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A Calibration Method of FLOLS Based on UAV with
Differential GNSS Technology

HUO Liping, JIANG Zhidong, JIA Shaowen, YU Lu

( Qingdao Branch, Naval Aviation University, Qingdao 266041, China)
Abstract; The accuracy of sliding beam indication is an important indicator of the Fresnel Lens Optical
Landing System ( FLOLS). In response to the requirements of dynamic flight inspection of FLOLS, the overall
requirements to the UAV calibration platform are analyzed from the perspectives of the influence distance and
angle measurement accuracy of the calibration system and the imaging performance of the photoelectric
platform. The basic composition, calibration process, calibration data processing and error analysis of the
UAV calibration system are introduced. Finally, the key technologies and solutions of calibration are
analyzed. The study shows that the calibration method based on the UAYV differential GNSS technology meets
the requirements of regular calibration of FLOLS, and has the advantages of high flexibility and high
organizational implementation efficiency.
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Fig.1 Fresnel lens optical landing system ( FLOLS)
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Fig.3 Schematic diagram for calculating lens focal length
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Fig.5 Composition and calibration process of
UAYV calibration system
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Fig. 7 Elevation angle error of glide slope

B 7 AT AL, AP A IR 22 RE R B RS A 38 KT kS, 7R

IKFBERSRT 700 m J5 , A IREN M TR, £
TRENARTAETE N 1500 m Py, SE PR, 45
B R EETERE Y 700 ~ 1500 m, #RE R BE R IEIE/RAT
A WA R G K SE LR BE AR R RE SR B A
R BE B I , R UK BE BRI, (b2 B
BEERIE R, ot i T T HER I EANEE HR
EHEREH.

3 BRREBERSH

HETIAIF G BRI i vl B REHE 5 DIFE
BRI L R A DA RER R, URAEEF
Ok T R ER 2B E 7 GNSS Z 5 R A HES
o5, HEEANE G TIRERITE 6 A i
MAFERSESH. REBZTFEGFEIFRERITIV
bR R AR FIEANLE 6 FE0bS T BB X
FXREFOUENEE. P, B REER
ITERAS BN & F OGS T B R 28 3 3h 7
A
3.1 fIEVEREHZ SRR ERNK

& 4 AR AR ARk B, EANLF & i AL TIAR
PLTEESE T I8 BT 28, | ER BRI A L5k 4E
TS T M B 2R ) AR A, AR A AR B 2 IR AR
HEBLS LB R LA A AP B Z5 TR AR 7 B A S AL A i
5 GPS/IMU B2 5ui Hi B /] R 46 B2 K

8 Frs AL ESEE,
GNSS R

GNSS/IMU #H Pt

K8 mLaBrEE
Fig.8 Schematic diagram of ecceniric component

W 8 Fros , LR AEPLA LR GNSS R Az
DAER 2, HARERE Bn MBS & FBiRK
A—E. HBIEE SN CHEARIRR L in R
EHEMF R, FAVLEM FRERBHOR, ATIF
PSR R A REN &S F BinTeio R &L,
PLE TR R LIHLER GNSS R AR H .0 4 JE 2 3t
FR. BEHLE GNSS REMAL .0 A SHLEZEBIL
BEFLSA-TEENZMERE, AR MAE R



H4H

B BETIRAYUAZES CNSS Bt BIFE RETAR R T BRI 107

F, e A MU S M RLE R R R A, Bl A 72
S FHBIAIRR S, H AR (u,0,0) B E . BR
AR S FERHAS F PRI SAR 750 A (X, Y, Z,) Fl
(X,Ys,Zs) , ENTHZ

XA XS
[YA]=[YS]+R><
ZA ZS

XA, R E 3 A HUESA BT A IES A AR, B

4 (s)

a, a, a,
R=R(P><R{‘)><R‘(=[l71 b, b3]=

€ € C3

$in @cos K sin @

€08 Cos K —sin @sin wsin Kk —cos @sin k —sin @sin weos Kk —sin ECos
cos @sin x ]o

cos peos k —sin gsin wsin k —sin @sin x +cos @sin weos K €os PCOS @

(6)

A (6) ATAL HLEAL I R ARG AHLER GPS X
ARG POy F L B ST AENLE 3 MESA ¢,
w, kA, BPEEZS A A9 2846 2 XL U AR AL R AR AP 0 Y
LB o
3.2 FEERITNMAFOEELIREBERR

FEIRIRAT JUAAT o0 B AR o AR B R B RS, S
JEHTHE T I B AR R S8, TF T 43 e Rl R
GBS E MR LI R AT LA o0 AL R B ELAE
KA
3.2.1 [ EE) G JE R AT LT B AR R A

T IER R AT JUAT Hh O ToIE TCE. GPS ik %
WL, 7 2 F) T2 6 40F GPS BR-& (] I B . GNSS
o P B A LR A 3 T SEIB AT R U 0 I B AR
27, BPLAE PR TGS i o 42 i B off, £ U2 5 5 KM
JFEAE I R, 2R B Gamit 348 4b B %K {4 F1 GlobK ]
FERIAEFN R 2 ~4 > GNSS £ H] i, WA 9 B,

IGS5 &
B IGS3

II(a}S L A 1GS2

B9 GNSS &I M A s Z &l
Fig.9 Layout of GNSS control network

3.2.2 FREFEEARITIUAT oo AR

FERGES N FRASPRAR B, T8I 420 SR GNSS 5
BRI B A7 2K, ARAFFEIR IR KT JUAAT HHOAR XS T A AR AR A
RIESWALE . MARTER LAUTT i 32 i TR A R
WA 3 7= A HRAESE B, s MM AR TR SR AT JUART Fo.Co R AR R Al
AR RIS AR Z I R B, TR B AR AR AR A AR
h =R EE T REIEE), ATl A bR iR 19 7 X

HEIEI R U o SR iR . AT RIE
FE IR SE (B S AR ST I T 2 i 5
TR B . b, TRV IR AT I R T o7 A 1S 5
PR TR RS, A RE B E A A

A% SCR B B AH 7 22 43 7 1 0 B A0 B B R S A5
Ho BT GNSS [ R -2 F F GNSS BUeLi &
TRIFIFRL =22 6] B AH X B 04T 2 o U8B, GNSS
W 3 MREMIR 2 MERRRBA TR TR
(hE%E3ANRE . KA A,B,C, RS AB,AC, 1N
10 i

A

A

B 0
B 10 ZEENEREE

Fig. 10 Schematic diagram of attitude measurement

BAREAY DIV B4 11 BO R PR, 2L AL B 25
W AR, T 388 et A X 2 (AR 43 e 8 i d AB
FIAC, 79 BIRELR () 15 BT 4 5 IR A IR M0
BASHEAIE B SRR T & BRI, 75 TP R
FRR B AL R BB R A, FE LRI R B I
BRI R R LR B, KL A Bl B 4LRAR UL
L2243 R e X T 5 1 2 A 0L L 000 2 2%, S 3 A
RbF B AERARTRE L, K2k A FI B M RIER B,
(4 B T LA B AR B, 5k by 19 AR BT 0, T LA
WU A B O 922 1 RO GAIR 8 5 FE 0B 00 2 AT B IR
BT RBCEBCRLE €, 73 AC TR T AB, 1 K4k A
I C L RAR AL 22 43 B 55 , %o T 25 0 380 DR 5 00
B, STH A AR C SRS AL, R A M C HRIE
LRI D, b 9 AT LA B4 U AR ), 5L b, 1O A
FRZAE M VT LA B O R A 40

R A i TF H AR A8 b7 BRI AR AR R 1
JRA, R LR B 8 A RUBEBS T AT RS2, iT K d,y,
WIRE B B AR AL BT R A AR A (dy,0,0) ", AR 48 LI
(AT DARS B I A5 M R 48 B AR T A ffy WGS-84 4%
R, St BRI A B R B AT AR BT,
TEH (20 ya02,) " HT25 LA IR AT A FL 42575 )
SRR IR Sy FOOIR A p SR H

¥~ dug

= - 1. —_— 7
¥ arctan ) (7)

3
«/g"' (yB _dAB)2
(F#% 112 ®)

(8)

p = —arctan



112 Bt 5 #

®27 %

Annapolis ; Aeronautical Radio, Inc. , 2000.

(2] U3, s, R0 RS B RE RN RS
REMGR[Cl/BHEPEMEZ 2 2FER LRI,
2012.217-221.

(3] B, B, 295 D EERE WTiEEALT].
fias L3R ,2010,41(3) :41-45, 50.

(4] BHRE, B8 ThEEREMXREIR 5 LA
[J]. s AR ,2012,31(s) :48-51.

(5] 3, BRI BRE, %, TAWS K= MU A& E R 7
BAFF A T]. ok 54 H,2012, 19(7) :51-56.

(6] XIPi#&. EAYLEMEEHREIEFGMR[(D]. &
2B R ATE AR RS ,2016.

[7] oSS, 158, TAWS WA RGN AT BB R AR

LJ]. BV B ,2014, 31(9) :56-60, 115.

[8] Federal Aviation Administration ( FAA). Technical Stan-
dard Order ( TSO)-Cl151c, Terrain Awareness and War-
ning System ( TAWS) [ S]. Washington, DC, USA; De-
partment of Transportation, Federal Aviation Administra-
tion (FAA), Aircraft Certification Service, 2016.

(9] ZERSMR,EEF. BT DDS WA ARMGHERELT].
B TR DTS B4, 2016, 11(2) :214-218.

[10] XPHE®E ,ZFEM, £, F K THRUSURRS

MBS LI T]. KT A 3K,2016,35(8) :75-79.

(11]  ZEHs, EFRM, %k UTEMSARAZN TS

SEBL[T]. FHEHLR A L2018, 38(s) :228-231, 235.

(L#% 107 ®)

RIFEAT AN R 2 C 3] A BOBERS d,., R
C HIMERARAT (mc,yc,2.) " BRHBIRARAT B HY) = SRS v
FABE SR THEE x e FA BE p IR B R MH LR (2,
Yeoze) " BRI 3 W R, BRI (x),y ) ,20) " A8
e AR AR AR R AR R, B

0 1 0 0 X
=[0 cos r  sin r] < |y (9)
0 -sinr cosr zh,

dAC
AT S BRI r

0

!
z
r= —arctan(=%) =
¢

%,C08 YCOS P + ¥,8in y +2z,C0s ysin p

) o (10)

— arctan( - : ;
— %.8in ycos p +¥,C08 ¥ —z.sin ¥sin p

4 ZEFRiE

AR REFIF B AR S TR BT
SR AU S MAREE R GEROAE ARG P T A A B LA e
HLF- B R IEBER M B, 4T T TANR Y- & 58
AR RFNH TR GRS LR SRR,
W T SRR AR HMRITR. SHEANEF
U7 RAR L, Z e R T AN & Al R &AM
758, TRATHE /D, iy DLART ] TR IR] 20 4R 22705 e ) 2
fiiRZE/, B GNSS RN .05 MGGk B+
CRY O A B/, 76K AR B9 RTK AR BR B, To AL
WRCE G BARERTAN WIS, ETIA
PV 5 B8l SR R A 450 18] R 3% AL ST 5 fE
LBR BT R B PR TAR RIS S A, VIR IR /R BB

RGBSR RIFR) T —Fr 23,
& % Mk

(1] B—# b EMBIRE RS [ M]. dbat: BB Tk AR
#,2008.
(2] #W, 5. MEBYOLY B B8R Tk T].
A ,2014,7(5) :61-62.
[3] HWARXNER, DB ETEBRZICENE LR
ELORESNLT]. Bs SR ,2016,23(4) :81-84.
(4] XUZEFR, AW BT TDOA MREALES [H) & M LT
SY[T]. a5 ,2016, 23(9) :59-62.
[5] WM, S, BRKR, %5 ETFTILAN GPS HIEF
KRR [T]. KR EIRE AR, 2017,46 (1) . 73-
78.
(6] XI&F,KEE, BEE, %S AT AIRE EREE
W T E[T]. AR ,2015, 55(2) :146-150.
(7] BB SLEREMSIFREMRID]. Bt B
AR K2 ,2008.
[8] VL&A, EMT,BHANL, % HT SoC WERAPATIM
BE BEME T 5 ERT]. HEVLNE 54,2019,
27(10) :196-199.
[9] FRuEZR 4 —#k “CBHRET M#BEDRE B R RN
HPrEMAE EAE ). I EH S5 5 E,2007,29(2)
111-115,120.
[10]  J7d%. MBHIEF R AR D]. R ot i 1t
LA AR AR ,2009.

[11] XA, PUREE, 88, 55 MRS AR T
WEAFEEm T [J]. o6 54E1H1,2018,25(2)
98-102.





