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RESEARCH ON IMPROVED VISUAL SLAM ALGORITHM
BASED ON BWO CLOSED-LOOP DETECTION

ABSTRACT

In order to achieve autonomous navigation and explore unknown
environments, intelligent robots need to sense the surrounding
environment in real time and perform accurate estimates of their own state.
Simultaneous Localization and Mapping (SLAM), as the basic technology
of robot perception, promotes the realization of these capabilities. The use
of cameras as perceptual devices in visual SLAM systems can not only
reduce costs, but also provide rich environmental information. However,
in the face of complex environments, the feature-point based visual SLAM
algorithm has some problems, such as time-consuming feature tracking,
easy tracking loss under large-angle motion, and difficult to accurately
identify closed-loop scenes, resulting in a large pose estimation error and
ultimately affecting the positioning accuracy of the system. This paper
conducts in-depth theoretical research and exploration on the improved
visual SLAM algorithm based on BWO closed-loop detection, and focuses
on solving the problems of visual SLAM algorithm in the face of complex
scenes leading to track loss, trajectory drift and low closed-loop detection
efficiency.

Aiming at the low feature matching time of visual SLAM based on
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feature point method, the poor tracking accuracy of traditional optical flow
and feature point fusion algorithm, and the low positioning accuracy of the
system caused by inaccurate key frame selection when the robot is moving
in a large Angle of view, a visual SLAM algorithm with improved visual
odometer and key frame selection is proposed. The algorithm combines the
optical flow method with the feature point method, and adopts the feature
matching strategy with double threshold constraints in the visual odometer
to reduce the computational redundancy and perform accurate pose
estimation, which improves the real-time performance and tracking
accuracy of the system. At the same time, a key frame selection strategy
based on active feature points is proposed in the key frame selection
process. The number of active feature points in the current frame is
calculated to determine whether the current frame is a high-quality image
frame, and then whether to select the current frame as a new key frame,
and finally improve the positioning accuracy of the algorithm.

Aiming at the problems such as low efficiency of traditional closed-
loop detection methods and easy to produce closed-loop false detection
when facing complex scenes, Beluga Whale Optimization (BWO) was
introduced. By simulating the behavior of beluga whale, the problem of
finding the historical frame with the greatest similarity to the current frame
in the closed-loop detection is transformed into the maximum optimization

problem, and the optimal position of individuals is screened by population
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fitness for closed-loop candidate frame selection, and the candidate frame
set is obtained, which effectively improves the speed of the algorithm. At
the same time, a candidate frame detection method is proposed for closed-
loop judgment. By judging the threshold value of the closed-loop frame,
the precision of closed-loop detection is improved.

In order to verify the effectiveness of the proposed algorithm, the
visual SLAM algorithm based on improved visual odometer and keyframe
selection and the visual SLAM algorithm based on BWO closed-loop
detection were respectively verified in the published TUM and KITTTI data
sets, and compared with the advanced algorithms such as ORB-SLAM?2,
ORB-LK-SLAM and OV2-SLAM. The results show that the proposed
algorithm has more advantages in location accuracy and real-time under
complex scenes and large Angle changes. Through the real scene test on
the hardware platform of the self-built vision mobile robot, the validity of
the proposed algorithm is verified, which provides a reference for the

application research of visual SLAM technology.

Yao Manyu (Electronic Information)

Supervised by Professor Chen Mengyuan

KEY WORDS: Visual SLAM, Feature Matching, Optical Flow Method,

Key Frame Selection, Closed-loop detection
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NIAIE A B S L R R A GRS R A XU AE AL b AR T R, ¥
ORB-SLAM2, ORB-LK-SLAM FIAS # 5y S Friz 7+ B i 2 F 1 B0 B f o HY
Ko HEHL TUM 34 fi2/desk 11 4 Wi &G A= B AT I0uE, Wikl 3-7 A
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TR ITERFMTF AR

AN, GG BATRHESEECS DTS VT RS, 8 GO DGR ER D
Wmi. ik 3-7 H(a)-(d)FT R A ORB-SLAM2 SLiEIS/T AR K, M SEIG 45 R RE
Bl 1% 4 WUEAT TRHMESRRIG AT T R RRFEICEC . & 3-7(e)-(h)y ORB-
LK-SLAM i 1T R, ROtk SHHE A &, 72 e min & 3-6(g)H T
FROIESREL, R T ZEEM . B/ 3-76)-\)CAAZFILBITHCERE, mT
PAT T RURME L AR FFAEVC AL S M, AH L ORB-LK-SLAM R 7EZE 3 WiBhAT T RFIE
ULHC, A7 EVEROE R A ul EGWUR e im BRERHE P 5 5 6 e & F G AT
FHIELES, WNZBEVEES 2 W55 3 WiYHHT TRMESRE, IF 5 E—TURemiE

ITHAEILES, AR T RAFREHFEE
" i iy

(i) A8 S (i) AT B2 CES S 2 BN S % 1
] 3-7 3 R B ERER AR AT FL )

N B A B SRR I SN, 3 Fh AR IR LR R AR DTS UKL £,
S 2514 Ak BER B ) € S BROOS L 45 Rk 3-1 Fiom. Horf, ORB-SLAM2 HVEfE
SLAM &g rid i, BT aWHATRAEILE, S ECF RSR[5
£ 0.0262s, ORB-LK-SLAM KM 1 Gl S4FIE mUERL & S0, FEBEAT BB ER
BRI AR 20 MIHATRFAEVCED, ZSRIE W] LASR S RSN 1, EAE R AR K A AR
PO SR 2 7 AR BRI 5 R B R AR U I T AR A5 1) o 17 AN 3 VR TE MR R 2 AR o
AT X RME 29 0 B & SRR VE A SRS S5, REAEARFAE ARUIR R 25 2R I B 3 S 4 A\ DL
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ZHIBERFMEZ2AMALEX

foiwt, I H-PEaEiAb FRE 6] t, 55 ORB-SLAMR2 MELIEMK T 47.7%,5 ORB-LK-
SLAM #H LEAN KT 4%, SHVESER R, BRIAR SCREAE R AE 337 5 K it
PRERER 5 B S

& 3-1 3 PR ERER 2R B4 UL C it K 55 -1 2oy Tt Ak B P 1) 3 BN LG 455

ORB-SLAM?2 ORB-LK-SLAM YNGR

s K&
s — , f /AFAEDT ,

= f AFERE  ts " i tois  f /AREDCHE t./s
fri/deskl 613 613 0.0294 31 0.0145 59 0.0159
fri/desk2 640 640 0.0263 32 0.0152 67 0.0165
fr2/desk 2965 2965 0.0282 148 0.0138 95 0.0126
fi2/xyz 3669 3669 0.0209 183 0.0094 235 0.0102
f3/l/c 1011 1011 0.0215 50 0.0134 44 0.0122
fi3/l/o/h 2586 2586 0.0311 129 0.0128 179 0.0145
FHE 1914 1914 0.0262 96 0.0132 113 0.0137

3.3.2 X HEMTLEEY LG

SRR UE 5 T3 ERAEAE A P S B I8 B SR ) P, AR T IR EL TUM 2
ERN A KA B LT HAT LR 3R EIEIE AT I SCEE UL BUSCR X L
i 3-8 Fin, W7 HENE B OGRS HE AL AT s, Horb
ORB-LK-SLAM SVETE fi 28 4 s AL BB MR, R BB NS B0 S8 4
HURJR, M S SUb B RS 825 . ORB-SLAMY2 SE AR M 45 1E U Fic & %
FINUAI, SRTTBATHE fri/desk. frl/desk2 F81 Ny, SRHIK S Wik EAR D,
R I TR, R R G T EORER IR Z . ORB-SLAM2 532
TE fr2/desk 551 v il 24 25 T8 32 Bl I HS AL BRI 25 2Rk HLR 58 BRABZE B 358 51l
SRR T I ANLRB AT, T TCVE B8 Ao AT BVER FH DG URMEE bh
SR, AT IR SRR MTLE T X AT AT 47 S I B R A 3 SO X, U HAE R AL A 12 5l
2 J Z A I R T o R ) MG AE S OB, AR R T AR R 2 ]
$m 7 SLAM RGUISAT ISR K AER M

3 R SR U L2 AR 3-2 i, AR B0 B TR B M
PR TERMAIEE T (K 3-8 Lt R Lk Foniaahid #8) ol RO s i
R KR, 5 ORB-SLAM2 Fil ORB-LK-SLAM J#iyiis B S sk LA 2oc i
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LR IREARFM T F AL

IR BB, HAREE BT T IAAE M B4 0 BUzE 3 7 AR R % RMSE [1°F- 15
{5 ORB-SLAM2 # ORB-LK-SLAM LG5 7 FEAK T 35.4%F0 47.8%, Yk T
R R ZE, PRI T RGUE ARG, RO T URAE KM AE i A rh o
i E P A

ORB-SLAM?2 ORB-LK-SLAM AL

frl/desk
fri/desk2
P Y Vi
~ I, n} r s ’KN
VA SR
fro/desk | ¥ { Zm
Y £ t‘," f G , v i
\_ B ‘1"5 5 } < ‘ }f’l : i Y.
\ Pt NP Al
3-8 3 FhREIE AT I S Iiade B S %t L
£ 3-2 3 FhRESCBEMWUR R e 45
ORB-SLAM?2 ORB-LK-SLAM A B
Bk BEEBEE  cgh S St
9%(%/%;“) RMSE(m) 9%(%/%;@ RMSE(m) 9%(%/%;@ RMSE(m)
fr1/desk 613 14 0.009565 10 0.010591 33 0.004522
fr1/desk2 640 23 0.006832 20 0.009235 46 0.002459
fr2/desk 2965 39 0.004904 36 0.006908 52 0.004930
fr2/xyz 3669 46 0.002421 53 0.001262 63 0.000420
fr3/1/c 1011 22 0.009526 29 0.010288 44 0.008609
fr3/1/o/h 2586 36 0.007409 24 0.012042 57 0.005312
SEH41H 1914 30 0.006776 29 0.008388 49 0.004375

3.3.3 ARG ENMBE SHITEXT L sLiE

3 MEVEEANF R A T PR R E M e R Z 0 thangk 3-3 Fros, ARmEE
FERLHE BLRE T BB ORI 20 SRR AE DU C S, $ v 1 iz YL & B2
FeREE R ARG, I LR 0 T 05 R AE A F 5% B i 32 B3 s AN AE K
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MM P E RIFIIRI, BT PR EREER, 153 R SHE R A [F

s FS e R E R HE N IEAT . IR EIR TR, A SCHEVEN TR 1% 2 5 AH L ORB-

SLAM2 J8/> T 36.4%, HHHEL ORB-LK-SLAM J8/> T 67.4%. [FIfF, ASCHE

[ e i 1% 22 5 ORB-SLAM2 #H ELI&/b 17.3%, 5 ORB-LK-SLAM # Lty /b 48.5%.
3¢ 3-3 ZRIHLILLE TUM ¥ 88 T 10 TS 152 22 R e i 2 0 L

TUM ORB-SLAM?2 ORB-LK-SLAM PN N RS
sequence TRiRE  rERE TRIRE O EHRE TBEE EEREE
(m) 9 (m) (= (m) (°

fr2/desk 0.007539 1.016275  0.013856 0.975936 0.006845 0.935919
fr2/xyz 0.003297 1.438558  0.003094 1.521360 0.003015 1.239391
fr3/lic 0.074512 1.846059 0.053857 2.299539 0.042618 1.395482

fr3/l/o/h 0.007609  0.575130  0.110379 3.033221 0.006596 0.459654
- E1E 0.023239 1.219006  0.045297 1.957514 0.014769 1.007612

Nt BIAIE AR T FIEE R A3 FIPERE, 7EAMH IR SL503 5~ 5 ORB-
SLAM2. ORB-LK-SLAM Kz AT JUZE 0 EE o 3 APARAAE TUM a6 F 44
PR ZE IR LU ANER 3-4, T AR B B2 50 1 A FEAR TR DG B I H R
A 15 B2 () 4 6 L0 1 25 4F L ORB-SLAM2 2 1 31.8%, #H L ORB-LK-SLAM
T 60.1%, HRERF T RGN EARE .

R 3-4 ZFHELEAE TUM BB E B 480 U285 2 (K% BE (Ffr: m)

TUM sequence ORB-SLAM2 ORB-LK-SLAM A B B
fr2/desk 0.009310 0.015473 0.006945
fr2/xyz 0.003666 0.003783 0.003307

fr3/l/c 0.090140 0.060393 0.059426
fr3/l/o/h 0.008152 0.110728 0.006219
FHME 0.027817 0.047594 0.018974

A EE TSI E E FE 4 fr2/desk A fraixyz B2 Wie s, TUM 3
B 55T LA 3-9 fis, B3-9 (@) H 1 AIE3-9 (b) L X AT
TEJie% 123, ORB-LK-SLAM TERI 50 R HIE MG FERR 2, 7 T HUBE#,
ifi ORB-SLAM2 7EI& 3-9 (a) ) 1 f1 2 I TH KPR ZE ., AsHIE
TEIE B A e % 5 BB I BT RFAE VTG 45 & OCSEMURM2 P, S 45 B0V E IR
I B T i s . B 3-9 (o) N=AEELE TR fr3llic T
XK, ATEVEE ORB-SLAM2 [ H A, HIER 3-9 (o) 1)
1 fl 2 ¥ ORB-SLAM2 HyEHIL THEREY;, RAFIENEHEMEMET ORB-
SLAM2 ®m. MW 3-9 (d) H fr3/lfo/h J7HI A X 57T LA tH ORB-SLAM2
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TR ITERFMTF AR

TERAN AR I8 BN T FUZE VRS (1 ) R, AN 3 BRI SEAT 3 TV BRARRAE AU SR B ik
BUORNS J5, B UH S WU AT S B, A9 AS 35 SRR R P A 32 B ks o
ME 3-9 HUAN 7 F Bzt LT LE WA i, ORB-SLAM2 5 ORB-LK-
SLAM FEAFAERCRMBIEIRZ, 1A B 5k 5 H SIS sl Ul A BUs M) &
B, HAERMMIZah 55t FIRH AR, Ui BTG vF 1 UZE i ZE A0 /)N,
ER T A 2 SR TAL GO SLAM B0VE A %5 T I 1 S b I 5 e oA

1 -0.6
[ Groundtruth )
[~ —— Growndtruth | -08 ORB-th(-;LAM
0 ORB-LK-SLAM | |[} ORFB;SITAMZ
ORB-SLAM2 1.0 AR
Ex E
> >
-1.2
-2
-14
3 -1.6
-2 -1 0 -0.8 -06 -04 -0.2 00 02 04
X(m) X(m)
(a) fr2/desk (b) fr2/xyz
2 2
1
1
’g ’E\ (——— Groundtruth )
= 0 [~ —— Groundinth | = ORB-LK-SLAM
ORB-LK-SLAM 0 ORB-SLAM2
1 ORB-SLAM2 T RS )
) —— K
\ ) 1
-2
-2
2 2 1 0 3 2 10 2
x(m) T x(m)
(c) fr3/lic (d) fr3/l/o/h

3-9 3 MEIEAE TUM i 46 1 10 7 91 e o) L 13

3.4 KB

AP T G AR TS R WOA B AL E SLAM Bk, %5k
HAUMLA. B, =7 MRS RS R S AL AR, 8
IR PR ERZGRE SAT WUR AL LI AR VE LS, ek 1 AL SLAM BLRRF AL DLAC
I RSO AR GEG I 5 R AE R il S SR PR R R FE BUIR A A, Lk, $Rili T
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LR IREARFM T F AL

BE T BRI IR O SR ize H SR, e i i SRR ) R Sk B o
FUGAE AB SBET, fR v T A SLAM BLIAAE TN KA A I8 Shist 7 it 2
R 3 BOTCVENE I 58 AL LA SRR 1 108, i@ 1 R E ARG FE A& R
RJE, £ TUM ATTEERSE T TS5, iR RN ATHEYS ORB-SLAM2,

ORB-LK-SLAM BEAALE, RGOk FE A SE YA BORSE T, SR R4
LIS
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£ 45 ET BWO A QMBI 5 SLAM BJE

HiEfiib 5% (BWO) & —Fit B e i %, R EREREE
A SLERE, A A B BB AT A AT 08, REMBAE R R e W) AT 4
R ER, HEPWE BRI AT 3 &G AR TR SC ik
KSR P Al PRI DU HEAT B T o B0 A 98 PR I 077 VA TR 52 2% 47 53¢
I A I R B HL 5 7 26 P R AR T <58 ) AL, A B2 i H O T BWO PRI I 4L
B SLAM S35, K PRSI il AU AL Dy i KB ARAE TRl AL B S et S (1
NSRRI, SRS PR AR T R ) BWO SR i KA 18, AR fe Rt —
e e R I 5 9%, BRI 52 e ST AE PR TN N R 38AT ROR ARG L o SR B4R
NEZRAN ] 4-1 PR, Horh AR B B0 A0 455 BWO i 126 Mot iz ORI 12 Mt A 0] 74 1

\O

a\

______________________________

KT
SLBPSe

RT3

YA UL T

Lo 7S

4-1 R F R RARHER

4.1 BWO & LA

BWO Skt TIRR . I RME R A I =B B I B2k Bl R 1 fix
ROk, R MEBAESE H T N SZEREEWA HENAZEMW, , Hp B,
NPT, o BERENRRIN BOL 2T R B W AR, e A i
B NIRRT B By AW, ik s 0an R

t
B, =B (1-— -

¢ = By( 2T) (4-1)

W, =0.1-0.05t/T (4-2)

Horb, UYEE AR, T NE KB, B EFIEMAN, HEEE
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FEQO, D) BTSN BEALECE . 2 PR 1 By > 0.5 iighb THREBM B, 1 By <05
I [ T R B B . BEAE ARG TN, BEA T AP B J LR s K. sk
B <Wi, JUJE At B B o
(1) R
RRYY BT B ik AT M@ FEREAT O UK, 9 R B RS LA ]
A B AR B R B ) [FAT 3
I AZAT N, LR BT A 5 B R AR A
{Xifj” = Xiij +(X[, - Xiij )@+r)sin(2zr,), j=even
X\ = Xiij +(X[, - Xij )@+r1)cos(2xr,), j=odd
Hopr, tALurkRmE, XU REIFARES JELMHME,
P(j=12...d) M d gEhBENLE RN, X! RHiKABRES | 4% LIhiE,
Xip, FIX ! AEHS VRS 1 2% i r ACRBENLIL B A 0K M AT B, n AT

(4-3)

O,DFIBENLEL, &M TR RN BRMBENLE . sin(2zr,) Al cos(27r,) -3
i 2 [ BEHLEL. S AR EOE T 4R, B0 BSOS 7E R AT U Pk B
VK Bl R BRI [ 25 s R AT N
(2) FFRBrE

FERBY BB T A ST L. A uE o A I A BAS ERAE R
1, WM BBINT Levy ©ATHRBSHHAAEDY), IRmERISE. HECHRAIRR

Xit+1:rsxt§est_r4xit+C1'LF'(X:_Xit) (4-4)
XA, T OYHEEARIE,  XERX S 5% iR — 2% B AL 3 ) M i i

XP R BRI R, Xoo A B P RAT 1 R R EEIE(0, 1) A B
Mg, C=2r,Q-t/T,) HTW&E Levy ¥ATHRERIBENLBERGREZ . Le 4 Levy
AT, HAFE IR

u

L, = 0.05><—|VF,‘; (4-5)

[T+ B)xsin(zp12) v
T((L+ B)/2x Bx 2002

Hrb, uMvEIESSARIBENAL  BRBOANFRL, %1 1.5,

(4-6)
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(3) fita BAYK
gk By B T BB YR AT N ESE . 2 A RS2 B A S, AT LSRR
oy A5 BRI . SR, AIRA DB A VR SR, IR Ol BA R
MR 1 i A0 A7 B LS gt BA VS R TR PG, M N AR A B
e FLEA VR B B B AR A ) R
X=X = X! +r,X (4-7)

S, o n A RO Z AL X, REREBERSK, B
X = (U~ ) XP(-C, ) (4.8)
Soeb, C, AR RO BE A0 5K BT (C, = 2W, xr), Uy AT, 533
AR R T . MBI, AR W, M
W, =0.1-0.05t /T (4-9)
s W PTG 0.1 /b2 0.05 I, 208 F1l e FH0b it B PG
W, LTGRO . BWO SR Z L S iR M 5 7
CRRLEL, SR AR, I DL I 75k i S B (A
SR, TNAEEAT . A A B LI, B, I AR

4.2 EF BWO E XA

B A% Gt PP TN 5 32 T DX B2 2% 0 S5 IR R B HL 5 e A P DR A N 4%
AR, AT AT BWO SE R I % . E e U R 5 d
JERRE, S BWO ST AR INAH S N KA AR A, ATRE AT e 0 1) i e
s RAE AL T, 285 45 1 BWO Sk MG sSe LU A b B8, il A
N R B S R MR R, 15 AR s i iR iE R, iR TR
— g TSI T, BRI UGN R GER T D0 Rl AR BURE EE A 7
Pl 7 AR GUT SRR AT P A RAS I e A R A

4.2.1 RUARBL 51 R iR 3

AR B0 SR UK B R R AL AT 1008 1155, FR L IR A B PR IR 1, LAY
SRRFIEAEEYE, T H B PR T HUAR U R R U
FEAR T T, KA BRIEF 553k, Il EEORF LN =P
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(1) 7FEUG W R BURFE 25 p=(u,v) , CAiZ s LG mi B . [FR LZ IR )
AR bRE, BRI p LR IET TR XIS, NJT R S4B, FFIXIR S K
NCE N 31x31, FEXF X S HEAT RO

(2) fEZITAEB A IX I S AHE e i 0 A SR B B xS B I
N 2560 FERHURIN 2 A RIBC R, 0 T im0 (%, y) » SRHPV(X) F1PV(Y)
EHPV(X)>PV(y), ¥Zsxz BB RILA 1, k2, iR 0. Hd, PV()F&
ARG AR PR 2L

(3) Xf (2) A AT BB, IR LRSS AL HE 7 45 217 75 1]
B, ISR LUARFAIE £ p 538 25 A 1 1A 1

ERICE NGB IHEAR T, AFFIH PCA Bk &t ik =0 3
IR T HEAT e, RIS AT R4 o

XTI AR SR {B,, B, By}, A H A HT A L5 7 S ¥ 0G
B, Z R T S MG AR, JFSRAE 2 A WO DL e sy ) D B,
HARTH5 77 X A KPR (4-10) s -

max SIMY (BRF(A),BRF(B))), j =1,---,N (4-10)
A, SIMY () it SR EE AU R s %, BRE(e) 2R HREMR M) & i ik
TERHL NI SR A% H

ATH BWO FEA Rt B0 RAIE R, RS R 1 1) 2RI TE

X, K BWO EE A ME X FoR N

X :{iindex’ D(iindex)} (4_11)
K, g RREB RGP, Do) RoRIRIUT 5 R & 1A 7 17

NARFH IR, AR E I TGS R TS o A A G
(] A A 7 P B PR B AR R, DAt A it M R AR BLIE 3 7 B R B P A s
AU

(D XFTEG AFEIL A, SR &R 7 708 BRF(A) #1BRF(A,)
T EHE ARG A, TR PU R0, A R:

dis(BRF(A),BRF(Az»:Ji(dl,k ~d,) (@-12)

Hrr, BRF(A)={d,,.d,,,--~,d,,}» BRF(A)={d,;.d,,,---,d,.}> di,j IR T 17
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BRMMICE, @BHHN O 1,
(2) g EG A MBS A, RIAREE, ansX(4-13)Fin:

1
(A A= dis(BRF(A ), BRF(A))) (4-13)
M ai(d-12), #E—SHR A, AR E4-13)FR:
1
(A A)= (4-14)

1+ dis(BRF(A ), BRF(A,))
(3) K4 R A AEABLEE R B Dy v 2 pR e, tn=X(4-15) o :

F=5,(A.A) (4-15)
M (4-15) PRI (4-12) fEl/h, SR EEEBOR, EHRARLLE R

4.2.2 #F£F BWO HiERY & ik ik BY

N T B e PRSI (4 283 I S RAG HE R R PR A e 1B PR, AN TR A BWO S92
R PRSI 1) AU AL D doe R AR TR, P e i I 58 o B A A S 2 T
AR RIAR LT 5. oG, KRR AR T AR R R &R T K
Xt A A AT B RGeS, BENLA ORI E, BRI R IRl 3
PR B () 153 Y A i T PTAC IR B, 49 31 A BE 5N Be A AL B i
JETHH AR ASE N P, 13 HERIEAMEALE, TR S AL EL AR A R
HIARALLRE Fr s R . 2k T BWO BE R e i B 20 BN 5505 3 o

Bk 3 HF BWO H B i B
B ARrmiEG. DR RS
it LRI T e ingex
28 BEVIEF B SE Q, FAEIRELD,, ME R MiE N FERET
2 HC T it AR A [ s ot B AR AR A1 o0 L R 4 B s I R IR AT
BENL=AE Q MAMEALE (D EGFFS) , HAIEFEE
While t<D,,, do
R (4D BEPFERET B, mk (4-9) 753 AR W,
Fori=1to Q do
RHE A (4-15) , T Fy o, W38N AR PIAMEN BAE N AL E
End
If (F; >T)
iﬁﬁﬁ EE_XA/ﬁE/I\'M:’fig’ E’Ij ibest_index ;

Break
End

For i=1to Q do
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S 3 BT BWO BIEMRIEMIEE
If B, (i)>0.5 then
A (4-3) FHER A BB A &
Else if B, (i)<0.5 then
TR BENLBRER SR E C, T Levy RATHREL;
A (4-4) THEH A BB A &

End if
T B A BT, FEVP AT N AR
End For

Fori=1to Q do
If B, (i)<W, then

AL (4-8) BHH T AEREH AL E
AL BT, VPGS LR s
End if
End For
RERAEBLE i e
t=t+1
End While
i b 5 2 ot S ARACA B sz il S G 5 S5 &

4.2.3 fe iz midez iy

3 BWO ARSI 45 F I 24 7 B8RS SR B IR, 8 00 2o 24 i R AN
L3R, WJE ks He b 22 A LA 58— X R EL R, 8 =5 B it o A
M, D 2 R K P e e gt — 2B TN 0 Ar o AE SR BE At _F 5 Hh (e e itk
M7, ZI7 K A R 1 IR E AR — R FIES: HaT ge E T i i R SR 2
B, AR IO BB, IR T ARSI A KA, NI ROt IR T T
PSR AGEI AA) 2803 5 HERf €

fg e ois 4520 FI i B B 4-2 fs, 35 24 r R S 2 i R & R
PR T2 BRME S I, BB low score EIR. ez, T BI{E R
S ZEBHANTY high score EIMR, JURTHIE 9 AR, 222 S8 FT R (.
Stow 0.8 I P I 126 WA ALLEE 52 75 o

A

high score —

low score

>

Sow 1
0 o L

P 4-2 firadeiyiAer 7520 4 W 1
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4.3 LIt S5ER 7R

2 25 S BT P () B SRR AR B . CPU A InterCorei5-9400F, 6 #ZAbT AL,
FHi 2.9GHz, ZITW1E 8GB, %4%iJy Ubuntul8.04. A& ffiF KITTI A1 TUM 4
FFEHREEBEATIRALE

4.3.1 E£F BWO B AR A M ZR LLG

AR FEHTIREE N EHESE TUM K frl/desk] 7415 &= 4M 5545 KITTI 9 02 /5
FEAT LS, PR FIIE SRZ Mg, BBl hE s, HoaksE
BVESER 6. ABIE BWO SVEMA R, AT BWO HE S KL
# 7% (Particle Swarm Optimization, PSO) , M H H7 & % 9% (Harris Hawk
Optimization, HHO) LLA: BOW Rl G AR 5y HEAT P ARG MU F) A 5% SR 46 0 TE
A BWO HiEH Y E: M frl/desk] 73 IR Q ¥ A 80, 1
KITTI/02 JF AR FREFRIRE Q B 100 St RIEARIREL Dy 14 80: 3& ML 11K
T #E40.1. 7E fri/deskl 551 R, AZFHRTESET PSO ST HHO
VAR P ARSI (3 S B W St 2R i P 4-3 Flivse 7E KITTI02 541, A%
PR 52T PSO BUAMET HHO S92 S it ) PR AR I 038 157 P Wi i th 2
WNE 4-4 fin. WE4-3 (2 fiE4-4 () W=FEIEIEFATLUEH, AREAT
PRI FEAOE S B S, i BRSO FE AT, A 4-3 (b) FE] 4-4
(b) ATUABH, BIR=FEVEEE N E LA, (R A ST I A TE SR
FHET PSO HiEM HHO &k, SEIbgt R /i 7 AR Fri ik e
FOREFE Bt

“~—PSO | —e—PSO
+—HHO 0. 04340 —+—HHO
“— BWO —=—BWO

| 0. s
| f 7
| J
I 1
[ ]

o

| &

1334 | I —

] \

o
o.oa3sz [
oo A

0. 04330 L . L L
0 10 20 10 20 30 10 50 60 70
Iteration

() BMGFS RN 497 &N EWSHE (o) EMEFES N 1295 BYIE S Y8k h 28
P 4-3 fri/deskl T A 7 P A4 Hh 2%

Iteration
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Py “—PSO
0.04340 —+—HHO 0.04340 —+—HHO
—=—BWO —=—BWO
0. 04338

F R R e EEFFFEFE R PR E R FFRFEREREFErrR 0. 04338 | ‘I
\ || promsm——
|
0. 4336 | 0. 04336 [ |
W& W i

004334 T

FEEEE
0.04334 F |

0. 04332 FHEEE 0,04332 |-

0. 04330
0

' 1 1 1 1 L ' 0. 04330 L 1 L L L s '
10 20 30 10 50 60 70 80 ] 10 20 30 10 50 60 70 80

lteration Iteration

(a) BEURIT SN 207 (ERTICSIE:  (b) FEIRF B 319 (SR Ui i 2
Bl 4-4 KITT/02 J7 51 T & S B2l 2%

MKl 4-5 K] 4-6 1B 5 Ee b a] AR AR 52 5 /2, IR HL
HE 45 (&) « K 4-5 (b) FIFE 4-6 (b) AT UL, AEE Frde AIFAR I 75 1k B[]
WAL EAL, UGB ENE. WSERERKRE, N LRk
MR, AT TR ITIRE RN 1B RIS (], X Y] AR R PR T
BWO S35 1 P il 77 VA AE 2805  H BBk

—— PSO —#— PSO
—*— BOW —*— BOW
—A— HHO —A— HHO
221 —*— BWO 23 —e— BWO
21F 2
S0k 21
20
191 19F
= 18F E 18
= 17F = 17]
L 15
il ot W
13r X X X X X X X X X X 12 X X X X : X X X X X
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
ol Ve ol Y
(@) EURF5 9 497 sl it a] (b) EMRF 54 1295 Bl i [a]
B 4-5 = Fh BRI 7 VETE fr1/desk]l T RIS [R] % G &
—o— PSO —+— PsO
—*— BOW —+— BOW
—4— HHO —4— HHO
ook —e— BWO 34r —e— BWO
201 2
1ok 31
18f sor
s =
= 16F = %
15 2r
b 26 W“
131 251
12 241
il nl \//\\\‘\/\,._./N\\’_‘\
1op 1 1 1 1 1 1 1 1 1 1 220 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
VA LRI/ €8

(a) BGF SN 207 BRI 8] (b) FEUE 319 F¢ 5 Al A 1]
B 4-6 =Fh ARG I 7 V1748 KITTI02 J551 T BB fal ot bk
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4.3.2 FIERKMME BERTEE

T BRI ARSI (¥ R, SEERAE A = A KITTIL HudE 4 vh & 5 i3
FHT 02, 05, 06 FPHILL A = N TUM a4k frl/deskl. fr2/desk. fr3/lo/h 741
A7, X DBOW AR 5 B gEAT PHERA IS B2 5 SERT MRS LG o PRS2 g0
HEHUCEEANFF FIH 20 i BT PHERAT I, MK LS EME i 3 i EURAE T 3E ]
1%, JFHIXEEME T S e GG EBSAEE, 5 1S IR & 5 IR G
ARIRFIE . R G0 SER P SL IR OR DB B AT AN P 5, 15 H R AFERT . IR
4-1 fFR, ARSCEIEH T ARG HEIEEUARAM, ST+ 1 IRk U PR R UG v
HAZEER AT KRG HE, ESEEG RN —EMmH.

Je 4-1 FERR I IE #5592 T LE

e IE G P15 FEIT /s

DBOW ARk DBOW ZNC RS
KITT1/02 12 14 619.58 573.92
KITTI/05 7 9 190.71 179.61
KITTI/06 13 15 67.30 62.49
fr1/desk1 12 15 29.18 27.32
fr2/desk 15 12 95.41 88.74
fr3//o/h 12 13 129.27 114.84

NIRUEA B P52 IS I 5 5 AT R R AR SCER = 2 oR ik PR Al 5
5 A Bt Ja B AP I SEVEAE TUM AT 4R T 3T S IAIE . anf&l 4-7
PR, AEEIES S =5 OR SO R MG I FE BT TR, WKL 4-7 ()
L X AR, IR SR LU, (BAEETEY) 5 N A B RIAIEIR
HE. MWK 4-7 (b) MG BUE I, 2 =8 HIkE e R 2 5t
Gy MOUBL 2 MG DL, iR AEHE @ . A BRI BT SR T REshy
HECEE IR, PRARPUIL B R %, BONRHERS E BT LI .

- —— Groundtruth\
— SRR
— KR

(a) fr2/desk
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— — — Groundtruth |
— EEESE

— AEHE

. z(m)

b
s
-
*\
L
|

(b) fr3/l/o/h
K 4-7 BEX ELSEEG

7E TUM A FFERE A R 088 =5 k. AR = BE R M IR AT VP4,
HFRRZE (m) gz (9 RoRFIEMIERE, HIRRN (s) RRFIER
SENHPE, XS IRINER 4-2 on. WER 4-2 AT LVEH, ABEFIEMEE TR =%
IRAE TUM R SEDYAS 29 - RS R 22 5 e 1% 22 70 i)~ F A1 FEAIR 9.97% . 5.48%,
ENREE R BRI, HAER-FEi 20.20%, SEmfPE45 B4R T
2R 4-2 TUM Ha 48N (O AP G I e EE

TUM FEREE ¥R AP AR (%)
ol T ‘ Ted% FERT ‘ T ‘ e FER JF% ﬁﬁﬁf e
wE M RE (9D (s) RE (9 RZE (m) () ®kE BE
fr2/desk 0.0068 0.9359 132.95 0.0061 0.8835 104.53 1029 560 21.38
fr2/xyz 0.0030 1.2394 225.33 0.0026 1.1905 179.32 1333 395 2042
fr3/l/c 0.0426 1.3955 93.12 0.0402 1.2987 75.18 5.63 6.94 19.27
fr3/l/o/h 0.0066 0.4597 165.47 0.0059 0.4348 132.85 10.61 542 19.71
FIME 0.0148 1.0076 154.22 0.0137 0.9519 12297 997 548 20.20

4.3.3 KITTI #1 TUM 3B & 407k xf Eb S2i

R BT S AE 5 = IR R E ke SOk R S BT DG B e B W 4
AKEET BWO FEM AR NWIL R —4 SLAM RGEHATER . 1 eiki
KITTI H3 8 AN R 2 510 A S ot ot St A7 M, IR IR LA EVO %t
15 3 1 S8 R FAT AT AL . SR IEAS FET- BWO PR ¥ G2 A 5 SLAM
RS, SR o AR AL S ORB-SLAM2 57k &k OV2-SLAM HIATE
KITTI ## 83047 5208 b8, ORB-SLAM2 2 —Ffi%: T ORB 4F4E sy AL 3
SLAM 5%, 1E% W LA CE AN S A BRI # BIROR, OV2-SLAM J&—Fiis
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HALE SLAM, fERLSE BLAZ 1T 4 F FAST $2BUS LK Y6t AT iiEs, HiZ5E
(R PHERASINNASE A 1) /& iBowLCD fEZ A 78, W] LU SE 2 (1375t . KITTI %L
FEEFF TR EAE 4-8 Fivn. B 4-8 F LA BIR W I Sehuss, B
AEFDE OV2-SLAM FikY6e 78 AN FURS HE 2 BB R ER , b 09 75137
SN RRRI BB N BB, MK ERER 5 A feoe Bt g 5 5
FEAE RIS . PR, ORB-SLAM2 fEIZATHFRER R EZE, OV2-SLAM H
AR A B, A RO T USRS R, FEAR S T R
AT HIR G N T MU P 5 5 BWO HIRAG I 1%, To il 1 322 i e o
T R AIE R ER R AN AR 8 DA S A G PRI AR I 5 42 7 TN 52 29 37 s Bk v iff 2R B AR )
R, OO EE SR HEAT TR ERER . 7E 02 JPAIp, R R AR
Z KA R0, ORB-SLAM2 fil OV2-SLAM ¥JH B T HUrEEs, miAZ
BFAEAI BRER N A BLRAL, X 2 2% S B AR HE U I35, HET iR
T HERE AR .

400 [~~~ Gromdmth |
ORB-SLAM2
800 OV2-SLAM
300 (—— *mE )
600 . T—
200 ) )
E £ -
N 400 N b /
. 100 o —
2 R
.1;‘\‘)/‘_/:"! [~ — — Groundtruth
200 ORB-SLAM2 o pom====d]
. OV2-SLAM =
-~ = g
. T A\ / Y
N 100
~200 0 200 400 600 800 200 100 ° 100 200
x(m) x (m)
(a) 02 7% (b) 05751
300 Ny
7 500 | [~ — — Groundtruth n\/f/
ORBSLAMZ |
- 100 OV2-SLAM
LN
o0 300
£ E
= N
200
0 R
\ [ —— — Groundtruth |
ORB-SLAM2 100
-100 OV2-SLAM
0 I ol B 0
-300 -200 -100 0 100 200 200 -100 0 100 200 300 400
x (m) x (m)
(¢) 06 51 (d> 09 51

&l 4-8 KITTI 4B 4541 F Hfphids
% 4-3 79 90% A 1M1 3T 1) 3 R K I RIR ZEANER S 0 USSR, M
F1 ORB-SLAM2 725+ Jal SRR HEAT PRI, OV2-SLAM i FH 78 2 4y i 1] ik
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(KT PR ERASTIN 7 v, T AR B B0 45 5 B = 2 SO AL O LR VR O B e B SR s
LARHET BWO MR T VEIL [FIR il — AN e AL SLAM R 48, M a]
DEH, BRT 06 FPol, ATEEIVEEREN TERERTT 10%-20%. 06 73
LT A PN, = MEIEAR R R ZEA R AR T 02507 %
B, ZREEE IR RIS R T 80% A . £ 02 FRAIR, AUARIIZ
FAAE CRHRE A R A S 8T =R AR 2R A X R, RO
ntt, AFEFEFAET ORB-SLAM2 HiXIEREUE T 17.39%M4 . 1E 07 7
FIN, A E AR L HAR P S A B R T
R 4-3 90% 1 [m] 22T Y 3 MhEELVE I 1) 75 AR R ZE AN HER Z0) EL 45 R

3 HERIZ (%) BT IR Z (RMSE/m)
ORB-SLAM2 OV2-SLAM A5 : ORB-SLAM2 OV2-SLAM A& 5k
00 69.12 63.52 82.17 7.43 6.52 6.07
01 72.31 79.58 80.04 15.72 8.44 7.59
02 33.58 35.92 39.42 9.29 7.61 7.15
05 67.49 71.65 81.91 5.45 4.43 4.12
06 85.34 88.43 88.93 9.11 7.73 5.82
07 63.18 71.37 75.17 4.65 4.40 3.74
09 79.25 74.93 88.26 5.82 4.93 4.79

Nt — IR A SRR TERE, F TUM $dE4E TS5 ORB-SLAM2. OV2-
SLAM KU TR MR E . K] 4-9 FRI 1 =M REAAE TUM Hdl 46 S & FP 51 Y
isxttt, MEFATLEH, ARSCHIEE TUM FHI A LRI, HE ORB-
SLAM2 1fi &, ASCEIVERBH) MU & i, e 1 B As sl s iR i
FRIERRZE, HF H gD T A f iR A, A H B0 N4 B Sz . AR
T OV2-SLAM 532, ACEVERTEA A AT =GR, AN RZE.

(with SE(3) Umeyama alignment) APE w.r.t. translation part (m)

0.137 (with SE(3) Umeyama alignment) 0.123
-=- reference
reference
5 ] 4
2
N

L0073 +0.064

0.009 0:005.

(a) ORB-SLAM2 frl/deskl (b) ORB-SLAM2 frl/plant
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(with SE(3) Umeyama alignment)

-1.0

X (m) -5 0.0

(¢) OV2-SLAM frl/deskl

(with SE(3) Umeyama ajlglwmcntJ

reference

-1.0
X (m)

=0.5 0.0

(e) AEHE fr1/deskl

0.132

0.015

0.058

0.029

0.001

(with SE(3) Umeyama alignment)

=== reference

(d) OV2-SLAM frl/plant

(with SE(3) Umeyama alignment)

--- reference

X (m)

() AFHE frl/plant

K 4-9 TUM % 5 T =P SRR EE I

R 4-4 2 3 FEIETE TUM B4R R AL iR 2 e b, R LG
H, AEWEIEE 4 DA ESRAT T R R . BAORE, AEEILHL
®ZEAH L ORB-SLAM Jik/> 1 39.4%, #HLL OV2-SLAM2 #8/> | 35.8%. T 5]
Wy KRG, 3FMEIELE fri/desk. frl/plant 5 frl/room &5t R HRCR By, Hrb
H TR T R R T OB UM T SR DA B Sk R PR ER ARSI 7 vk, AE AT [
5 RS AR . 1M fr3/cabinet 37554 & AT I BG83 B

IR RO .

F 4-4 3 PRIELE TUM R 4L T B4t Bdb 2 22 0T EL (BRAZ: - m)

b,

0.084

0.043

0.002

0.044

0.023

0.002

3 FpE

TUM sequence ORB-SLAM2 OV2-SLAM AREREE
fri/desk1 0.058 0.047 0.026
fr1/plant 0.045 0.031 0.021
fr1/room 0.115 0.130 0.072

fr3/cabinet 0.065 0.058 0.053
FEIME 0.071 0.067 0.043
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Bl 4-10 25 TUM #daded, Az EES HAWVE LR AR HER 25 F B 5%
tb. M 4-10 AL 26 rT LA, 7E fr2/xyz AT frl/plant i F50 L, FEARAE
=R EE IR ZR 309 100% ) [F]IN, A E SR A [l ZR (A 70 AliE 2 T 84.1%

F187.7%, X5 ORB-SLAM2 HyEAHLEL, 20Al4Em T K4 12.4%F1 15.2%.

1

09

R % %
o o o o
(& (2] ~ [e<]

o
~

—— ORB-SLAM2|
——— OV2-SLAM
A EHL

L

1

09r

W R (%)
o o o
5 2 @

o
2]

N
~

—— ORB-SLAMZ
——— OV2-SLAM
A FHL

T ]

o
w

0'30 01 02 03 04 05 06 07 08 09 1

HIE ] %) EE [ ACI)
(a) frl/deskl (b) frl/plant

&l 4-10 TUM £t N BOHERG -4 812 01 L K

4.4 Bl S AN E LI 0LG

0O 01 02 03 04 05 06 07 08 09 1

NIRUEA SCRVEAE SEBR B S S B RCR, SCh it 7 2E T BWO R
ISR SLAM REHIRE V6. %V 6 R 57 5T S A B 3
SEAL AL R B, N2 S BIBEE T TAESRALIERY, TR A 30 2 DU A AR AL 2%
REWS TR AT AR S5, ER I AR PSS 2 R B . e B Bs g 5
BEAT R B ds N TN S 4% 37557 SR WL A IS 3)) SLAM BESES:, anfEl 4-11 P,
Bahlas NoF-& LL Husky Hlag AR NFERE, F# T Velodyne VLP-16 ¥t
ik, D435i P AR K A5 AT NVIDIA TX2 2515 % o 1X G HLAE A 32 2 AR R AR B
ROS F AU HURI R S IX A H2H o 383 W A% R AR S B i Bkdls, ke
X LEHG A ST SR LA AL B AR AT AL BE, Forh Husky HLES AT RAGE SR ZiE
ENFE I DI RE .

4-11 BEhHlEs N5
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REFFAE N ZAEHEE LI, 2R R RS T 2 MR,
KA FAMAA 5. e SLAM RGERIEd RS, RRIRZEZZHHK,
XK BRI AL 2 A T R A 1 AN SRR B & N A . R AR ZE NS By
LRI, PABCE NIRRT 10 R AR D W R B A R
A SR APABDE N B 4-12 N A BH I F, B 4-12 () Bon 7T e
Y EPHLE N IIIE, KR ZHILES AN A BB E TG, $4HTk ik
NSRS R VR TR, BAE B RERAESHRITIE. Sk
KET W, UE TRABRGMERERE, KN 480%640.

| %¥ | 4 | (=== Groundtruth |
Gz T e
_AB N
P '—\\ // %C%\
/ / \
/ vy I
e Ly Ll A Eo0
HK = | ZILX% =
. ! ‘jﬁmﬁ%
h N
\\\ - \\\ ///’/J‘Z‘ZjJ 2
-4
| Fi s |
-8 -6 -4 X(m) -2 0 2
(&) IPAZEAESLY SN (b)  ES R N ARGIEPEN

4-12 A E ALY FIR

a6 43Ik A OV2-SLAM, ORB-SLAM2 5 AL H X HLEs A Hisshil
AT, EEYs PR AL NS AT AN R R AR st e an i 4-12 (b))
FiRe SIS AT WAERS S Es ANAT B4 SOy, i T 48 e,
ORB-SLAM2 H1 OV2-SLAM 5325 22 it R 2 8] FO TR R AR08, I aE Ak
T PRI I . 11 A B2 SRR A BWO S RMB e TR I 5 V22403 1 PRI R AR
B 1)L, 3 T e AR A PRTBA I IS AT AR RS - OV2-SLAM 7E KM fis
ENAAFAERRER R RILR, FEE PG AL 2, 72 A ™ R
R, 2 RALAAIZEIRAS T, ORB-SLAM2 K4 T REnZz 58 EK, S
AN TR, MBATHOLIAT TR IESIE . SR A SCEVETE B ik
WOTTH, 4R 7 — M OCBEMTRM 2 PSR, B S LAS A AE I KA A AR AL I 75 e %
HERf I B B B 51, R B ks FER e A AT . ARAE R 4-5 T EL S8 5 R
S5O, I LU R B R 2E S AR R ZE R, T DU AR SR
FFAEINA BRI I T ALF AR RE, RIS H & T BE B
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R FE AN S B
# 4-5 L Ras T BT
P MM HEIRZE (m) a0 ERRZE (m) JURE] (s
ORB-SLAM2 0.53 0.42 29.84
OV2-SLAM 0.44 0.34 26.73
PN B S 0.37 0.28 24.18

4.5 RE/ZE

B0 A G P AR I 777 V2 A T 6 2 2% 37 55 N 3 AN PR R R 00 ) ) L, i
—FET BWO HMRM B SLAM 503k, 1 2ok FUR R IERA 7 IR 47
R BRI T, PR IR I AE P st R vh T 4R 5 2 it B AR B B
R G 1) LAY Ay e RAB AL 0]/, R 45 Hh B T BWO S0 SRk PH A ]
R BARSEI T, AR — M s A M 7%, RS HE R IR, 3R P
VR, AFEAE KITTL. TUM AT HERE FF TsEgnxftb. 45K, A&
FHRHIEET BWO HFREI AL SLAM 5iEM% T ORB-SLAM2 I OV2-
SLAM PRSI 7 vk KA B m R R . ROR UL RCE R B . iR BRI A
= H Y S PR AR SCEE AT IR I0AE, SRIR 4 SRAE W T A SRR 1 R
szt PEAR R T ORB-SLAM2 Al OV2-SLAM ZEH 4,
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51 & E%

BomEENG TACHIVIE SRS, IR TR R T M E
N ALE SLAM S50 K PR a1 ) P AT FEBILIR e o AR S 6 BRI 7T N
PRAT T ENRA . 25 FXIALSE SLAM HRALGE ELRRTE . DGR fr) 07 12k 55 mes A0 A1
RN = AR AT . AR =AY, X 2 i3 TR A S0t
FIERILSE SLAM SR EREE, BAT R P se i U SAE UK. KL AMizah ik
B FR) S B M A P X6 ol ) BB 25 2 DA R A TR A2 2% 7 55 I AT AL 0 2803 15 A
FRBAREE R, (R R BWO MPAMaE I SO SLAM 5k, 54
FE R I R A HE R R A R, HLoi a2 SRR 3K

WL TIN5 B S 4 T

(1) BFXF 3 THFAE R A SLAM SRRFE DL BC N RO AR, A% G0 a it 5 AL
s A SRS B DAL A AE D KA A 2 Bl 5yt IO B ot 1Ky
ik 5 BRER AN E T BUN R A THRZBOR, 8 R B PSS il i, — b st
MLGE B THAT O B ot ik B s (AL SLAM 535 . B %6, A CE: T ORB-
SLAM?2 FIEHELESR H — P it Rl LI S AR AL e AR T, 8 I I (E 4
AURFAE VG FC SIS AE S0 AT R TP g AT R AR UL FE BOGC R BR 1 D), 38 505
FEBREREREMITHRER R o IR, SR — b 2 T3 RARFALL s (10 5% B it S s
AL RFAE A A R AR A T2 o 15 TR R 5, PR R P i R RS AR A
B IR BURT S B I, AL TR S, SE LS NAE R AB 3 T B E L
F R ERENE . SRIRE R R A CEIL B BT R SRR AR 10 T S I F
AT HERA A LI H A

(2) BFX AR Gedk T 4L 5 il ARAB TR 18 PH ARSI 5 VA AL TN R 283 I R A
B IR RIS F) 8, 42— FhEE T BWO PRI SLAM k. &
6, IZSVAIE 51N BWO SR AR fr] U A Oy e RAEARAL IRl L, SR
K AR A T R BB AR S AR LR TSR D538, e e ) — A ade A 00 7
%, IR W R E AT BURS B P, SR TE AR G A B e T . %
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PRSI 7 3k 45 5 o = 28 (0 e L o B RE T 5 D B 2 DR SR R R Bl — e
BERALGE SLAM R G¢, AE DN R A BN AT B s 1 R0 5 e %

(3) A NI EHEEE S5 bt st BAEA ST LT BWO M3
A SHERLHE SLAM FARTFCI rI AT 1, 45 RER W] 7 A SCRIZAT B 5 7 &
G ENAS BT ERENE, FII IR T RGHSENIZATRE ST, TR MHLAS AAE SERR
Sy 5t B P G TN R ARG JEE

52 R RRE

AICHIGE “5T BWO PRI SO SLAM 5k ” #-ATRIE T, it
FEATHRAE AN B @R SN NI & BT 5050, B 7 AR SO Sk
(A R . S0 45 BRI T 2 ko B B R FE N RE T, 4R,
FESLEG IR R B KL T — Be R Al e i) 1), £ LU LA 71

(1) FJEIE L SLAM. ASCIHET BWO FIFR G I St AL 3 SLAM Sk A
RSP, SISV RHE S5 E SLAM R Gt 5E Ak
FEo DRI, SRR T T PR T A 4G A 1 SUE BRI IS B s h 3 A
YR J7 1 .

(2) FRRFET IR I AR . fERLSE SLAM REGiH, IR I 1%
G575 3 BRI T N T v 1) AR ARRALE SR 40 W7 B T (o A AR, DA R A A
Mo BRI, XS N THRHER Sl 888, HARRR R HEEEE. X
RHEHAE S, LN W SR B R VR JZ R AE, B A 80R] F
BN, MR RHESR U RO AR . B, ASCN— D aiRE 2]
TNES AR, SRR 2 RERFIE, AT e P BRI ) HE A 2%
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