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Phases of undersea warfare 

(ASW and offensive submarine ops)
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EMS – HF/DF and radar Passive sonar

Active sonar 

and non-

acoustics?

Advent of nuclear submarines led to passive sonar phase; quiet Soviet 
submarines led to development of low frequency active sonar and non-acoustics 

Saved by 
the bell

Saved by 
the bell



Battle of the Atlantic longest and most 

extensive undersea competition

Jul ’40–Dec ’41

Jul ’43–Jun ’44

Apr ’41–May ’43

Jan ’42–Sep ’42

Apr ’41–Jun ’44

U-boat patrol areas

Sep ’39–
Mar ’40

Jan ’42–
Jan ’44

Sep ’39–
Mar ’41

Jun ’44–
Apr ’45

Coastal convoys   
mid-1942–1945

Transatlantic convoys 
1939–1945

U-boat bases 
Sep ’39 & after 
Jun ’44

U-boat bases 
Jul ’40–Jun ’44

Diesel (rather than nuclear) submarines, long ranges, and slow-moving 
competition made radio direction finding and radar the dominant sensors 3



Battle of the Atlantic showed subs 

could be suppressed
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U-boats at sea in Atlantic

U-boats sunk per month

Exploits 3 major limitations of submarines: they are slow, have short-range 
sensors, and carry minimal self-defense 4



EM spectrum competition in WWII 

ASW accelerated throughout war

Metox L-band GSR

Tunis X-band RWR

H2S S-band radar

Naxos S-band RWR

Competition and innovation accelerates until the competition “jumps” to a new 
band –in this case passive sonar
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U.S. exploited lead in passive sonar 

against the new nuclear subs

1958

1970
1978

1970

1970

1978

1978

1978

SOSUS array 
coverage

Although they remained submerged and away from radar, nuclear subs 
generated continuous machinery noise and were vulnerable to passive sonar 6



U.S. lead shrank as Soviet SSNs 

incorporated sound silencing

1958
1978

1970
1978

1978

SOSUS array
coverage

SOSUS and submarine arrays enabled near-continuous track against early 
generations of Soviet nuclear submarines; this era ended in late Cold War

SOSUS array coverage 
decreasing with quieter 

threat subs
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Next phase of undersea warfare will 

incorporate unmanned systems 
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1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

EMS – HF/DF and radar Passive sonar

Active sonar and 

non-acoustics?

Unmanned 

undersea 

revolution?

Unmanned undersea vehicles and stationary systems won’t need to evade if 
detected or attacked and are less likely to be successfully engaged

Saved by 
the bell

Saved by 
the bell



Great power competition returning, 

placing new emphasis on undersea

Western Military District

Central Military 
District

Southern Military District

Northern Military DistrictNOTE:  Range arcs are illustrative 
of possible threats rather than an 
actual force laydown.

500 km

OTH-R 
Receivers

OTH-R 
Receivers

S-300PMU1 (150 km)

Eastern Military 
District

OTH-R 
Receiver

SSK (18 days, 1730 km)  

SS-N-27A (350km)  

DDG (3 days, 1200 km) 

SS-N-22 (240 km) 

SS-N-27A (500 km)  

Chinese IRBMs/ICBMs

DF-26 4,000+ km

DF-4

(CSS-3)
5,300+ km

DF-5A

(CSS-4 Mod 2)
12,000+ km

DF-31

(CSS-9 Mod 1)
7,500+ km

DF-31A

(CSS-9 Mod 2)
11,000+ km

Oahu
7000 km 

CONUS
7500+ km 

SSN (75 days, 3250 km)  

YJ-82 (33km)  

H-6K (1800 km)  

CJ-10 (2,200 km) 

S-400 (400 km)

S-300PMU (90 km)

S-300PMU2/ HQ-9 (200 km)

China’s ability to threaten airspace and surface around their territory increases 
importance of undersea capabilities to U.S. deterrence and warfighting

DF-11A/ CSS-7 Mod 1
(350 km) 
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Sensor networks extending undersea; 

increasing threat to SSNs
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2840 Xu H P, et al.   Chinese Sci Bull   September (2011) Vol.56 No.26 

system started from series observatories near coastal and 

then developed to the ocean (www.neptune.washington. edu, 

www.neptunecanada.ca, marine.rutgers.edu/nurp/factech. html, 

www.mbari.org/mars) [2]. For example, The LEO-15 bio-

logical seafloor observatory was built in 1996 near New 

Jersey coastal which has 10 kilometers long cable and lo-

cated at 15 meters water depth. It has been obtained a series 

breakthrough results at its first operation ten years [3]. The 

largest scale and the most advanced ocean observation pro-

gram in the world is OOI (Oceans Observatories Initiatives) 

of the National Science Foundation of the United States 

(www.neptune.washington.edu). However, the NEPTUNE- 

Canada (North-East Pacific Time-series Undersea Network 

Experiments (Canada), www.neptunecanada.ca) is the larg-

est network that is functional so far.  

Comparing to the developed countries, China has only 

recently started to develop observatory technologies. The 

seafloor observation offers an opportunity to narrow the gap 

in oceanic research between China and the developed na-

tions [4]. For the purpose of increasing the seafloor obser-

vation system, a project developing networking technology 

and application was founded in 2006 by Shanghai Science 

and Technology committee. It was to design the junction 

box and test information transport technique in the East 

China Sea near Shanghai to accumulate the seafloor obser-

vation experiences and to solve the technical bottleneck. 

Based on the science, technology and engineering investi-

gation, the East China Sea seafloor experimental observa-

tory was installed near Xiaoqushan Island and began to 

work on April 20, 2009. It is the first time and the first step in 

seafloor observation system test in China. Here in this paper, 

we try to introduce the observatory technical preferences 

and the primary interpretation of the data collected so far.      

1  Xiaoqushan seafloor observatory  

The Xiaoqushan Seafloor Observatory is located near the 

Xiaoqushan Island between 30°31′44″N, 122°15′12″E and 

30°31′34″N, 122°14′40″E, which is 20 km distance from 

Yanshan international harbor (Figure 1a). The average wa-

ter depth in this area is 15 m. The XEO belongs to an un-

regular semidiurnal tide area, which is not far from the deep 

waterway. In this area the sedimental material is medium to 

fine sand and the water is highly turbid because of its close 

proximity to one of the Yangtze River’s transportation 

Channels characterized by mud and sand. It is a vital eco-

system because it is the fishing eel area.  

The observatory consists of a submarine optical fiber 

composite power cable that is more than one kilometer and 

a special junction box, which provides the power and com-

munication signals to different instruments. The special junc-

tion box, which has three different kinds of waterproof 

plugs, is installed in a trawl preventer and connects to three 

different instruments, CTD, OBS and ADCP, separately. 

The submarine optical fiber composite power cable is land-

ed on the platform by The East China Sea Branch, State 

Oceanic Administration of the People’s Republic of China 

(Figure 1a), and the power is continuously supplied by the 

solar panels and solar battery on top of the platform. The 

real time data are directly sent through the cable to the plat-

form and are transmitted by wireless CDMA to the receiver 

at the State Key Laboratory of Marine Geology of Tongji 

University. The installation technologies are designed dur-

ing the construction of the observatory. An informational 

system is established as well to receive, monitor, and man-

age incoming data. 

Continuous measurements at the observatory started on  

April 26, 2009, which include a turbidity sensor (OBS) and 

a 1200 kHz ADCP on an SBE-16 CTD system that was 

installed in a standstill trawl preventer standing about 80 cm 

above sea bottom. The observational data are continuously 

transmitted through the junction and the fiber-optical cables 

to the platform and then sent to the receiver located at the 

State Key Laboratory of Marine Geology in Tongji Univer-

sity. For the first five months the sampling rate of ADCP  

 

Figure 1  a, The location of Xiaoqushan Seafloor Observatory; b, the observatory landing platform.

Design of an Undersea Power System for the East China Sea Experimental Cabled Seafloor Observatory 
Feng Lu1, Huaiyang Zhou2, Jiguang Yue1, Xiaotong Peng2, Bin He1, Zhengwei Wu2 
1College of Electronics and Information Engineering 2School of Ocean and Earth Science
Tongji University, Shanghai 200092, China univ.feng.lu@gmail.com, {zhouhy, yuejiguang}@tongji.edu.cn

Shanghai

mailto:yuejiguang}@tongji.edu.cn


Seabed not necessarily a sanctuary 

for unmanned undersea systems
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Area searched in 1 month by 1 UUV
(250’ side-scan sonar, 5 knots)

Area searched in 1 month by 1 
bathymetry survey ship

(650’ side-scan sonar, 10 knots)

Area searched in 1 month by 1 survey ship 
configured for large object search
(1,500’ side-scan sonar, 10 knots)

Area searched in 1 month by 1 XLDUUV
(1,500’ side-scan sonar, 7.5 knots)

Seabed to Cover (sq. nm) 335,000 total; 140,000 in SCS 

Survey fleet 10 survey ships, or
12 XLDUUVs, or
150 Medium UUVs

Hours surveyed per day 24

Operational availability (due 
to sea state, maintenance)

0.6

Vessel speed (knots) 10

Bathymetry sensor swath 3,000 ft for ships

Hours required ~9,500 total; 4,400 for SCS

Time to survey (months) ~13.4 total; 5.6 for SCS

25

TACTOM range from VN 
territorial waters (870 nm)

Seabed payload modules could be found by surveys, but payloads carried by 
USVs and UUVs could have a lower risk of counter-detection 10



Large & small UUVs the most useful 

parts of today’s portfolio 
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12-21” UUVs
50 – 200 nm range
Up to 20 cu ft payload
$500K- $1 million each

6-9” UUVs
600 + nm range
Up to 5 cu ft payload
$10K-20K each

80” UUVs
400 – 600 nm range
75 – 100 cu ft payload
$20 million each

8-10 ft diameter UUV
7,000-12,000 nm range
900-1200 cu ft payload
$50 million each

Recoverable UUVs

Large UUVs can deploy from outside contested areas and carry smaller payloads; 
small UUVs can use novel power tech or do one-way missions from long range 

Size of circle indicates 
cost of UUV
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UUV autonomy constrained by sensor 

capability, and thus sensor size

µUUV

Swath range: 2,450 feet (5.3 foot array)

MDUUV

Swath range: 7,360 feet (16 foot array)

Swath range: 920 feet (2 foot array)

Survey Ship 
or XLUUV

*Ranges will vary based on 
acoustic conditions

As mission sophistication increases, UUV may need to be larger to carry 
more effective sensors for better situational awareness and navigation 13



XLUUV capacity likely constrained by 

geometry & launch system

2-3”

34’

21”

8.5’

8.5’
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New operational concepts for 

undersea warfare



Offensive ASW forward increasingly  

with unmanned systems

XLUSV w/ Variable 
Depth Sonar

Transformational 

Reliable Acoustic 

Path System 

(TRAPS)  

Submarine 

Contact

“Pouncer” aircraft 

Deep Sound Channel 

Communications

Sub-Surface 
Repeater

Unmanned Gateway 

Buoy

ASW missile 

Moored Gateway 

Buoy

Glider USV w/ 

towed array 

receiver

Weapons range too 
short to have UxV in 
position to engage

Passive TRAPS & Active LF sonar provide targets  for manned and unmanned 
pouncer aircraft to engage
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Defensive ASW shifting toward 

suppression rather than killing

XLUSV w/ Variable 
Depth Sonar

Transformational 

Reliable Acoustic 

Path System 

(TRAPS)  

Submarine 

Contact

“Pouncer” aircraft 

LF active sonar and unmanned sensors find subs; standoff or air-launched 
weapons suppress and drive them off

ASW missile 

Unmanned Gateway 

Buoy
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Homeland defense ASW search 

unsustainable

Long Range, Low-Bandwidth 

Acoustic Path 

Long Range, Low-

Bandwidth Acoustic 

Transmitter-Receiver Array 

Shorter Range Passive or 

Active Littoral Arrays

UUV Energy and 

Comms Outpost

U.S. Navy Undersea 

Operations Facility 

Pouncer MPRA

UAV radar and EO/IR sensors 

for periscopes

VDS with MFTA

Platform Sensor Radius 
(nm)

Search Rate 
(nm2/0.5 hours) 

Number to search 
EASTPAC each day

SURTASS LFA 40 400 52

P-8 with Sonobuoys 1 180 116

MDUUV w/TRAPS 20 110 190

With 1000 nm LACMs, ASW search area off U.S. coast covers 1 million square 
nm; would take entire available force 21



Offensive ASW and homeland 

defense depend on track and trail
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USV with passive ESM 
and MFTA

UAV with 
HSI/SWIR/LIDAR/MAD

Track and trail UUV

USV with passive ESM 
and LFA

Multistatic detection 
enabled by network

Track and trail UUV 
with RAP VLA

• Trailing out of area deployers 
with U.S. SSNs unfeasible as 
adversary sub fleets grow

• UxS offer potential 
alternatives for track and trail 
operations
– Wake homing UUV

– Mobile RAP VLA UUV

– UAV with MAD sensor

• USVs with LFA or passive 
towed arrays can trail at 
longer ranges
– Better able to keep up with 

submarine target

– Active multistatic tactics could 
increase detection range

“Pouncer” 
aircraft

Adversary can use “gray zone” conflict to sortie submarines before ROE allow 
ASW forces to attack them; can become unlocated before conflict escalates 22



XLUUVs w/ micro-UUV 
smart mines 

Unmanned vehicle 
support ship 

XLUSV/CUSVs 
clear mines 

Red micro-UUV smart 
mines 

Mines and UUVs merging; will be deployed or found and cleared by larger UUVs 
and USVs; keeps manned ships out of minefield

UAV with mine 
detection system

Mine warfare increasingly with 

unmanned systems
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Subs and XLUUVs can exploit 

proximity to launch larger salvos

Decoys lead weapons

to distract point defenses

Long-range narrow 

beam jamming

Decoys stimulating 

passive IADS to 

emit; anti-radiation 

homing weapons in 

same salvo attack 

IADS

HPM attacks 

on IADS

Decoys distract IADS

21

Decoys from XL UUV 

confuse air defenses

XLUUV-launched 

payloads find 

targets, share with 

following weapons



Subs and XLUUVs can launch more 

small weapons or UAVs
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Smaller, shorter-range weapons may be less lethal, but can be used to grow 
salvos and consume defenses or to attack soft targets 18



Best use of undersea capacity may be 

small decoys and jammers

Offloading EW UAVs / missiles to sub or XLUUV maximizes bomber or ship 
capacity for large weapons, improves effective salvo size, reduces C2 challenge 
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Defeating UUVs requires a system of 

systems approach

Acoustic jammers near protected 
infrastructure drown out or confuse 
acoustic communications

Nets around protected 
areas compel UUVs to go 
deep to get through, 
denying their use of GPS for 
navigation

Acoustic jammers on 
protected infrastructure 
confuses UUV SAS 

Fiber-Optic Cable

Decoy physical and acoustic 
node confuses UUV sensors and 
attracts UUVs to an area 
protected by an active 
neutralization system

GPS jamming near 
protected infrastructure 
prevents UUVs from getting 
navigational updates

Cages around 
protected 
nodes keep 
UUVs from 
getting too 
close

?

24




