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Abstract: A novel integrated guidance and control (IGC) approach is proposed for the landing of a fixed-wing unmanned
aerial vehicle (UAV). In this approach, the sliding-mode variable structure control (SMVSC) and the active disturbance
rejection control (ADRC) are combined in the structure of the dynamic surface control. A 6-DOF model of the UAV and
the model of the relative line of sight (LOS) between the UAV and the target are built. The integrated guidance and control
is designed under the dynamic surface control framework with sliding-mode variable structure control. By introducing
ADRC technique to the design, we raise the system robustness against the uncertainties in the unmodeled parameters and
the external disturbances. The ADRC also suppresses the vibration of sliding-mode variable structure control. This control
approach enables the UAV to smoothly fly to the target point, while satisfying the constraints on the landing LOS angle.
The design philosophy and modes of thought are described in details. Finally, simulation results are presented to illustrate
the effectiveness of the control strategy.

Key words: unmanned aerial vehicles (UAV); bank-to-turn (BTT); integrated guidance and control; dynamic surface
control ; sliding mode variable structure control (SMVSC); active disturbance rejection control technique (ADRC)
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integrated guidance and control)
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iy = fo + Boxs + do, (18¢c)
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@3. =B [~ Kyzy— Hosgn zo— Bf 21— fo+ad),
T3%3d + T3d = T3¢, T34(0) = 23¢(0),
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2 2 N _
- k1izd — Y (milz1i| + diize) + 21 Bi1Zs <
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FRABRREL, THRAY_E R A2 |dy | <dij j=1,
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1 1
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2T 21 + 23 20 4 2] [f3 + Bsu + d3 — @3] = i il | + (s + D) |20, +
T i=1

ziz1+ z2Tz'2 — Z3TK3Z3 — z3THgsgn z3
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i=1 i=1
_________________________________________________________
x, x,
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DL B B 1 ) ] — A T, (R
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B2 il Al — R R A 1

Fig. 2 General structure diagram of IGC
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I & =5 (Ml 1P N i DU =5 V& B U ESI U E 53
Wia58 T KSR EEMEMPTItEE . I)aiEid 2=
WV R 56 258 N IR R G AR E AT TR .
WG, ASCHR W 792, ESE i ] 3R 11 (7] B S

s LR, R T RGN RERE > SEA
W PEAI A AR R aE 7). T ADRCR 4k
BEAT 1A TERIAMEE, T AR D 28D, kv A
AR SR ) T B AR AR TR Bl vT LAY E B /.
MFEHR 3250 BT AR R BB G HER, a1
I, AN ADRCH DAMIEHIR, XA AR 75 LA
AR
4 TEPEEEEH](Velocity control)

— BN g AL T S E AH X ST, B DA T
R [ s T DA BB T

LT NE(23):

V= %(Pcosozcosﬁ — D —mgsin#). (23)
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HFEARSC R oM BEEUD, Frea(23)38 0

V:%(P—D—mgsinQ). (24)
BB A
s=V -V, (25)
Hrh Vs .
LRI S = —ks, k > 0.
g5 (24), 53
P = —mks+ D+ mgsin + mV.. (26)
VLI 1T SHE 73 2 RIS R
P = (Thax — Tiin)dth-
eSS PIQVIES]
g = TRt D mE MBI )

it BEE Q25 IR T) S 2 1455k

(28)

s=V -V,
{5“1 _ —mks + D 4+ mgsinf + mVC
Tinax — Twin

5 {iELUE(Simulation)

HA7)FA(18) KA F LB TR, 1 B
B9 UE A ASE B R A0 B S Bl R A S AR P )
IMAEL M3 1 B8 B A RGP KIEN
h=0.01s, B #& 55 4 ¥5[z0, yo, 20] = [0,0.5,0] m,
T AHLEATE AX 60 m/si) 2538, M[Zm, Ym, 2m] =
[—3000, 500, 400] mAk [ B b5 fi7K -6 AT, HWEE 45
SRR NLLIAENT T B br s A P22 1 Gml H
B p, BIQ. = [0,0)T. X3 S5 1T20% i i,
FEARI Ry y1 21 T N6 + sint, 2+sint, 1+
sin ¢) m/sf)BE KT P02 BSOS $ i B By = 100,
Boj =500, j = 1,2,3, falFfja = 0.5, d = 0.01. fit
A B FN(=30°, 30°). 4 A BL R 4FH 17 i 3
ATPIFERT LG, MGl H S H kR 1.

&1 A FARI =R AR F
Table 1 Simulation situation and control parameters selection

Bt Tt C K K, Hy Hy Hs ESO
1 X diag{0.06,0.06} diag{0.12,0.12} diag{5,5,5} diag{50,50,50} diag{0.2,0.2} diag{10,10,10} diag{100,100,100} A
2 A diag{0.06,0.06} diag{0.12,0.12} diag{5,5,5} diag{50,50,50} diag{0.2,0.2} diag{10,10,10} diag{100,100,100} 7
3 A diag{0.06,0.06} diag{0.12,0.12} diag{5,5,5} diag{50,50,50} diag{0.2,0.2} diag{10,10,10} diag{100,100,100} £
4 K diag{0.06,0.06} diag{0.12,0.12} diag{5,5,5} diag{50,50,50} diag{0.5,0.5} diag{25,25,25} diag{250,250,250}
AL, 0 LRTHL A 505 2 191 2 221X 30 o
T LA ERARRIE AT, BB & ) _
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Fig. 3 Flight path of UAV landing
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Fig. 9 Rudder control output
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Fig. 9 Local zoom of rudder control output

AT BT CAE H, S A s L AL 4 F
SR KA H AR L, T AN B bR s 8] AT £
JE£ FIRH Yot 1 38 P52 15184 T-0, 3 2 5 Bl IR 28 11 FE 1 24
IR BRSO B0 LR S LA R 2 A B 75 K,
ELAE VA 43 BT (8 7T 0008 R 0 R 1M RE R A
G, BT G LA N BE AT, By DAL 5 %45
BT, K P e v, LR 0L o) 1 092 il i o MR
/N, ZJEIMANRBIZE R W 20% FIRE T 11
DR . MR B, B3R A, A I 2—4 47 ) 2%
FIFBAIRKZE S, #0T LUE T AN 2 b
EREAIRHA T B, WS, SRS T i 2 b
PRZE A B 203, 22 A K. INEl6 T i AN ), AN TR
B IAX AiER 2 AR R 3D, B MR
THEOL PR, 1E 24 2B R R 3D, 2 A
1 GLABH R AR XS B 2. MBI A B & BE, W
K17, 15 B2 R AR BB, RE & NS A LT
PLA AN ], BTTE R f & T0, 15 530 S AL
T 15 GL2RE B4, MR UMl R il B A,
BISHN I8, 15 At £ Bl A . MRE fm F2 il B+ I
E, WEOAIEY, T AR R 4 FEHR B Z HAR
2 W OL2 0% AN T B AR RS I 2 1
B3I A TS L2 A A 8], B A2 42 i 7R

— 15l 4

R, A RIZUTE EHE.

L2 4K SRl 3 B T I AR £ 4
Pt AELR PTG | R . 15 L2 R I 30 A AR 4 F s
il AR TR EUD, Bt LARHIR/N. AH T 15 5235
A IMNESOMIAME, fir LA F il 3 R 5 22 . 1 a i
HESONT THRIEAT R, (H H IR AR £ fg a1l 1 4E
LR MR TR, T DA 42 1) R0 R e 0T 15 3, A 1
W2 B LR B R 2 A, DL b e i B,
AR 2 P 1) PO B 3 A PR TR I R A
KR, IMANADRCK THEHET T A AIRME, N
T-IFR A 20, G0 T R AR 25 R s ) b ) AR 2
PRI U rT LA B Y BE /). ik, ADRCIIIIA ]
DA I B 5 Ry ) R R
6 45 (Conclusion)

A SCHG RS S R A B PR H 45 & T30
AT HIAESE g N T T FRTE AL 2
i) S ) — AR AL T I i b, B, T RG
PR AT AR e, 15 B T Bt T SRR M S 25 N
WU G4 ] — R A 7 i AR AL AR5, SI N BTk
P AR, X RGP T RN, 2 )5,
TEBNASTHAZ I HESE R 25 B A eh g it 1
W S — Ak 7R, HER] T HRaE . a8
A FEAHT, WA VAR T R AR HIRUR,
I TR T RGBS 2 AN SRS i
BE 7. 3T 2 W A AR 48 M it () R 32 2 e
FARLE M IR HE K 51 S, ADRCH I ] LA
il A AR S AL i R

2E ik (References):

[1] %k, #vE 0T, EL MEARTE AN M i B E R SR [J]. /AT
71,2015, 33(1): 43 - 47.
(JIANG Yi, SUN Chunzhen, WANG Kai. Ship-board UAV net recov-
ery adaptive guidance technology [J]. Flight Dynamics, 2015, 33(1):
43 -47.)

[21 2, Smer. Jo AML=FE s sh 2 i D], AT 7157, 2007,
25(4): 25 - 28.
(LI Guangchao, MA Xiaoping. Parachute landing recovery motion
analysis for unmanned aerial vehicle [J]. Flight Dynamics, 2007,
25(4): 25-28.)

[3] BOOMK,JITK, BYOUNG S K. Adaptive integrated guidance and
control design for automatic landing of a fixed Wing unmanned aeri-
al vehicle [J]. Journal of Aerospace Engineering, 2012, 25(4): 490 —
500.

[4] BFY, H— T H U 0 S 5@ shiahl — it .
RGRIEHHE, 2010, 30(6): 742 - 751.
(ZHAO Chunzhe, HUANG Yi. ADRC based integrated guidance and
control scheme [J]. Journal of Systems Science and Mathematical Sci-
ences, 2010, 30(6): 742 —751.)

[5] B¥SOB, SRR, 30—, "RAT I SHEH— A s (J]. #46)
FE5 M, 2013, 30(12): 1511 — 1520.
(XUE Wenchao, HUANG Chaodong, HUANG Yi. Design methods



11

SRIEAE: 52 I ML A s i) — A St

1497

[8]

[10]

for the integrated guidance and control system [J]. Control Theory &

Applications, 2013, 30(12): 1511 - 1520.)

HOU M Z, LIANG X L, DUAN G R. Adaptive block dynamic sur-

face control for integrated missile guidance and autopilot [J]. Chinese

Journal of Aeronautics, 2013, 26(3): 741 —750.

B, TSR] SR — Ak Bt [D]. MR /RIE: MG /RIE AL
%, 2011.

(HOU Mingzhe. Integrated guidance and control for homing missiles

[D]. Harbin: Harbin Institute of Technology, 2011.)

CHARU C, RADHAKANT P. Reactive obstacle avoidance of UAVs

with dynamic inversion based partial integrated guidance and con-

trol [C] //AIAA Guidance, Navigation, and Control Conference and

Exhibit. Toronto, Ontario Canada: ATIAA 2010: AIAA2010 — 7729.

PADHI R, RAKESH P R, VENKATARAMAN R. Formation flying

with nonlinear partial integrated guidance and control [J]. Aerospace

and Electronic Systems, IEEE Transactions on, 2014, 50(4): 2847 —

2859.

Bk, WEW, 2. — R IRt RGO A bk s

il [7]. =5 HER, 2012, 27(2): 216 - 220.

(DUAN Huida, TIAN Yantao, LI Jinsong. Control for a class of high-

er order nonlinear system based on cascade of active disturbance re-

jection controller [J]. Control and Decision, 2012, 27(2): 216 —220.)

[11]

[12]

BT, B PRI EAR—A TR ME A E B R I BOR M.
Jemt: FEBT T REA AL, 2009: 197 - 237.

(HAN Jingqing. Active Disturbance Rejection Control Technique—the
Technique for Estimating and Compensating the Uncertainties [M].
Beijing: National Defence Industry Press, 2009: 197 — 237.)

FEBE, TR T, SANE. BT Rl A AT Sl i 5 2>
T [3]. K47 735, 2014, 32(5): 413 - 417.

(CHENG Pu, ZHANG Pengyu, WU Xiaohua. Flight dynamics mod-
eling and analysis of hypersonic flight vehicle in gust wind [J]. Flight
Dynamics, 2014, 32(5): 413 — 417.)

Y R

i OHE (1987-), BB, WLWEE A, EEGTITT RO AT AR e

H E i) i 5456 — R 1b771%, B-mail: congguitarplayer@ 126.com;

REWE  (1969-), L&, B2, HLAE I, LEBIFTT ALY

i AT B8 B 4%, E-mail: wyjmip@buaa.edu.cn;

7l (1990-), 5, Wi-LEF TR, BT R v S —

WIS GRBAFEE, E-mail: fangdibuaa@163.com.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


