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Summary

This paper proposes the Elastic Force application on the obstacle
avoidance of Silvermate Robots. The method deals with the problem
associated with a Silvermate robot driving to a goal configuration as
avoiding obstacles. The initial trajectory of a robot is determined by a
motion planner, and the trajectory modification is accomplished by adjusting
the control points. The control points are obtained based on the elastic
force approach. Consequently the trajectory of a robot is incrementally
modified to maintain a smooth and adaptive trajectory in an environment
with obstacles. The suggested algorithm drives the robot to obstacle avoid
in real-time. Finally, The simulation studies are carried out to illustrate the

effectiveness of the proposed approach.
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Fig. 2 Robot Configuration
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| LCD & Touch Screen

‘ Wireless LAN Access Point }7

; LRF(1)

Serial 4‘—‘
Singe-Board {— Extension IR(2)

Computer (8 port) ’—‘Sonar@}

CPU: P-4 |

(2.2 GHz)

‘ Gyroscope H DAQ Board }7

Fig. 3 System configuration of the mobile robot

—| Motor(2)
Mem: 1GB Motion
HDD : 20GB BaiaEd Encoder(2)
—| Bumper(3)

Table. 1 Sensors specification

Item

Specification

Laser Range
Finder

Power Source : DC 24V

Operation Type : pulsed IR

Scan Range : 10m/180°

(LMS200-30106) Angular Resolution : 1/0.5/0.25 "
[SICK] Response Time @ 13/26/53 ms
Interface Method : RS232/RS422
Power Source : DC 24V
IR Scanner : Opgration ’{)‘sgpe~ Igpuls(e; iR )
can Range : 0. m (distance
MBS -03]N) Angular Resolution : 1/0.5/0.25 Frgrt/rer
[HOKUTO] Response Time : 180ms
Interface Method : RS232
Power Source : DC 5V
Gyro Operation Type : Optical fiber
(TAT7319N3) ocan Hange,, TS Bottom
Error : 0.1
[TAMAKAWAI Interface Method : Analog (DAQ
board)

Ultra Sonar

Frequency : 40 KHz

Sensor Distance : 0.2 7 1 m
. 12/360 ea/°
(PS40S) Resolution : mm
[Nicera] Interface Method : RS232C(molues)
Bumper Magnetic Limit Switch 3
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X

Flg. 4 Mobile robot modeling and coordinate system

o 7] A,
X, Y : Cartesian #3% Aol A 2] world frame

z,, Yy, Cartesian FF A4 Bufd=E FHH =
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le——d7 —sfe——d5 »le d3 »|

! . . Xukgr
L «Z6- I 24— gz3 72— 71 I
Fig. 6 Base design of Manipulator
Table 2 Llink Parameter
" Joint Angle Distance Offset Angle | Common Length
Joint

(9) (d) () (a)
1 0, 0 /2 a
2 0, 0 —m/2 0
3 93 d3 7'('/2 0
4 0 4 0 KB / 2 ay
5 05 d5 7'('/2
6 06 0 — 7'('/2
7 07 d7 7'('/2

Zy g3 FtvgHEFH FHEATY F%F3 E(homogeneous matrix) S 4
(10)3 o] F+& & glom, o|2HE 7A FHEA S vhA HEA Alolo] W
FAAE UEHE 5 g A(1DE a7 Hr.

Cos, 0 —Sinb, a,Cosb,
_ | Sinf; 0 Cosf, a,Sinb,

. N

F o L ERo 0

0 0 0 1

Cosf, 0 —Sinf, 0

A — Sinf, 0 Cosf, 0
=

0 -1 0 0
0 0 0 1
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Cosf,
Sinfs
0
0
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Cosb,
Sind,
0
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0
0
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0
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Cosb;
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Cosfg
Sinbg
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Cosb,
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I A4 A A, A
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Cos0;
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0
0 0
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0 1
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Fig. 7 6DOF Inverse kinematics
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Fig. 8 7DOF Inverse kinematics
wA PE 2193 o] FEht},

P, =p—p,—P, (19)
o] W, p,¢tp, = 2(20)<} 2T
aI
p, =d(6) < |a, (20)
aZ
P, =transl(’A,)
aga P/E A@DY 2ol 3 F gl
P, =transl(’A,°A,)— P, (21)

A7t A ek FAE o] 83t BAXH o= 7AFE viyEHolHe o735
S FEA "B ol RE ZlseE AR gz gEvgHE o2t
n=P,/|P,|2 W, Pg< 2(22)37 2t}

P =nn - Pe')—f—{Pe'—n(n . Pe')}COSQ—f-(Pe'Xn)SinQ (22)

e

P& o]&sto] AAl TDOFEY A E A@23), s & + Utk

e

— _P€1

0, = tan 1(_ Pe:) (23)
/P2 2
‘Pé’l’ +‘Pey J

0, =tan { /P

ez

(24)

_15_

Collection @ jeju



0,= 218l A T3 6AF= mjyEdH olHAA el Al HA 3}?(93_661#);4 4
s}, 6AHF = iy EolEl 9} 7AF = vy EolE 7|2 FE, Fig. 6914 el
U 45 2 gg— 2(25)¢k 7o sjAg Tt

0y =03 gor— g (25)
21(23), 24)AA MR ZHS bR e = Fig. 82 YEelE 4 Ut 0,5 317
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Z4(y5 0. X,

Fig. 10 65 6, 0,
WekS o] g3lo], 21(29), (30), (31)¥} o] +&

0, =tan ! =tan ! Y
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—a.x —a cos(0:)—a sin(0.)
96—tan71 ° —tan ! ° 5, i >
T ay3 a,

—n',sin(f;)+ n’ycos (5)

0, = b ;
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1 ., .
V00 (p)= {2’% (dy—d(p))* if d(p)< dy )
0

otherwise

o d
F;'Lt - v th = kT (do — d(p))m (39)

d=P, —P, ldll= \/(xm—azo)Z—l—(ym—yo)Q—!—(zm—z ) (40)

2. ®uldl-wjUEelolE 2R FelE Fy dny:
W AE Azl ojde] AEgse] AdE ARL FHB AWK R
& A (posture) 59 FAL v BT, HAL o 2y,
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2.1 9% 3 A3 (External Force Modification)

71Eol 7drE Elastic strips 7]15He] obstacle avoidance ¥ilg] &A= Fig.
167 22 Aol Mot 2R HFHo Waky A b e A
o] W AAE & uf 2H2 Fig. 18(a)st Zeol A9 T&55 e, b=
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4.2. elastic_strip_func AEVE g5

static void elastic_strip_func()
£ main function of elastic strip.

A Obstacle Check
short anale = 0, distance = AYOIDANCE_RANGE
if (lobstacle_check (8angle, &distance))

return;

if (target_pose—>cur >= target_pose->last)

return;

ff==> Detect Ohstacle @ Working

Ao Init
struct mo_pose_data_struct posStart, posVia, posEnd, posTarget)
struct mo_pose_data_struct inter, exter. elastic, posPass;

A/ Get Position

posstart . x = cur_pose—=x;
posStart v = cur_pose—>=y;
posStart.m_rad = cur_pose—>m_rad;

if(!GetPosition(posTaraet, target_pose—>last - 130
return;

/4 Calec Moving Pesition @ Start —> Pass —> End

get_posi(fposVia, posStart, posTarget, max_wvelocity, 1)

get_posi(dposEnd, posYia, posTarget, mas_velocity, 17,

£ Trans ¢ Moving Position

internal_force(&inter, posStart, posVia, posEnd)

external _force(bexter, pos¥ia, anale, distance):

add_matrices(felastic, inter, exter):

/4 Create : Pass Position
modifv(&posFass, posYia, posEnd, elastic):

/7 Sort Buffer @ Insert Pass Position
SortPosition(posPass, posTarget):

i

int i =0

struct mo_pose_data_struct teme;

for (i=target_pose—>cur; i<target_pose-=|ast; i++

temp = target_pose—pointl(il;

Fig. 21 elastic_strip_func function
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4.3. obstacle_check ZAXJIE 3

slal GaEFol] oA ZHo] BAAE ol o
£ ol&ste] o= AT Hdart vk shm_read ™
W22 (Share Memory)Z U= += AlAl dlojH 9 #HeS -1
A ste] FojEe] AHoRE 3sla, Fr1HoZ FeoEo] AAH Ag el 7+

Lol gk HEE kst

ol
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lint obstacle_check{unsigned short *=angle, unsigned short *distance )
// check obstacle and get the angle and distance with the nearest obstacle.

{
int i, nFlags = 0;
unsianed short temp:
shm_readk { |D_FLRF, &fIrf_data, O0).
Eor Ci=31; i<331. i++ )
temp = flrf_data.datalil:
if (temp < AWOIDAMCE_R&MGE )
ol
*distance = temp;
*angle = | / 2,
nFlags = 1;
break
i
}
4 return nFlags;

Fig. 22 obstacle_check function

4.4. GetPosition ZXUE 3
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int GetPositioni(struct mo_pose_data_struct *pData. int nindex)
if(lnindex = 0} || (nindex >= NUM_MAX_PT))
{

return 0,

»plata = taroget_pose->point[nindex];
ifC{{xphata) . x == ) &% ((xphata) .v == 0))
{

return O,

return 1;

Fig. 23 GetPosition function

5. Az =3y 28 ¢
A E Y 2 2R Y AN duds

511 % Wy A4 &1 =F

/ structure / |SortPosiﬁonO: l

Heap memory°l ZLRE FT |

Obstacle check - _
Algorithm SortPosition() :

Heap memory®l BLRE ZTt

Heap memory « B NN

Via
posmon

& Goal s

Fig. 24 Zoil= &< 9 3 8y A4 L=

Collection @ jeju



Resource W4-2] Data structuredl A AA & ARE 91 F& &2 Lag
T2 Toto] FelE AFE A Hed, FelE 39 AR dugES
 dAE HAZAERE HAF HHE st FA AFE Fu Lok
&ste Fxolv F-vng el F7HA Wy s d-uEge] Hdy -
HEE] Well A 3k F7F 3 AR 7E &ol skt

512. & dd9 B4

Modified Elastic strips 7]Hte] & 33 dug]&F2] 484 Via point= =%
FTER o2 dAYro] g}, olyst T & WAL 2E XFHd AGNS

f
NE
X
re
>
=
rlo
K
K
o
2
Fo
(o3
o

9

gk Zola, BE ek Ay, AlAe] wkg-Azh

Ueg 289 33 dugls FIA TEst= 4578 A3 Fig. 269 2ol

2RO =55l dAAS WA S Yste] Via point A A SortPosition() $H
|8 o]e%;ﬂ A A =] uq,qe Esﬁ/q Via pointE EXJ a

go] grow dYy vt A Ade MR AAste] 4 2013 A4 =

Aol gtA AA 7hsstal SortPositionOdF ol 4 ¥ 43443 Via point 2

B 2 d-mEg A9 7les F7hske] 7Esith

_39_

Collection @ jeju



0

3 buffers :

3719| buffer2t= 0|2
| 510 Y™

4]
| SortPositon(} :
SortPositon®+2 A}
5t buffer &7}
&
Obstacle check :
20ms ZOHE ZHA} J

— L ¥ i3

| Via point e : Via point ¢ :

| HOfE LH->100mm | =P | HOE LZH->600mm |
| 2 M4 via pointy | 0[& via point¥y |

Fig. 25 Via point A4 % Z¥ ¥

5.1.3. SortPosition Z¥XYVYE g

N,
fr
o
offt
ol
ol
N
do
:(!)l_gl
S
e
ofo
ol
ol
k]
3
rlr
o
fru
Iz
&
=2
2
inSs
ok
L
fo
N
)
%0,
)

Fig. 26¢] SortPosition 3+ IsSortolA AM&3stEs HE # 4/ JA%
£ 7|& 2Xo] AMEstE HH ALEE & UALEE B FHO ALES A HEFn

Mol A AMG & F b ws A2 BASAA o] A B

_40_

Collection @ jeju



int SortPosition(struct mo_pose data_struct posPass, struct mo_pose_data_struct posGoal)

int i =0, nlndex = target_pose—=cur+l;

il
struct mo_pose_data_struct temp;
temp = target_pose—=pointlnindex-1];

it 1s5ort (posPass, temp))  return;

Z4 Start Working
rt_sem_wait( &target_pose—>mutex ),

/4 Clear Buffer
for(i=nindex, i<target_pose—=last) i+t

target_pose—>point[
target_poze—*point[
target_pose—>point[
target_poze—>point[

0;
0;
ad = 0;

E
i].
il
i]. =0,

x:
y:
m_ra
flag

/4 Wia Setting
target_pose—=point[nindex] = posPass;
target_pose—=point[nindex] .flag = 0
n | ndesx++;

7/ Goal Setting
target_pose—point[nindex] = posGoal;
target_pose—=pointlnindex] . flag = 1,
target_pose—>last = nlndex + 1;

/¢ End Working
rt_sem_signal ( &target_pose—=mutex ).

return 1,

Fig. 26 SortPosition function
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5.1.4. IsSort AEXVE 3

int |sSort(struct mo_pose_data_struct datal. struct mo_pose_data_struct dataZ)
int temex, temeY, nlLenght = 500;

temps = data? .x — datal.x:
if(tempr < 00 temp *= (-1);

tempY = datad.v — datal.vi
if (temeY < 00 tempY »= (=11

if((temp® < nLenght) || (tempY < nlLenght))
return )

return 1:

Fig. 27 IsSort function
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