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The art of finding the way safely and efficiently for vehicles and human beings from one place to
another is called navigation. The navigation of rivers, lakes and oceans can go back before recorded
history. The word “navigate” comes from the Latin nawvis (meaning “ship”) and agere (meaning “to
move or conduct”) . Until the 20th century, the term referred mainly to guiding ships across the seas.
But today, the word also encompasses the guidance of travel on land, in the air, and in inner and outer
space.

Typically, ancient mariner remained close to shore and used geographic landmarks to guide them.
During day time and clear night, the Sun and stars moving across the cloudless sky gave ancient mariners
direction and quarter. The quarters we know today as east and west, the Phoenicians knew as Asu
(sunrise) and Ereb (sunset), which are now recognized by Asia and Europe. The great art of navigation
developed by Greeks and Phoenicians remained in use for thousands of years. Also a simplified Dead
Reckoning was used by Mediterranean mariners, where the ship’s speed was determined by watching
seaweed or driftwood, travel time by an hourglass, and heading by guesswork and institution, until
around 1100 AD, when the Chinese created the first magnetized needle compass. Perhaps this is the
greatest advance in navigation ever since the third millennium B. C. In 12th and 13th centuries, the
European brought several navigational improvements, such as nautical charts, celestial almanacs,
astrolabe and cross-staff. And the celestial navigation techniques were greatly improved. Transatlantic
expeditions and circumnavigations led by Italian Columbus, Portuguese Magellan and Chinese Zheng He
respectively boomed in this period of time.

After a period of relative quiescence, the 20th century brought an unprecedented wave of
navigational advances. First of all, the Italian Marconi demonstrated the practicality of worldwide wireless
communication by sending a signal across the Atlantic in 1901. In 1907 American Sperry introduced the
gyroscopic compass which points to true north. These advances resulted in radio navigation and inertial
navigation techniques successively. Especially, a satellite system initiated in 1973 by the United States,
called Global Positioning System, has been providing continuous worldwide coverage with precision of
10m approximately. Coming into 21st century, China is joining the leading trend by building its own
Compass satellite navigation system.

But the story is far from over. As civilization reaches farther into space, more and more new
navigational techniques will be still required. In this chapter, the main story of navigation development is

reviewed briefly .
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1.1 MBS ER

1.1.1 FMOGRSFEIEN X

S, B SCY A Navigation, ¥ H $2T 3L Navigare ( navis 78 , agere FRT651) , A “5]
ST BURE | B NS | A TR CHL WUR S EW SN B R AN AR
HER AR LA Bk H R R

SR P s AT UGB BB AR iR o Ak S SO D 0 KR Bl —— Rk
EAE AR ACE , — B SO AR KBRS, SR AN FBOR (A B A FIE 3 o
Al IE AR . PSR & R s n] LAz AR5 ok i, 500 & J& st e NS S0k g
SIER, — T, R LI AR KR T AN TR 55—, R
BRI AR B BTHE R, B P RS0 R TR IR R E R R
A FEREUWHEHA TREAR AR BARSES  #R AL AT SIS B I B , R fie
T FAEAR R R RE . '

NI TE B BE 2 BR IR 21 I e 35 S 57 11 249 F — 28 D sk s 39 B BOIR (2 A
S5 SR SO I 5 S R 2 5 A K SCIATE S BB R e — 2. SAAESG S 1 mT LA S
43 J WA B B, BAE G 00 B AR AR AT B

EF M B (B RT—19 R XA B EE RN T EALAEN TR, AKIED
F = T 3 B S Ty 4 B T B b A R D ST S VB YT I AR A 1) AR T X R 14 i
SR A 1 2 TR A D 0 i B 0 00 2R 7 (K TR SO0 I 114 T R e A5 20 Bl DA SR I
P YT A & R AE A B L P-4t R T E A, SR ELE 19 tE Al S8 s i
SR RN S BRI, B S AR R R AR IR M. 19 SRR
FIE K IE RSN FARS RN ¥ ISk s E S B TR R . X — B BLRY S
A ST B AL 7 B S A 3K, DS SR 0 Bl 8 O RR SC A 32, Sl 2 LA HLRE A9 4
T AR I B T I S BRI . AR B R R AT S A R R AL I AR A
IUBE NG 2 2L ST, R AA T B AR IAEE IR R R B T UK, — HITH ES
o ] AR A R — i, SRk SR BRSO B B T L TR, SRR B s e A D
{f1%% - 345 /K (Robert K. G. Temple) fECPE 7532 B F o H) — B 7 & h B MR A N
B3RS A e AT £ TMEAT S BT A L EAR , BRI 48R 2 S B8Ot R & B
AT BHE AT A AT HE AL 2 26 U , KRN A A AT Rl v AR Lol R 7 oh A -5 g bl
SEBE R b T4 2 2 AT AS IR I A R O T R A 24, S T2
YRS AARALISE R A , AU B T 2F B2 A B R ™ i
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AT M BE(20 HE2HI—Z4) 1 19 HE4E R M, 15 2 B KRB fe P s 05 0 i —
BHRER 20 LV BRI EIGE , KAIIR T ARSFMERIEHNTE, HESH,
NS B R FURA LS T MR (9L AU DU R P B dLmidk i b 25 oh B A6 T K
ISP 2 0], ST R ALY R ZE R4 SR IS BRAT I 50 AT WL A DR 2 R
ARSI SRR S o X — B B0 Sh RN 3 28 i R AR 140 35 8., B3 o
FRPLICIT RS GELEIOAL B (R B EAmMBRRESE BN EEA.

20 tHZZYITCEH FAUBAR 8K W, A 2 56 UM AT H B0 1E A DUR G T -, B %
IR D S B, AR AR A A S B TP o 33K — I B A T e S O A 18 S
BARMTE FHEAR , RN FAUEA 2 TR B A E M BE T3, AT, B i E 2K
1R S EAL BRI U T — A, AT 2 A8 T B R 2 B AR K Rl A A, S
AR B2 BB BT ) R RS LR A R RT R , IX — R LR A
HWRET %o

1.1.2 #%FMF X

FLAE K25 500 4F LARIT , b H ot i Xy 3 K % R At & BRI A s 24 S 2 B [ A
AR is k7 20, AR BT R R T R v e BT R AT, S I AR R R, AR
FATFRZ A3 AT 505 | A (Piloting) o HEAZTEATTHI 2 600 4E A2 AT , BEAT 4R ¥4 5 s UV 7F
FRERAERE, BT AT ETE5], B B2 ARG G A R, SRR 48 F 4 A 10 2R
Kt AR 7R 7 a LR AR B

A RN PR B &P i st i 4 5 JHE JE 55\ (Phoenicians ) AR MLAE B T B2 50K,
ATV 2 ST R R 24 B, HEJE 5 A AT RE 2 B 5 ) R BH A% /2 (Polar Star) i
AT 1 S BB A 12 B0 5 5 | LA SER) 53k fa B2 P AR, HIRAE AR b b ifg 350 1, R
TR RREFACAE . HEJE S AR P HE = 4R R[], A1 RV i Mo R L 36 B S M 58 i T A8
WEREIN KRB UAT , 40 T R4 S g BB i . o A IS A FHEJE 22 N IR 7 — 2o E %2
TR SR 5 A, O (38 13 SR M A A (B AL AT, AR S AR, X 2 Ty ik i 2 AT AR 22 2k i s 2 {2
(Terrestrial Fixing) B ST s o

i H 8 JE B (Mediterranean ) AR L 550 S 4 1 38 328 A AR 1] A0 28 A DLA T I 1) 6 0 o 28 1
2, TR AT KT A HES T (Dead Reckoning) o 244K, A AT A 7 SR AR B AR , fi 1) = B2 5
LB F VT, AU F 0 5 R A 4 ) % 98 2 SRR PR AR R ( Doriftwood ), B ] £ 300 2k DU 44 3
F V>IN (Hourglass) o X HE 2 (V45 5 BLAR AN T BERG B , 1L 76 25 I 20 2 — Rl AT Z A U Al 8
Poo XA RTES KB LA 2 Fh AT AR 9 JE 4, 201575 L (Inertial Navigation) 55
F ] DB X s A e R 2 ) P T AR X R ) 2 IRV A AU ), BT 66 75— 4 R I )
WA AT RE o
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BAEATC 27—97 ], WEM O A X THhfi s 8 T B AiC 8. o) 045 #g & g« )
7, BRI R AE 7S M BR A 37 0 Rt SR 8 7R b B i) , 24 BsH (M PR T ki ot b 02 P . B S 0
FAR MW B R B AW 58 3%, A J0 1040—1117 4E 2 6] op B A R e 76t 7 b0 g 2 4%
(Magnetic Compass) #1785l WHEALAT 1085 FAI(BRER) LA KR BE AT 1119 4F
AP AT IR YER XS 16 B R AT I RIVE RN FAE T B AR BN A4, BT 12 e, fEmst &l
BIRLAA AL 2 T BRIN , KRN ALY SR T SR 6 R B R B 4%, 7 HL28 ] 1 W8 A 5 16 1998 I8 ( Nautical
Chart) F1 K 37 45 ( Celestial Almanacs) , BHTR il T i 7 5 A\ 85 248 FH ik i) /22 4% (Astrolabe ) F1 H
F 1Y ( Cross-staff) , FH T 00U A4 55 BE A , DA TTTHELIE 16 . 2 L 26 2

BUHTA S0 SRR AR B, B RS 3L R AR i LR i oL, 4 3]
PLEA B i, X BEAH R SC S ATt BT & 8, 80k L% A PH | B AR B B ) 457 A A
SENDL, LA AR EACAR S8 B0 750 3 1 R 6 B A B o VA T 7 A TE R 2
S BT 7R e T B 26 18 (SEBR_b SR e & i i bR 2 & B AR ) L SR 5 R PR 1) 4 8 R LA 1
BAITE B BHb, R A S 7E R AL 7 i BT RS A HE ORI (S R AR Rl e AR 2 e B
FHIPLE RS FFUS RSP 7 [ S 4 BE AT AR R LA 2 S B A AR I Bk st FE R 46 8
X, S0k B ART] W, B % AR BT KBS TR , R FH S AR 7 % R BH#EA T S
RIGYEE MHBIE, W R E 4 B ER

ST H AR R 25, (6575 15—16 20 B 4R 74 5 o vie = ol 3% 8 & JR O 3, s PR KA
HERH” . 1487 4E45 % 2 At I+ ( Bartolomeu Dias) {47 2] T 3 I e e i , v 4% X B LA KR
PG P A BE U 9 R UR £ S 5722 £ (Cape of Good Hope) o 1492 4R 7 KR 5 K 5T 48 45 ( Christopher
Columbus) & B T 2 Y ki , X th 5 5 sk 1 SCBA i E B 7 A6 T TR ZI 2 W o 1497 4E 35 - i 5
(Vasco da Gama) ZEAs BA M BT A H 2 88 5t i B8 £ 41K 308 BV JRE , 0 29 F fi e B i 15 il 17 B JEE ¥
1499—1500 4E , 35 K i 5 5 . 35 F) BF (Amerigo Vespucei) P& | 38 Y K i , i 523X i s A
REME AT SAE N I EDBE 505 , TR 37 & LA KR , S % M R AN o 1520—1521 4F i %
L5 A6 (Ferdinand Magellan) 52 A% T B WKERERATAT MH:28  ROCH 2 1 RRUH A B 1 2L 40
BF ., 1569 4F b2 5 B+ HE ( Gerardus Mercator) & B i35 Jr 20 A BUARHE B 22 i i) Stk . 28
IE 1405—1433 4E , o EGLHE BRI H 200 M R .27 000 £ A4S HIMEBA-E T P, B
BN E AR, AR A HTmA FTTIR ERIER E , E 30 240 E
FHMIX , SCEL T R S F AR b SR A SR B S A U i I OB AR
VEEE) LSS F R A 518 T ST BAR D Bt P AR S RSO EOR , Fe A ds
TERESLSHBAR . BT AR E]_ESUE T RIS ZL T3 B4R, i G
SAENS AR LIRS S Rt B r UL BOAR 25 T, #R i E T RN

S B3, PU4S ( Quadrant ) (IO P 21 55 % , 767960 25 24 L KRR, K 2 TeI AR R AT, 3X
LR DA R B b A 5 R SRS , SR AE R A AR b R R AN DT, i HLUR
TREART PUAMY B R S RS B AL E . TR DM R A VDU T DA B AR
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THEAX (Chip Log) %25 B IR 3T 3t 3C HEFE 25 S50 77 %5 00 SR S0 07 FZE AR R B B I Aok T A0
R B S AL DR, R 5902 FR S AR 7 8 B R TR, ST , 28 B B0 AR | BRI 25 204 R 0 A
T BT HIERE) B 5, FRME R ORI R AR 0 i e 2808 . 870 R BUF L B7E 1714 455
IVBL T 225 J5) (Board of Latitude ) , 8k 5% fiF 5 228 3 90 4 (0 A p 7 v, 5 4K 35 [ 6 2 17 18 L5
(John Harrison) i 2 & B T — %0 T LAZE M B M RiR2ZE R B 1s 965 251 i 28
(Chronometer) o XHF , AR BB 2 AT b 224 3y b 7 B, K55 200 38 b BR b 5 2 20137 B (An s Ak
JEIR) WO Ta] , -2 380 5 13 A Bk 22 (58 AT LA Rt 1 428 B 2, TG 90 80 1 AR 0 BT AE 28 8

18 2| 19 AT HMAT B IRERATIT H 22, SR BB A 7 78 B Ml 38 5% 7 b ) 25
AIEKEE H 235 20, WA R AR R R MR RS TR K MR BE A, 1731 FREBER K
B W15 F] (John Hadley ) F1 %% 3% i & B %< /5 £ 38 & ( Thomas Godfrey) 4G J5 T 3. & B T 75 4L
(Sextant) , 55 15 THEZ2 9 U 43 ASCRH HL , 33 R ASCRS AS OORS 32 58 1y, T EL O {88 F 76 5 422 1 9 A e
L XFRFIEHAZES . R EHRR K E S (James Cook) 7E 1772—1775 4E R AR , B FE 46 70
BE B W SE R B PG [0 A< R 46 BE RO PR BRAUAT , S [ i H ARG 17 BRI Y SEBRGEIE AL o IE SR FEIX
MR, AATIXF R BRGE— B B 8] 1 B A b7 R AT SRR R 38 Y1), 1884 4 35 B AR B AR B 1R
(Greenwich) K 3 & BT 7E #8508 & i A5 W) 1 4F 28 ( Prime Meridian ) , 7E It 22 A P4 7 4% 3 % = K 4B
A HCREME T LAY AR E . RICTAAE 18 4 KB T RICHZ G, Rk T R3O
DTG 1 S B 428 8 g [ R, T v R A0 28 28 - A 81K (St Hilaire) T 1875 442 tH I R 1 (Intercept
Method ) 8% F5 A7 155 i 25 15 (Altitude Difference Method ) fif 2R T K STV R 22 [ [ &, BEXE T K SCHI
I PSSR, J R SRR ARE TR

1.1.3 #EIAARFHFH X

20 40 A FRIE AR & 5 ARSI AR, T S Te S AT BORAE A D2 A
(1] B DA 2R ATV R A it (B s AR R A T B, AR 1891 AR ULk rE ik th BRAE Mg v
FRLAT AR AR, 1902 438 B B2# ZK 138 (John Stone) & B T JC4k LI 1 B A , 1906 4E %645 F
FE MG IS AT, 1912 AF R R B — A TR A A, B G H DY 1] 2% (Radio
Direction Finder) , HLFR JG 2% Hi, & #% (Radio Compass) , 3 7E 20 {42 30.40 FERE R =N A,
1921 4ESEE BN T8 — L ST . 1935 ik E E eAE M L& T VHF B & ik,
LA ORI 98 e T ST A A L, TR R LA T R (DR . SR RITE 1937 AR4R Y B S AR UE SE A
T SRS K (Decca) , 3T 1946 S A . 1942 4F 11 H h 36 [E R BE T Be o
4§ ¥ 57522 (Radiation Laboratory) B (19 EL A DU 45 35 B Loran-A (Long Range Navigation System)
RGIERE A, EMBEER Loran-C SHEREE T 1957 4y 2 [ 2 % LA . Loran-C J&—
of ik o i PR 0t 4% 78 i 5 P ST AR C R L AT R G 5 1975 AF- Bk 38 [ UL ¥ D A AL Vi 5 A0

Y5 AENUE FAS B DA S AR N . FRIEITE 1988 4F| AL T2 — M Lk
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BRSNS H, 1990 8 EXm E WA PR, REKT 5", £FE i
T FMAREEAZNLIRBEER B, ZEBUFT 1968 48 HEHEDT 4] B KA (Omega) E:
PR IR FATREG, H-F 1971 FFFRIBIT, B B4 2R A\ BRSO 1 & 5 &
MR, B TE 5 TAESRAR, PR AE 3G BE Bz , i v IR A KR+ JLK, BE AT LA A 2237 1 X f) 3E
PRV FI RALERYE CATIRAE AL, AT LUK TR BRIERMER. HARZAETES
1545 55 3% TH0 B ANLKE BE B8 388 AR, 1997 4E 9 A 30 H £ E B & A 56 M 7 B kA
Y.

UK, 7E 20 4 b2 S AT AR WS 2] TV R R . 1 A A B A 2 A 1
FEMS, HEREBYE 19 e, 1817 4578 = Wl & % i 5% 3K 19 fif /8 4% ( Frederick von
Bohnenberger) A il Tt 5 L 55 — H g4, ¥ E R 2= K4 F} (Jean Bernard Léon Foucault) i &l
) I MR 4 il B M BR A €% , #E 1852 AR & B T W] S M P R4, i LRI B B IE 2 B
MBHER B, fl R T H R L8 — &K IR Y &, 1A s 3 gyros (LB “JE%%”) A
skopein (5 BN “WEL" Y BIAMAfn44 T “FEBRIL” (Gyroscope) , 7 B FH LA sh BR BE S e 7
1890 4E 3¢ [H B} 2% K 2 I 4 # (G. M. Hopkins) 3 78 T 55 — > 1 3l f 42 /X ( Electrically-driven
Gyroscope) o R} 5 %45 2% (Hermann Anschiitz-Kaempfe ) 7£ 1903 4F i1 T8 — PR Y &
(Gyrocompass) {13 FE A7 fi BL ( Elmer Ambrose Sperry) 735! F 1908 £EF1 1911 4255 /5 il i 1

TR 25, R E BFEEAR K2 (Gottingen University ) #1027 #) (Max Schuler) 7 1923 4F 42 t
[ 6 3% R 84.4 A0 4h BOMUAICE: B A 32 H7E HhER R 11032 B i 3 (X 52 i, B AR
SRR T B AT G, KRS T SRS, 20 tiE4 20 AR, KL ESESE B TRE
W2t S-SRI 7 74 o 20 4D 40 4R H 1, HH 5 - 473 95 B8 (Wemnher Von Braun) 4515 ) 7 [
Bl R IRTE V-2 K L2838 T IR B il 52 8, R e SR AU AR S K A ) 7K S R [
YAV K N ) 2 T AR AR I B 1, AR K T A BRI R B, X R AR
i s F R — R S R , LR 20 42 50 RS, s T 2R
P AR5 G R R , 2 E B ) 5 2 A2 74 75 31 ( Charles Stark Draper) €55 /1) MIT {( 3 5%
B3 RS TE RIS B A5 21, BT b A 4 A B MRS S R 42, 1953 4E R HF & X IR
SRS EIKTE B - 29 BYEHL BRI HAEAT T BB AL 38 KB IR, 1954 4R BEAT T HIER B &R
45 (Submarine Inertial Navigation System) {9 iK%, 3% (= 5 75 %5 R 42 5 W i (USS NAUTILUS
SSN571) %4 T AL M2 2 A HLHL T A2 (Autonetics) B il ) NOA(MK1) BB 1 S R S A1 MK
— 19 RIS 8 £, 7E 1957 4ETF /K FHRR LUKV, IF7E 1958 4F 8 A 3 H BPIK T Zrlidbtk,
Fii 21 K, fiRE 8146 ¥ B, EATIR 2SN 20 M, X — AR A S, FE 4 BoR T RS
LR S04 BT HoA SR G0 A A B Rt e B R e R X S AR FL
HO N TR, FETE FEE 1961 AR IR BT LA BT S0 L Apolle B H HRIBIH T R4,
TE 1970 4E45 = Y0% H &, Apollo — 13 RS M A S R G HE, 8 S M A0l IR BIBOR, £ T
R T IE# TAE, IR 2% 52 5 2 0F i i PR 45 0 i R R U 3 R A 15 LA & iR A



FI¥E 4 # ;

T 20t 80 ARAR, BEE T IEHLBIAR 19 R B YOG MR AT I 02 4657 70 i ML fy 1 30 A %
REAN THE T2 A #2588, SER M S MR R BB T4, B8 £ T E LMY BT 4,
L5 TR B ARV AR (BB R B, TEAE AN SUE0E S BURTE & B SR %

HRAE 20 2, 1957 AERTIRIE B YR ST T A M BR TUR Sputnik, 22 J5 R A BEA: T Hy
2/‘]@'E%Q%ﬁimm%ﬁﬁigﬁi(Appﬁed Physics Lab, John Hopkins Univ) WF il i) A5 —4~
PESMAG—XKEWBEIN PLE RS ( Navy Navigation Satellite System ), X FRYE T 41X
(Transit) REE, EBURE LM FAUE M BARENGE —HERNEE EFMERWE RS
HARBUHESL . HRRT 1964 FIERER, A LB FA L, XEBUF 1967 4EHHEZ%
AU SR AR . 1973—1996 48 38 E R FI 9 M08 15 R H 8 S0 7 1l 24 51 TR R I 4
BREN ARG GPS, BRI LASRBE IR |42 KRBT |42 KA% 1 18 K B 22 4 it &5 5 (o7 0k A0 B2 1 B,
SIS RE (7 AR , AR AT T 00 2R G R B T R AU 9 S — IR R BR R, 8% R
20 22 LB S F I X — R Hifim . 7EXIIR], BIFREK - MR Wit Je lE B T PR T2 S
RYE, 5352 1965 SEAFHI ) CICADA RGEF1 1995 4F1E 203 FH Y GLONASS R4, BAIE RSl
B EMALEE (F S AR B T S X E MBI TR SRS N H L. GLONASS [
FEFNA TR THE T R EX TR AR E W R , BE AT A R P 4R 46k 7 i AR S5
X5 GPS &R E 4y TR UL 8

BT TESFMAAEFES  RAFEA S )R FE KR R 1, BRINTE 2002 4F 1E X
HEHET Galileo TLE FHRGEHIBEHRITHR], HEW T 2002 F2 R T —5 TESFAM AL E
W, BARETT. TESAS ARG SRR K, B I EAR 5, — 2 8 XUBE 23R, TBig
JERLES UK Rl PR , IR ASE W2 AR iR, B AT & AR A LT RE R R

1.2 FMHSE

SRR IT AR R Hoan, $5 B i 28007 LA S B A D BE 22 0 235 i 4
Rt TAE KA LA A RS MR L KIS R G5 P R B LM E ST AR

1.2.1 #wAEFHEyE

FE NI, SR G AT LA AR, — R HIEEM RS, MR TCLHE
L TR AL B AR B ALSE XU AL R R EALIRZEA TR NGB 5 E AL e ek, {5
HAE ALK T AN, Q0K SCRE L 5 ZEAE BAF B R AR R AAF T IR AR, L i A T
AL EAEHENE R S LA RS RLEE S, X K AR 0O AR A F XS
RYEo 7—RRAUE AL RGBT 7 R0 € BUA AL, U0 b 2 22 A0+ 72 (S0 )l i 4 55 R



8 AR FALEAL & 4

g B SMALRS, RMEA EXBMAL . XRRE BRI ATE T AR TIN5
B EmEA MY B E K e RS B IE S TEE BN, HX KRG HIR 2R
B e AR R B, A2 W EATAL A

1.2.2 &AL RENE

F4E W B AR VAR, SRATEAR AT LA R LA 268,
1. BE#RE {3 ( Terrestrial Fixing)

Wi b 5 L, A I UL AR b SO R, — SBOR—AE A AR WA T I T O S A o Bl 4 b
o 1 B R RS A, AT B LT R R AE o Bl RE (ARG AR A3 A
A B LR o AR B B B N DL R E AR AR BB T v o PR O IX AR RS I L B RE ELRS
B 260 (B AT AR ] e ok ) , Wik s Bt b 14 B 0 0 1 2, T LA RS B I
VR RE M o

2. R 3L S ( Celestial Navigation)

RS G BE R A Bt B A R Z — BRI DB G (7S 2350 A TR 44
(H 3 RERGORR) B fR O 8 T3 sl v P A L B H AT s BRI
S5 v BT P MR A 4% S 1 e T D R T Bk DR A B R R (0 A B AR BB A o ROCHAI
B T LA SR AU ST , T LA S R R A8 BRI ST 55 o $E2 , ROCT MU 6 AT
2 HLACRAR A, R A B AT LA SR AT BN 32 B M RAR AR IR . A2 BT ARRICTAL R
VT, R TS MR TR

3. #EE fiii% (Dead Reckoning)

AL 1515 20 A R AR 1 {5 8, , 4 2 R0 T — B 200 SRR AR I DL T, 5 SRR S |
AL B 25 S, AR A B T O B O HE AL o AE IR S A SR AR A A O ST
VLA, WA B SR AT BB AT, (EL S (K BE AR, DR 2E R (R BUR , FLURB 45 i 2 dac 1 28k
W37, — e B At A S X LA B AT B IE

4.7 2 FE i (Radio Navigation)
To 2 P S 02 ) FH T2 v, e, 7 PHAR B 5 R e B R AT, ELIRBE R o B, HEAEAT AT
I AL T b 2 SR S A R R , Y R 12 B AR A B AT . R AL R R

Fiem 5 75 2T 4 S I e O A ) L B ) B S 25 LA R I B I ) A ; e 4 P BE B AT 43 O I AR
100 ~ 500 km, 12 500 ~ 1 000 km, FEFE 3 000 km LA , I 10 000 km DAL ; 38055 K HHEX



F1E % 9

AT R PR IE R SR bl AL IR A R L SR S 1015 S R SR AT LA 4
FEARII RS PO L TR P A R G4, T4k ol S LA T B Wl b S PR T
AR AR Z T HES A D ZRNA T, BB R% R SRS AR ()R
/K (VHF Omnidirectional Range, VOR) ; (2) ll 5 % ( Distance Measuring Equipment, DME) ; (3) ¥ Jf
(Tactical Air Navigation, TACAN) ; (4) JGZ& Hi 5 [5] #/L.( Radio Direction Finder, RDF) ; (5){{ & & ki &
%t (Instrument Landing System, ILS) ; (6) %' % 2 % (Long — range Navigation, LORAN) ; (7) B KA &
4t (Omega) %o M T LLERGEMIME S RS HILERGHL , B BRR A B T4k i SRR S

5.1 E S{ii ( Satellite Navigation)

LR AR G Ao U R 3 A A ) RO TR B R S 25 2 B, R A R R B
13 20 (9 T T2 BRI B E AL B . SR DR ST BRI AR AR, it KA |
RICHIHFRY) B K 5 (BRI (] RS AR 5 J0E 5 R f5 S BEAR S HE LA
PR FMUE AR GFHES S . WA L, DESM ALK L LR B SM AL —Fh,
JB T R MRS (H i TR A 5 2R 12 R 53, — IR B N B
ARG IS R AN MSL o2 MR E S B AR ], TR ST A A 5 80 . 1
DO (7 BRPAROLE AL F 2 R

6. T84 S A ( Inertial Navigation)

M AR GE (RIFR T R G0 ) A VB PR SUB T (RSS2 58 B ) 00 B 8 A ke ot A 4k 2
6] (LR35 S AN IB S S8, TE L 8 WIZ S WI IR 2 0 T, AR YR A~ 15132 B e, HE B 34 i D ko
JEMALE , — b Al IRAG AR SME B o WA FUF, ERFHEME. EE—FEERNS
AL R GE , Tois Bl s & SHEAT AMER S BRI A B Ao ARHE M B G e A | i 2236 07 KA
[A], 155 RG] LA A F & 5 500 B2 45 (Platform Inertial Navigation System) FlEEIE 215 1 5
L A 4t (Strapdown Inertial Navigation System) B K28,

7.8 1% 51 (Radar navigation)

TEMAR b 2225 ) TR IR 8 S 0T A A S v RE B e W [0 382 , T LAER R b - DU 2 4 1o B
BRI L, 8 A P B e oA AR A, AT SEBRAE 2 B B o AR TR 3, 3
JERfibRE AL —Fp BAASE I o BRIGLASE , B 38 A B R R AR AR R Y F B 2 — o 4
FAFEVE FRAAT , el e AU X S i X Mg e I VLI S A8 AGE LA 7B, MUE 4% Sa R £ |
ks R4, A A H 3 555221 ARPA( Automatic Radar Plotting Aid) #fi 4k H #5 . H ah HRE
ARSI B8 B AR ) FATE , B 3h A Fh 7 205 2 B 5 R BGeE LE 1 e

FEALZS R b, 25 2505 ) B F B A SR, A Ut o R S LR TR 1Y [ B A 5 2 )
RS, figp SRt TRATLAE RS e Y Pt R 9 R (B RMLEY =2 BE A i) SR FHHE A SR 7S K



10 A AL FALEAL R Y

LR SEPR AL E . AR B, SRR MR A —Fh BAKSCBL, FEE &K% o R A LR
15 SAR(Synthetic Aperture Radar)$7 AR i A W7 B, B 35 IR B A i VS BE & SO K 15 51 R
RIERTZN o

8.4H & S5t (Integrated Navigation)

HAE AL, WFRALZEE T, & 20 225 2R M3 5 TS AR BE R AT SE R B R .
BUSHIHTEYLNZG, TR A& SMARZ W EE, KIES SN ARENRE, 5w IREA AT
ARG B AR ER A SUUE B AV &7 —&, S HOF IR S E S H
A,k P R R R TSR A S B A A SRUEAR T LSRR — AR A4S B R
AL OB, A SR RS TR B S AR B R R .

HAEFMARG MR BEATFSHMB ARG EMEBEARNHL . BEERZHAR R
B AS [l RE 0 A 354 10 U BRL, INS/GPS M fE 4 B INS . Loran-C/DR 45— AHt4H & i R G A
SIS AN . RIS, LA Kalman 3 18 2 1915 B R A BR 3E Rt 143 3, e 30 O il R 46
U ) T 7 A PRI IS DR e R | R A [ L AL - B S TE AR 32 B 0l R T o

1.3 ZRHPHAKSMZIA

HEA 21 20, SAE AR IE DARG BT AR A 1 3R SR &

75 DR SR, £ E BRI S HREM RGN E L et TR MEAERME
EAVE G GPS BUCALHERR IEAE K A HEBE Y vh . Wt — B O F— O B B i IR 423K
S TR 2 45 (GNSS) 1151, A 315 2020 4E4 i 58 DU R 23R FAL PR RS, BB 1SR E
GPS FIR B 17 GLONASS, B3 3RI7E 2013 4E A A s 2 55 ( Galileo) 013K [ IE7E 22 BE A9 26
— R TLE Bfi & 45 (COMPASS) , i b K25 o A7 #5100 90050 T2 g 4% 26 P S L S A A
% o GNSS S2BR 236 TR SRS, A5 A Bk R 8 | DX S8 88 LA KR R i AR R L. R
2 1ICAO [ PR E AT/ 29 I B AE , GNSS F34 3 R e Sk 43 =26, RIS 24 5% & 4t GBAS(Ground
Based Augmentation System) R LR 245 SBAS(Satellite Based Augmentation System) FIHLER Y 5%
Z % ABAS(Aircraft Based Augmentation System) o %?TJ:JZEH"J[E/I\ LERRG R H R g (K HE
(1) WAAS BB K] EGNOS R E ) SDCM) 4, Hifth— 28 Rl R e 2 5 A O 19 X IR G M SR
256, I H AR QZSS(HE R TH TLE Z 58 ) Al MSAS(Z TRt TUR RS R 4T ) , EPBEHY IRNSS(EIEETE
2 i1 St TUR 255 ) Il GAGAN(GPS 55 GEO M3 S0 ) , LA K8 H ) 2 32 F £ TR 45 80
SCHLAG NICOMSAT — 1 IR %% ARMAHK M LERGH 2 ZAZRERMR ZRE
e SRR DL 2 B RO, B B — 1 LA GNSS Jhy R R 5 1A &R, LBl &
BT 42 ] O TEAE IR 55 , B 2 BR 1k HASAL BT R AR R JE

FEMEME ST, B AL R JEEEFE I R ML R G (MEMS) H2AR (B E YKL



