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Abstract

In the era of rapid development of intelligence, unmanned and information technology, intelligent
storage system represented by AGV has become a research hotspot of emerging industry. The
sensing system composed of LiDAR is an important part of AGV in intelligent storage system. Lidar
can scan the surrounding objects in real time through the laser, calculate its own relative posture,
the accuracy of laser positioning can reach 1 cm, and the accuracy will not be affected by lighting
and other conditions, but for the access of narrow tunnel goods in the factory, there are still some
difficulties. Aiming at this problem, this project designs a side-fork AGV to realize the two-way
access of narrow roadway cargo, and achieves the purpose of intelligent construction and efficient
utilization of storage system.
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1. 518

BaAE TR R, FRIE R HE L T B R R AR T I S TR R SRR [1] .
TJ K AN #5577 (Automatic Guided Vehicle, f&#k AGV) [215& —FACE AN 1 N Ji#dE X AEHEs s rmL
BN, HAKE RBIEREBET) P TAE. BT, AGV S8 R B N SH3]. R SA4].
BOGFMIB]. MG FH[6]. —4ERD SH[7IFR G FHI[8]. AGV B FHIA MBI A I 2/ AR H B
[9]. JBiL[10] @sh Eit H[11] 7%

TERTR S5 30, WG S R B R , R FH =k B O T 08 T e B B Ao 5 e P 4
(Simultaneous Localization and Mapping, f&iFx SLAM) [4]189 75 T0x i B PR g BRI N, Bl i K S 4 o
Kz AGV FHiiZsh. HAT, W TEBERWINGE, BT AGV B R K, HAkE h e 14747 L
AL KM AGY ENREE, FUAERZ WM. ASCE XL, Bk B X4 AGV KAk
AGV FEBE X AF IR Y T K sl 7E b & o B B SOGAT, e R AR A R 5 B0 o 2 2R 1 1) R
B AEROR, 1=TF T Rz 80k .
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Figure 1. Layout of the three-dimensional warehouse. (a) Top view; (b) left view; (c) frontal view

E 1 FeERNmEE. () MRE; (b) ZH0E; () ENRE

HHER K E N 435 m, TEEN 1.25m, S5 7 m, BRALYZ AIFEE RN 25 m, BN
B2 A RERANEE S R E, H4em AGY #iiiE. oFE L4 42, HbhF2 2
H 15 MK, B 2 EA 11 ANEREAL, BN T DUBCE AN
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2.2. X3 AGV

M 4w AGV X ZEZ B Re Gt Il H LM 7. AGV FiEH 2678 mm, K JEH 2350 mm,
HBEF RS, BRI RS SRS, WM AR, RERG. MNP RS, HHER%. A
R H A TINSEH R . AL FESH AGV MIRB M KRG ARG, HIFgARmE 2 fix, &
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Figure 2. Detailed composition of AGV
2. AGV 4R

2.2.1. BFES

FIEBIE R AT AGV IR EARAOR, 1 AGV K &g s AR . 4 migzh K2 KA
AR SV REAe AR, PRI, DURESE AGV (ISl MERE LS, AU AGV S5H4fRIf, %%
HITME, DEKARE SR LA AR, a5 E )R, RAXUER KA.

WFERe AL IR R AL T AR AL A e 5, RS L T AR A wr s A e ey - feke &
T ELEBEAT HUE A A% ] . XUNERE AGV SRR AR 4 iz s JE 20 an ] 3 Frw .
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Figure 3. The three basic forms of movement of the double wheel chassis
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WERC ) =R AIZ Z L BN EAT . B MR 1] R AGV ZEAR LA A7 (0, 0)F 1
SRR OASRA(X, y1), REREMIEARON R, MEREIUAIREDY wy, HRTT AR AIRESE % T 4o A rhtoxt
Moo VL1 SRR uBI, EEATIGUT, ARRZIEREE AGVy, MERIIHIAM Dy

AGV, =, xR @

D, =0 2

N AGV A TR AR AN, PIASERE IS RIS ) 22 B4 el 907, RIS 5 i E BEBh A M B, AGV ik
MRS HIRBOR .

AGV, =, xR ®)

D, =+90° )

JE [l 552 3h 2 4x 1A AGV I AT iz sl 7, th R HBEMEH 2 —. 24 AGV kT 5 fie b # 2
PN REFCFE BN I F RN Dy HEAIAIMR, 3 ECARYE AGV AR A RE M E 4 Dy, B AGV 5K
LG b A 3 B SR A 7 (R

AGV, =, xR ®)

D, = +arctan(y, /%) (6)

222. B#ES
AGV SHURFROE ST, AR A5 AR R2000, WO IAHCE TR, AT 36070 AL fi 4714 J& FEl
i mITEENAMTES, JF B IR LA AN E S B BB AR LR, B O
ML EAREBEPE S IBAGY ENMEK. B 17 HHOE A Z AT IR AGV L4,
AL SOCHERAT B AL KT BOL M B ILEC IR H R LLEL S, RIS 340 40 SO 8 A 1 B 3
— M E , #E AGV FEH K (R ARAR TR B =N i, A 4 AT A = SObHE, i« =
RENL” , AHGE 4 2RI BOERE, R UEIE AGV {14

A
B
P RERAL =REN
Figure 4. Two point positioning and three point positioning example diagram
4. FAEMM= S EMRGIE

2 AGV {EH ] EAFERIP AN SO s, BT AGV AR & I SO RE I ER B AN A 7 AR A
F P ROGHERIARFRHEAT S EE, TT LI I S 56 1R B BCHE B R 4 T AGV 43148 21 B SOGAE AR BR AT 2 RN 1 7
AR ZR P ROGHE IR DG R o BRI, KA SOGHERI ILECAE DV R B 261, R AGV SRIXEIHI AN SOt At
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SR FAKR 2 B IRPIA SOEHE SARTEDLAL R R, B AIAAR 5 A [ AW, AW, BW,, BW, | F1

[ AR,,AR,BR,,BR, |, HlI#FRSIGHATE MR R PR, JRH TR AL ATE AGY MhR & i
fslkr. sl 5 Rl ALK /A AGV AAR R SOCHE AL B, SRS 2 b AR 7 ZOR A
AGV TEI FALKR R Az, BI[XR,YR,thetaR]
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Figure 5. The position of the reflector point in the (a) World coordinate system and (b) AGV coordinate system
5. RAHRTE(R) HFLITRF(D) AGY “iRRILE

1) BHSERKRME AGV KL thetaR, WIRUIF Fos:

2) IS B VT EC P8 4 SO AT AT 2 TR R T £ theta, RIOM4HT AGV I BRI &, iZ{E W RENIE
B, W N tE, AR N IE S,

3) ¥iZAEEAN AGV H, 3 AGV HHTHIMEE, AR RIAN SOGH: FUHI A PR

4) FUCHEAF AL R R A FE 2, GRS AGV ARAR Z PN RUIE L T [ 15 22 DL IS
BIPAS RO LR T ) BE o 2eiain T 0, A xMEEAIEE, R, ZMEATE:

5) BEHAELIG, {5 3) P\ ER T, BN R &) AGV KL thetaR.

TER AGV HIARARINS, AT DLRFH B0 & 2R THR

AW, = cos(thetaR)x AR, —sin(thetaR)x AR, + XR )

AW, =sin(thetaR)x AR, +cos(thetaR) x AR, +YR (8)
B ZRTG AGV TR HH FLARER 2 (AR FR[XR, YR].
3. MIXLER

it 3 2 HUAE PR AN R A5 42 i, URTE A L TEROBAEPTRIASE AGV BIik H AR i T 4R L, 45
RN 1 s

Table 1. Analysis of AGV arrival parking accuracy
*® LAGV B RS ERE S

HEHE E AR A TE BOHER 1 BE (mm) A RICHERS A5 E (mm)
11.6 8.6
A 10.8 8.9
10.6 9.0
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Continued
11.0 8.8
B 10.4 8.4
11.2 8.5

I ARG SR LU AT AR SOCHE IS OL T, UK B AR S RS S 7 400 8.83 mm. 8.57
mm, EAERH BSOS B E M TSI T, BN B bR R 0E 46 20 08 11.0 mm., 10.87 mm. (K] gtiE
WBE RO THIBIE AL, AGV F ZAE FEFRTH T K4 2.235 mm.

4. BEE

ASCEN AGV SEELE 1) R R TE B MR Bl Sy A7 O H R s, 0T 17— 3t X ST AR P A7 B B2 114
MY A4 AGY, & SEHL T BE D YR8, BAEH T RO6HR S T AGV HIE IR, oMt
FISLAR B PEARR T4 GeAE i - ELRHERR G, 471 7 AR, ERZRE R T 200%, K
T X st (5 BAREE 7R,
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