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Development of Evaluation Technique
of Mobility and Navigation Performance for Personal Robots

RERK - $HEE - Z2E” - 25 F &% 4"
(Chang-hyun Ahn - Jin-Oh Kim - Keon Young Yi - Ho Gil Lee - Kyu-ro Kim)

Abstract - In this paper, we propose a method to evaluate performances of mobile personal robots. A set of
performance measures is proposed and the corresponding evaluation methods are developed. Different from industrial
manipulators, personal robots need to be evaluated with its mobility, navigation, task and intelligent performance in
environments where human beings exist. The proposed performance measures are composed of measures for mobility
including vibration, repeatability, path accuracy and so on, as well as measures for navigation performance including wall
following, overcoming doorsill, obstacle avoidance and localization. But task and intelligent behavior performances such as
cleaning capability and high-level decision-making are not considered in this paper. To measure the proposed
performances through a series of tests, we designed a test environment and developed measurement systems including a
3D Laser tracking system, a vision monitoring system and a vibration measurement system. We measured the proposed
performances with a mobile robot to show the result as an example. The developed systems, which are installed at
Korea Agency for Technology and Standards, are going to be used for many robot companies in Korea.

Key Words : personal robot, performance, mobility, navigation, test environment, measurement system
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Table 1 Proposed use condition
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Fig. 2 Laser measurement system

88

g doln 27

ste A wAsE 44 aE=t!
t 334 dHolH(x, y, ¢ FA3E F Ut of FolA
#& IS0 9283«] —’“%‘!01] Hgste= Ade zlelr] Wi

ol ZX A% FAL sted Yol wFE FAY
ke kAol *—ZH“PE} IR B
bl vl Al2gg o] 83 2R o?%%

=
=
Eal

m“—l}.—&.ﬁloﬁi

ERZ, 2 A9
I} AAE o5 A%,

o] gol} FYAo] & 3
2Ee WIS %76‘3}71 g vpA A
29[8]¢ MEFch o] vA A2 APl AR Eo
ol 28 EAg ddd de SHE AL s 824
(colored mark)& <14 &#A 2349 AX(x, y)t 1349 #
O)S ZA3ts Fololth ofrjelM EALE F JHA oty
Mg AR el I A ARE oj&HAM HAG WEFE =
&3 Aot FAgoMe] =
Aol A&A4L §A37 AsiA HAsA 24k iAok
A dAz AE 54 Aade ZRAA FAs= JFE

of WA Axge BE AY

2357 &8 ALHNUYG o] JAF FH Az2de 2R
EHd 2 339 AY tEE AMED accelerometer) [9]

9} A% ZZ7)(amplifier), ¥lolE 4217](micro proc- essor)
a2l dlolE H#E& $¢ 3 FE(application computer) 2
FATe] gk B ARga 29 AT 23 AME
1.4khz[9)7} 11 &) A 5& FAHYE 5 Y}

lxgto g 28O A& A7) 9 = A4g9E
o2 ALHI YPE 2% Z2A7E AL A o) B
e B AFeME AMSA BFAE gt

aPM B A EAA 2 s ga]o}.n:] Ged E 2

o gt

==
=
4

e to

E 245 5% Axy

Table 2 Measurement system for performance

g ) q &
Holx &3 ANzd 91 %]
B A Al A€ )&}
% mx 14 A=d 13
- A% 54 N9 2AE
2& 537 2
WA Alad A, BE
°l% A% -
AE 4 A=d A5
6. AlE ol X
2 QA7dAde 29 33 2ol £HL AY AN¥EoT 2
a3 o5 ZRE AU 2R oA 2HL AT W
A4 BlA Azde 98 Ag bR BAE A 23
N2 4 Qe T2 ARG
Ay z2xel g3 249 &5 45 o]F 4FY AY
Ade vheT 2o



a3 37eE AR ol 2%
Fig. 3 Developed test mobile robot
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Table 3 Test result of position accuracy

Point data

Test result
Point, X-axis, Y-axis, Z~axis
1, 635.771, 420.315, 1088.423
, 625.322, 430.647, 1088.441
625.366, 420.648, 1088.647
635.771, 425963, 1088.498
635534, 415.853, 1038598
635.624, 410.236, 1038.436

, 635.276, 425698, 1088.464 Average Error:
..... AE = 1.830 mm
12, 635.552, 425.945, 1083.739
13, 635.853, 420.570, 1088.446
14, 625.488. 430.394, 1088.381
15, 625.9950, 420667, 1088.449
16, 635.492, 425.847, 1088.475
17, 635.067, 415533, 1088484
..... Position Accuracy:
24, 635.372, 4257776, 1088.288 PA = 26849 mm
25, 635.629, 415446, 1088.247
26, 635.922, 410.239, 1088.637
27, 635.267, 425.650, 1083.478
28, 635.722, 425.876, 1088.494
29, 635.975, 420.893, 1088.499
30, 635.482, 420.556, 1088.849

- QRS gy wRILS

P SR G JURT

Standard Deviation:
S = 5203 mm
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Table 4 Test result of position repeatability

Point data

Test resuit
Point, X-axis, Y~-axis, Z-axis

, 1005.125, 405.121, 1088.462
1000.874, 410.223, 1088.657
1005.227, 410474, 1088.344
1000.257, 420.345, 1083.412
1005.373, 410.725, 1088.767
1005.437, 415.116, 1083.498
1015.467, 415.886, 1088.443
, 1000.625, 415.077, 1088.268
1000.745, 425.007, 1088.478
, 1000.140, 415432, 1088.883
. 1000.017, 415.224, 1088.447
12, 1005.246, 420.116, 1088.442
13, 1005.122, 405.755, 1088.438
14, 1000.345. 410.778, 1088.169
15, 1005.462, 410.335, 1088.756

Average Error:
AEx = -1.279 mm
AEy = 10468 mm
AEz = 0.041 mm

1000~ O U W N

—
—

Standard Deviation:
Sx = 4618 mm
Sy = 4.837 mm

16, 1000.736, 420.483, 1088.449 Sz = 0190 mm
17, 1005.264, 410.375, 1088.446

18, 1005.226, 415.556, 1088.823

19, 1015.735, 415.828, 1088.482 | Position

20, 1000.444, 415.445, 1088.347 |Repeatability:

, 1000.421, 425.674, 1088.864
22, 1000.765, 415.338, 1088.428
23, 1000.198, 415.773, 1088.202
24, 1005.134, 420.342, 1088.437
25, 1005.335, 410.215, 1088.422
26, 1005.001, 415.162, 1088.446
27, 1015.183, 415.625, 1088.469
28, 1000.531, 415.322, 1088.842
29, 1000.775, 425.162, 1088.483
30, 1000.446, 415.275, 1088.442

PRx = 23.829 mm
PRy = 24959 mm
PRz = 0.981 mm
PR = 11.403 mm
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Table 6 Test data of obstacle avoidance 2

Point data

Robot point, Measuring Test result
distance

[219,117], 295.381110 mm
[219116], 295677189 mm | ) )
(218,119], 290043100 mm | ; fa“ measuring
[215,117], 275.408787 mm [HStance

286.242971 mm
oo : [127,076), 275.000000 mm
ae gaou. (127077), 271016605 mm | g 0o 0qoo .
. [126077], 274.089401 mm e s
O 4 oy slmel ALY Hob H%ﬁﬂ g?ggg%gég T Avoiding time:
Fig. 4 Test result of obstacle avoidance 1 [104111] 283593018 mm 8 sec
(1051111, 278657496 mm
E 5 FE 37 AlY oo[E 1
Table 5 Test data of obstacle avoidance 1
63 HE Al
Point data
Robot point, Measuring Test result 29 38 452 3487 dade 15 34 4 A
e j?;;wz 290 4 AT AAS 2R 2% 7T 2L £
[199117] 195576072 mm Palor Aot o47dAH ¥ MM FH AAE AHgAr}
[199,116), 196.022958 mm 24 dste AAo FFsw P}

[199116] 196022058 mm | ean measuring

distance:
[199,117], 195576072 mm 167365851 mm 89 o

(197,117), 185.607112 mm
[197117], 185607112 mm o
[196,117] 180.623919 mm S‘?E‘;%rz%él%e;‘lmam’“‘
(1961171, 180623919 mm :

(193.110] 17240939 mm A‘i%idsigcg time:
[193108], 175570499 mm

[192,108], 170.880075 mm
[191108] 166.207701 mm

Samhe Sa p
g 6 Fus HoMe FSe 3Y|
Fig. 6 Magnitude of vibration at frequency axis
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Fig. 5 Test result of obstacle avoidance 2
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Table 7 Test data of obstacle avoidance 2

o ool e

Point data
Test result
Robot point, Measuring distance
[219,117], 295 mm
[211,105], 266 mm
[207,095], 266 mm
[205,086], 282 mm Mean
[200,076], 297 mm measuring distance:
191,067], 307 mm 286.242971 mm
(180,061}, 311 mm
[168,059], 308 mm
[161,060], 300 mm Standard deviation:
[159,060], 300 mm 26.532094 mm
[155,062], 291 mm
[147,065], 283 mm Avoiding time:
[136,070), 277 mm 8 sec
{129,075]), 273 mm
[119,083], 276 mm
[111,093], 280 mm
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Fig. 9 Graphical representation of obstacle avoidance 2
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