a business case in the preliminary stages of completion, but this will further explain 

the value of the project. 

To this point, the budget is calculated below.  

 

 



 

 

 

 

Risk Mitigation 
The Risk mitigation is performed using the FMEA matrix shown on Figure  



 

Severity (S) of each failure: 1 represents failure with no effect and 10 represents very severe and hazardous 

failure 

Likelihood (L) of each failure occurring: 1 indicates that failure is rather remote and not likely to occur and 

10 indicates that failure is almost certain to occur 

Detection (ability of to detect) – 1 used when monitoring and control systems are almost certain to detect 

the failure and 10 where it is virtually certain the failure will not be detected 

Risk Priority Number (RPN) – Multiply S, L, and D together 
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