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Development of Test-Equipment for AUVS’
Navigation Performance Pre-verification
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Jinwoo Choo*, Hyungjoo Kang*

Abstract: This paper describes the development of a test-equipment for the pre-verification of navi-
gation performance in cluster-based AUVs (Autonomous Underwater Vehicle). In the development of
an AUV, conducting hardware and software development sequentially is not efficient due to the
limited research and development period. Therefore, in order to reduce the overall development time
and achieve successful development results, it is essential to pre-validate the navigation system and
navigation algorithms. Accordingly, this paper explains the test-equipment for pre-verification of navi-
gation performance, and ultimately confirms the stability of the navigation system and the performance
of the navigation algorithms through the analysis of five types of navigation sensor data stored during
real-sea experiments. The results demonstrate that through the development and verification of the
test-equipment, it is possible to shorten the overall development period and improvement of product

quality in the process of developing multiple AUVs.
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Implementing the same system
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71 1S o) Abak o w20 18- hERITE FRANE 3% 7}
& =HA & 835 455 545 913 IMU (Inertial Measurement
el 2 7197k Unit), 5A| 7|55 35 &%= 545 913 DVL (Doppler Velocity
Logger), $12] 5742 $13F GPS (Global Positioning Sensor), 3+

SEAND g gL Skl 49 645 542 918 SVS (Sound
T ed Velocity Sensor), 355 Al 545 91¢ 2271414 (Digital
L
-

o
82 /1%

. " 7 )
17 Compass) & E381e] 5 539 A2 Td5]0] g2,
GRS
3}H x| &) % . . Lo
AR [Table 1] Types and Specifications of 5 Navigation Sensors
2] 33}
Ea Specifications
1;1 j’ Bi Gyroscope Accelerometer
L ias
A?(ﬂ MU 0.5%h I mg(10)
; : Sampling time ‘ 100 Hz
s Accuracy ‘ LI:1.5morL1/L2: 1.2m
GPS —
Sampling time ‘ 1 Hz
DCS A Roll Pitch Heading
o cecuracy S . »
(Digital +0.4 +0.2 +0.3
Compass) | - Sampling time ‘ 10 Hz
DVL Accuracy ‘ +0.2% 0.2 cm/s
Sampling time ‘ 10Hz
AA 7E-& YERH, AUV & A Sonic speed pressure sensor
ceurac;
Flol] 5 2] o] BFHA| 2] 4] Vs Y f002ms £0.05% range
Sampling time ‘ (max) 32 Hz
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MU GPS DCS DVL SVS

U s = . °

Power Control Interface
Board Board

[Fig. 3] The Configuration of AUV Navigation Sensors and
Electrical Components

Navigation/Control
Computer

A= AAOIATE, AR, AAARER T
/=], [Fig. 3] Z75-2] wix] AAIE vrepditt.

H/A o 757 E = NvidiaA k2] Jetson AGX Javier X554
B3Il & B vk At 53k GPU (Graphic
Processing Unit)7} & o] 3P ebare] <dqkel] 29tsiet.
=3} 512709] GPU F0)(CUDA core)Z S-af HEAAI o 2
] xt Qs Sdis rhs etk B ZEAA Y GRS =

L& aEH O ZAEE F IEF A

to Board A9 E W2S A83S B3l Alo|EE FHaslsto]
Al2glo] RPN S gretal el He] WS ghst
At

A BE=gAl gn] S43S aelste] P29l H e
swol 7Fsshes A th

2.3 U AR AAA 74

[Fig. 41 % A1BAT0] AR A28 P2E e,
S AR EAIZ, A 2 o) B, NP4
AR AR, [Fig, Sz 2 A1 500 712 & Ve

YA DR AETALEG] FYASNS TS

H
= @AM o RS ek 2340l [Fig. 6]=

Installation part of the test ship

Support bracket and cable conduit

Navigation system part

[Fig. 4] The Overall System Architecture of Test Equipment for
AUVs’ Navigation

-

2.2m
1.766m

1 0.434m

! les! 10.236m
+—>10.300m

[Fig. 5] The System Specifications of Test Equipment for
AUVs’ Navigation

Power Control Interface
Board Board

Navigation/Control
Computer

[Fig. 6] The Configuration of Navigation Sensors and Electrical
Components in Test Equipment for AUVs’ Navigation
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[ MU ][ DCS ][ GPS ][ DVL ][ svs ] Sensor
A 4 A 4 A 4 A 4 A 4
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(sDLC) {UART) (UART) (UART) (UART) Interface
| Board
Crae e
Jetson AGX Xavier

Jetson AGX Xavier
SoC

[Fig. 7] The Communication and Integration Structure Between
Navigation Sensors and Navigation/Control Computers

3.2 B AN 27 Edlo] T2

/A1 FFE = ShA 2.2 el 4] 4558 vkl o] Nvidia
ARE] Jetson AGX Xavier 2= CPUE= 870 ARM 9],
GPU+= 512711¢] CUDA (Compute Unified Device Architecture)
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N
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do

FATAT AL 475

510} 2 64711] Tensor Core= /=] o] Tt [Fig. 8] &/
Ao FE o] 23 o) thel] AdAls] Ui

/ Jetson AGX Xavier \
/ SoC(System on Chip) \

CPU Volta GPU
(8Core Carmel Armv8.2 64bit) (512 CUDA core, 64 Tensor Care)
AUV Navigation <»
Program requekst
o1
L) MNGD | MNGD
Program CLI
o1+
Control
Program
Vison Video
‘ Accelerator | oL ‘ ‘ Encoder ‘
Video Camera \SP
Decoder Ingest

_@ Memory Storage
(64GB 256bit LPDDRAX) (32GB eMMC 5.1)

Interface Board Sensor

Cgee

’

[Fig. 8] The Software Architecture of the Navigation/Control
Computer

3.2.1 MNGD (Managed) Program
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3.2.2 MNGD CLI (Command-Line Interface) Program
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[Table 2] The Flow of GPU Process Computation Requests

Content

- Copying Main Memory to GPU Memory
1 |- Zero-copy memory allocation that allows both CPU and
GPU to access it in common

2 |- Directing a process from CPU to GPU

- Performing parallel computations on each core where the
GPU has received instructions

- Copying the computation results from GPU memory to main
memory or reading them from memory through Zero-copy

o] TEAMAE X|AJEto 2 AFE
oAxke] & 314-& [Table 2]9} 7o) o] o] 7t}

3.2.4 Control Program
AUV BEAE, AE2FF5 A% LOS aLe]s, 1Al
©]7]/PIDA|0]7] 5o] EFHe Zrmalolth

= 6x:ql =
AAskaL fleje] A2 SAAREE]E w-&eh AT
ol¥] H53ka, Abvell W LarE]E 9 AvE SAQlshe

o 2 A3 = 8slel o)

U AT A AR e s doistal b
Shtttolv, [Fig. 10]~[Fig. 12]9}F o] A3l & &6l 55
FUAA HolHE F 53131t [Table 3]
%*7%“4 LR &3 A e A

[¢)

r—{o

[Fig. 9] The Test Environment for AUVs’ Navigation Test Equipment

[Table 3] Test Information by Acquisition Pathway

Operating Time (s) Operating Distance (m)
Path-A 1600 2049.38359
Path-B 2029 2647.02372
Path-C 2600 3447.28926

ol E A8 4 ok

35°05'N

35°04'50"N

35°04'40"N

35°04'30"N §200

129°05'30"E

[Fig. 10] Data Acquisition Path-A

129°05°E
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35°04'50"N

35°04'40"N

35°04'30"N

129°04'45"E 129°05°E 129°05"15"E  129°05'30"E

[Fig. 11] Data Acquisition Path-B

Start

XX End

35°04'50"N

35°04'40"N

35°04'30"N §200 m

129°05"15"E
[Fig. 12] Data Acquisition Path-C

129°04'45"E 129°05'E




[Table 4] Navigation Sensor Logging Results
IMU | GPS | DCS | DVL SVS
Sampling Time | 100Hz | 1Hz | 10 Hz | 10 Hz |30~32 Hz
Path-A: 1600 sec
Number of Logs {160,000 1,600 | 16,001 | 16,001 | 48,169
Standard Deviation | -0 ¢ 1 1 &7 | 343 | 840 | 336
of Sampling Time
Path-B: 2029 sec
Number of Logs  {202,900| 2,029 {20,290 20,291 | 61,082
Standard Deviation | ¢ o, | 3¢ | 361 | 752 | 342
of Sampling Time
Path-C: 2600 sec
Number of Logs {260,000 2,600 | 26,001 | 26,000 | 78,265
Standard Deviation | ¢ ;| | 03 | 395 | 608 | 341
of Sampling Time
433 dagF 4w
P AR A FH ] Tl 32804 7]Ed 2
e 7|9ke] gy hare)Ee] 71 A Aso vk ARt
T PRSI = RALste] A2 3 ATE ]
A 2=glol| A ghH dhare]Fe] A F4k a7 sl o) F
A 0.5% olate] SAbE Wl A1E gRlstarzt stk
[Fig. 13]~[Fig. 24]= 4.140] 7149 A 2A, B, CE 933}
™ A7 g ekare)Fe] 4 gk AISE A AlA o]
& UERdTE 45k 3 AdElE AR AE), A

(Roll/ Pitch/Heading), 4 I=(wviw), A1=o]c) B7EA 248
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ﬁlé/xi g AN E3 grolth WA= GPS (1A)),
DCS (Digital Compass, AHA]), DVL (Doppler Velocity Log, ¢
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Navigation
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[Fig. 13] Position Results for Path-A
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[Fig. 14] Attitude Results for Path-A (Roll, Pitch, Heading)
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1
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[Fig. 15] Velocity Results for Path-A (u, v, w)

600 800 1000 1200 1400 1600
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[Fig. 16] Depth Results for Path-A

400

200



478 =353 =5A) A18A AU4E (2023 12)

35.082
35.081

35.08

)

<]

35.079

Lat(

35.078

35.077

35.076

T 1o Navigation
129.082 129.084 129.086 129.088 129.09
Lon(®)

[Fig. 17] Position Results for Path-B
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[Fig. 18] Attitude Results for Path-B (Roll, Pitch, Heading)
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[Fig. 19] Velocity Results for Path-B (u, v, w)

500 1000 1500 2000
Time(sec)

[Fig. 20] Depth Results for Path-B
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[Fig. 21] Position Results for Path-C
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[Fig. 22] Attitude Results for Path-C (Roll, Pitch, Heading)
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[Fig. 23] Velocity Results for Path-C (u, v, w)
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[Fig. 24] Depth Results for Path-C



[Table 5] Performance Analysis of Navigation Algorithm for
Position Estimation

Scenario | End point error (m) | Precision of Navigation (%)
Path-A 9.63 0.47
Path-B 6.04 0.22
Path-C 3.48 0.10

£ 12(y, v, w) Hlo s, Akl 21491 AlA(DVL) 2} IMU-
TFEEAA 7|0 R o554 E = SE|oE S S5 8]
DVLAA] A& E = &5 gho] A2 27t 333 A4 3 o
vEFS AAEGITE ol A A8 2 5 3 EA = QL
3] DVL Al AlZ0] 54 9= Ad8toll M= IMU-7 5541
N FAHEE S5 o R A& o2 FHE FAT
=5 dEE A8 oH, o]ol] ulg} DVL AlA] A5 3t
W FAgko] Aol Al == 21E [Fig. 15], [Fig. 19],
[Fig. 23] &3l &1 = qith

A= dlolEl =, skl 21291 A (SVS)oll A A AIAQ1
Z)Qlol| v]&l] AT} o] = A Fo] ASHE AS APA O
SRIEH, AFT RS Ao 5 g HHE AABISS
o] o]o|| whe} A7} 2% S [Fig. 16], [Fig. 20], [Fig. 24]=
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