
33 9

2016 9 Control Theory & Applications
Vol. 33 No. 9

Sep. 2016

( )

DOI: 10.7641/CTA.2016.60100

†

( , 710049)

: . ,

. , -- .

. , ,

. , -- ,

.

: ; ; ; -- ; ; E-- ; ; -- ;

: T811 : A

Progress in cyborgology research
that is forming a new branch of cybernetics (review)

WAN Bai-wu†
(Systems Engineering Institute, Xi’an Jiaotong University, Xi’an Shaanxi 710049, China)

Abstract: From the viewpoint of cybernetics and focusing on science and technology the cyborgology research is

reviewed in this paper. And it provides an overview of the start-up and growth of cyborg research, its related applications, its

proliferation in society and ethical problems caused. The relation between cyborg and brain-computer interface is analyzed

also. The main contents, difficulties and technical frame of cyborgology research are discussed. The paper provides a

new definition for cyborgology and thinks that it is forming a new branch of cybernetics. And the paper confirms that the

cyborgology research has entered a thriving period. Finally the definition, classification and organism-machine relation of

cyborg have been commented and thinking about further research directions are given.
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1 (Introduction)
--

. 1960 ,

M· (Manfred E

Clynes) N· (Nathan S Klin), cyborg
[1]. Cyborg cybernetic org-

anism ( ) .

[1–2].

. ,

, --

,

. , --

.

Cyborg , :

( ) --

. .

; ,

, (cyborg monkey).

cyborg cyber-X [3],

cyberman .
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(implant technique)
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(borg),
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, . , org-

anism ,

,

(cyborg finance)[1]. ,

. ,

.

( ).

(cyborgology). :

( ) --

.

, C·H·
(Gray) 1995 The Cyborg Hand-

book ( )[4],

. 20 90

. ,

cyborg [1] . ,

.

,

, [5–6] .

, [7] --( )

(brain-computer interface, BCI) [8]

[9]

[10] . [7] , [11–13]

.

, .

2 (The development of

cyborg research)
20 70

, ( )

.

.

20 70

.

W· (Dobelle)1978 68

--
[14].

2000 ,

.

1997 P· (Kennedy)

J· (Ray)

, . .

2002
[1].

1997 , P· (Cochrane) ,

,
[15].

.

2002 ,

. .

,
[16]. J· (Naumann)

[17].

2004 N · (Harbisson)

(eyeborg)

( ) ,
[1]. .

2.1 (Project cyborg)
1998 (University of Reading )

· (Kevin Warwick)
[18–19]. 2.5 cm

,

(RFID)[20],

. .

,

.

2002 3 :

23 mm 4 mm

.

. 100

(MEA),

. , --
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( / ) ,

.

, , , ,
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. 1
[21].
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,

,

.

. 6 [22].

,

.

.

. ,

,

. ,
[19, 21].

3 , .

,

. ,

, [1]. ,

, [21].

,

. 96 3

. .
[21].

2.2 ( Summary of

project cyborg )
, [21].

,

,

.

: (thought communi-

cation) E-- (E-medicine)
[23].

:

,

( ) :

.

.

,

—– [24–25].

,

,

.

, [22].

,
[26],

.

.

.

: ,

[26].

E-- ,

,
[27],

[28]. E-- ,

,

.

20

,

. 2012 8 [29].

. 2009

C· (James) --

1 0 ,

0 , 1 .
[30].

2014 A·
-- (Pascual-Leone)

,

(EEG)

(transcranial magnetic stimulation, TMS) ,

8000 km .

hola ( ,

) ciao ( , ),

1 0 ,

-- . ,

TMS ,

1 0 [31].

--

, .

2.3 (Cyborg brain

controls a mobile robot)

,

, [32],

(cyborg brain)[33]( 1).
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( 100,000 ) ( 1

). 60× 60 = 3600 .

[32].

1 [32]

Fig. 1 Cyborg brain controls a mobile robot[32]

,

, , ,

,
[32].

, ,

.

,

.

,

,

( 1) , .

.

,

. ,

. , ,

.

, .

3 (The proliferation

of cyborg research in society)
1) .

2006 11

RFID -Chip .

0.4 mm×0.4 mm. 2015 15

99 $ nXT

.

, [34]

[35],

. [36].

2) .

J· (Donoghue)
[37], 2006 4 mm

,

.

:

. , , ,

, [38].

: ,

100 1 mm (

) ,

.

, ,

. :

,
[6].

· (Velliste)

, ,
[5]. ,

(DARPA)

,

, ,
[39].

[5, 39]. [40] 3

.

[41] 1998

,

, ,

, ,

. 2010

20 ,

180 .

3) .

2012

4

, [42].

4 mm 4 mm , 96 ,

.

,

, .

. 4 ,
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4 :

. 4 ,

, 4

4 . ,

, .

, 2012

T·W· (Berger)

.

10% .

,

, .

,

,

—– .
[33].

[32].

4) .

M· (Kham-

mash) (ETH) J·
(Lygeros)2011

. ,

2 ( ) ,

; .

, .

,

,

,
[44–45].

,

(cyborg yeast).

5) .

, (cyborg animal)

(cyborg insect).
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[1]. .

.

( )
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:
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2015

-- [46],

, . ,

,

. ,

, ,

.

,

.

,

, . ,

.

,

, .

6) ( ) (cyborg tissue).
[47], 2012

: ,

, .

, 3--D . 2

. ,

;

, .

,

( ).

2 [47]

Fig. 2 Cardiac cells, with a nanoelectric electrode[47]

:

3-- ,

, .

( 2)

( ) .
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, ,
[48].
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5
(The main contents, difficulties and technical

frame of cyborgology research)
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.

6 ( Cyb-

orgology is forming a new branch of cyber-
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,
[21].
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-- . --
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.
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7 (The ethical

thinking about cyborgology)
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,
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D· (Donna
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—– (cyborg anthropology).
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8 (Other

commentary on cyborg research)
1) .

2002 ,

, .

14 ,

.

.

, .
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9 (Thinking

about further direction of cyborgology re-
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