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B/S dynamic monitoring method of coal mine comprehensive energy
consumption based on immune multi-Agent technology

LUO Wei
(CHN Energy Group Shendong Coal Group Co. Ltd. , Shenmu 719315, Shaanxi, China)

Abstract: To achieve dynamic monitoring of all energy consuming equipment in coal mines, provide
important basis for proposing energy-saving optimization measures, and further implement the national
development concept of green, low-carbon, and environmental protection, a BS dynamic monitoring
method for comprehensive energy consumption in coal mines based on immune multi-agent technology is
proposed. Combining automatic control theory and computer technology, based on the principle of
substation control, the types of energy consumption equipment in coal mines are reasonably classified,
and each device is equiped with programmable controllers. A linear equation is constructed using the
maximum likelihood estimation method to determine the monitoring node positions of each group of
equipment. Multiple communication protocols are utilized to deploy a B/S monitoring architecture in a
three-layer network structure to collect operational data of coal mine energy consumption equipment from
metering terminals. A learning model based on immune multi-agent technology is built to analyze and infer the
received data information, and achieve dynamic monitoring of comprehensive energy consumption in coal
mines. The results show that the B/S dynamic monitoring method for comprehensive energy consumption in coal
mines based on immune multi-agent technology can accurately obtain all operational information and effectively
monitor the operation of energy consumption equipment, with different energy consumption equipment as the test
objects. It can comprehensively monitor the operation of all energy consumption equipment in coal mines and
provide theoretical basis for their later operation and management, and has application value.

Key words: immune multi-agent technique; comprehensive energy consumption of coal mine; B/S
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Fig. 1 Connecting coal mine energy consumption

equipment based on substation control
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equipment based on substation control

WRAEHE 2 WA R . LAY 3l 42 4 0 S 1 45 1Y)
IAZ L s FEAS RGP AR T 2 17 A REFE I BE 45



B ETHREZ Agent SR LR G RERE B/S Sh B Mk « 17 -

X HL RE R A I R A AT B R A B A
XEIE Y 22 B S T Ao T I R LK IR 45 ) A2 4
s, EBsE T DR R 0 B R AR B ER IR
Vo2 L (I R L R S g U S R e [T

2 A RADLRAE T R A TR A 5
OISR A

TERI I3 SE AT NI RE TR IH AR A 2R AL . B REA
(] (R TR 35 4 AR Iy A Jelie o D MERA SR I 5 4 77 2B 1 g
FEME R T BTG B AR A W S e AR vk
PSR T e 1 A&, BEFER » A
WATHE, TR o, (ysuy)  PABRIETE L3R T 7 45
HAEAE S B WIS o5 AR B A= AR
(i — )"+ (o —u)’ =1
Gy — D)+ (wy —w)? =13

@V
(i, ="+ (uy, —w)’ =1

(i, — D)+ (u, —uw)* =1
A Gow) BB A G B 1A
Fo (sw) NE 2 DT /G (yauy) B y A
B Gyawy) S p A1 R ¢ OB R 2] A BE B
BET . DAZRAME AR M R R g KA R A TR R O
rw = e (2)

Z(ZI,_Z]) Z(MP_MI)
H{ . . } 5
2(11, ]_i/))

2(upq —upy)

7
w:[} (4)
u

-2 -2 2 2 2 2
1] _l/)+ul _up+[/)_tl

e — {: eee :] (5)
l‘i,] - Zi + uiﬂ - M;), + [i - Li’*]

A3 MM R - bR i 25 1) S ek RO
W o o O MY R AR AR B 8 B Y T
HARMNR o e 93977 22 R B I o 3 2 o fis 5 1 7
SALE SR A E R A, TEdR Y U7 2 AN
AR AL E . AERCEEA L DI RAR A Ik
HR A = B0 I L A I 8 7 AR AR

i 2(i,—1.) 2Cu,—u)7"
[J&(g—in 2<u,.—uu)}
B — i — 1
[i§i§+u§ui+t5t?}

S 23 I M 0 P BT g A =T A

(6)

B A W AR BRI = R B AR, ALY
,ﬁﬁ%ﬁﬁ‘j (iq’u(1>  Csu) v (dgsug) /H\:EE%%‘U[]U
T Gaw) MEEEN R, ot . EITEAERK
ISR v P A RR IR ZE . B A AE = 30 i i 179 S Al
b R B WD D R R R 2E
3 AT F B/S RAM KB

72 AT 2

KB SR AR F st dE . U ZfhaEfE
PR B/S 284, 407 A2 M GE T o RE AR B
e 3 .

& ity s
""""""""" w| (%] [w] i
Tl 5528 g Eél g Bl e
__________________ A O T
B T EE TR

sprsree | [Crntemn | [CWEfEE |
L I
i ; v
W | B0 ) [Zk ] [ame ] [ A

B3 HWyIETIE& B/S BilZEA
Fig. 3 B/S monitoring architecture for coal mine

operation equipment
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Fig. 4 The structure of the deliberative model based on

immune multi-agent technology

WniEl 4 P . TR B AR L HERE AR
FIRLRI A% LK RO A% 5 i 2o A X B N s 1T
PREE AT (5 B P22 S g AL R A% 2R AT
Mo $EREDL SRR, BT R A E AR Agent FTR
JER SCHRFREAT . AR BRSE RS I AR R an s R
VE M o 8 3 A% 0 A T B g is AT MR
e, B — AR . He )RR

gwq>=kuun+ﬁ§}«mpﬁ>mggmhn

hel

D)

K (o) HZ Agent FEARBR )£ 3] bR %L B
R PTFE kG USRS g(heg) R
Agent 7€ h IR T AT SIAE 5 R B 5 2 5 i
s CRESEA . K O PATEE s = (o) NFF R,
M2 ) BRARE O S S AL LRI S8 T AR, DA e X A
N RIB AT B AT 1 BRI s, e e IR
g (hej)= (1—j)g.(hsj)+j[ B + pmaxg (h +j) ]

(8)

s 2 R B A K o R — A
Agent TR IHITH S, TE—IK2E ] LR a] LA
TRUE N S HRAS . FEPAT S BN ShPE G, BERE Xt 2%
EANGE R AT MR S . W B R B 25 SR A O R
WEFE A LI X SR 4 30 A R0 dl R AT X L, SE BB AS
Ay ]

5 dRIE W K 5 AT

B UE BT 7 2 0 N R . SR AR H 4 U 125
SERIEUE . 23 SR 2t T &AL IR AR 1 sl B W T
2 AR TR BB A 110 M 4 T R AR D X IR, B R AN
[F] 5 2 ) e P ROR
501 HREVET IZEEIETHE

R PR IE U 3 ) EL S, DA AR RS B Y
SR ML AR I XT 5, X E T 0 2 4 i A ik
T8 gE It BoE RERM R 1 h, 435 R 5 KA
Bl K AR A s A 5 . LLig A7 J 2 R il i
s, BAAZERILE L,

x1 BEFEBITHELRE

Table 1 Equipment operating power data  / kW
B 47 [ Feati AL TRl R
8: 00 1.0 1.1 0.8
9: 00 1.2 1.6 0.9
10 = 00 1.4 1.7 1.1
11 : 00 1.5 2.0 1.1
12 : 00 1.8 2.0 1.3
13 : 00 1.9 2.1 1.5
14 = 00 2.1 2.1 1.7
15 : 00 1.6 2.1 1.7
16 : 00 1.1 1.5 1.5
17 + 00 1.0 1.4 1.4
18 = 00 0.9 1.3 1.4

WG ORE = 20 v RE R B A A a0 52 43l X
H—XNM s T R R, #ad R 1 5 aT
H IR B AT YRR K B I AT Y R
ik, RSB B A M REFE W45 . 20 B Lk B
LAz MATLAB WX &, JF&E#E A REN



B ETHREZ Agent SR LR G RERE B/S Sh B Mk

« 119 -

e BUEAN [R5 3 10 N FHASOR .
5.2 IREEBEIEETMENR

B S BRI, o' K
L. Kk DL R 48 4 W5 5 A5 BB B o4 30, 50 Al
80 m, FHRUNKE 5 s,

2.4
n 2
1.8F m 8
] ’ .
[u} 8
> o °
# 121 [u] n
L] 8 ¢ 8 3
8 (o)
06 w SRS
=K N'@iS
© ST LR B A W T ik
o TR RER RIS s ik

1 1 1 1 I I L L L L
0 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00

] B /h
(a) B2 HIL
24
a
[m] g g o g
1.8F [
u]
: :
i o =]
Z 12} $ %
o u]
= o
0.61- = BRI
=ES @37
® JLT IR IR B A Wi ik
o JLF R AR & M B B W ik
800 9:00 10:00 11:00 12:00 13:00 14:00 1300 16:00 17:00 18:00
15 ) Bt /h
(b) 7Kk
24
1.8+
o g 8 ] m
& o © S 5 B8
<121
5 ]
R n 0
[u] o Q
o
o ° .
0.6} = SRR
O AR
® JET LA IEAR 0 B S WAz vk
o TR BRI A 1Y Bl A M= Tk

1 1 1 1 1 1 1 1 1 1
8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00
15§ 5] B /h
(e) L5
E5 iR

Fig. 5 Monitoring results
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