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Research on Shotcrete Trajectory Planning of Tunnel
Automatic Shotcrete Robot

Abstract: At present, the primary shotcreting support task of the tunnel is
mainly completed by the operator controlling the multi-degree-of-freedom
shotcrete machine. Due to the harsh construction environment of the tunnel
and the high intensity of the spraying work, this work is extremely harmful
to the human body. Automatic shotcrete instead of manual shotcrete is an
inevitable trend in social development. However, there is currently very
little research on the automatic shotcreting technology for tunnel faces.
Based on the "Tunnel Automatic Shotcreting Robot Research and
Development" project, this paper researches on the trajectory planning of
the tunnel automatic shotcreting robot. The main contents are as follows:

(1) The cumulative model of concrete shot thickness is the foundation
of shotcrete trajectory planning. This paper analyzes and builds the
cumulative model of concrete thickness in two cases, the plane and free-
form surface, and then carries out the real machine spraying experiment,
and uses the least square method to fit the model function curve. The
experimental results verify the practicality of the cumulative model of
concrete thickness.

(2) Aiming at the tunnel shotcreting task, this paper proposes a grading
shotcreting strategy based on the thickness to be sprayed, and gradual
shotcreting according to priority from high to low. Data of the same priority
is divided into multiple sub-regions according to connectivity rules.
Aiming at irregular sub-regions, this paper proposes a trajectory generation
method based on an envelope box, establishes a corresponding envelope
box for each sub-region, and then uses a series of parallel planes to cut the
sub-regions in the envelope box to obtain the shotcrete trajectory. Finally,
with the minimum difference between the actual thickness and the expected
thickness as the goal, optimize the moving speed of the spray gun and the
distance between the shotcrete trajectories.

(3) On the basis of the shotcrete trajectory planning of sub-regions, in



order to obtain a complete shotcrete trajectory, these independent sub-
region trajectories need to be connected, and the connection path is the
shortest. In this paper, the subregion trajectory connection problem is
modeled as a generalized TSP problem model, which is solved by ant
colony algorithm, and compared with the nearest point connection method
and genetic algorithm. The experimental results prove that the ant colony
algorithm is effective in solving subregion connection problems.

(4) Combined with the parameters of the shotcrete machine KC30, a
simplified three-dimensional model was established, and ROS-based
shotcrete robot simulation was completed. The shotcrete robot simulation
includes three-dimensional model display and motion simulation,
trajectory planning, shotcreting simulation and tunnel environment
simulation, which is used to test the feasibility and stability of the trajectory
planning algorithm.

The experimental results show that the shotcrete trajectory planning in
this paper is feasible and can meet the requirements of tunnel shotcrete
tasks.

Keywords: shotcrete robot; shotcrete model; trajectory planning; complex
freeform surface; ant colony algorithm
Classification: TP391.4
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W IEREI A 7 P n, BRI RAE I Se P i i X SRt e 4
DX g5l R B AL AT ZE RSP o AR I IR 70 26 1 R L0 il A 7 Xt AT
M o A X AT A AN RO ) AR SCHR H — P2 TR 28 G A W B I ik
AR AN AN I £ 5 DX 3 SR R W e A o 00,28 e — I BE R AR 1 7 X 358
RN ENMITR. FKT s B il IR E , AROCEE G L PRmi
PG RSO, WG R LSRN A %A

FEFEARARAE LS, BETE 15 50 W1 3-4 Fios, WK BAE R 7 5 R i
EJr AR Bk, O 7 R i i, BSOS S R HTERAR T H S R
Bl ) 1= VAR TR, G 3-9 P, SE IR Dy B e b A L4 & LTS R
AT TR _E 75 ) 5 3 et AT A B 28 B =Nk 1)

T LJri

HIim

/ﬁﬁﬁr'rﬂ

B39 add@meass

3.3.3 TR B L IR Bk

AR AN X I L e s B a . A XSG AL B R 7 VR AR s
NIRRT ARSI (R PR L AIAE B A ve T 46 S MR P LK)
AR 3-10 Fros, TEEP IR K I T .

Stepl: MRHEAFUIN X I e A2 &, W 2 2 SR AR R L A AL 4K T
FATTW, BARASEREAS W 3-11-a iR,

Step2: KH—RFI 5% E M L7 mFFAT R FIY)E B d b, AL
BB N L, BARREDIEE Sl 3-11-b Fios.

Step3: FH T~ DX 38 ) EH ot T 2 DR B A ZEL s P R R, AN S 2 1) T T AR AR
TEERR M. Wi S L T E IR S B i e 2 R AL, RS
I S 3-11-¢ As

Step4: ¥ step3 TR RVEE R M5 MR EIE R A A BIEE R, Hriha
WA TAE R AR = B, A SCH 1000mm, 40 3-11-d Fiws.

Step5: FRIEA AR ELAARFRI LI R, stepd H I B IS FRIEILIZE R A 6
FNEMBIFR T, SRRBERAE AR, DMEVEIZ 3 2258 1) 40 N SRR AL
ANEN KT BN E.
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Step6: AHSBPLIL fidd (e, 152,

( Jrs )

A
S H RS

A

K — BB AT I YIE A

A

VP 5 A 4

A
2 M

I

A

A bR R AL

A

7R IERER

\ 4
SR

o
R
2L
P
4Z3|

B 3-10 A F &2 & 4 Bt AL 5 o4 7

Td

L |
U1

V
(a) A ELE (b) F@in#l g dthd

O vannrns

/
V

(¢) “F@h5 adihdm & (d) R &fhiE
B 3-11 A F a4 &6y kg X H &




R R SR A 18 553 & ST X SR P

Step3 FH1R PR N UL AR T2 V0P 5 B 7 50 00, o E R
BHEME 3118, Py Py BRRTATROYE P, 4 T KB R DRE, E,
BB . 43 BB E, s AN B S 7E E, o B 1R E, AN $5 7E E, o
OB 0 25T 1A R 5, MR ANPE NS A0 A o AP 312 4%
A I O e, YIRS, AR5

P, P, P,
| E, [ E; |
LT L
L e |
| e 4 o |
| | |
: ..\:\.. :
I A
e e T

B 3-12 St EEikrER

Step5 HURFBLIZE i AT A BR 2 5% (] 21 B A AL R 2R 5 A 3-13 Fos. it
T N ELS S 5 B, P RO 2 AR P ok UL RIR SR R
TEEET S ISR .

B 3-13 ASE[#iE ¥ K Huad 5 B

Step6 KM =ZIRFEAIES RELEIL . —MIEIL T, ARAEVIAIE BRI R
S ARG P20 R R LR S T L PRI o DX ) ek Y I 2 4 B [ A L ) VR
AREUTERE M H AR . SR, BEIE T 1R B VSRR AN —, RIS AL 5
T A il R A3 R O SR % s LR Y AT [ PR 3 e P A 1 ot s AN
. RN FER KRN,

PRI, AR SOR FH = R 25 A 1B 77 12200 © AR BB f AT 4, SRS R
WAL . = IRAFE 2 e DRAEZE S T BT i, RN BATE LR — i 22
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(AIE T 35 B0 HE S A T3 1

SRR A A SO ERE 0 MUEARY 0ol A 3 RETRME S, &
P, () F (e, (., )) FFiAS BRI AR AB U 0, 04 e B AL £ 61
SRE TR

s () =a(t—t) +b(t—t) +c(t—t)+d,te(t,t,,) (3-6)
LR XS B — B S EOm — i 3 807 N
si(t) =3a,(t=1)" +2b,(t=t,) +c,,t € (t,,1,,,) (3-1
si(t)=06a,(t—t)+2b,te(t,t,,) (3-8)
WRAE— B S HO — B S E R SR = R S Al E 2, T A4S 3
5;(1) =5, (?)
5i(1) =5, (1) (3-9)
HOEE0)

YR D2 2k AT R 7 Bk B 28, EMESRET 2RI E A
ntl RFTE, PRIMAAT n-1 DNI7RE. SRIIZITREALITE, T 2L I IR 2%
P AU 1 AT o XA R 2 RT UM P32 ) s N T2 0 P ) PR ) A7
B IS B A AR fA S . ASCRIEE A 73 6 € & R A
MMITOME, RBERE ViR EE. o, Ma] LUED ntl Brektbr iR R g o1 4
RHAE, 13306 BR AU R AUE . KA FFER R Ak X, Y A Z i
(] ¢ PR = IO 2% it 2 R B, 32 T AL ol R A XV e 320 s

3.4 Wik B L R IR

X AR B BEIE BE T, AR JT ) B A AR H AR A . Gn R DU E
WGT, oI R EE L R LA 5] BRI, ARSCRA 2 BARGE T, 5%
HAE R B AAR Y, SRS A BRAS R AR ¥ d T B SRR
AT, JRMAE LW EE A . 0 K ERNEEHRE
V={vliell,n]} &

MWAAE LIS BN MRS DL ] 3-14 Pron. BeBEIE i b — s AL S TR EE
TEENT . BHEWH S O,,, B0, KR, S mBeHs2 SIREE WU . T8
2 S RIRE L BREEAE ST NS, B1S,,, BT R, v R ez 8%
1 ERIR B .

tar 1 Sy
T = j q(s)dzzcj% q(s)ds (3-10)
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. i
i P,
Z, 2% [
: /

M e B A

B 3-14 " EH TR ETER

Wl 3-14 PR, BHEAEIZRERITHT P AL, X ml S WIRAE R, FEWEIR 1H 1%
RN O, o O, KA B RE 7 [m) 7] Ak & — € m RO A & . mi
WEISHVHMEENENZ, BEEEN . BT @B ERRZEEE R
AL E NIRRT E R R RHE R BN, S A O R
SLE RIS B, WA e E. LW PR SRS, i S RENERE
JilE, PSR BESHITTI, C WA BT 1 77 17 Z, 42 22 T L #
SR E N PS 52 FHINAL A, WHEES - KR X0 — M. 1)
HSENIROP LIRS

| PE, |= /| cos (S, Z,)| (3-11)

CE, = \[BE,F - (3-12)
MRAEER 2 BRI G SR R R AR, E TR R R R AR
q, N:

E [
_ ﬂklgﬁﬁq,yoqcyggR

4k (3-13)

0, other

Hrp g, R#ZCHMSE, RIS 2 BARZEER RREREA T E ],
2, FHESHE B B S ARIREEE RPER N
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(3-14)

E [
T)’ if 0<|CE <R

0, other

FEMTI SRR, T A W BAC T AL A B PR RXT S me AR EBIRAEH o
el (3-15), MWTHEXT S AFEMERIEH: R, WX S s/ .
0<|CE,|<R (3-15)

Wk 3-14 HEIBTIELE P ALK, PSS 5225 P AL B C, BEES K T
12 R, TERJEBERIGEIZ AN, X S R AWERAER .
WABAREIE A 7 ARG A G Z IIBE B N A o 24 Ad AR/NEE, TN i 2
[F] R R R AR AAS . AP A X B ] S AR BN
T, =ﬂq,»,s (3-16)
\%

i

MREM ={m|j [l,n]} FREEFPILBHPL H WA, W S KRR
TRBREEN

T.(V)= zzmi (3-17)

lkl[

Bz T XIS SO N, BERIRIZEONT, , 1532 H bR e

mmw=§]g—u03| (3-18)

S=1

IS E v, SFEEbRR R (3-18) MIs/ME . AR Powell 121
1) BOBYQA!®Y (bound optimization by quadratic approximation) & 2 5k Kfif1%
78, BOBYQA 524 H] — VG AUAIE BT V5 R AR R L ARARAL R R 1255002
BEOCGEARH ] — AL — X BB A H AR R B, AN W 4 /) A5 s 3 e e A
Do ZEETC T 2 H AR ek B 52 1 BT DA 2 AR E LA . FER AR (3-12)
Hbs & By, AR EEEV={liclln]} . A 3B HEE K HZ

50mm/s<v, <1000mm/s -
3.5 MR A BEK A

M AR, W VAR SR 2 I BENS 58 R Bt L IR e T 55 . 2 ST
IR )T, AR A B B 7. O T ORUEM IR 5 B2 A2, Bae 1) )
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BOEMW OV EE . R AR, S SBESNDEEEAE, 5 EE—PE
IR WER B /N, EEHDEERE, BEE TR . ik, A
X A3 T B e 5 BEREE TR T o

| |
I d !
-
| |
| |
Vi \'%)
| |
| |
| |
| |
r r R

O] | | 0,
| |
, | |
S Sl |
L 1| |

X

K 3-15 "R X T & KR =

W 3-15 i, d RosfRORPIFPULE S0 58, s FRos i 2P A O AE
B, s' SRR SRR LRI, xR s BRI HIEE R, R AR
rpAt. A, s RiHIREL RBUERE .

1, (x), 0<x<R-d
T(x)=1T(x)+T,(x), R—-d<x<R (3-19)
T, (x), R<x<2R-d

R, (). T(x) S HFRER B VORI s gL RRURRE . B
FHHEE AW
T](x)zzjo"q(;q)dt,os;cSR (3-20)

Tz(x)zzj:q(rz)dt,R—dsxszR—d (321)

Hrph, MXRZSHBTE AT
=R =x /v,
t,=\R*—(QR—d —x)* /v,
n =Ny +x 1,
ry =\t +QR—d —x)* /v,
KA, Rl 1385 s BB L O O, EEES: 41, 40 HIFOR LR
AR EWTRAT s 0 B ISR IS AL — 225 ¢ RORWTE IS iz sh 2 s 47 B
PR IR 0. v, v, 5 PR T AR LTSI R R IE B, TR B AR LA

(3-22)
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HHEB R R AR R, B4, N T EESE P EEIR AT RELR I SIME, DLESS
SR B RN R S IR IH 7 JE B 2 (R ) 7 26 8 B bR ek 4
minS(d) =" (I, ~T,(x.d))’dr,0<d <R (3-23)

W1 H AR e B R A S A R 2 i R iR e, S EHER 0 R Ig LA
TAERAFF A Pt 0 H AR ECR IR R, B 1mm (9P B )R
HRRERANZE- /O

minS(d) = Y (I, -T,(x,d))’,0<d <R (3-24)

d=0

A B AR R B R E T, AR R AL RIEE d . BB d
B, KILE bR REE S5 TR B rpEas . 8 o i 200k #H E S H
P R B — A BRI R o PG R S0 R R K 1 AR B X TR N AR AE — IR AE T LR
2 B HORS B 1 23 SO A LA B R PR PR R 2

X T A F 5T I bR R A, AR SOR FH B e EU B R R i AR, s
SRR, PROEHRBIRAL Ao 84 L1481 ZR K I A S B gl A W 4 o 4 2R X )
(K 52 3 17 355 81 R 50 R I /ML o ) P B 4 LA 4 RV P T SR A 200320 5 ) R
B AR IRINT

Stepl: W& HABKWIAXIA[a,b ], HHa=0,b =R, FEZERNL=01.
THRIR R AT g AR ITRE L BRBUE £ (A) A f (p) 5 AT g BTHE A AT

{/11=a1+0.382(b1-a1)

u,=a,+0.618(b,-a,) (3-25)

Step2: #i b, —a, <L, I2fF1biHE . B, 24 £(4) > f() B, #53] Step3;
M (AL f(p) B, 3| Stepd.
Step3: %40 T A X EHA
Uy = A
b = by
A = 1y
M., =a,, +0.618(., —a,.)
TS REUE f (1) > BETIEEE] Steps.
Step4: %40 T A X EHE
Qe = 4
b=
My =
A = 44, +0.382(b, —a;,)

(3-26)

(3-27)
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TFEREE (4., B R Steps.

Step5: 2 k=k+1, jR[A] Step2.

MR IA RN 70mm B, 38 B H I B E SR AR AR R UL B L S e
FED9 173mm, 3110 T L AR 5 DX AsRAE 2 96 B2 0 229mm e 24 B3R 8] B 1 5E 9 i
AR, N B B EE R E 3-16 Fras, BRERRMRAKR, FEE
By, HAEE S XN EE & KMEN 71.8mm, H/MEN 67.1mm, JEE 5K
ZE{H N 4. 7Tmm.,

1 L L I 1 L . .
1] 50 100 150 200 250 300 350 400 450
B & /mm

B 3-16 Z &30 F RO H LA

3.6 ARFi/NE

TR IEWII A, SRR B KPR R T %, Eoe
BT BEIE ISR AT: 55 - $2 H 70 PR M, [ I 30 322 T8 R U4 [ — e e 4 ) B
TR 7 R A7 X3 SRJA, EERASN X3, S — Rt T a2 G
AR5, VIR SR TER RIBERIL; fE, DIBER)EE SR
FERZAE IR/ B bR, 53 5300 WEAR A2 B3 F5E AR S 320 [ BRI AL SR A o
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R R SR A 18 5 4 5 BT WO REIAR) T X E R

£ 4T ETHREZNTFRBHUTERIL

B A5 8 T e R SR R o1 Ja , ARIEI I BMRBNNGIIR . AT R —1i ek
VR A AR AR 3 388 U K 73 1 22 AN BT ) - X33 [R]— PR S ) 22 A1 X3 I 2R
P e sE 1 & AR R Rt O, RIS 52 | 24> XSR] R 72 AR K R
M 2 TR . RN TNEZ P2, PR AL RN, 4R 50 7 X 4%
o XITVETI AT, (HA—E 2 I m AR ERTT % . LA A — 2zt i i 31 5
— AN EFEIE R B AR RS, T AT AZE R AN R AT 55 B B P A], R R AR
W5 A o X Tz P EEALA A @, W] S5 R4T R (Traveling Salesman Problem,
TSP) [ (¥t LS o X T4 801 TSP [ml &, AL IRZ M, QiR
SRR W SRR OISR  R BRKIO3) AR SR FH SRR BV o LR 3 4 1) R AT A
sk, IS B AR I RBLH], iR R R S BRI RE

AT RGARFAS - X IR I 4 G A s 28 A R, AN (R DX A T e A
B RIS, BT X R ] AR Dy X TSP a) AR A, SR SO
R, RSO RUERRE . B EIREAT A B SR, S g SR AR WSO B
T& B il 1 DX 3R] A 2 ) R

4.1 DXl T i A 300 3 4 ) g

DX IR T e (e, T DA BB A X R e JE Y
LN ] LIS B 2 R0 X 7 DX ERR IR AL 1), 5 28 i iR
7T ) SR . (HE, WE AFAEE — e X0 MR 4EH) TSP fa) @ s i N 25
JER T R B R NG 7] AT RS RTEE S A, S AR RE AR, AE T
X I R AR o TRLI, AR SR SORAT R HE 20T [X 4 ) 308 32 [ s A
A

4.1.1 ) SOMRAT R i AL ) A4

J7SGIRAT A FE T A B RAT R ) e R ) SORAT R [ R 5 R
GE—NIE G =V, E, W), Hr BRI IMBUE T HONIEE, fEtEd T4
—/N 2% A /MY Hamilton [F1E&, Hb V= {v,,v,,vy,...,v, }(n > 3) Ros I TR I 4R
&, BT AW ES, W ={wx— )| wx—»)20,wx —>x)=0,Vx,y eV} EIN
BUEAE, BI G A EE PR Z WA, E ={(v,,v) i # j,v,v, eV} RN
A T R A I R S, R IR A BRI T I A B me AN R I T R
V={Cljellmly, HCNC, =,i= ;. SEERRTEEARRE, |~ SRR
RESR S AT — IR BAL—UORAT, TG BRIk T o | SOmRAT i )
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AR RN 4-1, Hoh B TR Ry A B B 23 Tt B o i

R CL

A CL

R CL

B 4-1 J URATR A T & B

4.1.2 EB N BT 5 R

ARSCRFTT SC TSP i R AR S8 -1 X sk ) B30 32452 o U AT AR ELSKR AR
L5 G AT 7 XU E R R A, 7 XTI, B — A Tia e, Al
ZI MBS T RAPUE MR SRL . A, FTE 7 XIS LR AN
v=vJr,ur,u.--ur,, Eifv.={4,B},i=1,2,3,,n, A. B/ HERTXI
PR SN 5§ X IBUE TR AW = WV, V)V, V, eV ,iz ), B
Fw (W, V) s T X3 0 PO BT X SO RIBUE . 5 DX AN BIUIE I 4 [
K 4-2 o, BB IRR ) R4 #%

I

An

M 4-2 T Rt idEr & B
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G 4-2 s, PN XA R G 0 Al DUARAEE BT TR AN A S A
RANFETAFAEZE R o ARBAFAE T X ¢ A1~ X3, A AR TR 1R DUAF A LA
~WA: 4->B—>4 —>B « B—>4—>4 B, « B—>A4—>B >4
A, —>B >B,—> 4.

N T gk EIRGE R, )R AR BARTE DU e H AR B st 1 Xk
M n, PBLEELETTURKNS =(S,,S,,S;,...,5,) » F S, KRB I T8 Hhms
#%L%iA¥Eucm?Eﬁ@L%ﬁf%ﬁﬁ@,mei%
f = for fynon [) FRESLTT . fiE—DIEHACE, HAEHRE 0 5 1. X
fi=00F, F X8k ARBALETS FI2 4, — B s 4 f, =10, T X380 NERIPIE
J7 5% B, — 4, o HHE, AR SCF X i B X ERBUE A w,  (S,,S) -
WAL LL B3, WA R BN DY AR BUE S -

(D Af=0, f=00, FXMHKHLEZTANAL > B >4, > B,
H#ERZHARN|B A, 5

1

(2) K f=1, f =00, FXBEEWTAERETXNB >4 >4, >B,,
BRI N |44, 5
(3) & £=0, f =10, TXRAFPTREZETRNL >B >B, >4,

JESLIRIE N |B B, |«
4 = fi=1, f =11, FXEAQHOEERTANB >4, 5B, >4,
ERBRAEN|AB,| -
%/ EBBREIBUE w, | (S,,S,) AR N

BA)| f,=0,f,=0

A4 fi=1,f,=0
Wf,.,fj(S,-aSj): (4-1)
BB f=0,f =1

AB)| f=1,f, =1
e, LA B AR 5 4 R A 0 K TE
T(S.) =3 w(S)+ S w, , (5.5.,) (42)

Hor, w(S) o5 i 1 XS AR, 27 XIS R e e,
ZIUONEE. S, S, R ERENAT XN m?zMﬁ HHL A
LSk G GHEADE

n—1
min7'(S, /) = minZWﬁ,fM (S:,5:.1) (4-3)
i=1
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4.2 1 DX B 4% ) K i

WSCRRE SR 10 i B — PR P L B BB L el i 5 AR 22 3] R 48, RH oA 3
Wi, 5 5HATEMS & . BEEEIRR T RS2 TSP W&, ER A
TS ) 4 R A 2R R R AT R R WA ST o AR SR SR SRy oxe 1 XA ) e e
] R A AR o

4.2.1 WHEEIEANH

SR 9k P AV SR U T L S AR O e IR A ) O R AT N0, B R
Dorigo M %5 NS 25999 7 CRERE, HET 1991 S R4t . M5, £ 1996 4F
Dorigo MAEFXTIZEER TR T —F LE, AR T BOREIERISEA R, DL
X T HAh R B A AR R A

AR I CE R A R, SESTBAEYE N —FIgsUsH KE B R,
FH T A (0 57 2500 e 5 A P R 0 B2 i B At B T SR IR 45 S 5 7 552 i A
IR BAT . %R L2 IRk Z , AR BT ORE B &K 5E
FEME S BRERR, KAEIE S, S-S E0E 2 P BOEZ AT, AT Sy
ST ZES ARG BT, ZAT RIS B AT R, R e R B
R, — kBRI L, e LR IRE R R, S 8us %k
ISR AR /D o 2, WU (R 2R B R BB A g RS

T RO B IR, WIS E Y m, TSP IR R a,
WU EEAL AL n DN, JFH B BRI M. 7 ()RR W2, S
i AT 2 R AR RS B RIREE . VG Z, AR LRE B RIREMSE
HAHH, R H1,(0)=const . BEHIDIH H G5, R EE LRERRK
FEAR 22 0048, IR AAT At 22 B A LERRKREREN. RAXR
tabu, (k =1,2,3,--,m) 1CFAGIL k 23 I3 T 50 - SIS 558 o E W) PR A e 15
R, AT DURYE SR B S B RIRE RS RS BRI FARESEBEME, RoRnik
wr:

a o}
i (t)a Ty (t)ﬂ , if jeallowed,
ph=1 2 TO 0 (4-4)

Jjeallowed,,

0, other

Horr,  pl () FRATESRTT i IHS U & 7E ¢ B 2L LT j S allowed,
FORTEYRTT @ I & FTLOEFRIRT &S o oG RRER T, RFEER
X WS F IR T R P A R AR EE {5 SRR IR T K B S B R I N R A R
Lo Ha L4, LRERMIBERLS; SNARREET, k18 k(G B
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WO R IR I E R, S KA 5 S BUER R in ke /it
P e(3,4.51f, ZRERMIERERLS: n, Fom A K RE, HACARIEAN

1

= (4-5)

A d, RosWT AT j 2 IR . WL, R R RS T TR R
PLAAHDS, TR R SR, B R BB

N BB B R AW RN, BRI, Fom AR R R ELE, iR
e ME, #EX S ERE R REATER, BEHy R 4-6) Pk,

r;(t+n)=7,(1)-(1- p)+ Az, (1) (4-6)

X, p BRERAMIERREL p MIBMETEEAE 0 B 1 28 A7, (1) Fow
Wi ORIIRTE j Z IRIERAR MR BRI T S R KRS B R AR ST,
Dorigo M =45t T Ant-Cycle #% . Ant-Density %% F1 Ant-Quantity 578 = FjA
7] WO SRR A, L BRSO an T

QR G, )

Ant - Cyclefi: Azi(1)=1 L, (4-7)
0, HeAh
/, 8 [ \J éx ‘ﬂ_ . .
,Mblmmwﬁﬂ:Aﬁ@y{ﬁ;ﬁi$@ﬁklkﬁd) .
i Q it G, )
Ant — Quantity {58 Az (1)=1d; (4-9)
0, HeAt

Hrb, ONGEERTE, OMER KR/ BRI SOEE; L, R
k RIS Th B A S KT

Xt bt = Fh A5 A, Ant-Density # A4 F1 Ant-Quantity A XU 2 1 i f
[ REE S, 1 Ant-Cycle B 80F] H I & AR (45 B, 7T RABT 1E15 B3R o R i
R, TERMEN ZREMEREETF . BRIk, ASCLL Ant-Cycle BEA/E S B2 FHNK
s

4.2.2 FET WO SVE SR A a0 32 452 )

ST 4.1 TR T XS T S 4 5 R, 2 BB SR A
L, B S my T RERCEA 0, ¥ m RSN ATE 0 A TX
W, BRI BRI 2R LIS OB 2, 25 2 BN B A EL VA R T DL 4 A
HAys — AT KA S = (S, 8,008, ) » R AEAT- K 7 7 1)
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WIBBLETTIE f = (fi, frrens /) » GRETPIN IR AT IS — 25 SE UHIERE I . #5
WSCHE IR I 7 DX I R B2 3 1% 1) B0 BRI A R i ] 4-3 s

| FREAXHESA |
v
| BEEFSHNRERMBAL |
2
A5 m R AL 53 F B n AT X4,
FIR B 34 SRR SE 5 B

HEESNMFXEMRESEBHER, FRBLERE
ik LE, FEIEHESRMMMTS EE

BERTEEESMAENTXE

| ERARERNR DR S ERE |

| ERRsa

BERRBREBERT RRIERRY

EER ERIE KPR REEBEN &
mERTE, SHRMER

K 4-3 F X3k AR iR AL

FEWCHE SRR Rz I A T, ARAE DL R LA RN 2

(1) FEHE R

RIS BN (5B R IIER RBEERA S at, H A i
Host B o1 XKBECER 1.5 24, SRS By 100~500.

(2) B BENL A

KT XIEBEHLHRS AL (59 n A7 XSSP REALAT AL, ol T ag a4

T XA 1.5 4, RE D BENLIT AL n A>3 XS PHEAE &, BT m 4>
T X RO BN o
(3) 2 T2 s IRE

B K 7 A A 58— A X RS R AN 8 SRR BE LA Y f, D€ 24 £,=0
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