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(54) Title: AERIAL-GROUND MULTI-VEHICLE MAP FUSION METHOD BASED ON VISUAL FEATURE
(54) K2k BT FHER S 2 e AHIEIRE ST 7k

[

= MRS UGV },/Sl

s FHE AV SR }'/52

81 Respectively independently perform data collection by means of an unmanned
ground vehicle (UGV) and an unmanned aerial vehicle (UAV), so as to obtain
UGV data and UAV data
82 Perform analysis processing on the UGV data, so as to construct a UGV sub-map,
and perform analysis processing on the UAV data, so as to construct a UAV sub-map
83 According to the UGV sub-map, censtruct a UGY sub-map mathematical model;
according to the UAV sub-map, construct a UAV sub-map mathematical model;
and perform image video detection closed-loop association processing on
the UGV sub-map mathematical model and the UAV sub-map mathematical model.
s0 as to obtain an association matrix between the UGV sub-map and the UAV sub-map
84 According to the association matrix, fuse the UGV sub-map and the UAV sub-map,
so as to obtain a global three-dimensional grid map

(57) Abstract: Provided in the present invention is an aerial-ground multi-vehicle map fusion method based on a visual feature. The
method comprises: independently collecting data by using an unmanned ground vehicle (UGV) and an unmanned aerial vehicle (UAV),
and creating respective sub-maps; according to the corresponding sub-maps, respectively constructing corresponding sub-map mathe-
matical models, and performing image video detection closed-loop association processing on different sub-map mathematical models,
S0 as to obtain an association matrix between the UGV sub-map and the UAV sub-map; and then, according to the association matrix,
fusing the UGV sub-map and the UAV sub-map, so as to obtain a global three-dimensional grid map. In the method, local sub-maps
are respectively constructed by means of the UGV and the UAV and by using algorithms, the local maps have the characteristics of a
small error and high precision, the respective sub-maps are fused by means of data association, and finally, a global consistency map
with relatively high precision can be formed by means of combination, such that a map obtained by using the method is more complete

and has a smaller error.
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TR W Z B A B A ik

ALK
AL BB AL G FEAATIR, H5 A B F AL AFAE ) Z 3 S M B AR #k b7
%,

HEHA

B AT, S 5d4E F 2o #% ) AL 2 A Unmanned Ground Vehicle, UGV )3 L AML( Unmanned
Aerial Vehicle, UAV )f# & £ A X % ¥ %415 22 B ( Simultaneous Localization and Mapping,
SLAM) FALEREFHS . UGV A REKGHES, TOAEFZASHELREELI
KRR, (22 R TEREGBLH, UGV Lk h 2R AME T LA,
AR EL 69, UAV B4 RAF6) RSB 48 7, @338 3001 BUIR B ARALTT VA brid A 1 AR 25 695,
Z3lE, BRGNS, HBROERBZMEARFBRRXG T THREKE.

BRI HT S HBEARBA SRR SLAM MK S FA, 122 UGV F= UAV 44 /)
REE R BRI B G £ 50, FAELERIEAIR A £ ILF 3 B 238 K BR A 19 2,
XREA AT R R F 62 B —K A .

AN

AT LA ARG ARG, RE AR TACAFIEN T3 2 B ARE kS 7 ik,

RE AR TR HAL DR E B AB RRE T %, LT HR:

FI S, BITHEOHHIEA UGV AN UAV 45310k 5 SATHIE R E, WMEE
UGV Z4EF= UAV 38358

HH S2, *ATIE UGV SABHAT AT, MEH R UGV TE; *Arid UAV £4%
AT HATAL IR, M R UAV T,

HHRS3, AR L UGV FHE, M UGV FHB I FHEA; RIEFTE UAV FHH,
32 UAV FRuB AR 31 P7iR UGV FHuB 3 AR fa b ik UAV T3 B 3R 4T
EFALITAS I I 3R R B4 22, 453 Pk UGV T3 B 5 Brid UAV T 3 B 28] 44 K BE4E %

BIR S4, RIEPTIEXBELIEME, 2T FTR UGV FRBFFrid UAV FiB #4784, 155
4By ARSI .

AT IAHAK, ZE TATIFAL T E P BEANE GEA T ik F R T AL SR A
Fa RANIR 2 R EHKIE AL A THE; AREFEAEGTHRE, HRHEHEGTHE
AR, 3 RE T 3 B S AR S AT B AL M ] SR X BR AL 22, 133 UGY THB 5
UAV TR Z A8 X BEFEME; BARIE RBE4EME, 2T UGV F3bBF= UAV FibB SATRRE,
BR A5 S E; Lk ks nidit UGV A= UAV & A kg 3T B, B3
WRPA R E D HEHOHMN, BT EIE LSS O TRERTREES, RAESEHF
B ER B ALAH WA, AR KT HFDGE Emr e, FHLLH 28R
£,

M B BLEA
AT ARG ARL I KB IIAER T GEARAT L, T @FEEHRIA KL
RIGIE F P E S48 A 6 W B AR ) 2 323,
B 1A RE ARG A TARCFAEN T ENBEAE RS T N ALETER.
B2 A B 1R e TALCAFAEG) B3 % LB A Rk & 77 iE 5 B 69 AAZAER .
B3 AHE 1 i TR B S IR AME kS 7 ik T R HE IEASIE X
1
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BELEMA.

B 4 AHBE 1 BRI TS AR G 30 % ML A B A 75 ik 7 T3 B A5 B A0
5 F et B G RALE LB A

W5, 7, 958 A REBARIFGEIEZF 1, 2, 3565 UGV Q126 FHA.

B6, 8 10408 A4KKPEFGEZET= 1, 2, 35045 UAV A0 FB.

B 11 ARKAERGELRGF | RHLERFLTER.

B 12 ARENEFG Ry T 2 HERERTTEH.

B 13 ARLANEFG Ry T 3 HERERTTER.

B 14 A KK ERGERHE 1, 2, 39EBRAFERETIA,

EAR L3675 A

ARV 1, HARE P R R T A AEGG 3 % AR AL Bh& 7 R0 AR T
B, EA T R E BEAIE RRE T & L34 T H 3K

FI S, BITHEOHHIEA UGV AN UAV 45310k 5 SATHIE R E, WMEE
UGV Z4EF= UAV 38358

FIHS2, & UGV HABHAT AT, MBEH R UGY THE,; *F UAV HABHATHHF
A3, M R UAV T3,

B S3, 4B UGV F3 B, M UGV FRuBHFHEA; RIE UAV T8, M UAV
FREIFAR; 3 UGV FRBE L FAA Fo UAV T30 B 20 AR 3147 B ZALSR A M) ) 2R
KB, 1535 UGV THE LS UAV T B 2 ) 6 R BRSE %

F IS4, RIEXRIKIESE, 3 UGV Tl A= UAV FRE SATRRE, 5345 M
W,

TRBARFENGH ABRS: AR TURFALL T3 B ARE /&7 A
BAIEAFRANIR Z R EHIBE T LA 6T B, RBEAEGTRE, o2HER
JL G F R B S ARAL, AT R R F 3 B S AR AT B AR AL AR M ) 3R A B AL 22, 173 UGV
FHE 5 UAV F 3B 20 69 X BRFEME, BARIE XE4EME, T UGV T3uBEF= UAV T3 #
ks, 3R HZAMSEHE; L& iEaR8id UGV Fo UAV &8 Bk B3T3
B, BHMBERARE . HE SN, BB LBRES 8 TFRBRITRES, RE
BB o TE R AR SR — M E, AR A RT EZFR G E e, FHER
PR E,

HARE 2, HB 1R eI T AL ARG E R % AU AILE Gk A 7 iE Xt AL 69 AARAE A
ZHE 2 CUAARE B A9 X ALK 2L ACE B A9 K T AL AR 69 T 3 S LB A Rk S
FegitfE, A5 EAR | AR ERAMEY, HXERATE 2 HATE 40,

WHite e, EHIESI ¥, BEREHHIEA UGV AN UAV 454k 5 3 A4THIE £
£, AmiFE UGV #4542 UAV 248 B4R 6045

LT ABHIBEAUGY EFAGF R ERATHH IR, ETREBHIEA UGV
SR E KR AT E N BT HATESAAN, 135 UGV R E A 5038

B AN UAV EE R G AT ATEETY, BT AAN UAV GG EET TR T
WATIAE, 153] UAV BIEEIE.

LRBARAFTEGHBMRY: EEHEMNEIMY, ROESINEA LI ZEA LT
Rk, BHONBALETAZTRGRGHRAHE TR, HLFTFARELTE AT
Wl RIRATHNE Rdakh, MmFRM e bE A48, L, Bk Eidsas
FAEA MG R IRAHOE S E5IE., ME, RAN ESZER EEAANFIEMSGEE, 4
AN T R ZI 6 LR HAATIER T, BREAELXTE A TG L2 R R#ETIIE,
AR R A8 6 AR EAE, b, ZEKRIEE AT A SR LR RRGTE.
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Wikdh, EFIS2 ¥, 3 UGV B HATHATLLIE, MHEH AR UGV TE LR ais:

F) ] Cartographer F-i&%f UGV #AE RSB AT, KB UGV #MAT L4048 o4
AT BRIAEN, A RS L 6 BT A

THEERA BN TREZN G RIS, BARBRRIESE, BT B TRE, &
Rl m UGV T3 A,

LR AR F LA ABR A Cartographer Bk % A 69 SLAM 3+ B %, R RBEM%E
¥, BRHRATRARETR—KFLE ERL#E, 2AETER—AEAT ELIEM, st
st 4 AT AR 6 R E RSB M AT Cartographer Bk &0 32, A AT AL 69 B3 -FHu g, XAE 4
BARFRREEEERTEZRELTEAHE, 2ERENAHHRTHE., BitFEsgEN
By TRl 20 e Z 4 2 ) L e TARFETR, VASLAT P B T B AT Z 4 R L e R A,

JERREL R P, F)F Cartographer Fikxt UGV b E A S4B #7422, RIE UGV %
HE RSIE LA EAMORE R HAE M, ARS8 B E T R B T eL4E:

B RIAF R KA — K SAET B2 ST R HOLE RSN S, 5 S REE s
69 BT R B BEAT IR BE, 424 B RAT 69O E RSB WIS LB AT L 24 BT R
A E, HEARFA TEAKN (1) REI LR

K
argmin E (= Momoorn (T: 1)) * (1)
¢ k=1

FELEENK (1) F, G RFRIH—RPT EBRET R E AR, TR+
PR F —RHORT E A28 5 RS T R AEWAEA D S AT RLE 28 BT B A A
AR, K AT AT X FR el 28BN B R E; Manoorn i T LI &
¥ argmin R RAER SR A R KB R D R E A

@it EiAANR (1), EREEARHGHAT EHIEMGR T E5 53 -TE, 571
B F LT RHIBEWIEAZ BT HE N, BPiAh B EHRTHE L2 TR,

sbdl, By BT i B T AE A AT N SRS 45 4 69 AR 3B Octomap, L3 &
L. ERA RS A T AR P, HAZRRETEL T EAKN (2) HATE
B #A7,

L(n|Zl;t+1):L(nlzl:t—l)—l_l‘(n'zt) (2)

L{niz .,

ﬁii&ﬁ(ﬁdﬁL@é&i%ﬁ&m@%omumm;'(ﬁlli+0i%&
Linlz, ., _

%0t %) 1 B0 2] t+1 Z R M BHAE 2100 T ToHF 9 5 n x4l ( l 1:4 1) F3

ﬁaﬁwﬁ1ﬂwﬂpyzmm%ﬁ%mﬂ%ﬁrﬁ%%ﬁn%ﬁ&m;L(nLﬂ)iﬁ
B kit ) ¢ BT 2B 5 2 B ot F39 5 n #9550k,

PiteH, EHIRS2 P, it HkLmA BT RE XN G TR RO T ERE
T A& BT ] b ik 4 64 7R A2 R K M AT B 69 P AR E 1A SR S R AT R 64 7 AN B 3R F
WX A EHAEE: P, T ZIRANBETFRELTN G E G ZHTH L
By Z Y A AR AR SR

EPRBARFTEGHEXE A ANREBHRTFIE LS ERR ST AR R,
AT B30T R B A L 8] R T B o AR 2 b R 1) AR ARGG £ 5, BT HiE g AN B
FU B Z M Z Y R A AT B A, B RIE AN BT R B 2 A S AT, A
BN LA A MR £
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ik, EHIS2 ¥, RWTRIESE, FPAEITHE, ERMEH R UGV Tie
B BAR 6,45

ARAE RARFETE, *FPTA B3T3 F BT A 4L g A By T B 4 R AT HHE, Am
MR UGV T3,

FRBARAGTENH BHMRA: B EEG K, FARNEZ ST R GGAITEIRIEE, 489
F P A By 30T Ho B F PR ARARIE 45 09 AN By 30 T3 B 4 R AT HHE . Ad ZILPTA B3R T
WA 6948 R — P, RIERAT R UGV THEEB AT RBE N TG X RGEE
%A,

Rk, EFIS2 ¥, 3 UAV HIBHATHSATLLIE, MEH R UAV TiBE BIK 45

#] Al RGBD SLAM 75 ik, ¥ UAV B 25038 698 — 0 B 1R & Hoxd 57 69 204857 IR AT X 3%,
PRIAF 2| B — B R 89 2D 4F4E E3F B A9 IR EAS &, AT B — MU 1069 2D 444 B 454
3D 4¥AE 5

FARIE B — R B AR GG P AT 3D 4548542 &, ¥ UAV BREAR 49 PT A I B AR 264542 4
3D X #9 UAV T,

ERHARFEHA HZZRK A RGBD SLAM 7 3% 4% A 45 SLAM + B 7 ik, f£5ERE
Y, HEEANFERGAESEA TN LT RBREATRENEE, 2F3WMA5H X
8 UAV BAZEAE, % UAV B REEE T 69— B R ——x 8 R E 6 %R, ¥ UAV B
BB 0 B — BB St B 6 AR R AT XK, RS E 46 2D 4542 5454 3D
HFAEE, R5% UL UAV BREIEM Z 445, ARG E S HITHIERRE B 1 E Z 40
5T Sk

JEETRA A F, RGBD SLAM 7 ik B4R 6,4%:

SLAM #7354 45—t B 5 Faxd B2 64 IR L4038 X B, AR ATILABVAE R A AR L = A 7,
LELAANUA BB, FAASN A A B 1R 5515 8, FSEALGC ZAR T 6 5 S0t I AR A
PnP Ransac(Perspective-n-Point Random sample consensus)# 7 X & £ I, L 645 e 054 B
T8 X FE B RAT A 5B A TANRAE — UM FE AT B B, LA, F ik /E 49 2D
AR M AR BAZ & AT 3D 445, Fidid 3D-3D Eaf kit HARbLeg R R
P, R BERMUR] AR R RE 2R ER AT MAALE 1, AT TEAX (3) R,

2

(3)
2

FEANK (3) ¥, W RTFRAE QLA L F; 1 R TRACAT 8942 LT 57 69 8
F; AR TS Y R ARIEMSE; K A TR RIS, PATE i N AIFS ik
TH 1 MEE AT, exp A TAREMA, nkTHE MBS OASGE T EEHE; argmin K
T BRI kR R SR s RRE | AREORERL: TN, |
2
ATHHFHE-ANEHEERK LG R RGEE LTS AR EE LA
2
%mmmmazm%ﬁi,ﬂﬂ%ﬁ%?&ﬁ%;%%ﬁmﬁ,&ﬁmﬁ&&%ﬁé,W%
AR TR A T

SLAM JZ 3% W& A 2 B ARAL i AE AL AR L L B, L@l TEaAXN (4) Fiw,

BEENK (4) %, xfAAH i MR BRMSLE, T kR 5 | MERILX
SRS % § AR B R R 0K B Bl — T | AR AR 2 R
(TELE SR 102 RIS ZIE BROET: $/0cE SV P A L EIE - i AR AL Fop
AR E G B, RAIRFCIME, B BIATA KM R AR SHEHE;

B MR DR FERACPTA 2L, 1413 E R xR RIBAR RAIRSE

4

% . 1 1
p* = argmin, - | | u; — S—iKexp(u")Pi

u; —

1
5 Kexp(WOP;
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it.

ik, EFHS3F, 45 UGV FE, HE UGV FHB LA IRk aiE:

VAUGV FRBE T e A7 R Cp A, RN UGV TR B FRIRIFER & =448, BRK
FHRAE. BRRERAE AL LIE, Nl EH R UGY TRERFER, L+, tmek
ZHAE. BRGEFIE. BRRELBEFELELET N ET H {pc, pcd, -, pci},
{im{,img, -, im7}, {af,af, -, d7}, {p{.,p5, . pi}.

FRBRFENAAMRS: B ERF X, £ UGV FHRENEeG TR ALIRA T, A
SEHIE . B RELIE . BREEIIE A L LS A UGV TR B3 AR s v MR
AE, RBRRRARAGA FBEAE UGV FHEBHFHA, AmRF UGV FHhBHF
AR M T S EP, AR EE4E. BRGREAEE. B RSB R S IE A
AR T o SARARAL B, T ARATIRAG AR, X HE e At

ik Hh, EFHS3I P, RIE UAV FIE, #HE UAV TR B3 FHEA LR 045

vA UAV TR TR 69 A 47 & Cy A A, A UAV F3E b RIRF 2| 5= 4048, B %%
B, BAREIAE AL R, MM R UAV TrOBESCF AR, Hd, ek
=R, BBRGEERE. BERRERKIEFRIEELIET N TH {pcd pcs, -, pcd},
{im{,im3, -, imgz}, {df,d3, -, dz}s {p?. 0% -, pn}-

LTRBFRFENHFAMRA: B EAF X, £ UAV FHEXTFGEALARE T, 2L
SEHIE . BRREHIE . BIRRE SR SR A UAV T3 B 3 AR g v N AR
TE, RBRKIRERATA MHEME UAV FRBEHZEA, MmR S UAV FiuB i
AR M T S EP, AR EE4E. BRGREAEE. B RSB R S IE A
AR T o SARARAL B, T ARATIRAG AR, X HE e At

2k, UGV #fk8 3k A= UAV 8K HAB T RA 4 A H XA T, LT TH
A (5) B,

{t; %V, Z, Qx Qyr Q2 qw} (5)

B EFRNK(S)F, 1 R x.y 2 RFE XY Z 5 L8R5 qr gy g2 qu R T2
v LHH KR TG54, WM R TR AT G A AL R TRIEMET , 6.4 3x3 493k
AR, 3x1 R BEE CRRICRENELY 1 0aEL BT=N ;

A, FRAESEEER TRITEHAX (6) 2T,

1-293 —2qZ  2Gxqy +2quwqz 29x9z — 2qwqy
R=12qxqy —2qwqw 1—2q7 —2q97 2qyq, +2qu,qx| (6).
2059z +2qwqy  2Gyq; — 2qwq, 1—2q% —2q3

HARE 3 R, ABE 1 TR EATALHEG TR ENBEANBE ST EFTERS
MBASIEAREMAE, ZH 3 ZERBT TR EINEAT L4, BREE4dE. B
R TR F AL LB IR Z A G R IEF K. EZE 39, 57T UGV RE 623, SubmapC1E
Hi 5o Tl {pf MRA UGVAZ LA B R 4EHE 4, {im? MR A BRMEIE £4, {(w]}
RELCRESIE, 2ZHIEF. T UAV RENHIE, SubmapC2RALZ 569 T3H,
{pF XA UAV 12K Bt i B e E b, {im? PRA B B &6, {df PRARASIR R
Lo, PR E RAER KB GAARAAS R ER . LR EREBAEAT L X R, BXEREK
MRS R GG RIR K £, MR AR BB AT UL I B3R5,

Hitk ¥, EHIKS3 ¥, 2F UGV FRE L FAHEA Fo UAV T 3 B S 3 AR SE4T B R ALIN
MR R IRALE, 53 UGV T3E L5 UAV TR E X1 69 X B4 LR 6,45

UGV T3 BB F AR Fe UAV T3 B 3 AR Z | 52 69 BASZ S 7 F 5 5 R BT 3
#8 5L 4 ORB 4% 4E;
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J T ORB 448, # % UGV T3HE LS UAV T3 B 8] BT A7 AR 4l ad B A%,

AR UGV THBE 5 UAV T B Z R B A A4 ey B4, #3E UGV FHA 5 UAV Fi
REANRELETISESE &

ARIEAE B 2 R, 13 UAV T B 34T R 4743 3] UGV T3 B L 849 T 348 M R ALAR
F T I FE M AR RAE A UGV THB 5 UAV F 3B Z ) 8 X BESE %,

FRBARFENF AR A @id EXF K, A UGV FrBEHKFHEEF= UAV TE
BF AR R 3t 6 B 5 69 ORB 43480 30, AR XBASE B4 A AAEE T 7] F B
1GABAIE 89 P BT ARYE ( BP & AN B R 71 P 3t 5L 649 B AN B 1569 ORB 44 A [8] 6 3 Bl 2. 25 /)
TR EAE, W AR AT RS AR R T AR BAR, BN, AT AR ET
ARG BAR ); oA FTA AR RS AR A 3, M UGV T3E 5 UAV TREZ 4254
KX FH, FHMIZEEYRXRZRIATAEGR ZREAKACHE T, 8% 535 UAV T3
BT AR 3] UGV T8 L o9 T4 M, Adn ZILAT UAV F3BE 5 UGV T3
B R — = A drdkd., HP, MBLERXRASBHHRK Zfaxt Lk 2B RK R IATA
TN IR E AR B ¥ B, T ARARRG AR, X RMEGE e AU

EREHEAF, 55K UGV = UAV € Z 49T B F 65 B 1% 5 7] 323 ORB 4545, 1%
bR FaF @ N AATEAE KR, AR BB BB B AF 2 B R ARDUA 69 FI BT ARIE, 4 ORB 4 4EZ )]
a9 BRI BE B ) TR IR, W H xR 6G F AN B R T A e B 1%, BT H)iE ORB 4542 X
AR, VARSIT R LG ORB 4F4E802; T N, # e sf i 69/ /A~ B AR N8 T ARl eg B
1%,

tode, % UGV A= UAV Zab & 69 Bl & im{ Aaimiat, €10 &7 XFk ) ORB
H5 AE 89 3 % 98 nof (imf, imP) . I F B P AT A B R Z A &4 AE K B
nof (imf,im$),0<i<n,0<j<mXE, £F n, maHAE&T UGV FHEF UAV THHE
& | ARG E, RAFIIHE —TFIERTELN L AT EBG B G, it T
LY {(img ,im@), (im¢,im), -+, (im, im¢ }o

33| UGV F= UAV T 3B F 89 KB BT 25, 18 UAV BR5E F 698 545 &t
Bt AL AF AR 3D 412 B 4Z 8, X5, #&J8 EPNP(Estimation Perspective N Point) 7 %+ &
©5H UGV B4 ] g AR 45 4 T

EPNP #) ] % x4 IS e iR, 3 69 45 AE1E Bt BAUB AL L T 40, 4R AR 2 P42 H 8 ol
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