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ABSTRACT: To reduce the radiation exposure of personnel in emergency evacuation after low—
yield nuclear weapon strikes, a path planning model based on the A" algorithm with the minimum
irradiation dose and shortest passage time was proposed for low-yield nuclear weapon strikes in
complex terrain scenarios. The effectiveness of the method was verified by carrying out path plan-
ning from evacuation points to medical points in three different areas by simulating a hypothetical
nuclear explosion accident in complex terrains. It combined the dose results of the meteorological
forecasfing mode WREF, the wind field diagnostic mode CALMET and the puff dispersion model
SPUFF, as well as the detailed road network information. The method’ s reliability after an unex-
pected accident was verified by hypothesizing the location of path damage on each path. The re-
sults show that the method can plan the evacuation paths with the minimum irradiation dose and
the shortest traveling time for the evacuation points in the three different areas. It can also replan
appropriate evacuation paths after the initial paths are damaged. In addition, The cumulative dose
for unprotected, masked, and mask—-and-lead—suit scenarios are calculated during the path plan—
ning process. The results show that in the mask—and-lead—suit scenario, the cumulative dose is
significantly reduced by approximately 91% and 89%, respectively, compared with unprotected
and masked scenarios.

KEYWORDS: A" algorithm; complex terrain scenario; nuclear weapon explosion; path plan—

039 B 5

ning; cumulative dose

Kl A% e N A s LR il i A0 A i fie i ok
AR, LAB61-12 AU A% i AR AR Y =
AR R, AR | BT S R
A A RE B AR AL B T B A% R A AR A
W] 2 BETICH BRI B A, 7 A= o 2000 i
e R B, XS B R B R HF Y, — Bk
AR B I, B OR X BN TAE N W % 2 i
B OCH B, SR, Bl as a7 2R i UM P )
BTG 7% 23 32 B AR AN AL A2 M TR 19 52
T R B S B A B R o A I . R,
il & B2 A R L 2R B 2, LABR DR I 2 N B
IR Je A

AR KL A IO 2 R B e ) ) s PR A O
HEEM, B0 TREMRBEEN I,
BERMRAEARLZ, HE AR, REE
2 H SR PeE A, O I R 4 AN S AR TR
BT, OC T Y i A% as 1 1 37 50T 19 B AR FL A
WD, AR A AN EE X SR M 2R BT T 1Y A
R T5 38 TV 258 . Alzalloum ™ 2 —Fh L T
Dijkstra 5 ¥ 1 Bellman—Ford & ¥ %) #% 42 1 1L )7
B, TR IR AR R R, T A G
W RS LA AR N B R R S R
Liv S5 S o 35 TR 1 B 1k A S P A 05 i
FRRI T, da W an MR, e T
VEN UAEAR S PR BT TR AT 3B B8 A, /D R 5 2 5

Wang %" §2 ) —F 45 5 TR T A0 A0 530 75 1) bt ok 1
REOUALTETE , ARIRLAD DA T AE B R  AE  ie 22
I B B 2 g, %0786 WAL T % e ks
TREARACTETE 5 Xie 8105 ) —Fh e ik 9 WORE AL AL
B, ARk, SIAGRRERMAE
T SR s R g S A AR LA SR, DA P3RBT R
2 HAR SR AR R, A AR T T A2 GECRE R
AL TE Z H bs A2 LRI P B RCR AR E P s A
PR IS A Bt — b TR S IORE R s B 4 R AR
RN TT Ik, 456 BRI 00 265 0 3R B A5 79 R A
B, ke SR MR RGeS, #
P TR SCT IL E A A BRI R)E ;. Yan 2T
$i A I T 35t 1 B 0 R AR 08 el A R B 1 Y
DB TNk, SE AN R R
EHRMEEGFFELS, s s, Mk T
R ) A S U AR A R . SR, kT
EBRFAE, AR % I8 I X5 9y
PR, TR ARG & ] T 2 T 57
UTAFERE 45 5 A% vl vk A LB AL B B 0 AR 8L
IF] I 2% T g% B 9 8% A L 3 O vk O TR
Gysrh o Horh, Tang 8™ 4@t — R e ™ B AZ Sk
RV NS £ I R 770 S V=13 Q DE A B R a7 8 e
W5k, S5E R RUBRE Y | A Y O B 3
T B BT, Sy A% S A R S 4R 3 B
WACHE s Pei S HR Y — P T fe /N R Y %



2025 4F

EAFR, A EIARMIE T AR A R e L RS B A AL 3

BRI, 4hia 2R E 5 Dijkstra 552
7 JEE pE FH O B AR Ak T A RO 1Y
B AR s Xiao %4 ) —FIR & HE KR L AL 5
B, S R PR A GE PR 2%, Ak 5 R R
TN B RS, D/ MERR SR R, ik T
1 Bt 18t A% B V5 A 6 A% 0] Hh 0 S S5k R 5 1 4 [
A, SR, BRI A T 58 R ARG RE E AT R
A EBGR AR, JF H AR S5 58 bR 40 ) B
15 B AT AR R

i BTk, HATRESS & L PR M E S H &
58 RN DL Y B AR R D7 b o R, A SCER RS
i AR B A% IR A i I il B, W AR ST S
#it (weather research and forecasting, WRF) #x3{~
Jim N A4 (California meteorological, CALMET)
R -F7 4% B H 43 2440 AT Csplitting puff, SPUFF)
PRSI, A R MB35 BT T AN ] Ik 20 ik S
PEW) BB L, A5 A TR A R, BT
A FIEWE G TIE R T AN [a) D3R 0 s o 2 BT
o JE B R A B /)N 2 B ) B Y PR AR BRI AL, T HL
TE B AR A A 400 5% )5 58 JO R R S et i . %0y
RE T R P 4P A A 0 AR BRI SR, A
PN R STANEE €= %P E S0 N L MK (SUNS
RN R AL A,

1 FFsR i

1.1 WRF#=R

WREF & — 5 i i vy JUBE Tl =, SR HTAT
JE AR & 1R R Arakawa-C [A% , R85 & T 5ok
() BB 7 0 R B Rk A A B AR o R FH el g 4 2
HRSEIE, XFRZERE, H& NIRRT
T HURUEE TR B 1 SR AR 1

15 E R A B Y HiUE ol i 2 E %
TR RAMZ W, S e R Y 4
PR RSN K KR IEHis 3 MR E B
ZEUTE g WF 9 B WRE  (advanced research
WRF, ARW) (3 /2 HESR AT 0] e . AR#S )
SRR L T AR AR i G R R . ARW IR H S
] | SR FH b E 38 BT 9 AR AR, AT ROl

N=0pu—pm) /1 D)

Aofr: (RSB WAL, FEHIR Y 1, AEALTN
R 05 pu ARERF ) 0 pu AKX TR S
JE; = pue — pum> pu ARG HANE TR, K
S5 ) R Arakawa—C M RS0, u (x, y) £

IR A ) (o, y )25 SRR B8, D00 A8 2 1) 3
JE AT R e
V=p=(UV, W)
N=pn. (2)
O = 6y
Xf: v, Q. 080 Ko, . 000 EIE
Ay =(u, v, w ) 24K Ty ) IR E T[]
ERPAEEE; UV WA R u v, w BYE IR
K o AR R 00 N
1.2 CALMET #&#!
CALMET SRS W 20 12 A i =4 W 4% 1k 12
Wi =, BRI
Stepl i i i A s LR 8, CALMET
B e 2 A i in K, I AR 3l M B 32 ol 5K
NE 3P DA B B S AN HEAT K . BeAh, R H
38 ol A8 0 A HE I = AR RO MR R
EIEKE KT, DA A T < Y Rk

dm dn dh
— + — + — max 3
m + dy + L ¢ (3)

KH: moon R Rlx . v 25 ) AR 43
T S MR RE B KA

Step2 CALMET #5574 3 3+ iz B 2 v )
AT Stepl FAERE R, Bl S 4771 DL
O’ Brien P83, I ), PR = 4 R /)
T, DA EIERZ R,
1.3 SPUFF # #{#& &

£ CALMET #81 24E s ry 12 W K7 26l 1, 38
o B B2 1% Gauss M HT, Al H SPUFF ¢ 85
T AT AR R R R I AT R b RUBE AR
DAASEADL T80 S 8 A e S 1 ) SR B B AE KR
R BE . IR A A M IRE, B4
i B 2 R ) Rk KU S A S UE . SPUFF 97
A 3 5k XoF JA] L AT ) s AT R R R s R
W B TTHRSR AR TR A 2 (e, y, 2 ) 928 AS00 BV
FEE S SR, L Cu(x, y, 2) 73RN

Colx, y,2)= 3 QL) AT

Samysi(i) 6.(i)

o1 (x—x.(i)) (y—y(-,(i))z} )
e% 2{ s()  eii)

1 (z=z()) . (e 4z())
{GXP[ 2 52(0) }+e p{ 260(i) ]+

(2o 2 ()
eXp[ 282 (i) ]} “




4 KT TR R4

55 39 B4 5 1)

e NORBRECI A B BB Q.G R AN
A B B 5 AT Ry JF AT RE A B )R] B
Cooc (i) e Ci)y 2o Ci) ) N 5 0 A AR T B Hpos A8 A5
8 (i) A8, Ci )43 B R 5 i AR A K F e 8 S
B zen MIRG S
14 FIEFRTEEDR
AN RO B S B T A R R
VARG Hb TR AN IR RN Py R
1) JH ]y A1 8 57
A% ZR 3Py AP R 3R £ m] KR oy
H,y = X Dy (5
W Hay AP R SNBSS E R ¢
T Hb TS SRR R BB B MR s Do AEE R L
A7 FSF ) R B T 8y 0 B R
20 W AHR P P BRI 5 o
FEAZZ A P N REURE R 1t ] Ry
Hiw = X BX Dy, (6)
e Hoa SR K ST N RS 15 FRUA 8059 8 TR
HRFERUCS iAo B NBIRFIRR s Do IR AR
71 B % 2R T S0 o AR 28000 o i IR B AR AR Y
A,
3) M TTAUL R v ARG 5
HRZ R M TR R v SRS AR T R
Hiory = Cy X Doy 7
P s Hoe o HUTH TR 3R T SOOI G 70 o 20 o
C, T VTRUAZ R R HIGE s Doy HCH PR
35118 b TR A1 HR ST 5] £ A 4 R -
1.5 A&k
A"E S —Fh L) Dijkstra fl BES S 5L Al 149 )5 &
S T LI S oy T I R W ST E 7Rt O 1
A I o )RR AR TR A% G ik DT 48 R B
K BORAR AT T A b 58 AR LRI
%o Hp AR mE 1R AT,
AR R IR SO R ST RS A, B
NN OKS S TR F PSS R U D el R AW /A A - DN
AR A B Y T A AR LA SO S T S B H AR
WA o TERTA T A, R RN AR
VE N YRR 5, IRk S LAY 5 o SRl R AT
Wx, HIRAERS, B&A R — KRS
B H AR AR AR R RS R AL
YT A LAY 8 AN ARAR 1 SR AT H A, KA
AT SRS AR TR EMOKES
P, PG A B9 T A7 JOTE openList 1, LKA (Y

I EATHCAE closeList H, AR AETT 55 n AL AT
Ry

F(n)=6G (n)+H (n) (8)
K. F (o) IR IR ST IR EE 5 Y 1T M n
N HAR ST 6 (n) MR LR S E Y AT
Mo BSERRAH s H (o) HNHHTTT A 0 B H AR

ST

Iy T%(fge\nList
RIS SN
openList, Ff
closeList & 7]
v
MopenList!
AR [
75 AN
[
] ‘ t,
Bt Sl
g
v v
b £ T 4w
AT SENTIAI (e
KRN 11 13 Nacar
v HEN G,
)‘ E ;“J{T\j FLs ‘\J‘ﬁ&"lﬁ
| [,
Ealic)si H R Noar 77
B2 A FopenList-H

“hf OopenList e
FHAN penListze
FIH % Jyz2?

B1 ABAREHAXRE
Fig. 1 Flowchart of path planning of A* algorithm

2 HERS5SHRE

e AAR S A HIE 37 5t 1) 4R = 4 R 4n 8] 2
frs e Hor, 4RO AL T AN R A DX s A
CHrab IXEH B i %, Wik IR 2%, &
A A KB T AR B DX I 2 B O P30 . O T B Ak R
7 RBORS E Y UG g, BT BT R R b
ANEIIER AR RS TR 2675 e Dl s o e 3£ 2 NI



2025 4

TAFK, A BRI W05 A% AR R N A A ) 5

U2 A B AT R, BT S AL T R S 1 X
B, Gl A IZ Y R R A R AR RS, 4
HEREBA WRE, W72 Wi Kl CALMET F1
A WO 7 SPUFF (1437 15 45 5 LA KORS 20 1) % 9 1
B, TP 3N AN R 7 A JRES A 380 B i ) B (]
S 0 B ) A /N B BR AR LR, DAY AR R R
P85 e L AR W E TR . AN, 7R R AR R A
i rp 2 BN [R] B b2 25 N B3 38 A R BB 2 Y

524
AU

200757
1605,

120 %,

y/km

80 é’

40 1

>79CI5
E - o e il
S s %

L s, S SRS 8 RO
40 80 120 160 200
x/km
(a) _#EHTE

=& /km
45
4.0
35
3.0
2.5
2.0
L5
1.0
0.5

(b) T 0
B2 BEGEN_SM-SNERE

Fig. 2 Two and three-dimensional terrain schematics of

the hypothetical scenario

2.1 WRF#RIEE

i ) WRF #E 04 oy 4.3, Sk
34.035°N, 105.196° E, 7KF J5 [\ % H B2 B4
SR BB E R 600 km X 600 km, R R
“Foh 3 km X3 km, 4 B G B 1B Bk
Ay [ B b o B[] 2024 4510 A 10 H 00 : 00~2024
10 H 12 H 00 : 00, fthAf K B8 A 1 he
22 CALMET##§E

XA Ze i g 5, W DL R HOA i
BRI 4 200 km X 200 km 9 1F 5T K88, POA%
RoF% 82 km, CALMET £ % gy A (%) % #1 1
i 2 R ok [ b ERE 2% B T E SR AL I £ s Hh B
23 [5G 2 & AT R )=y ™ 4B
245 Ay W (34788 ° N, 104.581° E) (44,

184) . (34.509 ° N, 105.730° E) (149, 153) .
(34.174°N, 104.866°E) (70, 115) I (33.723°N,
104.327°E) (20, 66), H4 5 1455 4 BT 0
PATF S T A R SR A B AR AR AR o 3 AN RS A Y
S Ay Wk (34599 ° N, 104.608 ° E) (46,
163) . (34.628° N, 105.553° E) (133, 166) Fi
(33.582°N, 104.341°E) (21,500, EJF S &4
JEN (34.040° N, 105.569°E) (134, 101),
2.3 SPUFF#EIEE

BB B O 200 km x 200 km, A% R SF %
92 kmo BERCIRIEAG AR . AN HHHE 1 min 4
BB TOIT 5 8 T R CRAR ) TR DT . R
WA E AL SNDb, ®Mo., "“Ru%§. S4B A
Ab AR ABAR K A 2 5 R 50 ket AR R KR, AR
B61-12 BUAZ 3 (Y fe K Y i, FH S 15§ H T
PHEUEM A 2L . GB 18871—2002" R 1] 5 1
K 50 mSv iR Y AU . T AE A BN AR BE
P 1 P s TS GRS, B S — R A
KA 50 ke BEKE 5 10 0PSB R 50 X 1.45 X 107/A
Bq". Hr, R, A R P
BRAPLE (0] 35 o 48 h, A5 AR 4 A U] 2B 4 3 O
10 min.
24 BMER

HRAEAS [R]85 20 138 %, BB AN TR W AT B
ZHN TR AR (JTG BO1—2014) , ¥ 38
B o M Tl — S . kT R . kT
SYGERE . W gGER . S, HiE . A
FE . S, B AT F B 4 i B O 80 km/h,
50 km/h. 40 km/h. 30 km/h. 25 km/h. 35 km/h.
70 km/h. 80 km/h. 100 km/h™", %% 2= Hi ¥ )

B A5 B AN 3 s, fF BRI T Open—Street—
Map H ¥ .
2005 FX

3 REXNBERHEBERES

Fig. 3 Road network information of a complex

terrain scenario



6 KR LIRS E

55 39 B4 5 1)

2.5 FriptETE

B 448 it 3 LA 455 2 ST W B A AR A L B
JER 77 47 45 4 R B FH B AR S 3 2 T R R AR
FY BBk, o, T B R B I P RS A B
FYER, B AR EEXAMNRE A P EH . HE R
Bii 47 80 % 2 2 KAk A 7 4 R T L R IR 1 B 4
W 5k i 3K 97 1 1 B (GB 2890—2022) ¢ 4 #1] ()
By 25 2 A B AR L R B O 95% . BYAKI
B7 47 300 %% 2 2 4% L Bk A TR X SRR B 4 R L S
W (GB 16757—1997) " v 3 21 (1 %F T X B 2R 1) B
WO, B FLRE R 90%

3 HERAMH

FEl 4R T 2024410 A 10 H 8 = 00 Y 215 &
OB R AR AR IE S, TR B AR AL
PR TE] o LA SRR o R 25 SR 25 & S B % 0 A5 2L E A7
BEARFR, IF H 2% & TR e A ) RS AL, 4
A BT HIE A2 e, ) R X3 ) o 25 R
WG, X TP R A0y X, MR s 32
A BEEY , S BORE R B A DX R RO
7 b A R S DB, MR HOX R T, R
JHC A ] T DXl ) 70 A R AN o 2 R A A% A R
JERE, TAE N BUE B mr A B A s i, P
BB BRI A, FERCES SR 3 km A X LD
4 km/h 9 B A0 AT B BT Y TE %, SR A TR A BIEA
BRYT A, AR AR B 18 I 1 A R E

EO5
E04
E03
E02
EO1
E00
E-01
E-02
E-03
E-04

B4 2024F10A10H8: 00 ZFIER
Fig. 4 Total dose rate at 8 : 00 on October 10, 2024
3 WBRAZETAMMBEMRILGR
KIS (a) JEZN THGE sl A BB ST 5l M [] £z
Ji (TAY /N (DAY R, A A
(LT R R X IR A B . DA JESEAT B AR P

AN B I8 PR Y7 s, T A DI 20 30 o v %) IX 3 3 5k
I . K6 (). (b) JEB/R T TA MDA fE 1T
I [0 00 R B3 b 937 40 1 i s 1 S RRGR R, TA SR
JCB 4. TSR B A A T R A AR By 4 ) 2R AR
439 M 113.68 mSv., 96.89 mSv F110.48 mSv, 1#
FFEFE] R 11 355.39 s, DA RECTCR #7125 4
VT B T A B B 1 SRR 43 51 A 89.64 mSv
76.16 mSv 1 8.25 mSv, i 17 I} [i] k7 33 503.23 s,
DA AT 25 TA 3465, 1 TA b 3R
i i) ARG AR R T DAL B, DA 2l
I 7 AP 3 AT ) 3 3000 e A /N EH Y, T A DA
3 AT 3 R v R AR R /0N 3k 3 3 A T e Y
H o DA 3 B0 iy 44 it 11 52 0] ik A 58 31 e K
HZ SRR, BN A B AR A T 40 P A 3
WO ZAh, 3MEE N E . TA 3R
Jiti AE 22 R A 3k B0 AR e JE — B R R 2 B
BEHRFEAAZ, BRI TA SR ENFNIX
SRR A R ) DI
FEZE/ (uSv-s™)

E06
EO5
E04
E03
E02
EOL
E00
— TA E-01

— DA E-02
— E

E-03
E-04

80 120 160 200
x/km

(a) WIUEHRIE 7
FIER/ (uSvs

200 — E06

f | il E05
E04
‘ j E03
£ offe E02
EOL
E00
E-01
E-02
E-03
E-04

— DA-New

80 120 160 20
x/km

(b EHMEIEAT
Bl5 HERAINETAMRBEREMTERNEE

Fig. 5 Paths with the shortest time and the minimum

dose from evacuation point A to medical point M



2025 4F Tk, % BZIEI 5T (OGS A% R 2R 4 Ve N 2Rl A2 R Rl 7
120 120
100+ 100
_ sof B
g g
i 60 i 60
@ % — KPP
= & -
. 40F - 408 S
B B —— R
20t 20
T — _
0 0 1 2 3 4 5 6 7 8§ 9 10 11
t/h
(b) DA
120 120
100} 100}
-
rgSO- m; R
Hﬂ?ﬂﬂ =
= 60 e
K o
= 5
40t e HE Bk *g#
i
. THER -
" B
204
0 1 b} 3 0 1 2 3 4 5 6 7 8 9 10 II 12
/h t/h

!
(c) TA-New

(d) DA-New

B6 HERAINETAMARBRERMIMARMBFERENRENE

Fig. 6 Cumulative doses of different paths from evacuation point A to medical point M with three different

protective measures

TE R R AR NI, Rk R ) 7 A
ANEEEAE BB DR AN BRI B g i 7R o
N, ] R B AR, R AR N DR A a2 )
S, KR N BRI, ORIIE TAE A
U AR A2 Ay o TR 2RI AR Y AR R
A RESBE R P BRI [ B B 40 A 5k, RE R A KRR B
> N ) 32 IR o

B AR IEE, NRERE SR T, £4%
B 50 L S AT S BOR AT B . Ik, 7
KA T A IS T B R R i B, K’DS
(b) JEIR T RAE B85, 58 AR % B (8]
% (TA-New) FI&E &/ (DA-New) B,
PR LA 5 (34.692° N, 106.086° ED
(181, 173) #1 (34.433° N, 105.055° E) (87,
144>, o, TA Y51 88 o507 7)o 55 v 9 DX 3,
DA i B S E R i A F W X, B6 (o, (D
&R T TA-New F1 DA-New [ 38 17 i} 7] F1% B 3
Foft B o5 i st A SRR, TA-New SRIUGE 97
AT 58 (57 47 TSI A A B 4 0 R R A A o

109.65 mSv. 93.90 mSv Ml 10.14 mSv, i 17 i [i]
711 532.88 s DA-New R HUICBE . 1 5 Bl §
T B2 B A< B 4 1 SR ARG 4 430 89.64 mSv
76.16 mSv 1 8.25 mSv, i@ 17 i [i] k7 39 718.92 s,
TA-New X T TA @ 178y I | H K, {H TA-
New 3 Fft 7 47 15 it T 19 RARI AR XS BE /N, K2R
TA-New M AT RE B B, H 28 b A 0 i X B
B BA B AT 4B, T TA Y R AT B R i
R XK, 2F A DK B B T AT 2R
Brai AT 4 B, Ik, TA-New 7675 7 & [X 45
B AN BE 4 . DA-New (938 17 8] b DA B,
fH DA-New i 3 R B Jr 467t 19 REGR i 5 DA AH
&, R DA MRS Fls A F XL,
0 58 5 5 ] B8 4y B AR AT L TR O Y IX
W, B, Ao R E RN, TA-New
I DA-New 135 Sy SR HUIHT S8 A< A 577 47 4 i s
SR AR d5e /N

TERABRASEIEG , NATEEiTd it Y
PR T % e A= T %A B B A A 28 1 L DA T S i)



8 KT RER A2 55 39 B4 5 1)

18 Y JE AT I, BB LI B AR RE S PRI A (TB) SR/ (DB By, s B AT
B MR TAR SR 4T, B kRO MR I ) R X o AL B, DB S8 AT RS R A S

B YR 9%, PRIE T AE N B3 FURCEE A B3 2 4 FlIREEYY A, TBMZES il m e i Xk, E 8 (a),
32 HESBEEITSMBERENRER (b) JE7x T TBHI DB (138 17 B 8] F1 >R B 3 F By 4
K7 (&) s T4 5 B 3 &7 5 M R e ) BAUGR &, TBREUCCRG P . 1 SRy 5 A0
HEZ/ (uSvs™) FIEE/ (uSv-s™)
200 E06 200 E06
Tty |
: EO05 " | {E0s
E04 E04
E03 E03
E02 E02
5 EOI % EOI
= E00 E00
E-01 > Tﬁg&‘ﬁ E-01
’ — D% E-02 DB E-02
b [ I —_— -
= E-03 — E%Eee‘:v E-03
g0 120 160 200 E 04 ) 40 80 10 160 200 E O
x/km x/km
(a) FIHM KBRS (b) EHTMLIMZ

B7 BELABIEFSAMEEBREMASRNMERE

Fig. 7 Paths with the shortest time and the minimum dose from evacuation point B to medical point M
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