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Abstract . “Human Error” is one of the major reasons of aircraft accident and 
incident. In order to reduce the loss by “Human Error”, the “human error” ac-
tion sequence must be detected and provide warning to pilot or intelligent ac-
tion when pilot violates the operation procedures or any actions that may cause 
potential accident or incident. To identify and manage the “Human Error” is be-
coming more and more important.  

The response of unit varies with human’s behavior. If the correct operation 
behavior can be digital described, then human’s operation behavior will be part-
ly quantized. Pilots guide the airplane mainly by operations manual, excluding 
facility failure, there exist operations regularity, that is time-ordered action se-
quence. Operating steps and therbligs can be intuitive quantitative by coding 
operations process. Fully considering behavioral characteristics of the pilot 
group, to optimize time sequence and action sequence parameters will make the 
operation behavior code be more accurate. The study in operation behavior cod-
ing and analysis will play an important role in effectively reducing the probabil-
ity of flight accidents caused by human factors.  

This paper designed and developed a set of effective behavior coding  
method on the basis of computer compilation principle, starting from unit oper-
ation behavior and description of abstraction, using mathematical method to 
analyze the connections between operation tasks. 

Keywords: Human Factors, Human Error, Pilots’ Operation Behavior, Coding 
System. 

1 Introduction 

Civil plane pilot assumes tasks of piloting and airplane management in the flight pro-
file from taking off to landing. It may lead to serious incidents or even huge aeronaut-
ical disasters once there exist human errors in the operational processes of airplane 
equipment that requires high safety or well functions. 

In recent years, with the development of automation of civil airplane, civil aviation 
incidents that caused by mechanical equipment and automation system decreased, 
meanwhile, proportion of human errors increased by years. Statistical analysis shows 
that the proportion of incidents caused by human errors is very high. Generally speak-
ing, the proportion of incidents caused by human errors is more than 70%. 

Therefore, to enhance the safe level of civil airplane heavily, inappropriate opera-
tional actions of civil airplane pilots should be in control and incline. 
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It is known to all that everyone makes mistakes. The thought that flight safety can 
be guaranteed by expecting no human errors is unreal. We can only hope that mistake 
avoidance of the plane itself and function of fault-tolerance can lower the rate of inci-
dents that caused by human errors. 

So far, measures that used to anticipate operational errors in the role of system de-
sign mainly are: 

1. Feedback of valid information of system equipment: to provide warning sign in the 
process of design, once operational errors occur, feedback information of the ma-
chine will remind operator to correct mistakes. 

2. Interlock design: some operations are forbidden when the machine is in a certain 
state, control with proper electric circuit or mechanism to avoid breakdown caused 
by operational mistake. 

3. Unique design: Only a certain state of the system operation can be accepted, the 
others are excluded, which eliminates wrong operations in essence.  

4. Fault-tolerance design: The mainly reasons that lead to operational mistake are ob-
livion and muff. Fault-tolerance design means that it allows the existence of mis-
takes in prerequisite of no safety threat. For example, by the way of control-in-
order (that is, the next process begins only when the present is done), operation 
system that is in charge may avoid the occurring of mistakes. 

5. To improve the level of machine automation: a high level automation brings few 
and simple operations and processes, requires low technical competence and low 
possibility of mistakes. 

The realization of the five points above can be summarized as one, which is, to estab-
lish digital coding bases of standard operational procedures, forming unique operation 
series; to monitor pilots’ operation actions, forming real-time operation code. We can 
detect pilots’ erroneous operations in time by comparing and then give a attention, 
avoiding the phenomenon that the pilot does not aware the wrong operations. 

The prerequisite of this job is the quantitative description of civil aviation pilot’s 
fundamental operational actions, i. e., to build code rules of civil aviation pilot’s basic 
operational actions. For this reason, this project does a research on civil aviation pi-
lot’s basic operational actions, trying to code pilot’s actions and realizing standard 
expression and quantitative description, providing a new settle thought for computer 
auto detection and identification of human errors, enriching present functions of 
warning and alarming, lowering the difficulty of finding mistakes, providing refer-
ences for error prevention and risk aversion, improving flight safety level in essence. 

2 Analysis of Civil Aviation Pilot’s Basic Operational Actions 

To analyze the realness and integrity of recorded whole operational procedure in the 
cockpit, as well as accuracy that related to the basic content of code system, we 
adopted operation flow chart and man-machine operations chart to record procedure 
and operations in detail while 5W1H is used to verify its reliability. 
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Six questions of 5W1H when doing the analysis: 

1. What-what happened? (object) 
2. Why-why do this? (purpose) 
3. Where-where do this? (address) 
4. When-when to start? When to finish? (time) 
5. Who-who do this? (staff) 
6. How-how to do? What measures? (method) 

Four rules of ECRS when doing the analysis 

1. Eliminate: “what is done? Is it necessary? Why?” 
2. Combine: If the work or action cannot be cancelled, then can it be combined with 

other work? 
3. Rearrange: Rearrange the work. 
4. Simplify: To simplify work content and steps, same with action simplification, 

energy saving. 

When analyzing, the six questions should be conducted systematically in a row, 
which is the base of successful procedure analysis. Considering more small questions 
again after getting the answers to those questions by applying this method, then we 
can do the work of elimination, combination, rearrangement and simplification, com-
prehensive analysis, then we can get the most accurate procedure and operational 
process. 

3 Basic Operational Actions and Definition of Characteristic 
Actions 

Although operations of pilots in flight process vary, they were built by several basic 
movements. Our code object is civil planes’ basic operation action of pilot. We fixed 
19 basic movements after six principles and ECRS analytic operational process and 
operational procedure, which is called 19 therbligs, see table1. 

Table 1. Therbligs 

Category Name Symbol Definition 
1 Reach Re Movement that approaches object 
2 Grasp G Movement that holds object 
3 Whirl W Movement that makes object pivot 
4 Press Ps Movement that makes object move in the direction of 

force 
5 Pull Out PO Movement that makes object move in the direction of 

source force 
6 Tread T Movement that controls movement of object by foot 
7 Release Rl Movement that departs object 
8 Inspect I Movement that compares to standard 
9 Report Rp Movement that expresses current situation of object 

10 Search Sh Movement that fix the position of object 
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Table 1. (Continued) 

11 Select St Movement that select object 
12 Plan Pn Movement that delays for planning operational pro-

gram 
13 Hold H Movement that keeps the statement of object 
14 Position P Movement that adjusts the position of object 
15 Pro-

Position 
PP Movement that places object to avoid ‘position’ 

movement when object is used 
16 Rest Rt Movement for rest 
17 Unavoid-

able De-
lay 

UD Inevitably halt 

18 Avoida-
ble Delay 

AD Evitable halt 

19 Find F Movement that finds object 

4 Design of Code of Basic Operational Actions 

4.1 Principles of Design of Code 

We should obey following principles to code pilot’s basic operational actions: 

1. Unique Although there are different names and descriptions for basic operational 
actions, it should be guaranteed that each basic operational action should corres-
pond to a code, a value of code reflects a certain meaning of a basic operational ac-
tion. 

2. Openness The structure of code should adapt to the continue increasing demand 
of basic operational actions, leaving enough standby codes for new basic opera-
tional actions. 

3. Terseness In the prerequisite of no influence on meaning expression and expanda-
bility of code, the digits of code should be as few as possible in order to reduce er-
ror rate, save time of computer processing and memorizing, easy to understand, 
detect and memorize. 

4. Normative The format of code should be normalized to increase reliability. Code 
is done for basic operational actions in the flight process of pilot. All classifica-
tions should have the same code structure for a certain action in any flight phase 
of flight process holds the line. 

5. Consistency Code should satisfy all existed standards and specifications as far as 
possible. 

6. Suitability The code should be convenient to revise to adapt to possible changes 
of basic operational actions’ features or attributes or interrelations. 

7. Generalization The code should have enough meaning as far as possible. Code 
with more meaning may reflect more attributes and features of basic operational 
actions. 

8. Stability It is unsuitable to change code often. It should be considered that the 
code changed, while the code system should be stable. 
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9. Detectable It helps to memory, easy to understand and use if the code reflects the 
meanings and features of basic operational actions as far as possible. 

10. Maneuverability Code should be convenient for staff to operate and reduce oper-
ating time of machine. 

Among these principles, there is a contradiction between terseness and generalization. 
If the code has strong meaning, the property of terseness will be affected; there is a 
subtle balance relation between suitability and stability, the control of them should be 
taken into account. Therefore, we should take all principles above into consideration 
in actual design process, realizing the optimization of design. 

4.2 Dimensions of Code 

Code is the only mark of code object, except for the functions that it can precisely 
define main part, movement, operation object and time, provide information on code 
object, distinctly reflect categories, attributes, features, etc. of code object, code of 
measures that are used to reduce human errors and redundancy code that is used to 
avoid miss of code in transmission are included. Six kinds of code structures are 
adopted now: hierarchy code, abbreviation code, sequence code, condition code, 
check code and compound code. We apply following code structure according to 
requirement of code content and every code structure’s feature under code principles.  
Fig1 Code Structure of Pilot’s Basic Operational Actions. 
 Abbreviate code Sequence code Condition code Position Code Time code Check code 

Fig. 1. Code Structure of Pilot’s Basic Operational Actions 

4.3 Code Structure 

4.3.1 Abbreviate Code 
Operational main part that involved in the process of pilot’s actual operation-human’s 
body regions are few, and there are only 19 pilot’s basic operational therbligs, then 
we can use the way of mnemonic code, easily to grasp. Mnemonic code belongs to 
abbreviate code and is commonly used. It selects several critical letters from name 
and specification of code object to be code or part of code, with way of association to 
help memorize, easy to understand. 

Fig2 are the expressions of operational main part and abbreviate code of basic ac-
tion, two letters for body regions, 1~2 letters for basic action. See operational main 
part and abbreviate code of basic action in table2. 

 

 

Fig. 2. Structure of Abbreviate Code 
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Table 2. Body Regions and Abbreviate Code of Basic Action 

Body Regions 

Hand (H) Foot (F) Head (H) Else(Es) 

Left hand 

(LH) 

Right hand 

(RH) 

Left foot 

(LF) 

Right foot 

(RF) 

Eye 

(HE) 

Mouth 

(HM) 
Else(Es) 

Basic Actions 

Reach 

(Re) 

Grasp 

(G) 

Whirl 

(W) 

Press 

(Ps) 

Pull Out 

(PO) 

Tread 

(T) 

Release 

(Rl) 

Inspect 

(I) 

Report 

(Rp) 

Search 

(Sh) 

Select 

(St) 

Plan 

(Pn) 

Hold 

(H) 

Position 

(P) 

Pre-position 

(PP) 

Rest 

(Rt) 

Unavoidable-delay

(UD) 

Avoidable-

delay 

(AD) 

Find 

(F) 
  

4.3.2 Sequence Code 
In a certain phase of flight, it may involve operating a same object several times or 
repeating a basic action in the process of operating an object, thus, we should position 
the action by sequence code to describe the difference in the process. Sequence code 
is simple and commonly used. It put positive integers or alphabets to code objects. 
Simple to code, well to use, convenient to manage, easy to add, have no limits for the 
order of code object. However, it is hard to memory for the code itself does not pro-
vide any information about code object. 

Fig3 is the expression of sequence code. 
 

 

Fig. 3. Structure of Sequence Code 

Among above, order number A-the M times operation for a same operational object in 
a certain flight phase, the span is 1~99; 

Order number B-repeat a basic action N times in M times operation of operational 
object, the span is 1~99. 

4.3.3 Condition Code 
In order to keep the continuity of action, in case of action omission in the process of 
pilot’s operation and reduction or avoidance of human errors, we classify the attributes 
of basic actions into 3 groups, which are denoted by condition code. To select the right 
code to satisfy the demand and combine them in a predefine order in use. 

Condition code (condition combination code) is commonly used in the system of 
surface classification, entry in each surface is coded by its principle. Combining code 
in each surface as needed and order predefined in use. Code structure is flexible; it 
can be single or combination. It is convenient to change and expand for it is classified 
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by surface. A condition code can reflect the whole recorded information features, as 
well as part features when it is partly used. It is elastic and specially suitable for dy-
namic compound quick inquiry, summing and other operations. Condition code has 
much more values in the design of information management system. However, the 
volume use rate of condition code is low. 

The expression mode of condition code is shown as figure 4. Overlapping attribute 
of pilot’s basic operational actions, the way of classification and concrete meaning of 
connect attribute are shown as table 3. If pilot’s operational actions do not comply 
with the request of condition code, alarm can be used to draw pilot’s attention. 
 

 

Fig. 4. Condition Code Structure 

Table 3. Action attribute classification 

 code meaning 

Overlapping 

A This action cannot overlap with other actions (except indepen-
dent actions). 

B This action can overlap with other actions. 
C Totally independent, can overlap with any actions 

Connectivity 
1 Connect with AB category actions in required time 
2 Connect with any other overlapping actions in required time. 

4.3.4 Position Code  
As operational object is the object used in a specific flight phase, we should consider 
two aspects on operational object: flight phase and use object. Flight phases of Airbus 
are detailed and there is a lot of equipment in cockpit. The way of coding of all phases 
and equipment just start from 1 may increase the complexity of coding procedure. 
Therefore, we can apply layer code, breaking down from whole to part, to help code. 

Layer code belongs to the kind that is commonly used for linear taxonomic hierar-
chies. It is a code that ordering by the relation of subordinate of object of classifica-
tion and hierarchies. The code is cracked into several hierarchies, which is in  
accordance with the classification of code object. The code can definitely express 
categories of the classification objects, have strict subjection relations, and each hie-
rarchy is meaningful. It is easy for computer to sum and summary as it has easy struc-
ture and high capacity. We should do some classifications before design, then to code 
and establish instruction of classification. 

In addition, to indicate the shape features of equipment of cockpit from code and 
restrict action type, we can define the shape attribute by condition code; as a result, 
the position code of cockpit equipment consists of hierarchy code and condition code, 
which named compound code. Compound code includes two or more independent 
codes, flexible, easy to expand and mark part can be nimble used. 
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Therefore, we have a clear expression of the position of used operational object in 
the process of flight operation of pilot. The full expression is showed as Fig.5. Hie-
rarchy code and operational equipment’s condition code are expressed as table4;  
 

 

Fig. 5. Position Code Expression 

Table 4. Flight Phase Layer Code 

Flight phase 

Start up

（1） 

Taxi 

（2） 

Take off

（3） 

Climb

（4） 

Cruise

（5） 

Descent

（6） 

Approach

（7） 

Landing

（8） 

Start up Taxi  Take off Climb  Cruise  Descent Approach  Landing  

Start up（1） 

Engine auto starts up（1） Engine manual starts up（2） 

Taxi （2） 

Propulsion push out 

（1） 

Taxi and steering 

（2） 

Brake check 

（3） 

light control inspec-

tion 

（4） 

Take-off fragmen-

tary verification

（5） 

Take off（3） 

Propulsion set 

（1） 

Taxi 

（2） 

Rotation 

（3） 

Minus propulsion 

altitude 

（4） 

Acceleration altitude 

（5） 

Climb（4） 

Climb monitor 

（1） 

Speed change 

（2） 

Acceleration climb 

（3） 

Set barometer refer-

ence 

（4） 

Terminate landing 

light 

（5） 

Terminate seat belt 

indicator light 

（06） 

EFIS options 

（07） 

Check radio naviga-

tion page 

（08） 

Transfer second 

flight plan 

（09） 

Check best/highest 

altitude 

（10） 

Cruise（5） 

Use of Flight Management 

System 

（1） 

Gradient climb 
Fuel monitor 

（3） 

Approach preparation 

（4） 
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Table 4. (Continued) 

Descent（6） 

Guide and monitor 

（1） 

Mode transfer 

（2） 

Approach （7） 

ILS approach 

（1） 

Imprecise approach 

（2） 

Rotation approach 

（3） 

 Visual approach 

（4） 

Precise approach 

（5） 

Landing（8） 

Trim 

（1） 

Call 

（2） 

Dive 

（3） 

Taxi 

（4） 

Brake 

（5） 

Table 3. Appearance Attribute Condition Code 

Appearance Attribute 

Button 

（01） 

Swtich(no cover) 

(02) 

Cover switch 

（03） 

Electirc switch (no cov-

er) 

(04) 

Electric switch

（with cover） 

（05） 

Electric switch(Spring 

attachment) 

（06） 

Screw 

（07） 

Select button 

（08） 

selector 

（09） 

keystoke 

（10） 

Stick 

（11） 

Wheel 

（12） 

Handle 

（13） 

Treadle 

（14） 

Light 

（15） 

Indicator light 

（16） 

Monitor 

（17） 

Indicator 

（18） 

Hub 

（19） 

Storage 

（20） 

Pack 

（21） 

Mask 

（22） 
   

 
If to adjust impulse force by using throttle lever in phase of climbing, throttle lev-

er’s position can be denoted as 4103100011. 8,9-bit code for 0 is the same with other 
classification median plus, no special significance. If transfer display mode in the 
phase of take-off taxi, then navigation mode button classification code is 3202031007. 

4.3.5 Time Code 
Generally speaking, the proportion of incidents that caused by human error in civil 
aviation incidents is more than 70%. Once a motion absent happened in the opera-
tional process, the consequence will be very serious, even huge aviation disastrous 
incidents. In case of omission of pilots’ operational actions, the condition code re-
quires pilot should complete a certain action at a regulatory time which may avoid 
action omission. The times involved in this process are the last time of action itself 
and time between this action and next action. We can use time code to denote time, 
that is, to add time property to code. The format of time code is: xxHxxMxxS, of 
which xx stands for number. Time code can be expressed as figure 6. 
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Fig. 4. Time Code Structure 

4.3.6 Check Code 
Generally, Check bit in the coding structure is the token of check code. In the process 
of structure designation of primary code, computing check bit attached to primary 
code with prescriptive mathematical method in advance, then the computer would 
calculate check bit in the same way when use the check code, it is definitely clear to 
see whether the input is right by comparing these two check bits. Cyclic redundancy 
code (CRC) is one of the most common used check bits. Cyclic redundancy code 
produced at sending terminal is sent to receive terminal by adding to the back of in-
formation bit. To check the received information with the same algorithm that pro-
duces cyclic redundancy code, if there is a mistake, then receive terminal makes a 
resend notice. CRC is good at error detection, low cost, and easily coded, while it is 
hard to detect errors made by 2 bits or more. 

5 Conclusions 

Empirical research is the main mode of human error research in the field of interna-
tional civil aviation, which is well-directed but no universality. The proportion of 
accidents caused by human error still has not essentially dropped although there were 
a huge number of investments in the control of human error. The key factors should 
lie on the extremely sophisticated human factors involved, massy workload of prelim-
inary obviation and exorbitant costs. Therefore, we can only do some afterward per-
fection and real-time diagnoses. However, real-time diagnosis requires that the com-
puter should conduct real-time quantized comparison analysis while the scarcity of 
quantized description of pilot’s fundamental operational actions restricted the speed 
of solving this issue. 

To establish a standard of pilot’s fundamental operational actions is the prerequi-
site to work out human error issue, which can be digitalized as well. As a result, this 
paper puts up with the opinion that we should make a study on features of civil air-
plane pilot’s fundamental operational actions, trying to realize normalization expres-
sion and quantitative description by coding pilot’s fundamental operational actions 
sequence, providing a new thought for computer automatic detection and distin-
guishment of human error, enriching existing warn and remind functions and offering 
references for error prevention and risk avoidance. 
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