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Abstract

Fire is one of the most frequent and the most harmful disasters to modern human society. In order
to give accurate alarm when the fire occurs in time, it is of great significant to choose the proper
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fire alarm. In order to select the fire alarm with better reliability, we analyze the alarm records
and failure records of all types of fire alarms in a certain city in China during a period of time and
establish TOPSIS comprehensive evaluation model based on entropy weight method. At the same
time, in order to evaluate the management level of the fire brigade in the region, we also establish
a comprehensive management level evaluation model using the entropy weight TOPSIS model,
and select the three fire brigades with the best management level and the three fire brigades with
the worst management level. Finally, we put forward some suggestions for the problems existing
in fire alarm and fire management.

Keywords

Entropy Weight Method, TOPSIS Comprehensive Evaluation, Fire Alarm, Reliability,
Comprehensive Management Level

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

TESFP B IRBIN AR FE T, KO KA ey, kL2 2 A MR e B o ™ W 2 — . 1E 2022
ERE—FE, RELEAT KR 219 Hid, Hi 625 ANKKkRIEK. 397 N2, kT mis 15212
TENRMMIEGFIR[1]. B, TERAE K I S B % B fif S N B, Ak, BEAE A G+
RIEAWIRIE, KRHRER R BRI, HRRFA =50 POl K . 6 T AR SR K R R4,
PR AT SRV T DON AT SE AN 22 3 3 it 52 . phah,  hH B K BN & B KT VR A R T - A
N 25 I AR e DXk P A K R AR R GeATAE (), AT 36 58 0 ) K R B R B AT #4 B, $ i X
NIRRT RN, DU B R K . RERR IS T B 1.

AT 9 A0 Ee A IR PP B 2 0k B, T PPN AR B SCBAE T X VRN AR AR AL E (e . AR AR
ANFIFEARIE E F i, VPSR R B AT DU o A — 2R R T R IRAGE PR, ol pe SR
L FET A G AR PP FEFR AT T, AT RCEIRE, LR AR T K&
WL B HTE2] GETRECEB]S: )RR TREMWRBGER PSR, =2l o R as B
BRI )6 RS R FR A e AU, LU S M T VA RO AT 4] AR 25 AR FE RS2 (TOPSIS ¥2)
[5]s BI-Fardriklo] 5.

TEREMIRAGE S, A — R THBUE R TOPSIS VEME[7]. B MFEA AR AR 2504 A B (145 55
THEAS B, T AP T bR AU, PR IR BCEAC N TOPSIS 1AL AT T4 AHEL T3
B 8 AU 738, ARG T LA e 2 R R 62505, A3 BIRF & R M SERR . B RE B IAC R . RN, i
SERE AT LATBIE, (57 B a B rE Nt . ikt b, AZ2%ERFT TE, W
PN LRI GRL8] W LR A TG AI[9]. MR BHE T4 T [1015F . X TASCHIEHR S I &, &
FRAE FJE T AL TOPSIS PPN EAE NP A2 3 i 438

2. EFHBCENER TOPSIS I A%
2.1. Uk
T W AR FIFERR T o HALEE, FRATTAT LA FH — B 5 T FE bR A & 1 R —— Bl .
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2.2. TOPSIS ¥ 5%

TOPSIS Zi & WAL R — i THAEM IR, SRR 95 R EE B9, A R PR a7 S5 880 1
IE AR L R AR N BE A9 SR WG E Gl Wk FE AT AR S5, U H B R B R A A D TR
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Z;:maX{ZIjBZZj’“"an} j=12,n (7
Z;:min{zljisz’.niznj} j=1,2,n ®)
F= WHB IR S B AR R 228, Ho w, NRBEE TR A BUE -
D= [Yw (2 -z) i=12-m ©)
D = Yw,(Z-z) i=L2-m (10)
HVL: HHEPFIN R R RFEIERE, ICNGEER B C,
Ci_Dfl?:Di‘ P=1,2,00m (1)
LA TR EUEBOR, ARPPON R . 1R SR A NEEAT HER, BIRT 1S 25PN X R L 5
PR .
3. BRALHE

A B RIE T S U L BCE AT 3% C 8l AR T3 2 7 R E IR 18 NEBK
BA(J 5 . A~R)BVEFETIIAR, ARAE PHAF— 3 3] i3Il 7E 2021 426 H 1 H#E 2021 46 H 18 HIIFTA K
KA R IRE IR (BRI, W5 1 Frn. RAER I A3 T 4E 2021 42 6 A 1 HZE 2021
&6 A 18 HMFTA KR IRE RGN, Wk 2 fs.

Table 1. Part of the fire alarm data
= 1. BBy K RIREHIE

W5 EE M Y R AR A IREL I H 4 KRN 2Rk
2 5 147 20593 F R BRI % 1298 BTJSYD5#L G KBA 2=
0 1 7 107 2R T e SRR R B 1066 MZXCLYXGS G KPA =
2 5 125 02057D BHEE Rk 788 BTJSYD5#L G KB =
0 1 4 104 2 T TR R 2% 614 MZXCLYXGS G KB\ =
s SDBHJTGFYX
o TR R 42 ] B =
0 3 233 231233 ARG R 2% 578 GSYALILICS A KBA &
e SDBHJTGFYX .
1 TR AR S B ek
1 5 21 13021 R BRI B 498 GSCLILICS CABA  1RHNHE
0 1 97 161 F A 1 ZBDQSLD P KBA 5
Table 2. Part of the failure records of the fire alarms
2. B IRERMERE
L5 s Hudik F P 4y A AR W IR 3 i H A4 SR
1 4 105 10469 PRIy A Er 6650 BIGG5. 6#L N KBA
0 1 166 106166 MEPD EE ik 6629 SGZFWZJPID M KB
0 3 168 213168 T 6566 XHGJQFC JKBA
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Continued
0 1 156 105156 TR E 7 6420 SGZFWZJPID M KB\
0 1 52 105052 RtV E A 6394 SGZFWZIPID M KA
1 3 197 31197 B 6392 JTDGWGC L KBA
1 4 105 10469 R REIRI 2 6650 BJGG5. 6#L N KBA

N T XA FISERL K AR &5 B AT FEVEREAT VRO, ARTEDUA Bl BRATR BB R R M b R AN
PP IRRR . B SRR R BEAT AN 2, F MR PRI A SR A I E AR AT R S, 8 TR
Fob K A e A AR OB AR SRR L, T T B R R R o B X s i 5 HEAT S e AN 7028, 19
B VAR PRI E AR R, T SRR, W 3 R

Table 3. Rates of the non-false alarm and failure of the fire alarm

3. KRIRERMIERIREMGER

A4 R ek (20 ek FE [ €1 [
R U 0 6 0.000% 2 0.000%
FURURIR AR 35 37 6881 0.538% 230,602 6.490%
R BIETRI 25 288 230,357 0.125% 1,389,358 39.102%
FAYIR IR 0 1 0.000% 0 0.000%
HEHRN 0 121 0.000% 1574 0.044%
JGHUREIH 2 40 5.000% 0 0.000%
KAATRI S 0 6 0.000% 1 0.000%
AR 25 0 28 0.000% 0 0.138%
T E 60 6566 0.914% 209,045 5.883%
B HRRSHE R 3 1927 0.156% 2234 0.063%
eI 0 2 0.000% 184,996 5.207%
55 1@ 0 6 0.000% 0 0.144%
EVABIES 0 1 0.000% 7544 0.212%
BRI 0 2 0.000% 0 0.000%
BB LRI 2R 0 10 0.000% 0 0.000%
BREG IR 109 11,225 0.971% 568,185 15.991%

N T RZIRTT A 18 N B KA 25 5 8 BACT HEAT VA, BT B AN R 5 K DA A X3 A 2K
RARE AR IREAER R SRR KRR AN PR FE AR . B e RIE IR B, $ R
BASKT B AT e A1 238, Gvt %3 Bl K BA A B A7 4 2 A U A 3R 0 R BRI AR R i B, Bt A A
TR . FIREN, XTPRR S BEAT O, T LAAS 225 DAPRIN 4% (0 S AR P o b SE b ki A, 3k
EALR AP AR RN S Bl 5 DAL I H g S AR RN, 3RATTAT AR A — 37k 5k, AT 20 3045 )
F RN SR A A KR IEL, IR 4 B
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Table 4. The comprehensive management levels of each fire brigade

= 4. BiHPIABEIERERIF R

EAEER SERRRR

s T KRR BRSO

HEIRBL JRRIRE RERE

A& # t RH b
A KBA 36 3844 0.937% 20 1712 0.01168 26,333 0.741%
B KB\ 19 10,194 0.186% 15 692 0.02168 112,339 3.162%
C KB\ 43 4152 1.036% 30 1100 0.02727 287,300 8.086%
D KBA 13 1158 1.123% 10 1631 0.00613 56,917 1.602%
E KB\ 8 1077 0.743% 5 412 0.01214 19,472 0.548%
F KA 15 2718 0.552% 11 1524 0.00722 138,707 3.904%
G KBA 67 59,575 0.112% 29 122 0.23770 553,704  15.583%
H KBA 12 2357 0.509% 9 532 0.01692 312,371 8.791%
1 KBA 11 134,362 0.008% 8 96 0.08333 11,152 0.314%
AN 33 6647 0.496% 21 58 0.36207 788,875  22.202%
K KBA 18 1764 1.020% 12 1831 0.00655 26,181 0.737%
L KA 19 2843 0.668% 14 1561 0.00897 125,681 3.537%
M KBA 65 13,808 0.471% 42 1997 0.02103 557,180  15.681%
N KBA 45 7130 0.631% 32 246 0.13008 290,940 8.188%
0 KBA 14 1501 0.933% 6 483 0.01242 21,710 0.611%
P KA 31 1853 1.673% 13 24 0.54167 60,453 1.701%
Q KBA 34 1867 1.821% 20 2151 0.00930 161,531 4.546%
R KBA 16 329 4.863% 9 13 0.69231 2298 0.065%

4. RBEL KBNS
4.1. KRBEFTEETFMRR

ARt AL PR IR, WL BT B 70 IR AR 25 RS YOO B VR R I AR, AT By R B =
B> SFEEERIESS R, PrC AT OB BIR AR 25 . s RIS . T ol B AU
RN 25 A BE D PR SRR TURf R SR SR EAT PR, 0 5 . W TR E SRR S MEvP O, AR
B RE T LR, SRR E T s, RIEREGERTFED R, 53] 7 IFIHR R RS SR E.
EREANE, AT 7RI, W& 6 Fi:

Table 5. Rates of the non-false alarm and failure of the five fire alarms

5. AMARIRERMIFRREFEPER

A4 HR JEiRiRE [
MBURIR R 0.538% 6.490%
R BEPRI 25 0.125% 39.102%

FhiRE 0.914% 5.883%
LA BIERM 0.156% 0.063%
BREG IR 0.971% 15.991%
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Table 6. Entropy weight results of non-false positive rate and failure rate

= 6. FRMEMPPERPBEAELSER

PN FE bR = B RiE RSO W E TF P AR iR 71 B AR AR
iR 0.718 0.282 0.655 0.6873 0.0080
W s 0.852 0.148 0.345 0.6006 0.0002

Rt ST BUEAAN TOPSIS PPN T4, SR 7 B8 bn i IR AR A, FEULEERE 1SR4
Fob K G AR A 10 5 D S ERAR AR IR B 8 LA R SR A 0 FR A AR B INIBUP EAT Y, WR 3R 7 B

Table 7. TOPSIS evaluation results of five fire alarms

7. AR RIRESEH TOPSIS IENER

EIC S TEHAR AP B 7 HE AR A 2 AR v
MBURIR R 0.2875 0.3984 0.5809 3
FUBRLBEIRIN & 0.6531 0 0 5

TR E 7 0.0644 0.5939 0.9022 1
A BIERM 0.5298 0.3533 0.4001 4
BRRL Rk 0.1439 0.5880 0.8034 2

WHEHETF 45 R, TR E T SEE R, A0 TEECN 09022, HEE LBk, 618
38 0.8034, T A BUBIRER I 2 v FE M 2, SR AR R EUN 0.
4.2. JHBIFARBNEA BEIRK i ER

T VPN ZIRTE 18 AN TH BT RBARISE A & BT, FRATIEH T 854N K P Hb i 2 253 1 B AR R e e R
SRR LT A B S KCR B E NV R bR, o SR AR R O IE AR bR, AR R R R A
A S KR BON TSR br . 2 BRI AL SRR (25 B H 5 S R b 05 B E . 15 B R ERBLE,
N 8 Frn:

Table 8. Entropy weight calculation results of overall reliability rate, failure rate and the ratio of fire and area

T8 BHAUER, BHHER. NREREOBETESR

R & B E =R MAE Y IEHAE SR G HAE AR
SYuNHE S 0.861 0.139 0.67 0.7952 0.0016
KRR 0.967 0.033 0.159 0.2680 0.0000
SRR 2 0.965 0.035 0.171 0.2935 0.0001

Rt ST BUE AN TOPSIS PRI it 52, SRS Fabn i IE (A BLAE AR, IR LR IEA bR &M
KBNS I A AR A BE B AN ZR 513 R H IR MRV NI BEATHEFR W R 3% 9 P

Table 9. TOPSIS evaluation results of the comprehensive management levels of each fire brigade

F 9. RiHPIABNEIRIE LA TOPSIS HEFLR

TH B K BA IEF AR R S AR EE CEERT TR HE7
A KB\ 0.5253 0.2012 0.2770 6
B KB\ 0.6259 0.1496 0.1929 14
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C KBA 0.5139 0.1887 0.2686 8
D KB 0.5005 0.2154 0.3009 4
E KBA 0.5512 0.1870 0.2533 9
F RBA 0.5771 0.1635 0.2208 11
G KBA 0.6422 0.0808 0.1118 18
H KBA 0.5844 0.1448 0.1986 13
1 KBA 0.6496 0.1529 0.1906 15
J KBA 0.5992 0.0832 0.1219 17
K KBA 0.5141 0.2088 0.2888 5
L KBA 0.5615 0.1720 0.2345 10
M KBA 0.5938 0.1267 0.1759 16
N KBA 0.5682 0.1432 0.2013 12
O KB\ 0.5258 0.2013 0.2768 7
P KBA 0.4349 0.2505 0.3655 3
Q KBA 0.4077 0.2820 0.4088 2
R KBA 0.1070 0.6607 0.8607 1

IR 4 BT IR 4518, Ry Q. P A HU/K P = FyE B KBN, 41585070518 0.8607.
0.4088. 0.3655. G- J. M AEFAFEARH = R IEB KRN, 2281559 0.1118. 0.1219. 0.1759.

5. @i

MECHE S BN BT OS5 RORAE H AT LA P FR D8 20 K R A B A7 VR R i i 1) ) L 3 I
B TR, KRAIRE SR I R A WTER IS AS € K RAG T, R (5 S B LS S i B 1%
e, PRI R E SEREAT KORHE . 15 5 I BUE BE AR A RHIE I BeE IO BME R, 2R (5 5 FE
NRFRAG T o FEVAE & KRR 4% (TIN5 255 8 22 2B b nAS B O BRSEARRAIE - B Soxd T3R5 P AR AL R
T3t D 22 BRI Y K R AR A PR N MR Z5 2 R M R T R TR K R AR A AR L X
AFEBEAFIRERE Ty 1 FERHRE R, 72 R 2R 8 A B AR I I f) i 2 2 2 AT S A
EFITE 4

XTI B KBTI =, O TSR BT, e B L, IER R E R XN
PRI IR, B GG I ORI AT 2228 . Lk, IR T S5 30RE, B BT SR
TH B K B AE SR s R i A DL o D T 388 SR DR IR 3R A v AT I 2 8 B S K R R ZE I AN S I i
e, B RBART CALE Al — Ml sp IR 23 B PR E 28, 2 DB SRR I JORAE S I BRI E R A K
9o RN B RE PR B AR A R o BRI A, %1 B K BAIE 75 2258 R it X A 1) g S S ok R 2
B, R KGR B RE AN P W 1 e ECSEE I e, ATTAE H R AT 55K B

6. &t
AR SO S T 3R R R K ] e B R SRR HEAT T R A E RIS T, R TR

TOPSIS PHUMAREAL T LR PPOT A A, X RE3 T v e 22 2 F) 45 A SR TR i 4 2 i 1) ) Sk DL KAzl il o
18 RUHBE KA ZR 68 B AT 7 HEFP AP o B T R SRR S B AR R IR A R R A Oy AT S R
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POIEAR, ST R, N EHR BN AR TR ORISR IAT VR, AR T T EIRE
FAH AV BEDG HUR SR O T SEE fo i O R AR 2, RBP4 9w SEME BRI AR I &5 . 1B H] 1 %78
7 R B 5 X3P ) K AR B AR AR R IR AR R AR AT K S T AR B D B KT B PPN FR AR b AT
PPOTHER, RIS RBZANEN Ry Qv P ONEHIK PR M =KL, Gy 1o M ONEEKTH R
= R BT RBA o 3 T 5 2 A RTEAN (R 45 SR, 20 Tl 0] 5 v ok oA 2 i 1) T SE R M i v DX B /K P B2
H T AR ARSI I Sk R AE T RIRE SRS 2, S EURE AR E A5 I S D,
M BT ARE D o TR B R B AR IR NE, S BOTAN R P ALK, AT 20
BUERTACERL R, P 45 R .
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