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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 S5 230 o3 O/¥EH, #8 BME A=2E T Eu B[S 2Yech d2|0 ot
HEE XN2ls 28 ITA A= JHOM AT Y F-fHE MY AT 2322 2 F(Feedback)otr| =Lt

ZTA 712 AEEQl 7= 37| AEY0IH HEERH ANEEUCE 57| A2 0|He 2JAL nS2H 2tE SLHA|
Zig 8 oLz}, REBAL $£HEE X0l £F02 =X J15381H SFAULE Johnson and Rantanen (2005)= XA} #-so”EQF Az
o|&H H7

197§ H|®Y T2t Ef(Parameten)2t 177 =StH X8 D EZA(MatriyE 235 L AUACH(Table 1).
of attack, Roll angel, Altitude, and G-load 52| H|&n} BB J7|&s5H ﬁ—f—% SEE Hotoks SAX YHE o| 7|dte|of x‘*‘*f
=2 ChYsh Hi THetHER M- 83811 (Hitchcock and Morway, 1968), HIE AlLtZ|2 L+0|£01I et RIZ=E EIK5L7| 9o A7z
S E[ACHBortolussi and Vidulich, 1991). #XH, ZFEAL ZO[H| HIL A0 28E|= H7/IQAE HIAHAEE FL2510] HXIH, 0|F
&5 CHA O A= Hi R (Back Pressure) &, 0|=¢ % & & (Take-off Climb Pitch), £k - &ak OXI THH|(Level off) 1, ETAS

up) L= SO, Y CHAOIME Z(xjF 20 &5t F20|0, M2 X &5 A M 2FE HZ Headingdh &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 7t S0| =Lk

[e}

S &

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 AX| 2% SHH0|M =FAL U HE MEHE ZLIEESH 24 B Hotsts
TEMN HEOFHMZ (st A HILZFO|CE FAA (Federal Aviation Administration)2t CAA (Civil Aviation Authority) & =A& 2 -3—

£ FOQA ZZ2ME T QX R F 7|&#H(Skil-based) LFE £Y = U= E2 =12 245D AUCKHFAA, AC 120-8
2004; CAA, CAP 739, 2003). FOQA HIO|E{ = Afxr- Atzf 2441} H|0|E e (Reactive)2te= S| BAA| ZEAL| HIEO e $|$4
240t 270| Cist o 7+s3HProactive/Predictive) HEO0|7| 20 &=s| A™NM 0ot =0t 1CA0L| 4% &#H 82 d
1 ACTH(CAC, Annex 6), FAAQ| 0= 822 23 Z283 Fotil RLO{(FAA, FAR part 13) HFE2| §EEH2 S
ot AL FAASl E2 FOQA O|HIE(Event)E HEE2I0L0] AHEHSI D UOT(Table 2), ATEE2 BEE OHE T HEXZE Q| EH40
[m]

=0 O|HIEE JHHSI0] FII5tE AT UCHFAA, AC 120-82, 2004).

http://jesk.or.kr



276 Dae Ho Kim J Ergon Soc Korea

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, QAHEE, 2|EMIt 2 E H7|553 Q40[Ct 0|23t Qa52 =F
AL HIET|&0| & ZtHECE #E0| on, B2[Z[ojof & RA0|CE 7| IR0 ZFAL e HHME MER ZTAL 2
Z2OHM ZEHUOAM X2 Z|CHst 28510 XM FE F0[= HHOZ CRM (Crew Resource Management)2 &5t QL
CHHelmreich and Wilhelm, 1991). 19909 X FAAE ZZ AL AQP (Advanced Qualification Program)E 2715 AQPON &= 7|

S2M HHI|& o ofL|2t B3 (Team work) 7|& =5t @ LEICED SFFICHFAA, CFR 14 part 121 and part 135). AQP2| SM2 A|Lt
2le7|dt A CRM, J2|20 AN 2F2HE 52| SMS (Safety Management System) 222 Holgt = UCHKwon, 2017). XA
o2 AZZ 0|82 Crew/Line/ScenarioE 7|82 JHEE|0] ZFEAME 2L, TFEAL| 7|&53u H7[&X 5H(CRM/TEM)O|
ol 2250 sMs 2= T2l FOQA 2|1 QM U=0]| ofs 2L i MEl= ZO|C) H7|&sHE HHAA™Ol H0QF 220
TR AT X2 ZEAS R CIXIF AtRH 7|=0| ZBL|0of UCh WX ZEALS| o2 &2E HEHOle ETEM (RME
6MiE AHX TEM (Threat Error Management)2 2 EHSIQICE O] WZH2S EEAL LFEE HX[817| ot Moz X7 LRE
oty @72 Qlok Aol MZHE S 2A2ot=0 AF8El= ZEOYO|TE 0|2fgt H|7|&253 HIIET&= Helmreich® CRM & #|
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|2y FUY 7t 7y AR HIt d2|1 H7|esd HIto| HEXNQ &30t E
27249] |OSA, FOQA, CRM/TEME 7|Z22 EASiC}

3.1 LOSA case study

ICAQOII M= LOSA HBLE L{EtLt= ZIHE Figure 11t 20| LIEFLIRACHICAO, Doc 9803, 2002). 2&&FRE2 2F EX[=20] 19964

15%0041 19981 55%2 S7HtRIL, MAZ|AE 8 2F 7 25%00A 15%=2 A4sts & 20tE EUCHD H0sta Aot tHEHQl
SEALE oA

RIZFS ARl ZE|HE SEAE LOSA MELE =0 F20| 70% d4dt= & A0l

QE|LIZIO M M3t A SEAS| ARE MTEH, 17((20049), 27](2011H)0 ZA 23| LOSAS HA|SIS =0 T2 OHHIFMO| AU
Ch =2 HHAIZCE 17| LOSAOIME HIAZ|AE AMEDF WA, XAtE AME, =EERO|E, +=2/0|2, £Z0|E, Flap AHE S0l &

FAln k=3 CHBHOIZE2 B3| K|
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Figure 1. LOSA crew error-trapping rate & checklist errors (ICAO, Doc 9803)

O[A HAABIO] A RE|O] RX|ESICL SHBLHE LOSA HEL Q2|0 gt Q142 SHAHON, SXO Z54 AHLs} ¥
ol 710{5HE 27 LOSA HEO WHE LS2 LosA 27|l Tisto] S 9 HEJH o3 X2 Sof HATYS A
of, ZEUYE £FA L SLUSO| AZS 2 o Uk L0SA T2 N HEE s BEX T DEAZ L0SA Zite)
ET2 MDGHYOD, L0SA ZIZLE HNE U BMTZIUS HEHUTH LOSA MBS Y (Threa AIBR| 210] 0| RO{X|E
UHAY YFE WY TRSS, 2N, BY SO QR Re 4B S)0 Che MTHI TEM E20| 5o SiictD BaED

i A BBAE 37| LOSAR YT FO0I0, O TH PIAHE B L3 AR KIS FBAMIK

8 SSEO0tE 0] 32EEB7|SAIEE, AMC: Air Mobility Command)of| A M38oz =@l MEst1 U], AFAADT 30| Class
EZ Ol&o] A0l EX| R=Z AHO| R2[SI=ZE St QUCHUS AF, 2006). LOSAS MA|SHs HelE O] ST 0fH|AHY S (Air Force
Reserve Command; AFRC), F22|S T (Air National Guard), EfE Y& (Pacific Air Forces), U.S. 3 &&(Air Forces in Europe), OFZZ|7}
ST(Air Forces Africa), O] ST SR A S (Air Forces Central Command) 27 & 2% (Area of Responsibility)O|Ct HELCH& 7|52
KC-135, KC-10, C-5, C-17, C-130, C-27 &0|t}. 3t= S=2| E<2, ICAO Doc 9803 r FAA 120-900] 7|23}0q, RIZtets 2% LOSA RE

ot 0] 3T REE o=3T 50 HF0] WY FHSHACHChoi, 2017). 8iE ZE= Y- 7 527 3E), BN 70N 7
12571 2E), QALE LRI 7 12571 2E), &7 =5 LREM 7Y 1197) 2E), S &357] SHEM ¥ 2670 2

E)olct JHeE Zibe FLHQ| LOSA MEIE ool 7|&H Eteds @%omtt.
3.2 FOQA case study
FOQA°| A2, FAA, FAR part 1301| oSN HAZZAUE St U, HERE FSEZHO0| Figure 22 22 48 FOQA AlAH
o E

=
Yot Qlck. ?EI'-f $ 1992'—=| 1 OHHZ 0 A FOQA AR 2B J0i| ALk FOQA2l 2T O[HIE Al

= =
JMALEL2, E0HHTH HE ZA 5‘4 M= (Low level) §X|, _*_l'f-’—'.*-E §| 7‘EXHOver speed
2 0| e Ao &
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recovery procedure), S&4
ot HE2 odlls HAE
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~
/g
§
=
0|I'I
fjo

£ stE 20k 0 320|M 200092 E C-17, F/A-18 7|55 H FOQA Z2IM S M0, 20059 DoD (Department of Defense)
PSRLES) Sofl A= 27|, 57| S22 st ACKUS AF, 2017). HLICH S FL= O] 379| F-15, F-16, T-38

& Z20E EOZ = =T F0|CHAntonio, 2011). FOQAE %Ié T8 StEO= HHHO0IH 7| S ZX|(FOR:
Flight Data Recorder), Z&4 4 7|2 % X|(CVR: Cockpit Voice Recorder), &8 2 7| Z&X|(QAR: Quick Access Recorder), H|EH A4 o
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O|E| 7|S%X|(FDVR: Flight Video Data Recorder) 0| RUCt =& &ZEOF0[A 2] FOQA &2 YR FTH|EfM 2t HIZOHHO| Fet &
29 HEHZL 59 RE PNt 0] o AlEE A4 EH FQOA ¢ 0= of it HZHo| A7t $40,0000007t HE HoZE F
Aot RACHUS NAVY, 2003). 3t 372 d%, TR7|Lt 2H7|0|M FOQAEI= HE22 2FSHX|= X2 FDR CVR FDVRE 0|&
St HIHRIZE QHHIZTHOA 22|BtCh MM 2 of HI°“AI HI® & 2PH0| =252 F s, FaAg H[A7E ot 3 At Al
Al 2 HEE 2ATIC HY 20 AREME SiA CVR FDVR S& E83IH, ZZALS| HHsH, FEEL =4 MEIE
Zsict, 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

Ao g g WSS MOME CRM/TEM 2HE Bt ngSHOE 2 STALS| AR, CRM/TEM ZHE 7

=, 7I/=20Mg, BZ20Ee s 2%t At 7|2age MY Finitial 8, 718 & $2XE Of

O 2%t Refresher IPY0| ZT8HE| 1, H7|/4EIPH2 LOFT (Line Oriented Flight Tralnlng) DEIPZ CRM NIE7|=0 &3
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4. Discussion and Conclusion
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