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Robot navigation based on non-restricted route
natural language processing

ZHANG Ke, CHEN Qi

( Department of Electronic and Communication, North China Electric Power University Code, Baoding 071003, China)

Abstract: In order to use a natural-language controlled robot to complete autonomous navigation, this paper
proposes a semantic extraction method based on semantic role labeling ( SRL), which is used to enhance the
understanding of route natural language for robots. First, a non-restricted route natural language corpus is
constructed. Then, based on thorough study of this corpus, eight chunks are put forward to analyze the data, which
lays the foundation for SRL. Finally, an SRL based on chunking and dependency parsing is proposed. The
experimental results of precision, recall, and F,-measurements were 98.22% , 98.48% , and 98.35% , respectively.
Using the proposed SRL method, the robot Nao was able to accomplish navigation tasks by asking the way.

Keywords: semantic role labeling; route natural language; chunking; dependency parsing; robot navigation by

asking the way
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SRS Y B A2 ARG T8RN 2 i TR 12 A AR
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50T DA5E B AT 55 1 B A 0T 4 th AR L 1Y AR TS
B ISR O T ORI R — P SRR 100
BIEFAEW A 12~60 %, ZHH BIENNFF)
it FE T A 2 E A, BEE IR BRI
T H B IR ) R E T 1 000 S5,

1 FEL 2 53 52—~ B8 1 DR AR I FR AT A1 8
Bl A B ST 55 R NENEE BT AT
5, ARSI — SRR R HLER N A E BT, i
I W Sk ) A B A R R AT 55
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B1 RHEMEHE

Fig.1 Top view of simulated environment

B2 RHEMEIEE

Fig.2 Video capture of simulated environment
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Table 2 CRF feature template for chunking
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Table 4 The result of chunking %
TP P R F
DT 98.97 98.21 98.59
FR 100.00 85.71 92.31
MT 93.00 87.64 90.24
PR 100.00 98.18 99.08
PT 100.00 100.00 100.00
RT 90.20 97.87 93.88
SC 96.27 93.63 95.09
ST 90.85 86.58 88.66
582 97.12 95.38 96.24

K2 ARAFARE TSR

RS IERAFARE LA . A SCEAE AT )
5 HAR TE B B E R AR AE B dlh 2R . A
TEHPHTAH L, E R HERT R A R F (EHRAR X
%o FCBEIRA A2 1) AT A0k RO AR AT 56 R 2R A
EINERES B Ul S N TN 35 G APl i
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TRAF R AR bR v R T B (ELR X T L3
SRR RS AT A B T iR B i A A
FRRCR P TR A

RS KEAESWMER

Table 5 The result of dependency parsing %
SRR P R F,
FH{E 90.83 90.87 90.85

52 EBXRABIRELER

X3 HETIEIHE SRL

F 6 ST IHYI T E UM bR 25
MR 6 AR LUE B T il b s SCA
EARMERER R A BRE FESEE] T 96.77% |
97.78% 97.27% .

*6 ETIERSMH SRL &1
Table 6 The result of SRL based on chunking %

A, P R F,
A, 99.07 99.07 99.07
A, 98.92 99.64 99.28
AM-ADV 91.37 96.54 93.88
AM-DIR 99.39 99.09 99.24
AM-LOC 97.56 95.24 99.39
14 96.22 96.62 96.42
SEEE 96.77 97.78 97.27

I 4 FETARAF AL AT SRL

R T BT AR AL 3 B O T SCA R T 25
Ro ML 6 T BIAYEE RS LA B, BAREE TR
FEAJIE S AT 9 SRL B 4 e 5 T 3 B o3 #r 69
SRL ZIK, {HZEXS T A0 AM-ADV ifi S 4, 2 T
AT YIS A B0 45 R B AL

x7 BETREFMESHEN SRL 41

Table 7 The result of SRL based on dependency parsing %

G REN P R F,
A, 100.00  100.00 100.00
A 98.11  97.65 97.88
AM-ADV 98.05  86.30 91.88
AM-DIR 96.11  98.73 97.40
AM-LOC 89.13  82.00 85.42
14 91.54  94.28 92.89
F¥E 95.00  94.53 94.76

LI 5 T IEPS T AR Hr ) SRL

WL TR 5 FIEE 6 KB, X T A SR TEF AL
AT S ORRTEAL 55, B A R 0 3 20 A i
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Table 8 The result of SRL based on chunking and
dependency parsing %
RSN P R F,
A, 98.15  99.07 98.60
A, 99.46  100.00 99.73
AM-ADV 96.88  96.88 96.88
AM-DIR 100.00  99.36 99.70
AM-LOC 95.12  92.86 93.98
v 97.48  98.00 97.74
PR 96.77  98.48 98.35
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Fig.3 Actual environment
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Fig.4 Robot walking route 1

Pl 4 b A RERPLER A, B IR A, C SR
EHL, D AR M, M BIBLAS AATHERS LR LI
Hy, L A TE T BATE BB B BRI T AT AR R A0 4
MR T SCA S H BR AT EE

L2 Ml AR ZRA HERIGIRET T 52 ik
T

A —Bt A SR8 AR Y BR AR AT 55 L
de NI RAE BIPR , 17 2058 BURE 55 , 15 00 47 5%, 1) ip




5 4 4]

KB, 45 BT ARZ IR ERAR A IRTE 5 AL B P AL AR AN ST - 489 -

EBER TS, 1 Ze 78 B Vb Ko, Seid vV Kk E B A
SR
K5 DS 2 rIBLae N SEPRiTiE e

W
:

HS5 B8 ARRTERL 2
Fig.5 Robot walking route 2
BlS A fRREHLERA LB FRFEIR, C REHTF,D
A, EARRU A FARR TR, 7EHLA AT
AT REBR AR EBEE PRl X AU KA 7, Y AUk
— A UEERR R RIS AN NI LS A AT 2 R
LA Y Lae AR B 2 A e i 175 0 T R AT
LLBETT it 52 B A

6 ZERiE

N T A IIIEE T AR H AR F A AL
NS, ARSI B4R T 5 TSI B A9 TE AR 6
PRUETT i B TARAE R IE S AT T SO (bR T J7 i
HNFETF I A FARAT 4035 20 Fr il 5 193 S
PRTETT % E S A B, B TR B M )
WL AR B SR AR TE T I AR A RTE S
A AP BEE R fe )5 8 Nao HLAR NSEBL T 4E
fAT BRLERAR T 58 AL T B A A AR T 5 Ak B S AT
55 Bk AN SCR I O IR AT AT, A SO
Wit o 78 i HAEAE 32 IR AF T 34T, PRk
TSR B ST IR RIS A, FE IR SRR ST,
RS ZBON R R IR, E— DR Tk YIS
L ALAHE ST

SE K

[1]WEI Y, BRUNSKILL E, KOLLAR T, et al. Where to go:
Interpreting natural directions using global inference[ C]//
IEEE International Conference on Robotics and Automation.
Kobe, Japan, 2009 3761-3767.

[2] KOLLAR T, TELLEX S, ROY D, et al. Toward
understanding natural language directions [ C]//2010 5th
ACM/IEEE International Conference on Human-Robot
Interaction( HRI) . Osaka, Japan, 2010: 259-266.

[ 3] SKUBIC M, PERZANOWSKI D, BLISARD S, et al. Spatial

language for human-robot dialogs[J]. IEEE transactions on
systems, man, and cybernetics, part c: applications and
reviews, 2004, 34(2) . 154 167.

[4] SKUBIC M, HUO Z, ALEXENKO T, et al. Testing an
assistive fetch robot with spatial language from older and
younger adults [ C ]//RO-MAN, 2013 IEEE. Gyeongju,
South Korea, 2013 697-702.

[5]SKUBIC M, HUO Z, CARLSON L A, et al. Human-driven
spatial language for human-robot interaction [ C ]//AAAI
Conference on Human-Robot Interaction in Elder Care. San
Francisco, USA, 2011 32-34.

[6]LI X, HUANG X, DEZERT J, et al. A successful applicat
ion of DSmT in sonar grid map building and comparison with
DST-based approach[ J]. International journal of innovative
computing, information and control, 2007, 3 (3):
539-549.

[7]LI X, DEZERT J, SMARANDACHE F, et al. Evidence
support ing measure of similarity for reducing the complexity
in informat ion fusion[ J]. Information sciences, 2011, 181
(10): 1818-1835.

(81 sk, BHm s, R, 4. KRBT M3 Fh b 12 1
HE5FHLI]. HLEA, 2007, 29(5) ; 433-438
SHI Chaoxia, HONG Bingrong, ZHOU Tong, et al.
Topological map building and navigation in large-scale
environment ents[ J]. Robot, 2007, 29(5) ;. 433-438.

[OTHE™ BRI AR, A6 B shHlds AL -3 MR & s IE /Y
Fyg K AR (1], 0 5 U5, 2005, 20(7) :
815-818.

ZHUANG Yan, XU Xiaodong, WANG Wei. Mobile robot
geometric-topological map building and self-localization [ J ].
Control and decision, 2005, 20(7) ; 815-818.

[10] 5 F5 00, 2408, W ZE T AR T I BR AR H AR S

WESCROPRETINE )], R R4k AR,
2012, 42(z1) . 127-131.
ZHANG Xiulong, LI Xingde, DAI Xianzhong. Semantic
role labeling method for route natural language based on
chunk parsing[ J]. Journal of southeast university; natural
science edition, 2012, 42(zl) . 127-131.

(12578, k55 Je, Beh. —Fh kT 32 BR A ORI = 4b 2E

ke shpLas AL oE S5k [T ], HL4s A, 2011, 33
(6): 742-749.
LI Xingde, ZHANG Xiulong, DAI Xianzhong. A visual
navigation method of mobile robot based on constrained
natural language processing [ J]. Robot, 2011, 33(6):
742-749.

(12) 251t 9K 55 e — i o) 52 P BEAIL#e AL AY B A2
AARIE S B [ 1], Ashbs4le, 2012, 40(2) .
289-305.

LI Xinde, ZHANG Xiulong. A route instruction method

using natural language processing for indoor intelligent



. 490 - 2O R 4 ¥ i CRVEC

robot navigation [ J ]. Acta automatica sinica, 2012, 40 (171310, BREMG. 36T 3 5 bR i op SCIRAE R ik 43 i i

(2): 289-305. (I, RN S5 80, 2009, 26(10) : 133-135.
[13] ABNEY S P. Parsing by chunks [ M ]//Principle-Based JI FENG, QIU XIPENG. A new Chinese dependence

Parsing. Springer Netherlands, 1991 257-278. analysis method based on sequence labeling model [ J].
[14] 855, Fh s, B8 8 T DUE A F AL A iR R [ 1], Computer applications and software, 2009, 26 (10):

THENLFR, 1999, 22(11) ; 1158-1165. 133-135.

ZHOU Qiang ,SUN Maosong, HUANG Changning. Chunk EE T

SEAT, 55,1980 4FE A BB, AT
Berasn HEIYSsn, FE
WFFE 7 101 o 0 e s AL 3 | RGAL
T [ IRIE S A H HLEE AGAH

parsing scheme for Chinese sentences[ J]. Chinese journal
of computers, 1999, 22(11); 1158-1165.

(15 ]2 XURE DR A B8 SCRIBRIR C 1772 E A
EE A AR IR, PIE, 2003 110-115.
LI SUJIAN, LIU QUN. Research on definition and
acquisition of chunk [ C ]//CCL 2016. Suzhou, China,
2003 110-115.

(16 1PN, AT LR 2 AR T AR )] SE S
2%, 2000, 2(2); 74-83.
SUN HONGLIN, YU SHIWEN. A summary of shallow
parsing methods [ J ]. Contemporary linguistics, 2000, 2
(2): 74-83.

Mrar, 55,1992 44 i w5 2k,
FEMF TR A SRIE T AL,

The 18th International Conference on Intelligent Data
Engineering and Automated Learning

The International Conference on Intelligent Data Engineering and Automated Learning ( IDEAL) is an annual
international conference dedicated to emerging and challenging topics in intelligent data analysis, data mining and their
associated learning systems and paradigms. Its core themes include: the Big Data challenges, Machine Learning, Data
Mining, Information Retrieval and Management, Bio- and Neuro-Informatics, Bio-Inspired Models ( including Neural
Networks, Evolutionary Computation and Swarm Intelligence ) , Agents and Hybrid Intelligent Systems, and Real-world
Applications of Intelligent Techniques. Other related and emerging themes and topics are also welcome.

The conference provides a unique opportunity and stimulating forum for presenting and discussing the latest theoretical
advances and real-world applications in Computational Intelligence and Intelligent Data Analysis. Authors and researchers
are warmly invited to submit their latest findings and research work to the conference.

The International Conference on Intelligent Data Engineering and Automated Learning ( IDEAL) is an annual
international conference dedicated to emerging and challenging topics in intelligent data analysis, data mining and their
associated learning systems and paradigms. Its core themes include; the Big Data challenges, Machine Learning, Data
Mining, Information Retrieval and Management, Bio- and Neuro-Informatics, Bio-Inspired Models ( including Neural
Networks, Evolutionary Computation and Swarm Intelligence ), Agents and Hybrid Intelligent Systems, and Real-world
Applications of Intelligent Techniques. Other related and emerging themes and topics are also welcome.

Website ; http : //ideal2017 . guet.edu.cn/ideal /



