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ABSTRACT

Pilot is one of the most important factors to ensure aviation safety. The article focuses on the Pilots Development Plan-
ning (PDP) problem. It is different from other countries that pilots are developed by airways themselves in China. Pro-
motion of every pilot needs specified quantity of flight experience hours which are accumulated in daily flights. In the
same time, the promotion routes of pilots are diversified. So keys of PDP problem are to estimate the number of pilots
who have promotion qualification in different planning period and to optimize their promotion and transfer in all routes.
After analyzing characteristics of pilot training, a PDP road map is drawn which shows the typical process for pilots’
promotion and transfer. An optimization model which has promotion qualification constraints is built to solve PDP
problem. According to different pilot development patterns, the method is proved to be effectively by a case study. The

research has practical significance for Chinese airways.
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1. Introduction

It is urgent for Chinese civil aviation to train enough pi-
lots in high-speed development period. It is either not
easy to do so because airlines train pilots by themselves
in China which is different from other countries. Based
on the estimate of the future aviation market, airlines
employ certain number of trainees from aviation acad-
emy to meet the demand of future pilots. At the same
time, pilots employed by airlines are arranged to different
types of planes to accomplish flight tasks according to
demand. When the pilots have enough accumulated flight
experience, they can promote or transfer to other aircraft
types. It takes about four to seven years for a typical
trainee to become a qualified captain. The number of
qualified captains is one of the most important kinds of
resource which determine the flight safety and develop-
ment of airlines.

In recent years, Chinese civil aviation industry devel-
ops almost twice as fast as national economics. Fore-
casted by Boeing, Chinese annual average passenger
growth rate is 7.6% and China will become the second
largest market of the world in next 20 years [1]. Along
with the fast increasing fleet size, the problem of pilots’
resources shortage is always a burning question in civil
aviation industry.

A scientifically reasonable plan of pilot development
contributes to improve the operation economy and pro-
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duction safety of airlines. The moment the trainees em-
ployed by the airlines, the airlines have to spend a lot on
the trainees’ training and operating. In case of pilot re-
dundancy, the airlines will suffer from the increased fi-
nancial burden and occupied fixed asserts. It influences
airlines’ development. Since the number of captains is
required by the demand of market oriented flight, when
the increase of co-pilots exceeds that of flight, the pro-
motion of co-pilots has to be slowed. And the delayed
promotion of co-pilots may influence the motion of co-
pilots, which leads to the loss of co-pilots or influence
the safety of flight due to the motion impact [2,3].
Therefore, effective medium- and long-term pilot devel-
opment plans is necessary due to not only the safety but
also the development of airlines.

Vassiliou [4,5] has studied the foreign pilot training
programming problem. By classified the pilots by their
grade and discretizing the operating hour, and based on
the hypothesis that the movement of different grades
satisfy Markov quality [6] and statistics of history data,
they established Markov analysis model. Georgiou et al.
[7] further revised and improved Markov analysis model.
Markov analysis model is suitable for the pilot human
resources prediction to promote with no special control.
Gao et al. [8] has also proofed that when the distribution
of the increase for accumulation of flight experience
hours is fixed the promotion of pilots is a Markov pro-
cess. In fact, flight experience hours are accumulated
during production process. Its increasing is affected by
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flight task, pilot-plane rate and the quality of task ar-
rangement and is not always a fixed distribution.

In the field of pilot training planning, many scholars
have done a lot based on optimization theory and system
dynamics. Gao et al. [9] worked out the promotion esti-
mate model in single type flight without considering the
promotion indexes and the adjustment between fleets. Jia
et al. [10] studied the pilots programming problem and
describe it as a network flow model.

In this article, characteristics of pilot training in China
are analyzed and we study a mathematical programming
with which we try to solve PDP problem. In Section 2, a
PDP road map is drawn. An optimization model which
has promotion qualification constraints is built in Section
3. A case study is present to demonstrate the effective-
ness of the optimization method in section of this article.
In the last part conclusions are drawn.

2. Pilots Development Planning Road M ap

The process of a typical trainee to captain has been
showed in Figure 1. After graduating from aviation aca-
demy and employed by airline, trainees work on narrow-
body fleet and transfer to wide-body fleet as co-pilot ca-
pacity. All types of co-pilots work on their flight and pro-
mote based on the accumulation of their operating hours.
As for wide-body fleets, co-pilots could transfer to nar-
row-body fleet to promote to captains. The more hours
accumulated in wide-body fleet, the fewer hours it takes
for a co-pilot gets the qualification. When necessary, co-
pilots in wide-body fleets could promote to captain with-
out transferring, while a higher accumulation of operat-
ing hour is required.

In Figure 1, C,,i=1,2,---,n, means co-pilots with
grade 7 and P means captains in each fleet. Fleet A is
narrow-body fleet and Fleets B and C are wide-body
fleets. The solid lines stand for the normal promotion
routes and pilots will not take the dashed routes unless
they are allowed to do so by the decision maker.

According to their demand every year in the future,
captains are chosen from narrow-body aircrafts to be
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Figure 1. Example of PDP road map.
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trained and transferred to wide-body aircrafts. Then the
demands of captains of all fleets are satisfied. The prior-
ity levels of different fleet determine the route and num-
ber of transferred pilots.

This research focuses on how to estimate the number
of pilots who have promotion qualification and to opti-
mize their promotion in all routes.

3. Modeling

In this part, a mathematical programming model is built
to solve PDP problem.

3.1. VariableList

Set list:

I: The set of Fleets.

N: The set of co-pilots’ grades.

IT: The set of co-pilots who transferred from other
fleets.

J: Years during planning period.

Variablelist:

Cn,lﬁ,,,,,,,-, ;: The number of co-pilots who transferred
from Grade n of other fleets and will promote from grade
n — 1 to grade n in Fleet i during Year ;.

CZ,,,I-,h, ;- The total number of co-pilots who will trans-
fer from Grade n of Fleet i to Fleet 4 in Year ;.

PZ,-,h, ;- The number of captains who will transfer from
Fleet i to Fleet /4 in Year .

Pp, ;: The gap of captains in Fleet i in Year ;.

®,,;;x: The number of co-pilots who will transfer
from £ th interval of accumulated flight experience hours
of Grade n to Fleet i in Year j.

82,7+ The number of co-pilots who have qualifica-
tion to transfer from Fleet i to Fleet % in Year .

Parameter list:

a;,,: The required accumulated flight experience
hours for co-pilot with Grade » to promote in Fleet i.

ou,, dd,;: The maximum and minimum estimated
values of increase flight experience hours in one year for
co-pilot with Grade » in Fleet i.

Ad, ,: The probability for co-pilot with Grade n to
build 0d,; flight experience hours in one year in Fleet
i

Ra,,..;: The proportion of co-pilots who will pro-
mote from Grade n to Grade n + 1 in all qualified
co-pilots in Fleet i.

Vs,.,: The cost for one co-pilot with Grade n to pro-
mote in Fleet 7 in Year .

Vez,;, ;. The cost for one co-pilot with Grade 7 to
transfer from Fleet i to Fleet / in Year .

VPZ,-,;,, ;- The cost for one captain to transfer from Fleet
i to Fleet 4 in Year j.

Vpp;, Vep,: The penalty fee for one gap of captain
and co-pilot.
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Rip, ;, Ric
co-pilots.

Zg, 1.1 - The number of new co-pilots with grade n +
1 in Fleet i in Year .

0, : The minimum limit for co-pilots who will trans-
fer from Fleet i to Fleet 4 every year.

Dp, ;, Dc, ;: The demands for captains and co-pilots
in Fleet i in Year j.

&,..; - The number of co-pilots who have qualification

3.2. Optimization M odel

mmz{zz (v,

;- The numbers of retired captains and

n— lnr;t/)

Z Z (chn,i,h.j X CZn,i,h,j)+

to promote to captains now.

Re, . i+ The number of co-pilots with Grade n now
who transferred from Grade # in Fleet i in Year j.

Rp, ;: The number of captains in Fleet i in Year j.

Junijx: The number of co-pilots in k th interval of
accumulated flight experience hours with Grade »n in
Fleet n now who transferred from Grade # in Year .

o, ,;: The total number of pilots who will transfer to
Fleet i in Year .

Z (szl.,h!j X le,,h’j)

jeJ lielneN nell i,hel&i#h nell i,hel&izh (1)
+Z;‘(Vpp[,j X PP,-,,- + chl.,j X Cp[,j)
0 0<k<dd, +a,,
Ad X f n,i, j=1,k— 611,” % }wn,n,i,h,j,k é‘dn,i + ai,n,r] <k S 5un,i + ai,n,r]
hell{i
ln,mi,/,k = (1 - Adi‘n ) X f;t,q,i,jfl,kﬂ?u + Ad X f n.i, j-lk=od,, z a)n,q,i‘h,j,k 5un,i + d < k < 5d + az ,n+l,m (2)
he]/{i}
(1 - Adi,n )X f;un,i,j—l,k—éu,,i - % } a)n,r],i,h,j,k §d + az n+l,n < k < 5” + al n+1,n
hell{i
0 k>édu,, +a,.,
ln,?],i,j,k—‘rl lr]zjk+F 1)17]1]+Gnij 1nr]<k<aznr]+§un—l,i
j;1,l],i,j‘k = ln,77,i‘/‘,k z ,n,n + 514” 1i < k al ,n+ln (3)
0 k<a,, or k>a,,,
J-l J R
Cn n+l,n,i,r n n+1,l],i,r/Ran,n+l,)7 i Z Zgn n+ln,ir (Ln/nJ)X gq i Z ng h,j (4)
r=1 r=1 he[
ch,i‘/‘ = Z (ch,r],i,/ 1 Czn JLhy g O-n,i,j - Cn,n+1,r],i,j + Cnfl,n,n,i,j ) - (Ln/ﬁj) [th + Z ng Lhy /] (5)
nell he[ 1
Oty The objective function (1) is to minimize the total cost
28, piini, = A— (6) which includes promotion costs, transfer costs and pen-
k=a, 41 alty fee for lack of captains. We adjust the priorities of
co-pilots’ promotion by Vs, . For example, when
O,ij= Z(Z Dy i j-1k' ] Ln/ﬁJXgZ;,,,-,j (7 V$yijiip <Vs,.;,» the promotion will be planned as
hel later as possible.
Cz,ih,) = Z i +(Ln/nJ)Xng W ®) The step fupctlon (2).and (3) is used to estlmate the
accumulated flight experience hours for each co-pilot.
With the promotion requirements, we can estimate the
Zing 2 ( > > Re, i IJ ©) number of pilots who newly get the promotion qualifica-
neNpell tion in different planning period by Formula (6).
Rp,,+Pp,,>Dp,, (10) Formula (4) constrains the number of co-pilots who
will promote to captains and ensures the flight operation
> 2 Re,,. ,+Rp,;+Pp, ;2 Dp +Dc (11) level for good-skill co-pilots.
neN nell

Rp[/ Rpt ,j-1 +C Z CZi,h,‘/' _th' i (12)

n,n+l I]Ij L)
hel/{i}
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Formulas (7) and (8) calculate the number of trans-
ferred co-pilots and their grades. Formula (9) constrains
the minimum number of co-pilots to transfer. It ensures
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co-pilots to promote to captains in the future.

Formulas (10) and (11) mean that pilots must meet
their demands every year.

Formulas (5) and (12) are flow balance constraints for
pilots.

4. Case Study

In order to demonstrate the effectiveness of the optimiza-
tion model, a case with two scenarios according to simu-
lated data of some airline company is studied in this sec-
tion. Three fleets are present as Fleet A, B and C. Fleet A
is a narrow-body fleet while the other two are wide-body
fleets.

4.1. Scenario One

At the beginning of planning period, the staff in all fleets
is shown in Table 1.

First of all, we consider a situation where all the fleets
are increasing at 12 percent annually in the next five
years in Chinese civil aviation industry. In this case, the
future demands of captains and co-pilots are calculated
and showed in Table 2.

Table 1. The staff in all fleets at the beginning of planning
period.

The staff
The number of
pilots Co-pilot Demar.ld of Captain Demanq of
co-pilot captain
Fleet A 248 253 240 230
Fleet B 126 99 93 90
Fleet C 141 212 160 192

Table 2. The future demand of captains and co-pilotsin all
fleets.

The demand of 1he demand of co-pilots ~ The demand of captains
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Based on the above input data, the programming mod-
el is run by LINGO 9.0 which is a simple tool for utiliz-
ing the power of linear and nonlinear optimization to
formulate large problems. The main purpose of LINGO
is to allow a user to quickly input a model formulation,
solve it, assess the correctness or appropriateness of the
formulation based on the solution, quickly make minor
modifications to the formulation, and repeat the process.
We get the results as follows.

Table 3 is the planned number of captains and its gap
in all years of planning period. Based on the estimated
developing rate, the reserve of staff is insufficient at the
beginning of planning period. Therefore, there is captain
gap in the first three years, which is coincided with the
fact. After the reasonable adjustment in the last two years,
the supply and the demand of captain are balanced.

Table 4 is the adjustment of captains during planning
period.

Table 5 is the promotion of co-pilots in all years dur-
ing planning period. In the first three years, all qualified
co-pilots promote to captains because the existence of
captain insufficiency. In the last two years, only parts of
co-pilots promote.

Table 6 shows the number of transferred copilots
every year. In the first three years, demand for captains is
very large, so co-pilots more than the minimum number
are recommended to participate transfer training so as to
promote to captains in the future. In the last two years,
the number of transferred co-pilots equals to the mini-
mum number.

Table 7 shows the recommendations of enrolling new
employees during the planning period.

4.2. Scenario Two

Due to the development demand of Chinese civil aviation
industry, some types of aircraft will retire in next few
years. The pilots of retired aircraft will be arranged to

ilots . .
P Fleet A FleetB Fleet C Fleet A Fleet B Fleet C other fleets according to the requirement. In response to
Year 1 286 99 229 260 90 208 this reality, we have designed a scenario: the scales of
Year 2 319 110 256 290 100 232 Fleets A and C are still developing by average annual
o . . . .
Year 3 350 21 2% 30 110 256 rate of 12%, while Fleet B will complete retirement in
the next five years.
Year 4 391 132308355 120 280 Table 8 shows the demand of captains and co-pilots in
Year 5 435 143 344 395 130 312 all types of aircraft in the next five years.
Table 3. The planned number of captainsand itsgap in all fleets.
Fleet A Fleet B Fleet C
The number of Th ber of Th ber of Th ber of
captains e number o . e number o . e number o .
p captains The gap of captains captains The gap of captains captains The gap of captains
Year 1 255 5 93 -3 208 0
Year 2 258 32 100 0 232 0
Year 3 302 18 110 0 256 0
Year 4 355 0 120 0 280 0
Year 5 395 0 130 0 312 0

Copyright © 2012 SciRes.
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Table 4. The planned number of captainstransferred to every fleet.

Year
The number of captains
1 2 3 4 5
Fleet A 0 0 0 0 0
Fleet B 0 7 10 10 10
Fleet C 48 24 24 24 36

Table 5. The number of co-pilots promoteto captainsin Fleet A.

Year
The number of captains
1 2 3 4 5
Qualified 53 61 87 130 37
Promoted 53 61 87 99 23

Table 6. The number of co-pilotswhich convert aircraft typein each year during planning period.

Fleet B

Fleet C

The number of co-pilots  The minimum number of

transferred co-pilots

The planned number of
transferred co-pilots

The minimum number of
transferred co-pilots

The planned number of
transferred co-pilots

Year 1 14 84
Year 2 10 10
Year 3 11 11
Year 4 12 12
Year 5 13 13

12 75
10 23
11 26
28 28
31 31

Table 7. Recruiting plan of new employeesin each year of planning period.

Year
The number of new employees
1 2 3 4 5
Fleet A 171 95 147 163 173

Table 8. The future demand of captains and co-pilotsin all fleets.

The demand of co-pilots

The demand of captains

The demand of pilots
Fleet A Fleet B Fleet C Fleet A Fleet B Fleet C
Year 1 286 99 229 260 90 208
Year 2 314 88 256 285 80 232
Year 3 341 66 282 310 60 256
Year 4 344 33 308 340 30 280
Year 5 407 0 344 370 0 312

We can get the following planning proposals by LINGO
9.0.

Tables 9 and 10 shows that along with the shrink of
Fleet B, its captains decrease year by year and can meet
the demand. And the gaps of captains in the other fleets
have also greatly reduced compared with Scenario one.

Copyright © 2012 SciRes.

For Fleet C, the gap of captains is —4. It means that the
number of captains is more than its demand in the last
year of planning period because of receiving captains
from Fleet B.

Table 11 shows that the demand for new employees is
greatly reduced compared with Scenario one because of
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Table 9. The planned number of captainsand itsgap in all fleets.

Fleet A Fleet B Fleet C
The number of captains
The number of The gap of captains The number of The gap of captains The number of The gap of captains
captains gap P captains gap P captains gap p
Year 1 258 -2 90 0 208 0
Year 2 278 -7 80 0 232 0
Year 3 310 0 60 0 256 0
Year 4 370 0 30 0 280 0
Year 5 370 0 0 0 316 —4

Table 10. The planned number of captainstransferred to every fleet.

Year
The number of captains
1 2 3 4 5
Fleet A 0 0 0 0 0
Fleet B 0 0 0 0 0
Fleet C 48 24 24 24 36

Table 11. Recruiting plan of new employeesin each year of planning period.

Year
The number of new employees
1 3 4 5
Fleet A 162 78 67 50 68
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