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ContextROS: Context-Oriented Programming
for the Robot Operating System

SAEKI YUTAL®  Tanicawa IkuTtal'®)  Hisazumi KEnNJgi'©  Fukupa AKIRALD

Abstract: In recent years, the development of context-aware robots has been one of the crucial tasks in
the robotics field. This robot changes its behavior according to the context, which includes its surrounding
situation and the internal state. Robots such as these are highly useful because they can respond flexibly to
various situations.

The Robot Operating System (ROS), which is open-source middleware, has been widely used for robotics
applications. ROS facilitates the development of applications with excellent versatility, reusability, and porta-
bility because it is a component-based peer-to-peer distributed system. These advantages have encouraged
many developers to employ ROS to develop context-aware robots. However, it is complicated to write context
related codes as developers have to write the code without any framework supports. Thus, it is not easy
to describe a context-aware program, because its maintainability tends to be low as the fragments of code
pertaining to context dependence are distributed throughout the code.

This paper proposes ContextROS which applies the Context-oriented Programming (COP) to ROS. Contex-
tROS adds a language element in the form of a layer to ROS to modularize the context dependence code
explicitly. It also performs layer activations/deactivations for distributed nodes using ROS communication
features. We apply ContextROS to a simple application and evaluate it by comparison with ROS. The
results of the evaluation confirmed that ContextROS is confirmed to be able to reduce the dispersion of the
description of the behavior of each context without compromising the performance of the ROS.

Keywords: Context-oriented Programming, Robot Operating System, Embedded system
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]
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[CONTEXT activateContextWithName:@” Indoor”|;
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8. F&&

ROSZMHALAZIVTF AT VTR y MO
FTREIAYTFAPOYR, 2T FA MRKFLIRS HEW
DEY a—)t, PBEREFTOaYTFADEAR
FOMEEZEZERTIHENDL. KFTIZZH S DORHE
RS % 72812 ROS 12 COP % 3#H L 72 ContextROS
ZRELUZ. ContextROS 1 COP IZFHHWHNB LA ¥ D
Wa% ROSICEALIVYTFAMNDOHREIYTFA D
WERIELEHENDEY 2 —V{L%E1T 5. ContextROS T
WESUENIERZ T VWL A YOS Z LA Yidid e UTHE
B, AEEREFTOa Yy T3 A oA ROS ® b
v 7@EEEHLELAY T 2T R=Yavil&o
THEB LU 7-. ContextROS DMEEE % FEAli 3 5 72912 ROS
& ContextROS ZNZNTHHE AT 7V 7r—3 a v &5k
U, TR E Y — 23— FOITHE KL 7Z. ZOFEHE,
ContextROS 13 ROS OMfE 25 2w aryFF 2
MISU 7R B NDEFE 2175 7-.

SE X

[1] Watanabe, H., Sugaya, M., Tanigawa, 1., Ogura, N. and
Hisazumi, K.: A study of context-oriented programming
for applying to robot development, Proceedings of the
7th International Workshop on Context-Oriented Pro-
gramming, ACM, p. 4 (2015).

[2] Quigley, M., Conley, K., Gerkey, B., Faust, J., Foote,
T., Leibs, J., Wheeler, R. and Ng, A. Y.: ROS: an
open-source Robot Operating System, ICRA workshop
on open source software, Vol. 3, No. 3.2, Kobe, p. 5

52




2017

Embedded Systems Symposium 2017

B3]

4]

[5]

(6]

(10]

(2009).

Hirschfeld, R., Costanza, P. and Nierstrasz, O.: Context-
oriented programming, Journal of Object Technology,
Vol. 7, No. 3, pp. 125-151 (2008).

Tanigawa, I., Ogura, N., Sugaya, M., Watanabe, H.
and Hisazumi, K.: A structure of ac# framework Con-
textCS based on context-oriented programming, Com-
panion Proceedings of the 14th International Confer-
ence on Modularity, ACM, pp. 21-22 (2015).

Mattis, T., Rein, P. and Hirschfeld, R.: Transaction
Layers: Controlling Granularity of Change in Live Pro-
gramming Environments, Proceedings of the 8th Inter-
national Workshop on Context-Oriented Programming,
ACM, pp. 1-6 (2016).

Watanabe, H., Tanigawa, 1., Sugaya, M., Ogura, N. and
Hisazumi, K.: A layer-structure diagram and a layer-
interaction diagram towards a context-oriented develop-
ment methodology for embedded systems, Companion
Proceedings of the 15th International Conference on
Modularity, ACM, pp. 125-130 (2016).

Appeltauer, M., Hirschfeld, R., Haupt, M., Lincke, J.
and Perscheid, M.: A comparison of context-oriented
programming languages, International Workshop on
Context-Oriented Programming, ACM, p. 6 (2009).
Appeltauer, M., Hirschfeld, R., Haupt, M. and Ma-
suhara, H.: ContextJ: Context-oriented programming
with Java, Information and Media Technologies, Vol. 6,
No. 2, pp. 399-419 (2011).

Costanza, P. and Hirschfeld, R.: Language constructs
for context-oriented programming: an overview of Con-
textL, Proceedings of the 2005 symposium on Dynamic
languages, ACM, pp. 1-10 (2005).

Gonzdlez, S., Cardozo, N., Mens, K., Cidiz, A., Lib-
brecht, J.-C. and Goffaux, J.: Subjective-c, Interna-
tional Conference on Software Language Engineering,
Springer, pp. 246-265 (2010).

2017 Information Processing Society of Japan

ESS2017
2017/8/25

53



