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[ Abstract]  Pigeons show flocking and homing behaviors, which require characteristics including long-distance
weight-bearing and continuous flight, with excellent navigation and spatial cognitive abilities. Pigeons have been widely
used in animal robot research in recent years. Pigeon robots achieve motor behavior control by applying neural information
intervention to specific neural targets in the pigeon’ s brain. This review summarizes research progress in pigeon robots
based on the sensory system, motivation and emotional system or cortex and midbrain motor area respectively, according to
the distribution of hierarchical multi-level neural regulatory targets in the pigeon’ s brain, with the aim of providing
reference and guidance for further applied research into the use of pigeon robots in space perception, reconnaissance, and
anti-terrorism search and rescue.
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Table 1 Advances in research of pigeon robot

Type Year Research institutions Control targets References
Pigeon robot based on stimulus control at 2012 SDUST HA HD (4]
sensory system
2007 SDUST DIVA .PoA (2]
2012 SDUST DIVA .PoA .PAG [4]
2015 SDUST DIVA .PAG (5]
2016 SDUST DIVA [6]
) ) 2017 SDUST DIVA .PAG (71
Pigeon robot based on stimulus control at -
motivation and emotional system or cortex 2021 ZAY DIVA [PoA
SDUST DIVA (9]
2022 77U PoA (10]
SDUST PAG (1]
2012 NUAA ICo . ToS .SGP (12]
2014 NUAA 1Co . ToS [13]
2015 NUAA ICo .FRM ,LoC [14]
2017 SNU FRM (15]
SDUST ICo (16]
2018 )
77U FRM (17
2019 77U FRM [18-20]
SNU FRM (21]
) ) 2020 ]
Pigeon robot based on stimulus control at NUAA FRM 2]
midbrain motor area SNU RT .OM TN .TSM AV [23]
2021
HHU FRM [24]
77U SGP (5]
2022 )
NUAA FRM [26]
77U SGP [27]
HHU FRM (28]
2023 ]
NUAA FRM »]
HHU FRM [30]
.SDUST: sNUAA . ;SNU . AR ;HHU . sHA. ;HD.
;DIVA . ;PoA ;PAG: ;1Co: ;ToS: ; LoC: ;FRM
;RT: ;OM; ;TN ;TSM AV, ;SGP .

Note. SDUST. Shandong University of Science and Technology. NUAA. Nanjing University of Aeronautics and Astronautics. SNU. Seoul National
University. ZZU. Zhengzhou University. HHU. Huanghuai University. HA. Hyperstriatum accessorium. HD. Hyperstriatum dorsal. DIVA. Dorsalis
intermedius ventralis anterior. PoA. Posterior pallial amygdala. PAG. Periaqueductal gray. ICo. Nucleus intercollicularis. ToS. Torus semicircularis.
LoC. Locus ceruleus. FRM. Formatio reticularismedialis mesencephali. RT. Nucleus rotundus. OM. Tractus occipito-mesencephalicus. TN. Nucleus
taeniae. TSM. Tractus septo-mesencephalicus. AV. Archistriatum ventral. SGP. Substantia griseaet fibrosa periventricularis.
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Table 2 Specific location information of related stimulation targets in pigeon robot

Types Control targets Specific location
HA AP 7.50-14.50, ML 0.50-4.00, DV 0.00-2. 00
Pigeon robot based on stimulus control at sensory system HD AP 8.25-14.25, ML 2. 00-4.00, DV 1.00-2. 50
DIVA AP 6.00-7.00, ML 1.50-2.50, DV 7.00-8. 00
Pigeon robot based on stimulus control at motivation and PoA AP 8.75-9.00, ML 0.25-1.50, DV 9.50-10. 00
emotional system or cortex PAG AP 3.50-4.50, ML 0.50-1.25, DV 7.00-8.75
ICo AP 2.00-4.00, ML 2. 00-5.50, DV 6.50-7.50
ToS AP 3.50, ML 4. 00-5.50, DV 6.50-7.25
LoC AP 1.00-2.75, ML 1.00-3.00, DV 8.50-10. 00
FRM AP 3.00-4.25, ML 0.75-2.00, DV 7.50-8.25
RT AP 5.25-7.00, ML 1.75-3.75, DV 7.25-9.25
Pigeon robot based on stimulus control at midbrain motor area OM AP 0.25-8.00, ML 1.00-7.00, DV 7.50-8. 50
TN AP 5.75-7.50, ML 4. 00-6.00, DV 7.50-8. 50
TSM AP 4.00-10.00, ML 0.00-3.50, DV 6.00-10. 00
AV AP 5.25-7.50, ML 5.00-8.00, DV 6.00-8. 50
SGP AP 1.50-4.75, ML 4.00-5.50, DV 6.00-8. 25
(AP, ;ML ;DV. sHA . ;HD: ; DIVA . ;PoA .
;PAG: ;1Co; ;ToS; ; LoC: ; FRM . ;RT. ;OM; ;TN
;TSM . JAV: ;SGP . o

Note. AP. Anteroposterior. ML. Mediolateral. DV. Dorsoventral. HA. Hyperstriatum accessorium. HD. Hyperstriatum dorsal. DIVA. Dorsalis
intermedius ventralis anterior. PoA. Posterior pallial amygdala. PAG. Periaqueductal gray. ICo. Nucleus intercollicularis. ToS. Torus semicircularis.
LoC. Locus ceruleus. FRM. Formatio reticularismedialis mesencephali. RT. Nucleus rotundus. OM. Tractus occipito-mesencephalicus. TN. Nucleus

taeniae. TSM. Tractus septo-mesencephalicus. AV. Archistriatum ventral. SGP. Substantia grisea et fibrosa periventricularis.

2.3.1 1Co s
ICo , . 2015 FRM
. 2012,
,ICo , FRM
, 142017 2020
[12]
[13] , , FRM
ICo , ,
ICo (4] 521 2018 ~ 2019
2018 , FRM
ICO “ ” ,
[16] [17-20]
2.3.2 FRM 2020 ~ 2023 .

FRM , N N



252 2024 2 32 2 Acta Lab Anim Sci Sin, February 2024, Vol. 32, No. 2
FRM , ’
[22.26,29
[ Io2021 ~ 2023 .
FRM ; . ;
N o
[24,28,30]
’ 3
2.3.3 SGP
SGP s N
o 2012, .SGP :
22022 ,
’ b Y
SGP , .
5 A
SGP )
25
12023 o
SGP N N N
: SGP ,
5 ) N
[27] ., s
2.3.4 ° )
, ’
, (e} 9’
’
’
, 9
s b b
5 ToS ’
, ToS ’ >
[12] o
b
( References)
[13] IS LOC , [ 1 ] ) s s . : N
2015 [J7]. , 2022, 67(21) ; 2535-2552.
(e} b
FANG K, MEI H, SONG Y, et al. Animal robots: research
LoC ’ foundation, key technologies and development forecasts [ J].
[14]
o Chin Sei Bull, 2022, 67(21) ; 2535-2552.
2021 [2] : , ,
CN200710013769.7 [ P]. 2007-09-26.
, , RT.OM [P]
TN SUX C, HUAL R T, LIU X F, et al. A guidance method for
’ robot birds; CN200710013769.7 [ P]. 2007-09-26.
TSM AV [3] , : RAE
s , 2020, 41(6) ; 22-27.
XIAO Y P, LIU X Y. Animal robots and their potential military
b
[23] application value [ J]. Natl Def Sci Technol, 2020, 41(6) ; 22
° -27.
[4] , ; ;

[J]. : , 2012, 42



2024 2 32 2

Acta Lab Anim Sci Sin, February 2024, Vol. 32, No. 2

253

[5]

[8]

[10]

[11]

[12]

[13]

(9): 1130-1146.
SUX C, HUATR T, YANG J Q, et al. Brain mechanism and
methods for robo-animal motor behavior control [ J]. Sci Sin
Informationis, 2012, 42(9) . 1130-1146.
YANG J, HUAI R, WANG H, et al. A robo-pigeon based on an
innovative multi-mode telestimulation system [ J]. Biomed Mater
Eng, 2015, 26(1) : S357-S363.
HUAI R, YANG J, WANG H. The robo-pigeon based on the
multiple brain regions synchronization implanted microelectrodes
[J]. Bioengineered, 2016, 7. 213-218.
YANG J, HUAI R, WANG H, et al. Global positioning system-
based stimulation for robo-pigeons in open space [ J]. Front
Neurorobot, 2017, 11 40.
ZHOU Z, LIU D, SUN H, et al. Pigeon robot for navigation
guided by remote control: system construction and functional
verification [ J]. J Bionic Eng, 2021, 18(1); 184-196.
[J]. ,
2022, 39(5) : 974-981, 990.
SHIY, YU Z H, YAN R, et al. Research and application of
photovoltaic cell online monitoring system for animal robot
stimulator [ J]. J Biomed Eng, 2022, 39(5) . 974-981, 990.
TIAN X, SHI Y, ZHANG Y, et al. The role of posterior pallial
amygdala in mediating motor behaviors in pigeons [ J]. Sci Rep,
2022, 12(1) . 367.
(1. .
2022, 45(24) : 136-140.
CHANG M, XU M H, YANG J H, et al. Design and application
of novel rechargeable SEMG acquisition system for animal robots
[J]. Modern Electron Tech, 2022, 45(24) . 136-140.
[J]. , 2012, 29(4) . 33-35.
DONG M S, CAI L, WANG H, et al. A preliminary study on
motion eliciting by electrically stimulating midbrain of pigeon
[J]. I Biol, 2012, 29(4) . 33-35.
[D].
; 2014.
SHAO J D. Development and application of remote control
[D].

Aeronautics and

equipment on pigeon pigeon-robots flying outdoors
Nanjing Nanjing University of
Astronautics; 2014.

CAI L, DAIZ, WANG W, et al. Modulating motor behaviors by
electrical stimulation of specific nuclei in pigeons [ J]. J Bionic
Eng, 2015, 12(4) : 555-564.

SEO J, CHOI G, PARK S, et al. Wireless navigation of pigeons
using polymer-based fully implantable stimulator: A pilot study
using depth electrodes [ A]. Proceedings of 2017 39th Annual
International Conference of the IEEE Engineering in Medicine
and Biology Society [ C]; 2017.

WANG H, YANG J, LV C, et al. Intercollicular nucleus electric
stimulation encoded “walk forward” commands in pigeons [ J].

Anim Biol, 2018, 68(2): 213-225.

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[D]. ; 2018.
LU J S. The design of wearable neural signal detection and
stimulation  closed-loop control ~system for pigeon [ D ].
Zhengzhou; Zhengzhou University; 2018.

[D].

: ; 2019.

WANG H C. Development of pigeon flight controller based on
trajectory deviation feedback [ D ]. Zhengzhou; Zhengzhou
University; 2019.
ZHAO K, WAN H, SHANG Z, et al. Intracortical
microstimulation parameters modulate flight behavior in pigeon
[J]. J Integr Neurosci, 2019, 18(1) . 23-32.
YANG L, LI M, WAN H, et al. The wearable behavior control
system for robo-animal [ A]. Proceedings of 2019 38th Chinese
Control Conference [ C]; 2019.
SHIM S, YUN S, KIM S, et al. A handheld neural stimulation
controller for avian navigation guided by remote control [ J].
Biomed Mater Eng, 2020, 30(5-6) : 497-507.
WANG H, WU J, FANG K, et al. Application of robo-pigeon in
ethological studies of bird flocks [ J]. J Integr Neurosci, 2020,
19(3) : 443-448.
JANG J, BAEK C, KIM S, et al. Current stimulation of the
midbrain nucleus in pigeons for avian flight control [ J].
Micromachines, 2021, 12(7) : 788.
HUANG A, WANG D, LIU X. A long-range neural stimulator
for pigeon-robots [ A]. Proceedings of 2021 IEEE 5th Advanced
Information Technology, Electronic and Automation Control
Conference [ C]; 2021.
YANG L, MA Z, LI M, et al. Creating virtual fear to control the
locomotion behavior of pigeon robots using micro-stimulation
[A]. Proceedings of 2022 IEEE International Conference on
Cyborg and Bionic Systems [ C]; 2022.

[J]. , 2022, 39(6) . 1209-1217.
WANG H, WANG S K, QIU Z C, et al. Design and preliminary
application of outdoor flying pigeon-robot [ J]. J Biomed Eng,
2022, 39(6) : 1209-1217.
XU W, YANG L, WANG Z, et al
periventriculare-mediated fear emotion regulates motor behavior in
pigeons [ J]. J Bionic Eng, 2023, 20(5); 2228-2239.
LIU X, SU Z, GAO Q, et al. Wireless-controlled cubic neural

Stratum  griseum

stimulator for free-moving animals [ J]. R Soc Open Sci, 2023,
10(3) . 221116.

FANG K, MEI H, TANG Y, et al.
turning flight of robo-pigeon with quantitative stimulus parameters

[J]. Front Neurorobot, 2023, 17 1143601.

Grade-control outdoor

[J]. , 2023, 40
(2):327-334.
SUZ L, WANG D Y, QI X M, et al. Development of a flexible

embedded neurostimulator for animal robots [ J]. J Biomed Eng,

2023, 40(2) : 327-334.

[ 1 2023-07-12



