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The term Robotics has become one of the hot topics in this era of technology, the field robotics has
evolved in a wide range based on its application. Its invasion has become inevitable serving the human
community by ensuring that making things which are impossible to possible. Water Robots is one such
field. Though there are lot of researchers across the globe working on this area proposing their inno-
vative design with add on features compared to the existing one. Water robots includes both marine
robots and fresh water robots. This marine robotics can be employed for deep sea exploration, explor-
ing extra-terrestrial organism in other planet, rescue operation serving as life boat saving human life,
surveillance of deep-sea ecosystem or underwater photography, under water infrastructure maintenance
and environmental monitoring. The design of these under water robots lies with various constraints and
challenges like weight and power capacity (ROV-remotely operated Vehicle having power cable con-
nected with robot) and (AUV-Automated Underwater Vehicle working without power cable), dimension
of the robot, depth that the robot can reach (shallow robots (robots that can reach to the depth less than
6000m) and deep-sea robots (reaching depth more than 6000 meters). Since the scope for improvement
in the design of these underwater robots is more while considering the design constraints, there is a need
for a comprehensive comparative analysis of these design constraints for the existing under water robots
in terms of depth to weight (d:w)ratio analysis. In this article, an exhaustive survey is made considering
all existing under water robots categorized based on its mode of application. The study not only limits
with classification but also enables the readers to compare the value of design constraints in the existing
under water robot. This knowledge enhances the researcher for better understanding of existing marine
robots based on which a new innovative design could be arrived overcoming the benchmark.

1. Introduction.

vehicle and Autonomous underwater vehicle. The HOV (hu-
man Occupied Vehicle) and submarine are not considered as

The possible classification of marine robot based on the
mode of application is as shown in Fig 1. The marine robots
can be classified as on water surface robot, unmanned under
water vehicle and hybrid type which can move on the surface
and under the water surface. These classifications are further
sub divided as Remotely Operated Vehicle (ROV), Automated
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underwater robots.

The Autonomous Underwater Vehicle is further classified
based on the locomotive type as under water drones, wheeled
type under water robots, legged type under water robot and
floating type under water robot. The floating type under wa-
ter robot are further classified as bioinspired, with propeller
and without propeller. The Autonomous Underwater Vehicle
is further classified based on the locomotive type as under wa-
ter drones, wheeled type under water robots, legged type under
water robot and floating type under water robot. The floating
type under water robot are further classified as bioinspired, with
propeller and without propeller.
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It is understood that for a water robot to reach a deeper
depth, the more weight would be a constraint as the pressure
gets increased as the robot descend the depth. On other side,
ballast tanks are introduced to fine tune the robot weight with
its buoyancy. But these ballast tanks also contribute towards
increasing the weight of the water robot. Hence a proper study
is required to understand the existing design with high depth to
weight ratio. And this short review on existing water robot has
helped us to find the depth to weight ratio value of each so far
proposed design.

2. Literature Survey.

The literature survey is done based on the classification as
shown in Figure 1. The individual comparison is made in each
type with respect to the depth it can reach, length and weight of
the proposed under water robots developed by different authors.

2.1. Surface Water Robots.

These robots travel on the surface of water. This is broadly
classified as remotely operated and autonomous surface water
vehicle or robot. It can be applied in rescue operations, elimi-
nating hazardous floating waste in the water, removing crude oil
in the ocean floating because of the ship accidents etc. The ta-
ble 1-4 shows the comparison of existing surface water robots.
The surface water robot developed by Ranmarine technology
[1] can travel a depth of 300 cm having a length of 190 cm
and weight of 39 kg as shown in Figure 2. The d:w value is
of this robot is 0.076. Thomas et al [2] proposed one surface
robot having a length of 2m and weight of 80 kg, this under
water robot was developed by ASV Global as shown in Fig-
ure 3. Rahmawati et al [3] Figure 4 proposed surface water
robot with length of 1200mm and weight of 8kg in simulation
mode. Otter [4] is a surface water robot as shown in Figure
5, developed by Maritime Robotics having a weight of 150 kg
and length of 2.1m, it is used for shallow water surveying, en-
vironmental monitoring and scientific data collection. Xin Sun
et al [5] has proposed a salvage cleaning water surface robot as
shown in Figure 6. The specification of this bot is unavailable.
Unmanned moving boat [6] is an intelligent ecological mainte-
nance robot as shown in Figure 7, having length of 4000m and
weight of 1100 kg. Karl von Ellenrieder, FaU [7] developed un-
manned surface vehicle as shown in Figure 8 which is of length
1.78m and weight of 150 kg. Orsted [8] offshore wind farm
developed as shown in Figure 9, a hugin uncrewed vessel for
offshore metocean measurement campign having length of 9m
and weight of 6800kg.Automated surface vehicle [9] as shown
in Figure 10, developed by German Research Center for Ar-
tificial Intelligence GmbH is of weight 300-500kg and length
of 4m. Beatbot [10] as shown in Figure 11, is a pool surface
cleaning robot which is of length 0.45m and weight of 9.3kg.
Intelligent water surface robot for microbial control of water
pollution developed by Wu, Xiaoyan and Wang, Shu [11] is of
0.2m length and 107 kg weight as shown in Figure 12. MIT’s
SENSE able City Laboratory developed seaworm [12] as shown
in Figure 13, for cleaning the oil spill having the length of 4.8m.

Aanderaa Sailbuoy wind driven [13] ASV developed by off-
shore sensing AS having weight of 60kg and length of 2 me-
ters as shown in Figure 14. Smartium clean [14] developed by
Koc, defense turkey is a sea surface cleaning robot as shown
in Figure 15, having weight of 52kg and length of 0. 95m. A
robotics lilypad [15] over the surface of lagoon for environmen-
tal monitoring is developed by Developed by the Laboratory for
Underwater Systems and Technologies at the University of Za-
greb is of 1m length and weight of 20 kg as shown in Figure
16. Unmanned pool cleaning robot as shown in Figure 17 de-
veloped by Sichuan Dongfang Water Conservancy Intelligent
Equipment & Engineering Co., Ltd [16] is of length 0.65m and
weight Skg. Magura V5[17] developed by Ukraine war fuel-
ing development of uncrewed surface boat as shown in Figure
18 carries weapons and its having weight of 1000kg and length
of 5.5m. Mahi two[18] uncrewed surface vehicle is of length
4m as shown in Figure 19.Sunnyvale, California[19] as shown
in Figure 20,has developed Wave Glider from Liquid Robotics
which is of autonomous, unmanned surface vessel (USV) hav-
ing a weight of 250kg and length of 3.5m. Smurf [20] devel-
oped by Orcauboat as shown in Figure 21, is an unmanned sur-
face cleaning robot having length of 2.9 m and weight of 155

kg.

Figure 1: Classification of Water Robots or Marine Robots.
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2.2. Under Water Robots.

These robots travel on the under the surface of water. This is
broadly classified as remotely operated and autonomous under
water vehicle. It can be applied in deep sea exploration, ocean
survey, understanding aquatic ecosystem, discovering the won-
ders in deep sea etc. The table 5 -10 shows the comparison of
existing under water robots. The Scarlet knight developed by
Rutgers university [21] having self-weight of 60kg and can ex-
plore a depth of 100-150 meters having a length of 2.2 meters
as shown in Figure 22. Slocum Glider (RU27) [22] as shown in
Figure 23 can travels depth up to 1000 meters having a length
of 2.1 m and weight of 40kg. These under water robots comes
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under floating type without any propeller. Cotsbot as proposed
by QuT [23] having length of 1.5 meters. And it is weighing
around 60kg is able to descend at a depth of 100m as shown in
Figure 24. The Autosub 6000 as shown in Figure 25 is having
a length of 5.5 m and weight of 1800 kg descend to a depth
of 6000m which comes under the category deep sea was de-
veloped by UK national oceanography center [24].US military
developed Bluefin 9,12, and 21 [25-27] as shown in Figure 25.
The Blue fin -9 is a shallow type descending to a depth of 300m
having a length of 1.5m and weighing 140 kg. The Blue fin
-12 is also shallow type descending to a depth of 1000m hav-
ing a length of 2.4 m and weighing around 220 kg. The Blue
fin -21 is a deep-sea type descending to a depth of 4500m hav-
ing a length of 4.9m and weighing around 1700 kg. France
Victor 6000[28] developed is an Remotely operated vehicle as
shown in Figure 26, can descend to a depth of 6000 m, having
a length of 4.3 m and weight of 5500 kg. Kaiko[29] is a deep
sea type developed by Japan as shown in Figure 27 and it is re-
motely operated vehicle that can descend to a depth of 10,911m
with a length of 3.6m and weight of 2600kg .Fendouzhe[30] is
a deep sea robot as shown in Figure 28 developed by China
ship building industries co-operation having a potential to de-
scend a depth of 10,909 m with length of 9m and weight of
22,500kg.Sadao Kawamura [31] developed Shinkai as shown
in Figure 29 with length of 9m and weight of 19000 kg .It is
capable of descending to a depth of 6500 kg. Aqua explorer
as shown in Figure 30 designed by Kato et al [32] is having a
length of 3 to 4m with a weight of 200kg reaches a depth of
1000m.Twin Berger as shown in Figure 31 developed by Fuji et
al [33] can reach to a depth of 2000m having a length of 4m and
weight of 1000kg. Monterey Bay Aquarium Research Institute
(MBARI)[34] as shown in Figure 32 has developed MBARI’s
Ventana which can reach a depth of 4000m having a weight
of 3000kg and length of 5Sm.ABE as shown in Figure 33,is a
shallow type under water robot that reaches a depth of 4500 m
having a weight of 1000kg and length of 3.5m was proposed by
Yoerger et al[35].0ODIN a deep sea under water robot as shown
in Figure 34 was developed by Choi et al[36] having a weight
of 1200kg and length of 5m ,able to descend a depth of 6000m.
Marius as shown in Figure 35, developed by Pascoal et al [37]
reaches a depth of 2000m having a length of 3m and weight
of 500kg . Parent -child is a shallow type under water robot as
shown in Figure 36 developed by Juhwan Kim et al [38] reaches
depth of 100m, parent weighing 210kg and child weighing 8.
6kg.VORTEX is shallow type under water robot with a length
of 3m and weight of 1000 kg developed by Rigaud et al [39]
reaches a depth of 3000 as shown in Figure 37. Un-X under wa-
ter robot developed by LPRC [40] (Ls Palms research Centre)
is a shallow type reaching a depth of 500m, having a length of
0.6m and weight of 112 kg. It is moving in speed of 0.5m/s. The
HROV (Hybrid remotely operated vehicle) as shown in Figure
38, reaches a depth of 6500m, it is of length of 1.2m and weight
of 1500kg.It is a deep-sea type developed by JAMSTEC (Japan
Agency for Marine Earth Science and Technology) [40]. Blue
ROV2[41] as shown in Figure 39 developed by US based com-
pany named Blue Robotics, is a shallow type under water robot
that reaches 100m depth, it is having a weight of 9.97kg and

length of 0.457m. Notilo plus [42] developed by French com-
pany is an underwater drone powered by Nvidea Jetson for Al
feature, it reaches a depth of 60m and having weight as 9kg
and length of 0.6m as shown in Figure 40. Mission specialist
Defender [43] developed by US based company is an remotely
operated vehicle reaching a depth of 305m and having a length
of 0.85m and weight of 22.5 kg.

Table 1: Comparing the existing Surface Water Robot.

Name Waste Shark Thomas Rohmawatietal  OTTER

Depth 300¢m surface Surface surface

Length/diometer  190cmx140cmxd5 2 meters 12m 21m/1m
tm

Weight Pkg 80kg 8kg 150kg

Developed by~ Ranmarine ASV Global Rahmawatietal — Maritime
technology Robotics

depth:weight 0,076 0 0 0

Figure 2 3 4 5

Source: Authors.

Table 2: Comparing the existing Surface Water Robot-
Continuation.
Name Unmanned  USV ASV Beatbot
mowing boot
Depth Surface Surface Surface  Surface Surface
Length/diometer ~ 4000meters  1.78meters 9meter  4meter 0.45meter
Weight 1100kg 150kg 6800kg  300-500kg 9.3 kg
Developed by Karl von Orsted  German Beatbot
Ellenrieder, FaU Research
Center for
. Artificial
Intelligence
GmbH
depth:weight 0 0 0 0 0
Figure | 7 8 9 10 11

Source: Authors.

Table 3: Comparing the existing Surface Water Robot-
Continuation.

Name Intelligent Seasworm Aanderaa Smartium A robotics lily
surface Sailbuoy Clean pad over the
robot for wind driven surface of
microbial ASV lagoon
control of
poliution

Depth Surface Surface Surface Surface Surface

Length/diameter 0.2meter 4.8meter 2meter 0.95meter 1meter

Weight 107kg ina 60kg 52kg 20kg

Developed by Wu, Xiaoyan MIT's Offshore Koc, defense,  Developed by
and Wang SENSEable sensing AS  turkey the Laboratory

City for Underwater

Laboratory Systems and
Technologies at
the University
of Zagreb

depth:weight 0 0 o o] o]

Figure 12 13 14 15 16

Source: Authors.
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Table 4: Comparing the existing Surface Water Robot- Figure 4: Rahmawati SWR.
Continuation.
Name Unmanned Magura V5 Uncrewed Wave Glider SMURF
Pool Cleaning surface vehicle
Robot DF-H7
Depth Surface surface surface surface surface
Length/diameter ~ 0.65meters 5.5meters 4meters 3.5meters 2.92 meters
Weight 5kg 1000kg Ina. 250kg 155kg
Developed by Sichuan Ukraine war Mahi two Sunnyvale ,calif Orcauboat
Dongfang fueling
Water development
Conservancy of uncrewed
Intelligent surface boat as
Equipment & weapons
Engineering
Co., Ltd.
depth:weight 0 0 0 0 0
Figure 17 18 19 20 21

Source: Authors.

Figure 2: Waste Shark SWR. Source: Rahmawati et al.

Figure 5: Otter SWR.

Source: Ranmarine technology. a
Source: Maritime Robotics.

Figure 3: Thomas SWR.
Figure 6: Salvage cleaning robot.
F:_"‘“ '. :ql-' = - = B, e S e

Visual system

Source: ASV Global. Source: Xin Sun et al.
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Figure 7: Unmanned moving robot. Figure 10: Automated Surface vehicle.

LT

Source: GmBH.

Source: China.
Figure 11: Beatbot SWR.

Figure 8: Ellenrieder SWR.

Source: Beatbot.

Source: Ellenrieder et al.

Figure 12: Intelligent SWR.
Figure 9: Orsted et al SWR.

Source: Orsted et al. Source: Wu, Xiaoyan etc.
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Figure 13: Seaworm. Figure 16: Robotic lily pad Clean.

Source: Wu, Xiaoyan etc. Source: University of Zagreb.

Figure 14: Aandera Sailbuoy.
Figure 17: Unmanned pool cleaning robot.

Source: Sichuan.
Source: Offshore sensing AS.

Figure 15: Smartium Clean. Figure 18: Magura V5.

Source: Offshore sensing AS. Source: Ukraine war fueling.
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Figure 19: Uncrewed surface vehicle.

Source: Mabhi two.

Figure 20: Wave Glider.

Source: Sunnyvale, Calif.

Figure 21: SMURF.

SM

=~Unmaprned

Source: Orcauboat.

2.3. Under Water Bioinspired Robots.

These robots travel on the under the surface of water. The
body design of this robot is replicating any living organism un-
der water. It can be applied in deep sea exploration, ocean sur-
vey, understanding aquatic ecosystem, discovering the wonders
in deep sea etc. Table 11,12 shows the types in this category.

China, Shenyang Institute of Automation[44] developed a
deep-sea type Qianlong having a length of 4m and weight of
1500 kg descends to a depth of 6000m as shown in Figure 42.
Haido[45] is another deep sea type under water robot developed
by Shenyang Institute of Automation, China as shown in Figure
43, with length of 6m and weight of 2500 kg descends to a depth
of 7000m.

Jiolong[46] is developed by China as shown in Figure 44,
which is of deep sea type descending to a depth of 7,062m hav-
ing a length of 8m and weight of 22,000kg.

Bionic dolphine[47] is a bioinspired shallow type under wa-
ter robot with length of 4m and weight of 181kg can descend
to a depth of 6m as shown in Figure 45.SOFI robotic fish[48]
developed by MIT professors has length of 1m and weight of
2.5 kg as shown in Figure 46.

This shallow type bioinspired under water robot can de-
scend to a depth of 0 to 18m.The robot Jelly Fish[49] is an-
other bioinspired shallow type under water robot developed by
Florida Atlantic University (FAU) and the U.S. Office of Naval
Research scientists as shown in Figure 47.

This jelly fish robot weight 650gm and has a length of 1.2 m
and could descend to a depth of 300m. ChenjieZhang et al[50]
developed a shallow type bioinspired Mantra Ray which is of
length of 0.54m can descend to a depth of less than 1000m as
shown in Figure 48.

Snake like water robot[51] developed by Norwegian com-
pany in collaboration with Kongsberg maritime reaches a depth
of 500m and having a length of 2 -5 m and weight of 70-80kg
as shown in Figure 49.

Humanoid under water robot[52] is a shallow type under
water robot developed by Standford university is of weight 250
kg and length of 1.5 m reaches a depth of 1000m as shown in
figure 50.

Table 5: Comparing the existing Under Water Robot.

Name Scarlet Knight Slocum Glider Cotshot Autosub 6000
(RU27)
Depth 100-150 meters Upto 1000 100m 6000m
meters
Length/diometer 2.2 meters/18cm 2.1 meters/20cm 1.5 meters 5.5m/0.9meters
Weight 60kg 40kg 60kg 1800 kg
Type based on Shallow Shallow Shallow Deep sea
depth
Developed by Rutgers University Qut University UK national
oceanography
centre-AUV
depth:weight 2.5 25 66.66 3.33
Figure 22 23 24 25

Source: Authors.
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Table 6: Comparing the existing Under Water Robot- Table 10: Comparing the existing Under Water Robot-
Continuation. Continuation.
Name Bluefin-9smail Bluefin- Bluefin-21large France Victor Name HROV BLUE ROV2 NITLO PLUS  Mission
12medium 6000 (hybrid remotely (remotely (1 bubble specialist
Depth 300 meters 1000 meters 4500 meters 6000 meters operated vehicle) operated under water) defender(rov)
Length/diameter ~ 1.5m/0.4meters 2.4mf0.5meters  4.9m/0.9meters 4.3 m/2.5meters vehicle)
Weight 140kg 220kg 1700kg 5500 kg Depth 6500 meters 100 meters 60 meters  305meters
Type based on Shallow Shallow Deep sea Deep sea (197 FEET) (1000FEET)
depth Length/diometer 1.2 meters 0.457meters 60CM (23.6  0.858meters
Developed by US military France-ROV INCH)
:_"P‘"’WE‘Q"" 2'51: ‘2‘;55; zf‘é ;‘609 Weight 1500 TO 2500KG  9.97kg 9kg 22.5KG
gure - - - (3300 TO 5500) 19.8 50 POUNDS
Source: Authors. POUNDS POUNDS
Type based on Deep sea (hybrid Shallow water  Shallow - Mid —depth
. L. depth vehicles) rov water
Table 7: Comparing the existing Under Water Robot- Developed by JAMSTEC (blue robotic)  French Us-based
Continuation. (japan agency for  us based company company
marine -earth company under
Nome Kaiko Fendouzhe Shinkai AQUA EXPLORER ::Li’:;:;ﬁ MR
Depth ) 10,911meters 10,909meters 6500meters 1000meters depth:weight 433 10.03 6.66 13.55
Length/diometer ~ 3.6m/2.3meters 9m/2.8meters 9meters 3-4meters ;
N Figure 38 39 40 41
Weight 2600kg 22,500 kg 19000kg 200kg
Type based on Deep sea Deepsea Deepsea-rov shallow Source: Authors.
depth
Developed by Japan-ROV Chia ship Sadaoc Kawamura, Katoetal
building industry ~ Japan
corporation
depth:weight 418 0.48 0.34 5 Figure 22: Scarlet knight.
Figure 27 28 29 30

Source: Authors.

‘!

Table 8: Comparing the existing Under Water Robot-
Continuation.
Name TWIN MBARI's ABE ODIN
BURGER Ventana.
Depth 2000meters 4000meters 4500meters 6000meters
Length/diameter 4meters Smeters 3.5meters Smeters
Weight 1000kg 3000kg 1000kg 1200kg
Type based on shallow shallow Shallow Deep sea
depth
Developed by Fujii et al Monterey Bay  Yoerger et al. Choi et al.
Aquarium
Research
Institute
(MBARI)-ROV
depth:weight 2 1.33 4.5 5
Figure 31 32 33 34

Source: Rutgers University.
Source: Authors.

Source: Authors.

Source: Rutgers University.

Table? 9: ' Comparing the existing Under Water Robot- Figure 23: Slocum Glider (RU27).
Continuation.
Name MARIUS Parent-child VORTEX
Depth 2000meters  100m(p) 3000meters
100 m(child)
Length/diameter 3-4meters Parent 3m/0.5meters
0.9m/1.5meters
Child
0.38m/0.38m
Weight 500kg Parent-210kg 1000kg
Child -8.6 kg
Type based on Shallow Shallow shallow
depth
Developed by Pascoal etal Juhwankimetal Rigaud etal
depth:weight 4 0,47,11.62 3
Figure 35 36 37
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Figure 24: Cotsbot. Figure 27: France Victor.

Source: UK National Oceanography.

Source: QuT University.
Figure 28: Kaiko.

Figure 25: Autosub.

Source: UK National Oceanography. Source: Japan.

Figure 26: Blue fin 9,12,21. Figure 29: Fendouzhe.

Source: US Military. Source: China.
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Figure 30: Shinkai. Figure 33: Ventana.

Source: MBARI.

Figure 34: ABE.
Source: Sadao Kawarma.

Figure 31: Aqua Explorer.

Source: Kato et al.
Source: Yoerger et al.

Figure 32: Twin Berger.
Figure 35: ODIN.

Source: Fuji et al. Source: Choi et al.
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Figure 36: MARIUS. Figure 39: HROV.

Source: Pascoal et al.
Source: JAMSTEC.

Figure 37: Parent-child. Figure 40: Blue ROV2.

(8) ParentAUV
____ :II-—"

I

Source: Juhuwan Kim et al.

Source: US based company.
Figure 38: VORTEX.

Figure 41: Notilo Plus.

Source: Rigaud et al. Source: French company.



Source: US Company.

Table 11: Comparing the existing Under Water Bioinspired
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Figure 42: Defender.

285

Figure 43: Qianlong.

Source: China.

Figure 44: Haido.

Robot.

Name Qianlong Haidao Jiaolong Bionic dolphine

Depth 6000 meters 7000meters 7,062meters 6meters

Length/diameter ~ 4m/0.6meters 6m/0.8meters 8m/3meters 4meters

Weight 1500 kg 2500kg 22000kg 181kg

Type based on Deep sea Deepsea Deepsea Shallow

depth

Developed by China, Shenyang China, Shenyang ~ China Institute of

Institute of Automation  Institute of Automation,

Automation CAS, China

depth:weight 4 2.3 0.32 0.33

Figure 42 43 44 45

Source: Authors.

Table 12: Comparing the existing Under Water Bioinspired

Robot-Continuation.

Source: China.

Name SOFI Robot jelly Mantra Ray Snake like water robot  Humanoid
robotic fish (eelume under water ~ robot under H B
i A o robot Figure 45: Jiolong.
oceanonek
Depth 18 meters 300 <1000 meters 500 meters 1000meters
meters (16400feet) (3280feet)
Length/diameter 1 meter 1.2 meters 0.54meters 2-5meters 1.5meters
Around 20cm(7.9inch)  Sfeet
Weight 2.5kg 0.65kg - 70-80 kilograms 250
154-176 pounds kilograms
550 pounds
Type based on Shallow Shallow Shallow Mid —depth Deep - sea
depth
Developed by MIT Florida ChenjieZzhang  Norwegian company,  Stanford
professor  Atlantic etal in collaboration with university
University kongsberg
(FAU) and maritime and equinor
the U.s.
Office of
Naval
Research
scientists
depth:weight 7.2 461.53 Ina 6.25 4
Figure 46 47 43 49 50

Source: Authors.

Source: China.
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Figure 46: Bionic Dolphine.

Source: CAS, China.

Figure 47: SOFI.

Source: MIT Professors.

Figure 48: Jelly Fish.

Source: FAU Professors.

Figure 49: Mantra Ray.

Source: ChenjieZhang et al.

Figure 50: Snake robot.

Source: Norwagein company.

Figure 51: Humanoid Under water.

Source: Standford University.

2.4. Amphibious or Hybrid Water Robots.

Bayonet 250 [53] is an hybrid amphibious robotic crawler
developed by GreenSealQ having a length of 2.5m and weight
of 250kg as shown in Figure 51. Amphibious snake bot [54] de-
veloped by EPFL which is of length 0.7m and weight of 1.8kg
can travel a depth of 1m as shown in Figure 52. Quadruped
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Amphibious robot using duck feet was developed by Saad Bin-
Abdul Kashem et al [55] is of length 0.4m and weight of 2.5kg
as shown in Figure 53.Wheeled amphibious robot developed
by Superdroid robot[56] as shown in Figure 54 is of 0.44 m
length and weight of 11.3 kg can travel a depth of 1m.Helix
Neptune[57] as shown in Figure 55 is another amphibious sur-
face water robot which is of length of 2.4m and weight of 397kg
was developed by Copperstone Technologies. Amphistar[58] as
shown in Figure 56, is cockroach inspired amphibious surface
water robot developed by Avi Cohen and David Zarrouk is of
length 0.26m and weight of 0. 246kg. Amphibvious robot [59]
using pool noodle wheel was developed by group of educators
and makers in robot community is of length 0.5m and weight
2kg. Multicooperation of Turtle-inspired amphibious spherical
robots developed by Liang Zheng et al [60] as shown in Fig-
ure 58 , is of spherical shape with 0.3m as diameter. Honey
Badger [61] as shown in Figure 59, is an amphibious robot de-
veloped by MAB robotics having a weight of 12kg and length
of 0.6m. Spherical Amphibious Robot Vehicle (SARV)[62] as
shown in Figure 60,developed by Guardbot having 0.4m diam-
eter and 10kg as weight. Velox [61] is a creepy wiggly robot
that moves in both land and water developed by US based pli-
ant energy. Stevanus Satria, Lee Jia Wen, Samantha Chan [62]
developed spherical amphibious robot weight 40-50kg and hav-
ing diameter of 0.8m with capacity to reach 200m depth. Table
13-15 shows this type of robot.

Figure 52: Buyonet250.

Source: GreenSealQ.

Figure 53: Amphibious snake bot.

Source: EPFL.

Figure 54: Buyonet250.

Source: Saad Bin Abdul Kashem et al.

Figure 55: Wheeled amphibious robot.

Source: Superdroid robot.

Figure 56: Helix Neptune.

Source: Copperstone technologies.
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Figure 57: Ampbhistar. Figure 60: Honey Badger.

== .
7 -

Source: Guardbot.

Figure 61: SARV.

Source: Avi Cohen & David Zarrouk.

Figure 58: Amphibious robot with pool niddle.

Source: Guardbot.

Figure 62: Velox.

Source: US -pliant energy.
Figure 59: Turtle inspired robot.

Figure 63: SAR.

) Ll pnle LR e—

Source: MAB Robotics. Source: Stevanus Satria, Lee Jia Wen, Samantha Chan a.
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Table 13: Comparing the existing Amphibious or hybrid Under

Water Robot.
Name Bayonet 250 Amphibious Quadruped Wheeled
snake bot Amphibious amphibious
Robot Using robot
Duck Feet
Depth 100meters 1meters Surface andland 1m
Length/diameter 2.5meters 0.7meters 0.4meters 0.44meters
Weight 250kg 1.8kg 2.5kg 11.3kg
Type based on Shallow Shallow Shallow
depth
Developed by GreenSealQ EPFL Saad BinAbdul Superdroid
Kashemet al robot
depth:weight 0.4 0.55 0 0.08
Figure 51 52 53 54

Source: Authors.

Table 14: Comparing the existing Amphibious or hybrid Under

Water Robot.

Name Helix Neptune Amphistar Amphibious Multicooperation of
Robot Using Turtle-inspired
Pool Noodle amphibious
Wheels spherical robots

Depth Surface water - -

Length/diameter 2.4 meters 0.26meters 0.5meters 0.3meters

Weight 397kg 0.246kg 2kg

Type based on depth

Developed by Copperstone AviCohenand  Educators and Liang Zheng

Technologies David Zarrouk.  makers in

robotics
community

depth:weight 0 - - -

Figure 35 56 57 58

Source: Authors.

Table 15: Comparing the existing Amphibious or hybrid Under
Water Robot-continuation.

Name Honey Badger Spherical Velox Spherical
Amphibious amphibious robot
Robot vehicle

Depth - surface 0.4 meters 200meters

Length/diameter 0.6meters 0.4meters 1.2meters 0.8meters

Weight 12 kg 10kg 40kg 40-50kg

Type based on depth  Shallow shallow shallow shallow

Developed by MAB Robeotics Guardbot US based Stevanus Satria, Lee

company Jia Wen, Samantha
Chan
depth:weight - 0 0.01 4

Figure

59

61

62

Source: Authors.

Table 16: Comparing all types with respect to depth:weight

289

Figure 64: Comparative Analysis of various types of water
robot with respect d:w (depth:weight) ratio.

Count of types taken for review

[ ldw>10
[~ Highest d:w
¥: T

Count of types taken for review

1

¢

T
Surface Robot Under water robot Bioinspire UW  Amphibious

Source: Authors.

Conclusions.

Types

0

d:w>10

Referring table 16 and Figure 63, it is clear that out of 64
different types of water robots considered for review across var-
ious types like surface robot, under water robot, under water
bioinspired robot and amphibious or hybrid type of robot, the
maximum count of robot types having d: w>10 value is of un-
derwater types and if want to consider the highest d: w value,
then it is from bioinspired under water robot (jelly fish type).

This gives a clear idea stating if water robot with high d:w
value has to be designed, then the bioinspired underwater robot

would be the better option.
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