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Objective: The purpose of this paper is to define and measure the performance of
pilots, and review how to manage human errors through recent domestic accidents.

Background: It is not easy to measure the performance of pilots. The understanding
of the pilot's performance and the efforts for maximization it are key to aviation safety
activities. Reviewing the current ergonomics and human factors textbooks in terms
of performance, most textbooks describe performance in terms of work physiology,
cognitive psychology, and biomechanics. Those information are not sufficient to
comprehend the performance of pilot.

Method& Results: In this paper, we discuss in the management program and pilot
performance technologies in terms of aviation safety, as applied by the international
aviation organization and the domestic aviation organization focused on literature
research and case study in the latest international standards The main purpose of
discussion is to define pilot's performance in view of subjective evaluation of technical
skills, objective evaluation of technical skills, and evaluation of nontechnical skills. We
analyzed the standard aviation safety program such as LOSA, FOQA and CRM/TEM
in terms of pilot's performance on subjective evaluation of technical skills, objective
Evaluation of technical skills, and evaluation of nontechnical skills.

Conclusion: Although safety improvements in the aviation sector have brought
significant safety improvements, it is important for aviation safety to define, measure,
and manage the performance of pilots more closely.

Application: This paper reviewed on the safety activities for the prevention of aviation
accidents can be extended and applied for other industries regarding efficient safety
management.

Keywords: Aviation safety, Human factors, Pilot performance, SMS, LOSA, FOQA,
CRM/TEM

1. Introduction
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2. Pilot's Performance and Measurement Technology
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2.1 Subjective evaluation of technical skills
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TAtel AHEH HOof Aot LTl S& 230 o3 oL, #8 EME A=2E T Eu B[S 2Fech d2|0 ot
HEE XN2ls 28 ITA A= JHOM AT Y F-ofHE MY AT 2322 27 (Feedback)otr| Lt

2.2 Objective evaluation of technical skills

ZZAMN 7lesE AAH HIts gE7| A2 0/H JHE2RH AL RICE 2E7| AIZ80/Hs ZF5A Us2H 21tE SO
Zig & ofla =T +YEE £AHY +FEC2 5 7155 oFRULE Johnson and Rantanen (2005)5 ZZAL A= HEAE
197K H|%Y L2t Ef(Parameten@t 1770 =&t =X|& I EEAMatriS LA LiRACHTable 1). O] H7HAH-2 Air speed, Angle
of attack, Roll angel, Altitude, and G-load §2| HI&1} 2AE 7|2 HEE HEE B7I5l= SHK SYE0| 7|8E0 ZFA
WS CHFSh B mi2toet2 X85t (Hitchcock and Morway, 1968), HIZ A|LtZ|2 '—POIEOH Chet BIZEE HILSH7| flot A2

S E[ACHBortolussi and Vidulich, 1991). #XH, ZFEAL ZO[H| HIL A0 28E|= H7IQAE HIAHAEE FL2510] HXIH, 0|F
45 HAOM = B (Back Pressure) £k, 0|=¢ % X & (Take-off Climb Pitch), £ - gbs S|, A*Lﬂzlla (Level off) &=, &S (Flap
up) L= SO, Y CHAGIME Z(xjF 20 &St 220|0, M2 X &5 A M 2FE HZ Headingdt &M FX|0f CHoE LY
8O|Ct HA EItRAE Time Altitude, Headlng, Speed Position (X, Y), Pitch, Roll, Range, Bearing, Flap, Landing Gear2| X|™ T %k(Ground
Contact)2| AEH 2t S0 =Lk

Table 1. Flight parameters &derivative measures used in the literature (Johnson and Rantanen, 2005)

Parameters Derivative metric
Altitude Glide slope RMSE Autocorrelation
Airspeed Tracking Std. Dev Time outside
Roll Flaps Max/Min Tolerance
Control inputs Trim Mean Median
Heading Speed brakes Frequency analysis ND
Pitch Sideslip Range Boolean
Vertical speed Landing gear Deviation from Correlation
VOR tracking Acceleration Criterion Moments
Yaw Position Time on target MTE
Turn rate NDB tracking Mean absolute error

FOQA (Flight Operation Quality Assurance) Z2 12 MA| 23 SZ0M =FZAL U HY MEfE 2L 24 Y Bkt
TEN HEOFHMZ (st A HILZFO|CE FAA (Federal Aviation Administration)2t CAA (Civil Aviation Authority) & =A& 2 -3—

= FOQA Z2AUS ZFA AR T F 7|& & (Skil-based) 2LFE L + Us =72 A5t QACHFAA, AC 120-8
2004; CAA, CAP 739, 2003). FOQA TIO|Ef= AtL- At 24421} H|0|E FE Reactive)2t= HE| Al A HIE A= $|$4
240 2F0 O3t o 7HsBHProactive/Predictive) FEO|7| ME0 3| HMIHM F1t7} =L ICAOL

ot I o}m i 0

=

S | 4 #H 782 8
1 ASDH(CAC, Annex 6), FAAS| R0 #E2Z 243 T2 WS Foti QU0{(FAA, FAR part 13), LHEEC| §SEX2 FOQAS 2
GOt UL FAAQ] B2 FOQA O[HIE(Event)E EFLIHY XS U M(Table 2) HHEX2 BFE OHIE T HEZZ O SY0
o

=0 O|HIEE T4 HSI0] FII5tE AT UCHFAA, AC 120-82, 2004).
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Table 2. Major event category of flight mode (FAA, AC 120-82)

Mode Event category
Vertical ACC, High rotation rate, Pitch attitude high, Early rotation, Late rotation, Unstick speed hi/lo, Abort
Take-off
take-off
Climb Climb pitch attitude, Bank angle limit, Climb speed hi/lo, Climb height loss, Gear up speed, Flap/slat change

early, Time to 1,000ft limit, Vertical ACC

Cruise Vmo exceedance, Vmo exceedance, Max operating ALT, Bank angle limit, Vertical ACC

Gear extension speed, Speedbrake extension, Bank angle limit, High descent rate, Flap placard speed, Low
Approach altitude 3 to 2 min out, Glide slope deviation hi/lo, Localizer deviation, Late landing flaps, Approach speed
hi/lo, Normal acceleration

High/low pitch on LDG, Bank angle limit, Incorrect flap landing, Normal acceleration, Heading deviation on

Landing roll, Go around

2.3 Evaluation of nontechnical skills

HAZO0O| QMR RE LELE MEQAs FE OAILE, QAHEF, 2(EMIt 2 E H7|553 Q40[Ch 0|23t Qa52 =F
AL HIEZ|&0| & ZtHECE #E0| o, B2[E[ojof & 2A0|CH 7| IR0 ZFA sHE HAHME MER ZTAL 2
Z2OHOM ZEHUOAM X2 Z|CHst 28610 M FE F0[&= WHOZ CRM (Crew Resource Management)2 &5t QL
CHHelmreich and Wilhelm, 1991). 19909 X FAAE ZZ AL AQP (Advanced Qualification Program)E 2715 AQPOIN &= 7|

S2M HHI|& oF ofL|2t B3 (Team work) 7|& ot @ LEICED SFRICHFAA, CFR 14 part 121 and part 135). AQP2| SM2 A|Lt
g2le7[dt At CRM, J2|20 AN 2F2HE 52| SMS (Safety Management System) 2Z2 2 Holgt == UCHKwon, 2017). XA
OS2 AZY 0|82 Crew/Line/ScenarioS 7|HC 2 JHEE(0] ZFME 2SI, ZFAML| 7|5 H7|&H SH(CRM/TEM)O|
ol 2250 sMs 2= T2l FOQA 2|1 QM U=0]| ofs 2L 7 MEl= ZO|C} H7|&sHE HHAA-Ol H0QF 220
TR AT X2 ZEAS R CIXIH AtRH 7|=0| ZBL|0of UCh WX ZEALS| o2& E HEHOle ETEM (RME
6MICHE 714 TEM (Threat Error Management)Q 2 2HH3SIICE O] HIAH2 ZZA QLBEE W87 Q¢ HsHAoR X7 RS
Hotfa, 2F=z st Aol HdS Leldt=m A8kl ZZIMO|Tt 0|23t 7|25 EIIET= Helmreich?l CRM 53 A
A2[AE0 2ot ZEAL =Y E Maker (Team management & Crew communication, Automation management, Situational awareness &
Decision making, Technical proficiency &)7t A2, CAA (Civil Aviation Authority)2| H| 7|25 H7IEHH Rl NOTECHS?H RLCHFin et al,
2003).

il

3. Analysis of Aviation Safety Application Case

Al BM2 A 2 ZHON 7|2 FUY 7t 7|y AR "It d2|1 H7|esd HIto| HEXNQ &30t E
27249] |OSA, FOQA, CRM/TEME 7|Z22 EASiC}

3.1 LOSA case study

ICAOO| A& LOSA B89 Z LIEtLHE Z1HE Figure 11+ 20| LIEFL AEKICAO, Doc 9803, 2002).
15%0Il A 1998 55%2 F7I5IU L, HAZ|AE £+ QFI 25%0M 15%2 LA

t
DIZHtS ARl ZEIHIE SSAE LOSA 82 S0t F20| 70% L4dts & HHO| S

52920 Q2 EFX|80| 1996

QELIZIO N M3t A SEAS| ARE MTEH, 17((20049), 27](2011H)0| ZA 23| LOSAS HA|SIS =0 T2 OHHIFMO| AU
Ct =8 HHAIZS R 17] LOSAUAME MIAZAE AMSI MAFEZA, XE AL, +HHO0|E, & 0|Y, £20|E, Flap AR S0

Pl =) CHSHQIZES S| K|
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Figure 1. LOSA crew error-trapping rate & checklist errors (ICAO, Doc 9803)

OfM 7HMARZO] AEE|0of ZX|Z|UCH FARLLE LOSA HEE2 F 2|0 it Q1A SetAIZIoH, 3N 23 HHES ¥
Mof| 7|43t RICE 27| LOSA M 89| UHMA Y82 LOSA 27| #0f thoto ILh- < ME7Ho)| ofst A2 Sl JHMEYS HAlst
of, ZEYE ZZA U SRS MZE L2 20| QUCL LOSA T2 Mz SEE s AEX &3 D2 LOSA 21t
EHE WIS, LOSA ZUERH HNY 5 HMZR S XESIAUCE LOSA HES @ (Threat) A SA| 80| O|F0{X|=
UEAH SF2 WY, 2REES o, 58 59| 045X 2ot 4Y )0l chst AEXQl TEM S80| JHs36tA St 2agn

A ZFAte 37| LOSAE 2ITH| F0|0, i =5 SIAHE O ofL|zl AE MH|E SSAUIA|

8 FSSEO0tE 0] 3ZEEB7|SAIEE, AMC: Air Mobility Command)of| A M38oz = MEstn U], AHAADT 30| Class
EZ Ol&o] A0l EX| RE=Z A0 R2[St=ZE St QUCHUS AF, 2006). LOSAS MA|SHs HelE O] ST 0fH|AHY S (Air Force
Reserve Command; AFRC), 22|S T (Air National Guard), EfE Y& (Pacific Air Forces), U.S. 3 &&T(Air Forces in Europe), OFZZ|7}
ST(AIr Forces Africa), O] 3o SHAYE(Air Forces Central Command) M1 A (Area of Responsibility)O|Ct, MELj4 7|52
KC-135, KC-10, C-5, C-17, C-130, C-27 &0|C}. 3t= S22 E<2, ICAO Doc 9803 r FAA 120-900] 7|23}0q, RIZtets 2% LOSA RE

ot 0] 3T REE o=3T 50 HF0] 0 FHSHACHChoi, 2017). 8iE ZE= Y- 7 527 3E), BN 77N 7
12571 2E), QALE LRI F 12571 2E), &7 =5 LREM 7Y 1197) 2E), ST &&57] SHEM ¥ 2670 2

E)OICh 7HEE Zit= el LOSA =& 2l 7|=H EfgdS 7.:1§OFMEF.

3.2 FOQA case study

FOQAQ| A<, FAA, FAR part 130] QA BHZ2 WS 15t o, thEE &3XA0| Figure 22t 22 &8 FOQA AlAHZ
2ot Ut R2[LtE D g3A 42, 1992L=| Bl QHHZZI0M FOQA AlAE 2 S0 UCH FOQAS| H OHIE LHAl 24
ZNE EZ BHEY SHIETFZA)ZE OHIEE THE ZFJA0|AH HAME EU £E QS mASIA(ZTAILEE LH HIZZ &),
WSS HAIBICE Eot HOF e QAE 21 242 QoM LEIIZE ZAZDO| CisiM AR 2A5ts 59 QB E St
UCE FOQA ERCE D &AL Fa JMArEE, 2et8st 2 Za X HIZ(low level) FX|, ZNHEE 2| SHXKOver speed
recovery procedure), 3L ﬁLXﬂXl@' 2K 7 59 2EEK M SO|ChPark, 2010). FOQA ZZ 12 H0|E Sl &
Mt HE0 dxls MAEA 7|2(Wifi, LTE 5)2 £310] MAIZtez 2Mg|n Qlrt

£ stE 20k 0] 320|M 2000H2E C-17, F/A-18 7|55 H FOQA Z2I1M S M3} 20, 20059 DoD (Department of Defense)
PSESES g ¢ sfj= 27|, 47| SO B|Sty UCKUS AF 2017). ZHLICH S22 B O] 322| F-15, F-16, T-38
3718 &l s H Z20E Eff2 = ¢ FT FO0|CHAntonio, 2011). FOQAS I3t F8 SIEY 0= HIHHO|E 7|SEX|(FDR:
Flight Data Recorder), Z&4 4 7|2 % X|(CVR: Cockpit Voice Recorder), &8 2 7| Z&X|(QAR: Quick Access Recorder), H|EH4f o

http://jesk.or.kr
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O|E| 7|S%X|(FDVR: Flight Video Data Recorder) 0| RUCt =& &ZEOFO[A 2] FOQA &L YR FTH|EfM 2t HIZOHHO| Fet &
29 HEHZ 59 RE PNt 0] o AlEE A4 EH FQOA ¢ 0= of it HZHo| A7t $40,0000007t HE HoZE F
ot RUCHUS NAVY, 2003). 3t 72| d%, TF7|Lt 2H7|0|M FOQAEI= HE22 2FESHX|= X2 FDR CVR FDVRE 0|&
St0f, HIHRIZE QHAZTHOA 22|BtCh MM 2 of HI*"AI HI® & 2PH0| =252 F s, oA H[A7E 8t 3 At Al
Al 2 FEE 2ATIC HY 20 AREME SiA CVR FDVR S& E83IH, ZTALS| HIHsH, FEEL =4 MEIE
Asic}, giztetg (o s Yst & 357|870 FOQA Al2-ME &5t RUCt

Airline FOQA experience:

e British Airways pioneered the concept over
40 years ago, and several European airlines
have employed it for at least 20 years.

e Insurance industry figures show that airlines
that have been using FOQA for 14 years or
more have an accident rate half the average
of the remainder of the world’s carriers.

e FOQA programs have saved airlines
hundreds of millions of dollars through
safety enhancement, training improvements
and maintenance procedures.

e Most US airlines have voluntary FOQA
programs. Despite the recent financial
difficulties, none have suspended their
FOQA programs.

Figure 2. FOQA experience of airline

3.3 CRM/TEM case study

el HiRE UESAMME CRM/TEM 28 S F1f USBH2Z 2 gH3Ate] A2, CRWTEM 28 S 7|

=i, F7|/=80HE, EZ0Ee s Y5t otk 7|2arE2 MY Finitial 2V, 718 & $4X%E Of

O 20t Refresher UFHO0| ZHL| 1, F7|/5 Y2 LOFT (Line Oriented Flight Tralnlng) WSIFEIH CRM MR 7[&0] 2ol

a2|0 AY SEAMO Joint-CRM S0| ALk BZUFE2 7|FYUR X A0 2EB Advanced 1M, E|C4 IS ZBBHH(Yonsei
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ke & YA L=

MHE(ACO), 3 ot APE“:'(ARC £ 4oz MEus
H(Curriculum)2 0] 372 CRM ZHX|E0| 2|7 WIAMA
CRM 217 2#1Pd(Advanced CRM Continuation Training Course), wat &
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4. Discussion and Conclusion

A Aot YSALEOAML Hetg2 Hr|Ee EAN YRS 2Md + A ot 0F S Fog & UAERE ot ¢
H2dol 7|2H0 A=0|H, ol2fet ZJAL =2l H2|= HIYATO| AIML| =HOIL). 2 =20 ME o SIS ZOoroM F2
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