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Memetic algorithm for vehicle-drone collaborative routing problem with
simultaneous pickup and delivery

WANG Jun-hao', LI Xiao-ling'!, DUAN Hao-hao', ZHANG Guang-hui*, CHEN Yang'

(1. School of Electronics and Control Engineering, Chang’an University, Xi’an 710064, China; 2. School of
Information Science and Technology, Hebei Agricultural University, Baoding 071001, China)

Abstract: This paper focuses on a multi-visit vehicle-drone collaborative routing problem with simultaneous pickup
and delivery (MV-VDCRP-PD), in which constraints such as multi-visit per flight, time windows, simultaneous pickup
and delivery, and vehicle’s varying speeds influenced by road networks are considered. Taking minimizing the delivery
cost as the optimization objective, we first formulate a mathematical model for the MV-VDCRP-PD. Then, to
effectively solve the problem, a memetic algorithm (MA) based on the genetic algorithm and adaptive large
neighbourhood search algorithm is proposed. In the MA, an individual is encoded as containing two sequences, a
customer sequence and a customer visiting pattern sequence. To check whether the individual violates the problem
constraints and ensure its feasibility, a penalty function and a modification method are proposed. To guarantee the
exploration ability of the MA, a customer-based crossover operator is presented to generate new individuals.
Meanwhile, based on the problem characteristics, four destroy operators and four repair operators are developed with
the purpose of finding better individuals. In addition, a population update strategy is proposed to guarantee the
population quality and the proportion of feasible solutions. Finally, experimental tests and comparisons are carried out
on different instances to verify the effectiveness of the proposed MA.

Keywords: vehicle-drone collaborative delivery; customer time windows; simultaneous pickup and delivery;

memetic algorithm; routing optimization
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— (2 45’ —2)M+t,,Vie N, je N*;
(44)

(e~ OM + 1), < 4 = 1 <

— (7 =1)M +t/,, Vie N™, je N*; (45)

(VP =M+t <t7* -7 <

— (&P =M +t],,Vie N", jENT; (46)

(x], + 57 =2)M 4+, <t/ —t/" <

—(z}, +s) —2)M +tY,, VYie N, je N*;
(47)

(2, + 87 =2)M + 7, <t74 =t/ <

— (2 457 —2)M +1t,Yie N*, je N*;

4,37

(48)
tYL = max(tiDF(l — SY),tYF) X (1 - SZD)—F
(Sl +ab,+a) - 1)L,
JENT
Vie N~; (49)

2 —tP >0+ M2, — 1), Vie C, jeC.
(50)
1 (36) LR ZEAHFITE AMLLE 0 B Z1 B A izt
i, (37) ~ (42) F T E R ANTE ANLLE T 2 T8
K55 B8], (43) ~ (48) FI T i 5 2 0 A e AL 2
TR RIS A], (49) Tt 5 45 40 T s
], (50) FI-F 15 1k Jo AALES A% AR A7 7E 7 [0 %
2 MV-VDCRP-PD RfR&
A FR M MV-VDCRP-PD, A — Ak
T GA # ALNS IR A KR H %, Bl MA, H ' GA
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FAR 6 A Bk K AR M TRGE S 4 45K ALY 35 4248 AL 9] A

3293

FH T A 2 8] 3 K98 B4 2, ALNS H T3k 47 )= 6
TFR DLRTHR 5 8. MA 2t m i fhD . 75 57 8
K MRFRI A6 16 GA BEH AT ALNS FBEERZH i, K 2
AT MA FIREE.

AL
_________ |
| i BBl |
| 1% I
|1 [erEranz] |
L* % R
Iﬁzg I — MR H T (RD, VD, DD, SD) I
| f5iE BT BRI |
| 2N v I
|EZ§ et —AMEH 7 (RR, EI-R, D-TNR, SR) |
| BT SR |
v
| Bt |
I 718 B ] 47 T FLE AR E I
HRAR B R T 4 AR 0 B R B A

E2 MA i

FEARTTH, J b RS i€ ST i (ME) R TT
W, T RO e B T ) e A AR 15 W AT B S e
1B I, PRI IA LR A 8 T fn ] 25 il 5325 i 00 46y
FhHE, GA B Al AR 38 22 X 78 S 44 A2 kT
HIFhHE, ALNS BEHR H & 548 R S 52 P
AN
2.1 YRAARg

28 = (P, W)RR G —ME. Hr: P =
{Py,P,,Py,..., P, P, } & — /N HLIE O Al
& sy, Bb=0,P, ., =n+1,P € C(i
=1,2,...,n); W={W,, W, Wy,.... W,, W1}
se— MU BT A, RIW, A3k 1 PR Vs ) X,
AW, =W,,, =0. B4k &, Vi e {1,2,...,n},
W, € {0,1,2}: {4W, = O}, & P 55 Pt ZE 40 A1 G
NHLIE R V5 ie) (ZEAMEE To AL [F [ 2 7 R
BUH VT MK A, AR JE AHLTE 12 58 K ER
Fedk), FRIRHEEUE TR IR S, AW, = 1i), Efi
;)2 PR P BRI ST, W, = 21 3R
AN TC ML 0] 2 7 s P HL I A WL R /% B

55
P 3 Mgt e 51 27 DL X I R TG 326

A - -
wanE .

plol2]9]3]4]1]8]7]e]s]it]iofi2]13[15]14] 0]

wlofof2]2]1]ofoJo2]ofofo]2]1[2]0]0]

E3 fREVRAFIN ECE B RN EE

2.2 IR

MV-VDCRP-PD £ 5 7 J6 AWLEEMT. o AML
B I AE . NS A A A S
CE R IAY W ECS W] WSl ¥ s EA
ZH, I T SR ELE BE A0 T2 A5 B 1 — LM AT
REANTTAT. SN T X2 TR R0 A 16 AT AT AN FIAS AT AT
AN, ASCEE AN T #8458 58 S— AN IR A R )
&5 R %, 1

fr = p1B: + BB, + B3 B;. (51)
W S 3, 20l A B« B B;.
Hp: BZRR — MR8 S B AN REAS T B8 A2
s T 1 1 B ) sl 288 L O EE B PR A UM 2 A
B RIR— Mg 518 o o AHUE BT H IR S5 1% 1
RIS BT A% o B ) ) B R Y B B R A e 2 A,
B 27— M P 51 .S H I AHLE K 7 ) (%5 7 1Y
I 6] HE G SR T B R A BUE 2 F0 AR B — M P )
St E KN TANT %1%, B, BB THE
A= s

Bi= ), 2

k=1,2,....K iECk,s?_lzl,siD:I

max {0, w* — Wp},

(52)
B, =

Z Z max {0, w — Wy},

k=1,2,....K jeCy,sP=1
(53)

By= Y > max{0,a’+T.+T. - Fp}.

k=1,2,....K i€C}

(54)
Forpo T AN B VR € (1,2, K},
4O FTRTE WU T B E T I %5 A0

Pas
= .
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G MEFIS, BHX B, BB
N0, SH—ATIATE, G, SAATATATfE. &1
FE BN BT AT A2 H TG A ML B% A AN A2 5 35 B8/ AN S5
LI5S, AR A 2 P U7 ) 45 1) 77 V6t
fife 7 FEAT A& OE, BIXE T AN 2 29 1 B T AL+ 2
1, e PR U A e ALY IR) BE 2 A
Wvla).

2.3 FEEILEIL

4 POP RRFHHE AR AN, X T 146 Fh e
HR RN ANMARS, B e dE T PR B s U A Bl — MY
FH 23T R 55 B2 P O 7 41 P, AL IS, W b &
MNITCEWIIEN N 0; S5, N T LB AT ALY
AR, IS ] REgR /D BUak i 8], 3B e W &F
AN TCE B HUE, REIEE 5 s Py e A S A
FEZRHAN T AN LR 3B e a, R A8 51 e S0k 2
T ANHLFT AR 55 (1) % 7 i 15 3 e 3 8 BB i 24 3R
T B s ) B 5 7 R U I A

FIE RSP RINT.

step 1: #P ={P,,P,,P,,...,P,..}, W = {0,
0,0,...,0}. Hri: P,=0, P,y =n+1.%2i=1,
BENLEHE—N% ke C, 2P =k C=C\{k},
1=1+ 1.

step 2: tFH P, 5 CH T 2 ] 18] 1) = 5 i
S, &k = argmin{dl’j |l =Pi_1,j # 1} EREE
P RIEWE S, 4P =k, C=C\ {K}.i=1
+1.

step 3: 4C # OB, %% step 2; HNHEZ step 4,
&i=1.

step 4: ¥ W, = 0IREAW, = 2, LLEGAEAT G
) B A7 A T 328 W) (], 2t SR 38 B [ i 2>, W, = 2,
BUW, =0.i=1i+ 1.

step 5: 247 # nitf, F A step 4; BN, 40 = 1.

step 6: WIS W, =0, ¢ =4+ 1; F W, FH K
(52) ~ (54) it 5 B,» B.A1B,: 4B, =0, B, =01
By = OB, W RFEAE, B0, W, =0,i =i+ 1.

step 7: 21 # nhtf, 7 & step 6; 20, S = (P;
W)
24 BIEEEER
GA B 200 & e B 1E . S R AEFI A S
AR, BARGRE N N 7 ORAEFIEE OO0 B, ik
BEPRRE R AT 8% MAMA BRI AL BN — AR, B Rl A
rHIR) At A A U 26 T 58 MR P K FH A8 AR AR
Bt T SR TEBIEE A AR Z2 A1, BB A
PRIE T AR R Py, PAT R S 44

241 ETEPRPIZXET

H T MV-VDCRP-PD 6.8 T Z HE R4 W, K
YO [ 52 XARAE 5 3 80 A AN FTAT, A0
— P T A LT (CBX). CBX 28 X #
YERT PAFER R 51 P EAAT, AT DLAE % P U [ 45
XFHW EPAT, EXBEMKEL NN X T% ~ n
x10%.

AR IRINE.

step 1: FEFRREH B FE P9 A4, RIVZERBHE G A
20% AT R A 23 B BEALIE — S AMA, e
Chr, = (P*, W")fChr, = (P2, W?). 4 Off, # Off,
I LTS AT A BT MK, IF4 Off, = Chry, Off,
= Chr,. F#LAERp € (0,1), 4p < P.B, BENLEE
P LANE P L ROINE S X = {X, X, ..,
X} 4i=11=1Y ={Y.Y,,...,V,} =2. 1
R P2RIEE AN uF e N P2y B 2 P2yl € X, N
YVi=P}jl,j=7+1,1=1+1, B FREHSE
j=n8l=L.%p> P.W, %% step 5.

step 2: A2 BN w € (0,1), #u < 0.7, M #%
& step 3; 150, ¥ & step 4.

step 3: X} TVl € {1,2,...,L}, £ Off, ) P+
MY E#H X, Off, PP R X, B #HY,. iR X =Y,
W BEALA e — ML X (V) T R P51, ik
X'(Y"), I8 X (Y ) ks A 2 X, (Y)) 12 Off, (Off, )
AL E.

step4: X TVl e{l,2,..., L}, tL# X, 7t Off,
FNOSE, (17 I A . An SRAR[R], D077 el B QPR 5 AN AL
750, £E Off, 71 Off, oy X, 55 M 2 i L 128 5 15 7] A5
v

step 5: it Off, F1 Off, .

A XTI BARRAE I 4 FE 5 B, B4 4
A XBRNEAE PR3 _EAAT, B 5 N3 RAEAEW 7
H EPAT.
X=1{1,15,9,11,6}
chr:P' [o[1] 5[5l s [1o[9] 23] 714aftal12] 3]6] 4] 0]
Chr,:P* [0]4]8[13[7]3 [iaf12[9] 5 [6] 2 101 ]1s[14] 0]

”I?%X%wl Y={11,9,6,1,15}

off,.P'[oft1]s]o] 8ol 6] 213] 7[14] 1]12] 3]15] 4] 0]

off, P> [o]4a]s i3] 7]3]1[12l15[5]9]2T10l11] 6 [14] 0]
E4 P ERITRIIRE
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F AR 5 AR H R KR B EGE BT £ - AU R 36 2 R A 9] 3295

Chr, BENLEFZ 0169 1115

P lo]t]s 5] siof9] 2 [13] 7 [14fit]12] 3] 6] 4] 0]
wlofofofafififofa]2]1]ofofof2]1]o]0]
cr, 1© o o o To
plolals[i3] 7] 3 a2 9] s]e] 210l 1]15]14] 0]
prlofof2]1fofof2]1]ofofoJof2]2]1]0]0]
off @ o o Tolo

P [0 T 5 IS8 Tro@ 2 i3] 7 [r4fmli2[ 3 e 4] 0]
wlol2lofofi]i]ol2]2]1]ol2]0]2]2]0]0]

o To To @
Off, BEHL BEAL AR Fiti #L BE AL

P lolals[13] 7] 3 [a]12]9] s[e] 2101 ]15]14] 0]
prlofo]2]t]ofofoft]oJof2]of2]1[2]0]0]

@ o To o
BENL A4 BENL  BEALBEAL

El5 W EBITRZX#EE

242 ZRET

X A8 XERAE 2 J5 43 2 B H A AT AR
EAE: MRS M2 Py e MR AN, S — A
MR S, AR SR EAE VS M AW AT, AR
SIEIIOKEL NN x ™% ~ n x 10%, EIBEHLGE
n X 7% ~ nx 10% A% 47 8L HOR & AN & i
=P U AR AL E N 0, 1 8L 2.

2.5 HIENMABFE BB

T BT EIER R TR RE 7T, e B
B3 N Jr S e A1, R H B 7 PR N s IR AAT S50
MR, AR B R % H 5N ALNS, ALNS
A8 MR- B T RV B T SN PR
TRMEEH 72T & 745 &, BT DUNAE P 3
AT ANAEW BT BRI E PRV 3T, 2
W -FHER P (8W . 8L PFIW) J7 B, J5 41
BT BAE AR BT 5] BT
251 WHREF

454 MV-VDCRP-PD HJHE 1, A0 4 Fhk
WHT, SHTF M EEEEDT:

1) BEYLBR 57 (RD): BEHLLE Pk £ — A 8k
PN m (R g — AN B AN RD, AP
(EW . BPFW) [F5 H R BRAH N G

2) A SR T (VD): BENLEE P& —
ANV ER ZE 4807 19 5545 4 AN T8 NS 1R Vs 19 1 25 7
M PEEW | 8 PRIW) 75 R R B iZ % 7 DL S a
KISl gab s P AT

3) L ANUAHGBEIR 57 (DD): 5 VD 244, DD
B B 3% 33— AN TG AL i 2% P, NP (3R
W B PFIW) 758 b % %5 7 A 5 AT & %
MTLER;

4) Jr B R HF (SD): bk e P — B KE
Hn X 4% ~ n x T%HE P E 5, NP (BLW . 5
PHRIW) P30 h# B %2 F M SR T 3R
252 BEETF

N T PRUEFRFE A M B 5 P % P S
BB AR T 5, TEXAT B — AR AT B R 54
JG, B -MEBEEE T, BBERKZ P foni
(R %5 P 7 el A 2T 3R A 8] 2= Pl (R W e 41 .
ACRHPMEEHE T

1) BEALE ZH T (RR): K5 BRI 0 &R KK BE L
AP (W . BPHMW) 55| T E B E.

2) FET R RMERBEE H T (EI-R): 2 ESER
Bk A AR 1) 3 AR R R 4R A, EI-R B
%mUEEsﬁpﬁlﬁjtﬂIﬁT%—/l\/l\ﬁ—‘SEs = (PES§ WES)a It
ST EIRFSSp = (Pp; Wp) M — 58
fift. EI-R 51 B 1£ 78 70 KK FE PO HE HhOoRs AN 44000 Mo
B 51 SR .

3) ETHE R M =T B EHE T (D-TNR): ik
TR 738 78 1) % 7 i S R IR 5 R A 1 57 9 3
NSp = (Pp;Wp), CS = {CS,,CS,,...,CSx}, X
FVk € K, it$5CS, 5 Pylj] CS. 5 Pylj + 1] (V)
€ [1,|Pp| — 1))z Ia] ¥ BK IS 2R BS 2 F1 d(CSy, Pplj],
Pplj +1]), B CS 0 B G R ARAF P (BW | 5L
PR W) 5 arg min - {d(CSy, Pols], Polj+
1)) MiEZE.

4) BB HF (SR): MR BRI T R BT 741
BENLAAENEI P (LW . BRPFIW) T E.

253 WEFHRE

ALNS K %0 4 I S u& # AT A A H H 71
ML, H i RN ARG B 7 #G 0 S RCE, 43
WREEw, Mwt (i =1,2,3,4), WIRMEH N 1, BIZEE
YA R 5% BT B AL EE Rk B - A o AR T
£ ALNS AT A2, 57 A R ik FE 22 AR
5 SO AN [ SO AR R 1 R L R SO ER AN
BE T IAEE A

w, =Aw; + (1= Ny, Vi€ {1,2,3,4}. (55)

wi = A + (1 =N, Vi€ {1,2,3,4}. (56)

5 BB A B T 3 B S A A AMA T
SO RSCR, R AR AL R4, HATE [0, 1] B
BUE R, o NSRRI 645, Rk E
N G EAS BIAME Ty ALNS AR 8 o ) 5% 1 Ak
B, 2o =y 208015 BB SR AN 15 21 2ot
B, 2o = oy MR EER, o = gy BHA pos
o K s SR EL, g > o > s > 0. FFIEFENER
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JUPHRAE T 25

4

é- :w;/zw;, Vie{1,2,3,4}.  (57)
i=1
4

of =wi /W vie {1,234}  (5)
=1

LR LIRS T B RS AL B O,
B 1 gy T AT ALNS BEBR (1 Dy ALRY.

HiyE 1 ALNS.

BN PR R I Ny s T IMERTES

i tH SRR (8 N s DA

WIEt: wr = wf =1, ¢7 = ¢f = 1/4, pu; = 0, = 1(i =
1,2,3,4);

1: For (S € Suins){/* ALNS AT o 8 1 (K] Ny s A K
H LI B G/

2: iter = 0, Spur = So» foew = f(She)s S = So; /* S
Td R S kAR R 45 B 1 s A/

3: While iter < Ny, do {/* Ny, NEAME AT R H
R R IRELH/

4 R -ABIRETABEE T,

50 WS A PAT B RAEFIE Z AR, 15 2 A N
S, B¥rREE R f(S7);

6: I £(S") < f(S)1

7o IEF(S) < f(She) €

8: Shest 1= 5", f(Svest) := [(S7), HFHF I 485
3}

9: else{

10: S:= 5", f(S) = f(9), BHE TN TRIR ;)
11:  else{

12: ERE TR R ;)

13:  iter :=iter + 1;

14: FIF(55) ~ (58) WA T Hw, Flw; « IEFMHES,
Mef(i=1,2,3,4);

15:  For (S € E){

16: If f(Spest) < f(Ss){

17: I Sese B R ES HP 5 75 (K1 ) )

18:  }/*End While*/

19: SO = Sbesm f(SO) = f(Sbcst);
20:}/*End For*/
21: End

2.6 FhEFEITREE

7E MA #1447 58 ALNS 35, 0 59 2 1 15 2
BRI R R A AT T AT P A WU ALAE TE, FEAR B8 58000 Ji )
XPRRRENMR AT B — P i ik, BARIRAE R R AR T
B 4R 5 B PR R S AR T AT M, AT AT AR B

B HANT 20% I, OREITA B RATAME, JF4
B TR h R 3 AR SR G RO AN H FR e
B, R Ir A OR B B RIA B R AU POP;
M AFAARECE 5 EE N T 20% I, R B TR R R
GERE R BT AT AT AN, dn SR R R A,
TEEAL OR B POP AN, 75 IR 3 37 A A A iR 46 Ao
e R I AR R H B BR B, 1B R I R AR AR
B ELBIL B A RE UL POP.
3 SEBIESAHT

T A MA SR f# MV-VDCRP-PD (¥4 R, 7E
ARV F AT 5 LSR5, IS5 VNS-TSG (variable
neighborhood search algorithm with temporal & spatial

81 JALNS

synchronization-based greedy search) ™.
search

(improved adaptive
algorithm) "~ A1 GA+VNS (genetic algorithm with
variable neighborhood search)™” #£47 EL ¢, xf T4 4
A, FAEBSLIEAT 10 R, 10 RISAT 1)~ 2 45 SR
BUFEEF A M AE AVG # BST, HE R4 b 54135
WE N KIEITIEt = CPU = nfp, B 55 H11
B (B 7 80 AR, BT A R 4 A python i
S OMFESEIN, IB4THE N AMD Ryzen 9 7940HX CPU
@ 2.40 GHz. N1#4 16.0 GB ] PC.
3.1 EHMEESHRE

1T H A0 B T R R SR, AR T
BR [30] S EAT 1R, 3R1S 10 AN SR,
43 7 4 n20w100.001. n20w100.002. n40w100.001.
n40w100.002, n60w100.001. n60w100.002,
n80w100.001.  n80w100.002.  n100w100.001 F
n100w100.002, F B¢ & 541t 50%. 30% A1 20% ]
% TR EIR TR BT DA RN R i 55, DR
£ [1, 4] kg WERENLAE BR. (BB 2 7 ARAR ) B 52 km,
1 2% 8 A A o AL B A i, 5 ) I T 2 48
H R, B4 i ] ORGSR V/2 v, R 13 3
15451 ic N Instance01 ~ Instancel0. [A] @1 135 & H
EIRNKS TV EWNGINEEES I ER NI

large neighborhood

[16]

R3 BR ERNTANNSHRE

¥ ]

HRIRE MK R 0.01
TNNURSTFERT, / h 0.03
TNLEWGFER T, / h 0.03
AR K LR v /(km / h) 40
TEH AR E B v,/ (km / h) 20
TANATEE vV / (km / h) 60

TR KB EREW,,/ kg [5,6,7,8,9,10]
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EAR e S LR Aok KRR BT GE B & 4R AU #1294
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HESHRE
MA &H 4 DN RS H: 8 XMER P 8 7
K Py~ RS % i KA IR BN, A1 R BB R A
PRH N y1xs . A SCRH LS #1772 (DOE) i 8 244
HIsE, MR IR S i 45 RAF 2| P = 0.7, Py, = 0.05,
Ny =15, Nyins = 6.
3.3 XTHLsRE

XICEERI SRR B WR 4 i, (£5R 4
ToAVIEEIRFE, a NIRIR REL, p NN ZHL, iter N
B T, G A RKIERIREL, P 28 X
K, Py AL FME.

LT MV-VDCRP-PD H - 1ER 121K, H
fEFSCHER [16] T ELES By B Y TALNS
BAEER RIS D, U ZHOEE N a = 0.9 Hliter =

3.2

2. P Ry i oA T T 5 SR STk PR der— 2K
F4 MHEEENSERE

Bk tepu/s To a P iter  Guawe FPe  Pu
VNS-TSG n — — — 1000 — —
IALNS n 100 0.9 0.8 2 — — —
GA+VNS n 0.05 098 — — — 0.8 0.3

AW, =5kg, F =1h, MA. VNS-TSG. IALNS
1 GA+VNS 7E Instance0l ~ InstancelO I )45 54
5 B, A EB IS5 FERC AR, K S
AL, MA TEATA 55 L BST Ml AVG 948 Fxf Lt
Hyk, W MA XK f# MV-VDCRP-PD E 7 It 57 [
PERE. AR, B BB 3G K, BRI S (13
%, MA 806 LSRR 35 BN 2, Bk 7 MA &
R F AR MV-VDCRP-PD i )58 e 1.

RS Y W,=5kg, F,=1hBHTEELHNHELR

» U VNS-TSG IALNS GA+VNS MA

S P AVG BST AVG BST AVG BST AVG BST
InstanceO1 20 22.31 20.73 22.00 21.08 22.28 20.94 21.51 20.49
Instance02 20 21.02 20.42 22.12 21.6 21.17 20.45 20.98 20.1
Instance03 40 40.78 39.58 40.89 39.3 42.38 40.72 39.84 38.85
Instance04 40 43.52 40.19 48.18 38.97 42.12 39.05 39.24 37.61
Instance05 60 58.17 55.38 57.91 55.38 57.01 54.88 56.56 54.12
Instance06 60 77.09 72.39 67.62 63.87 69.41 64.63 65.67 60.23
Instance07 80 126.88 107.01 119.04 86.54 99.62 94.17 83.84 78.87
Instance08 80 101.61 98.34 106.94 95.11 100.14 90.53 90.64 88.98
Instance09 100 150.11 136.31 120.59 101.65 114.90 100.51 102.45 94.86
Instancel0 100 178.56 162.72 166.77 132.06 143.62 125.64 120.66 105.06

3.4 REUEMT H1 55451 Instance05 1 Ay 4ok S5 451 1E 47 1 B S2 6. X

N T RFTENHLI R E LR W, MEHRE N Fp
X SETE R AN SR 06 45 R A REME, BB 60 N

FHEE - ANWo 5 F H4E, i EiEMLIE4T 10
W, 10 YGBAT IS B AVG I8 # 6 1, | iF

#6 TEEXANSHAA TR
S¥S W, /kg  Fp/h AVG SL¥S W, /kg  Fp/h AVG

VNS-TSG IALNS GA+VNS MA VNS-TSG IALNS GA+VNS MA
1 5 0.5 60.22 60.35 6249  59.81 19 8 0.5 59.63 59.44 61.11 59.46
2 5 0.6 59.53 59.91 62.88  58.69 20 8 0.6 58.82 58.75 6022  58.66
3 5 0.7 59.51 59.59 58.23 58.04 21 8 0.7 58.15 58.48 59.33 57.43
4 5 0.8 59.13 59.53 5799  57.83 22 8 0.8 57.37 57.9 5697  56.08
5 5 0.9 58.26 59.01 5754 5738 23 8 0.9 57.14 57.03 56.31 55.51
6 5 1.0 58.17 57.91 57.01 56.56 24 8 1.0 57.12 56.99 5479  54.68
7 6 0.5 60.02 60.07 61.33 58.12 25 9 0.5 58.57 59.14 61.06  58.39
8 6 0.6 59.92 59.86 5838  57.65 26 9 0.6 58.62 59.08 59.58  58.01
9 6 0.7 59.23 59.59 58.15 57.62 27 9 0.7 57.73 58.02 57.62  57.22
10 6 0.8 59.04 58.24 57.53 57.37 28 9 0.8 57.03 57.50 58.65 55.94
11 6 0.9 58.26 57.83 57.04  56.54 29 9 0.9 56.23 57.19 56.96  55.67
12 6 1.0 58.11 57.69 56.01 55.75 30 9 1.0 56.19 56.54 5437  54.25
13 7 0.5 59.95 59.76 6170 5797 31 10 0.5 57.75 59.23 64.87  57.59
14 7 0.6 59.08 59.35 58.85 57.63 32 10 0.6 57.36 58.88 59.73 57.34
15 7 0.7 58.80 59.40 5878  57.62 33 10 0.7 57.93 57.81 59.12  56.95
16 7 0.8 58.48 58.63 5839  57.59 34 10 0.8 57.32 56.88 5922  55.61
17 7 0.9 57.40 58.13 5522 5515 35 10 0.9 55.67 57.52 55.53 55.26
18 7 1.0 57.29 57.48 5552 54.94 36 10 1.0 55.52 56.48 5484 5413
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f 45 SRAC kAR,

MA )45 S 340 F oAt oot b, i B B E
ANHLBE Wy, Fp) KA MA, MA £ K i MV-
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