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, (UAV, Unmanned Aerial Vehicle), 

(AUV, Autonomous Unmanned Vehicle)

.

.

, ,

, (dead

reckoning) (position fixing)

[1]. INS (Inertial Navigation System)

, GPS (Global Positioning System)

.

INS/GPS

.

GPS

, GPS 

. (TRN, Terrain Referenced

Navigation) GPS

. TRN , , ,

1940

70~80

. , GPS

GPS .

(PGCAS,

Predictive Ground Collision Avoidance System)

, TRN 

[2].

TRN

(DB, Data Base)

. TRN TAN(Terrain Aided Navigation),

TAINS (Terrain Aided INS), TCN (Terrain Contour Navigation),
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TCM (Terrain Contour Matching) ,

, .

TAN, TAINS GPS INS

, TRN, TCN, TCM

,

TRN

.

TRN

, ,

(DTED, Digital Terrain Elevation Data)

, INS

.

DB

(seafloor) (sonar beam, sonar sensor)

DB

.

TRN 1 DB,

, TRN [3]. DB ,

TRN

TRN

.

, - (mili-radian)

1m

TRN

[2].

TRN

TRN

,

.

DB (spatial resolution)

.

. TRN DB

DB

,

TRN

,

. TRN GPS

. CPU

TRN

DB

[2].

DB DTED

,

. DB DB

,

.

. 2 DTED

[4].

DB TRN

.

DB INS

DB .

2 (bilinear interpolation) 

[5]. NASA, USGS 

DB(DTED)

. SRTM (Shuttle Radar Topography Mission)

DB

[6].

DB

DB

.

.

DB

.

TRN [7].
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,

,

[3,8].

DB

.

,

[9].

DB ,

2

.

5~10m .

Kollsman AAU-31/A AAU-34/A

6m [3]. TRN

.

.

.

,

.

SAR (Synthetic Aperture Radar), ALS (Airborne Laser Scanners)

.

[2].

TRN TRN

. , .

3 (sonar)

, (MSL, Mean Sea

Level) . ,

Area DTED 1 DTED 2 DTED 3 DTED 4
(km2) (3arcsec) (1arcsec) (0.3arcsec) (0.1arcsec)

244,820 58MB 525MB 5GB 43GB
9,826,630 2,342MB 21,081MB 190GB 1,708GB
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[9]. (single

beam) (multi beam) ,

TRN

[10].

( 0~200m) (200m~)

. Kongsberg EM

(EM-300, EM-3000 ) ,

Reson SeaBat-7125 .

Paroscientific Inc. 8000

, 0.01% [3].

DB

TRN

.

.

DB

,

DB

, INS

. (EKF, Extended

Kalman Filter)

.

.

(batch processing) (sequential processing)

[1].

.

. 1

.

(hybrid) .

TRN .

(acquisition) (tracking) .

GPS

, GPS (jamming)

DB

GPS INS

.

MMAE (bank)

. ,

. DB

, ,

,

. TRN

(EKF, Extended Kalman Filter), 

(Bayesian Estimation)

(PMF, Point Mass Filter), (PF, Particle Filter) 

.

. CPU

EKF

. CPU

,

. (lost)

INS

.

[11].
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TRN

, ,

DB

.

TRN

,

.

TRN TRN ATRAN

(Automatic Terrain Recognition And Navigation) 1947 Wright

Air Development Center Goodyear Aerospace

Corporation . AN/DPQ-4

1950 1960 TM-61B

MATADOR , TM-76A MACE 

. ATRAN X-

(X-band short-pulsed non-coherent scanning radar) 

35mm

. Army Map

Service 250,000:1 3

ATRAN 305m [12].

TRN TERCOM (TERrain COntour

Matching) 1960 INS

. TERCOM ATRAN

(profile)

. TERCOM

TRN

.

.

. TERCOM 4 [13].

TERCOM MAD

(Mean Absolute Difference) MSD (Mean Squared

Difference) ,

, 3~6km

[14].

Block II TLAM (Tomahawk Land Attack Missile)

TERCOM , 30.5m CEP (Circular

Error Probability) [15]. SRTM (Shuttle

Radar Topography Mission) 

TERCOM

TLAM-C TERCOM

DSMAC (Digital Scene-Mapping Area Correlator) 10m

CEP [16]. 2007 TERCOM

DB

Tomahawk [17].

SITAN (Sandia Inertial Terrain Aided Navigation) 1970

Sandia TERCOM

. TERCOM

TECOM

,

SITAN

. SITAN

EKF [18,19].

,

DB

. INS

. SITAN 

5 [17].



24

1977 SITAN 19m

CEP , 1986 1987

AFTI (Advanced Fighter Technology Integration)/SITAN

F-16 75m CEP

[20]. SITAN INS

.

[11,19,21],

.

.

[11]. SITAN

HELI (Helicopter)/SITAN

[22].

SPARTAN (StockPot Algorithm Robust Terrain Aided Navigation)

1985 GEC Avionics .

SITAN Bayesian

.

(pseudo-batch processing)

.

TERCOM MAD MSD

SPARTAN

[23].

SPARTAN

[24].

AFTI/F16

, Tornado , SPARTAN

GEC Avionics BAE system

TERPROM (TERrain PROfile Matching) 

[2].

TERPROM BAE system 2009

5000

. A-10, C-130, C-17, Eurofighter Typhoon, F-16,

Harrier, Jaguar, Mirage 2000, Tornado ,

SH-60B . TERPROM

INS DTED 2 DB ,

10~25m

[4].

.

TERPROM

[25]. batch . Batch TERCOM

.

single-shot . SITAN

. TERPROM INS DB

,

. TERPROM

, TRN , PGCAS, ATAC (Advanced

Terrain Avoidance Cueing), OWWC (Obstruction & Wires Warning

and Cueing), Air to Ground Ranging, TAD (Terrain Awareness

Display) [4].

PTAN (Precision Terrain Aided Navigation) Honeywell

C TRN

. PTAN DTED 4 DB ,

5,000ft 3m CEP 30,000ft

30m CEP [26]. SAR

[27]. PTAN Tomahawk

EGPWS

(Enhanced Ground Proximity Warning System) GCAS (Ground

Collision Avoidance System), FLOD (Forward Looking Obstacle

Detection) . TRN

2 [28].

TRN 1990

[29]. (transponder) INS

TRN

AUV .

(FFI, Norwegian Defence Research

Establishment) 1997 TRN SITAN

TRN . 2001

(DVL, Doppler Velocity Log system)

TRIN (Terrain Referenced Integrated Navigation) 

, NATO

. 5

TerrP (Terrain Navigation Processor)
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7 (HUGIN)

[30,31,32].

(multi-beam echo-sounder) AUV62F

TRN [33].

2000 , ,

TRN

[3,8,34,35,36,37,38,39].

, (digital

map) 2.0

[6]. DB

, DB

[8].

SITAN TRN

[38],

[40].

TRN

. 1993

IMTP 6,000m AUV AUV

, TRN

,

. , DB (bathymetric chart)

(nautical chart)

(miscellaneous chart) ,

TRN TRN

.

DB

TERCOM TRN

MAD MSD .

MAD

, MSD

. 8

TAN Terrain Period of Application Accuracy
System Sensor Use (CEP)

X-Band
1950’s ~ MACEATRAN Short-Pulsed 
1960’s Cruise missile

305m
scanning radar

C-Band
1970’s ~ TomahawkTERCOM Downward looking
Present cruise missile

30.5m
radar altimeter

C-Band
1970’s ~

Prototype
SITAN Downward looking

1980’s
trials on 19 ~75m

radar altimeter aircraft
C-Band Prototype

Unpubli-SPARTAN Downward looking 1980’s trials on
shedradar altimeter aircraft

C-Band
1980’s ~ Aircraft andTERPROM Downward looking
Present cruise missile

10~25m
radar altimeter
Interferometric

PTAN
C-Band 1990’s - Tomahawk 3m or 30m

Downward looking Present Cruise missile CEP
radar altimeter

TerrLab.
engine

Pos

Nav

BatMap

Meas

INS Data

EM3000, DVL,
Altimeter,...

DTM
generator

Xyz
Map

plug-in

Get depth Soundings

Algorithm
Interface
TERCOM
PMF
PF
...
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, DB A,

B, C, D, E

MAD MSD

.

MAD, MSD

,

.

CPU
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.
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[34]
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.

TRN

TRN .

.

.

.

, , ,
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. TRN ,

,

. ,

, TRN

[37,43,44]. TRN ,

[14,43].
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,
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, ,
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. 9

.

, TRN

[37,44,45].

[37]. ,

PMF (3)

[45]. (3)

. SITAN

INS

[1].

(3)

. (3)

. PMF

(likelihood probability density function)

(a priori) (convolution) (a

posteriori) [45,46].

.

.

TRN

[37].

DB ,

[47,48].

3.1 SITAN EKF TRN INS

INS

. ,

1 2

1N
h xi

i

N

∇ ( )
=
∑

σ Z
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[38].

PF, UKF (Uncented Kalman 

(sub optimal) TRN

. EKF

,

N. Bergman PMF [32,45].

PMF

. N. Bergman

PMF

, . PMF INS

INS

.

TRN .

, 10~11 TRN INS

INS , ,

TRN/INS

[35,38].

,

1m DTED

1 . ~ GB

( , )

.

DB

.

. , ( )

DB .

,

DB .

.

UAV AUV

TRN MEMS INS TRN

.

TRN DB ( /

), ( / ), ( )

DB . DB

,

. ,

DB

[3,6,9].

DB

.

[49].

.

TRN 1940

, ,

. 1950 ATRAN

1990 PTAN ,

. ,

DB GPS

. TRN

.

GPS TRN GPS

. TRN

, TRN

DB

.

. , TRN DB

, , TRN 3

,

. ,

, 3
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