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Abstract: Unmanned autonomous forklifts have a great potential to enhance the productivity of material handling in various
applications because these forklifts can pick up and deliver loads without an operator and any fixed guide. Especially, automation of
pallet loading and unloading technique is useful for enhancing performance of logistics and reducing cost for automation system.
There are, however, many technical difficulties in developing such forklifts including localization, map building, sensor fusion,
control, and so on. This is because the system requires numerous sensors, actuators, and controllers that need to be connected with
each other, and the number of connections grows very rapidly as the number of devices grows. This paper presents a vision sensor-
based autonomous loading and unloading for network-based unmanned forklift where system components are connected to a shared
CAN network. Functions such as image processing and control algorithm are divided into small tasks that are distributed over a
number of microcontrollers with a limited computing capacity. And the experimental results show that proposed architecture can be
an appropriate choice for autonomous loading in the unmanned forklift.

Keywords: unmanned autonomous forklift, network-based distributed control system, vision sensor, embedded control system, CAN

(Controller Area Network)

L ME
7R BEEs AEsr] 8 Al ERAISES
AA s a JgE gk H gy g 2
EEAAE|NE F435 Zrlelal 9 BEeRS A8

o

il

I=]
A AsaL, FRlolegx et 22 Awst ZHE A5
HoF Agatal gl ER%a, AdERIA EALE
st 9 AAlshs S she A ARKf okl T
ZHAGV: Automated Guided Vehicle)®] A-8-¢] S7Fslal T
Jxyoz F2l HYE E(automated pallet truck)> ZHE
E AAE wie AR ] gste] 2AFH L, o] ue= A
37 A2l we) nietel] A vl -f 24 (embedded guide
wire)o|L} H|Q1E ul(paint strip) S W} AFs 0= -2 Qlui1].
et 7Rl BHE EFY e AR v RS
AAE7] ol 71Ee] Aot ARl 3o R HRIE
g AR FAE = gl Hollxe] HLo] ot o]
23k ZAE sidsh] fIsliA, 715l Farel o] v 4y
st AR 9E 5 d= FA HF Aol digk A
T7F EsiAl s Q23] 791 Hk A vE
Alz="lolu} Hlo|A] AN & o]gale] AR HelES
3|9)star, A3l el o 282l ARE Esta dgst

T
i

2 ) # xR Corresponding Author)

=9 2011.5.25, 5778 2011.7.21,  ASE7: 2011.7.27.
P, o]4%: Habofeta 1A g e

network@pnu.edwslee@pnu.edu)

Ak FAkoshal 79783 (mhkim@pnu.edu)

o] %: FA st A|o) A1 S35 eclee@pknu.ackr)

¥ o wES 011 M| ERRNE Ao} e A7)
AGAR AT AGAA N E T 2 AFAI D).

=y o*

—~

Copyright® ICROS 2011

£ 5 B8R AswlAe Fa4E PPV 4TS S
i
A2 AT 8 el AT Pi= Fol vk AL
#str] flsiMe 2] 8 9 23 Alo], akge] 914 <
4, 87 A, BohE A4 2 39, A9l g, AR A
]

o] 2
L o]l IRkl A e vheket ARl dEo R QlalN EF
o] AFHIAZ=HASRS)NAAH gt X9t A, vy,
0= oA JUA| v A97F TF DA weba FRIA
ARF= AAE FHE 93] ARo|uE oAs|x= =, 2}
EXoR FYES] XE AT 5 Qlojof gk 7P o
EAR FHE X A|2a'e A A (fork carriage) T
of 22 AX] HHE 7= dolA =AU E dA|sle] &
HE & 2sks WAoth9]. e} o] WAl IYE
=5 A7) S84 2IAANYAE AdetE olEdleof aF7] Wi
of A Algre] wlaA Aw, A|2HlE FH317] Qg HE
o] Hth= wHlo] th

B =RdAE A9 A1015 S8l e FRIAETE

o



1052 SN

22 0l4 003

o

AARFS] A& A 7)eS NEE] SsiA vl AlA 7Rk 71a BAE Ao} A aEle o7 BER FAE ] QIth A,
o A5 AA) 7S AAlsla 1 A5S Hrkeglnh B = = Alo] B E{(main control module) -1 & 523 A Alxke]
ol A Aetsl= vl A 710k A& A 7]eL 71582 ZHA(body) Ao1S Fdsit. 2elA, F A7KE)E &

2 27 A 1A BE, PE Q1Y BE, X3 Ao] EE, 529 @7]elA A ARE FASR Al Wopr] AR
T Alo] BREE A5 Utk Ao e AEg U £ A3t MESIE B3l 3 Ao BE, 2F Ao =
B Y EY T F& AFEEE CAN (Controller Area Network) F 183 X3 Ao] BE AojHs ALt

< o]&sle] JdAHm, 59¥oR HAaaE 5 ¢ ¢ 3 EA), 73] Ao EE(traction control module)> A|AzFe] =}
23 ARNkS FHsHA "ok o3 TRE oA F2lA &S Aojshs IS sty 53 Ao} RES UESA

Az F3 BEet 319 9 AAl RER FEato] Aojd E S F Al BREEFH SRS FAlste], SEilo
T e, i BEY A AR =Y & Aok B3 F 78208 di7bA] FalE S A g
7 AA, Z8F Ao] EE(steer control module)> A AXF] Z
t2te] A Aojehe 98-S @deith 28 Aol vES
= B Z3pks FAlste], xdglo
¥ 2 42 §H3Y 23 A
AV AN EAR T A
& Zyw=nks- Aol

Motk

o
X
M
2
i
fu
o

Helse, A W7 52
B ere AR Tasle v gow P40 glvh 1 %
A= Ae A7E Eal AR TAAAA) Txs) B

2 2

L
L

EZAE 913 vl AlAel tisl Arggiet m el A ol A, 34 Ao} EE(fork control module)> X Alxjol] 4]
3 F2E o] 4slo] AT AE HA 7)&d el Ak, H ¥39 wole} 7, AgE Aldste s HidEhr,
IV AelAes 2k AA] dargss 78t s kst T Age] JddE o AME BEA =E HA FF
Stk Ao 2 v ol A= AT Al sl Sofstal & £ st X3 Ao} BES UEAE 3l T Alo] =
F el thsh A sk FEYE 229 Folghe FAse], AR E2F Ao
ae.

I FLAXAIXe] X2XHAE 8t RAVIE oA, ZEE 7K HE(pallet detection module)e HHUE
1. B4 Mo HEYIE o| 28t FAX|AIXte| 74 o} AR}l AR 2 FYET) =94 Q= 4%, ZYE
T 12 A AT101E SEA ARBE 24 Alo] vE o Q= TV} o7l B9 9AE ARl Aee why
A= 7IRE B AARE] S E5E2 vER Zlojth 3. FE 71 ZES Bld AMZRE g F=a
a-AA, T A T AARE st 7 vEA & ) Agel FeE] Y2 AXEl] YEYIAS Fa

main control module _ forkcontrolmodule

localization | hydraulic — pressure—  tilt ||

i | gyro sensor <ensor ; ; actuator  {— :

| g | s | | [

: 5 : ol val ! |distance—{ height |

i ' : i control value | ;

iforklift orientation forklift position| pallf:_t_ detectlon _r_r_lgﬂule S

main vision hydraulic
troll : : ! :
cor;( r((;) er j sensor I\ COIT:E)sl)ler fork status
network
1 1
| 1
. traction steering steering angle
velocity controller : i ultrasonic laser scanner | | : controller
K(s) . : : Ks(s)
N control
control value obstacle detection module { o value
traction steering steerin,
; encoder [ actuator ; actuator :an e sengsor
‘ Gr(s) WL G ¢
traction control module steer control module

T 1L AR Al HIES]A 7ik FRIAARF] A
Fig. 1. Distributed control network-based unmanned forklift.
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Fig. 2. Image processing for pallet recognition.
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Table 1. Message table for autonomous loading and unloading,

i Length
CANID Period eng Signal
(msec) [bit]
Load/Unload status
target pallet_x_position
msg; - 56
target pallet_y_position
target pallet_6_position
Load/Unload status
target pallet_x_position
msgy - 56 -
target pallet y_position
target pallet_6_position
16 target velocity
msgr 100 32 target steer_angle
16 target_fork_height
8 current_forklift position_type
msgg 100
32 current_forklift position_data
msgy, - 16 vision_start
16 vision_pallet_x_position
16 vision_pallet y position
ms
e 16 vision_pallet_z_position
16 vision_pallet_6
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Fig. 5. State diagram of autonomous loading and unloading.
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