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An information interaction method for smart mine

HU Wentao"?, ZHUO Minmin"?, ZHAO Lichang"?, ZHANG Xiaoguang'?
(1.CCTEG Changzhou Research Institute, Changzhou 213015, China;
2.Tiandi (Changzhou) Automation Co., Ltd., Changzhou 213015, China)

Abstract: In view of "information island" problem which is common in coal mines, a smart mine
information interaction method based on resource model and constrained application protocol (CoAP) was
proposed from practical point of view. Two key issues to be solved in realizing information interaction are
analyzed: data modeling and presentation issue, that is, how information sources display the information
and services they can provide; interaction protocol issue, that is, how to communicate between information
consumers and producers. For the data modeling and representation issue, a resource model is defined, and
the information provided by sensors, corresponding operation authorities and data types can be obtained
through resource model definition file. For the interactive protocol issue, the characteristics of declarative
protocol and imperative protocol are analyzed and compared, and CoAP is selected as the information
interaction protocol which is more in line with the openness and expansibility requirements of coal mine
Internet of things. Experimental results show that the method can increase flexibility through options and
resources on the basis of maintaining the stability of the interfaces, and can easily and quickly implement
information interaction operations such as creation, query, modification, deletion and notification; unified

information interaction can be easily achieved by modifing existing equipments software, which lays a
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foundation for realization of smart mine.

Key words: smart mine; information interaction; resource model; CoAP; data modeling and

representation; interactive protocol
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PRI AN B BB LE AT . BRI B Ry
FoE 255 UhIRl L A s ar e Fn 3 PR

TR AR AR Y 2 1Y R R R B B
LY il o 4 Ll A A S e AR IR MR, B &
SN NS 7 T W LI B E L R S
FRILE BRI TR R AR K. BEE
A SR AR R A B AR 1Y e i 2% i U 4 1Y 2% RN BE
035 P SR R LA IS5 B AE B AR B B
HHR E. h TROTET e = 5 — MR A E B A
AR UE & R 1L 7 R G 00 BB BRI 2
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A% IR GG B R, BEE RS W
W2, R0 W JoE: B B R AU TR R A
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REAL R
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GEIT T WA S HOR K AF B A2 B M AP
P A T P AL RGBT S B A BRI S5
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B, S AR SNSRI kL B — P T
BRI AN A7 BR I #1 (Constrained Application
Protocol, CoAP) W4 Z 4 1L {5 B A H 7 vk .

1 BEVULERXERE

BLSLIUE B A T T R 2 A G B[R]
@ B A A Fe R [a) B, BPAE B IR ] 7R A O RE
A RE RIS . T EF R NE HEU L5
BAg 5, @ ZZH PR, BIAE SH 9% & fE -
HZ A mfnE A, e E AL R GEEE D HE
A
I ELE X T &

OPC UA [y 504 A5 5 SR T 11 2 — b 1T i) %
FE RS, AT Y AL RS
(Extensive Markup Language, XML) #% =0 i) 3¢ 4 3
AN AR T AR SR YRR B, Y R AR R A
AR X G @ e L B A T R s 2 [ ey
IR T —FZ R BE R, OPC UA # % s
BERIAAXS Wi A AE IR Z PR A A — &
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Fig. 1 The relationship between terminals,
objects and resources
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Table 1 Symbol syntax and allocation method
bR B AF Wk ik
PE — 5 32 X 42 H S B A
Xt4 1D 16 bit JLAfF5 K7 AT g

B4

ME— b3 A G2 S ply 2 iy

% 5245 1D
> S

16 bit TEfF 5 #l

ME— b AR G v A B X
S8 SO 43 L 78 X
HE#

PR 1D 16 bit Jo44 24

XoF G oy g IR A ) 58— B R AR AF (Uniform
Resource Identifier, URI) jj [0] ., URI #& = a0 F .
/O 5 1D} /O 452 45) 1D} /{985 1D}, i 4, URI
“/1000/0/100”F 7~ 0 5 H o 4% 8% 2% 1 52 i Ky
100, Hor X 42 ID 10007 27 B e A I 25 o X 42 55 f31)
ID“0” /R 0 5 5L B, %R 1D 1007 /R 52 i
& 100,

IR AR H XML A% 2 SO ik . A X4
FE AL R ID I | S B S 1) 1l £ S 51 4
B R T IR, A B e A 4 KL ID,
R SRR R AE IR S s s 2 S )
IR B AR B — TR R Y A A
XF G0 U gl 2 s

<?xml version="1.0" encoding="utf-8"?>
<Object>
<Name>$ﬁ‘f§5#</l\lame>
<Description> — kK P B E B R ¥ N </Description>
<0bjectID>1000</CbjectID>
<MultipleInstances>Maltiple</MultipleInstances>
<Resources>
<Item ID="100">
<Name> ST ff </Name>
<Operations>R</Operations>
<MultipleInstances>Single</MultipleInstances>
y</Mandatory>

ory
«Type>Float</Type>
<Description> i B#E I I P £ 3K BE </ Description>
</Item>
<Item ID="101">
<Name> B 7 </Name>
«<Operations>R</Operations>
<MultipleInstances>Single</MultipleInstances>
<Mandatory>Optional</Mandatory>
<Type>String</Type>
<Desczipciun>$ﬁi&&l&(/Des:xipcion)
</Item>
<Item ID="102">
<Name > 1 B fH </Name>
<Operations>RW</Operations>
<MultipleInstances>Single</MultipleInstances>
<Mandatory>Mandatory</Mandatory>
<Type>Float</Type>
<Description> PIZ IR BB HE, wICL#® </pescription>
</Item>
<Item ID="103">
<Name> 38 ' 1 B 44 < /Name>
<Operations>E</Operations>
<MultipleInstances>Single</MultipleInstances>
<Mandatory>Mandatory</Mandatory>
<Type>Boolean</Type>
<Desczipcicn>*§q’ﬁi&&ﬁmﬂgﬁﬁﬂirﬂﬂ</Descziption>
</Item>

«</Resources>
</Object>

&2 WAL R B IR AR g S
Fig. 2 Resource model definition file of

methane sensor
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b A7 L X R A B VR AR AN A A 2R A A T
1838 175 6 % A 22 T B AL Gl A BT B AT AT R A
.
1.2 ®RAEHIK

N i DL R e 0 S R o Dl = W i
A2 L FE AP O AT 4 (what) TR
IO Ay S B Chow) o — M 22 F1 4k i /0 L 2 5 A 4>
PRSI 50 G o] A 2 B — P AR 5 AN [ 2
REVCTH AN IR 4 10, 245 407 o 3, 2 S R A% JR 2 8 R 4
i Wy S G P N IR N (PR EYRE i1
T IV P R A BRI g 4 2P S 2
AF I AP R 2 R0 2 80, WA B AT TR g g .
A B B AT B0 B9 T OV AN R L B R 6 7
KA HTTP, Modbus %5 fir 4 54 b 500 38
e ORTE B DR R 2 A S XL FTP
PSR Y ) i 2 ML

i A 2 P IULE 3G 08T D) g B, — R B8 i
FR iy 2 5 DT 5 A 5 P S0 R P SRR S LR A A L oy
TR ) s A R 2 OB AR R ELARME S
1717 P B O 8L — e 2 O 4 P 380 0 R 1 3 e 1
GEUR 4 7 TSN D RE R L T AT AT 16k 1
VEFN 7 & JR 5 oK . 2 FE A CoAP L IH B A
1% M AL & B 1 ( Message Queuing Telemetry
Transport, MQTT ) Ml & & W & A 51 B X
(Advanced Message Queuing Protocol, AMQP) %
Wk R IR, A S F CoAP A {5 B A2 H .

CoAP J&%& My i 5 B IRRIH 92 ¥% U5 52 PR B 45 14
T — B 32 AF MR A 55 F% (Representational State
Transfer, REST) Z244 iy — i i 2 Bp s L e
PR O 5 — @ o URI AR B8R, S HE 2 Rl 17 28
Gt r X, HRTC WK M h AR Z 0. CoAP
HEAEXWE 3 FR .

1 byte 1 byte 2 byte

Ver| T | TKL Code Message ID

Token (if any)

Options(if any)

Payload(if any)

B 3 CoAP il Bk
Fig.3 CoAP message format

CoAP 8 B A3 1% 3k ¥ 45 5 Bt . Token {H | &
Payload #7 i £4 (0xFF) il Payload, H ' Token {H
FH T A8 SR G IO 08w 1y SGI o Sk A B E
Xanr

(1) A S (Ver): 2 bit Jo4F 5 & #, [ %
CoAP A,

OXFF(if Payload) |
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(2) 2EIICT) .2 bit TEAF 5B, 4L £ CONC0),
NON((1),ACK(2),RST(3),

(3) Token & (TKL):4 bit Lff 58 A, %
RAEK M) Token FEt Ay & (0~8 byte)

(4) 5% (Code): 8 bit T 15 & # 5, 5 4> K
3 bit A7 B 5 bit FEAIFE B . S Ec. dd”. 4
KAF B ALFE K (0D LM 13 (2) L 2% 7 S 5 15 e 7
C4) IR 55 gl 2 mi 37 (5D, 2478 B S — i sk g s
Code FB R mil K I 3 K 445 GET (D),
POST(2), PUT(3),DELETE(4); 474 B & —1
e iz B, Code =7 B AR e ma iz AR A .

(5) 4 E ID(Message ID) : 16 bit L5 53 #,
R Rl NSE S i =S S UN i P W
1.3 FiEEA

Mk 55 a5 A2 P i A2 B FE AN 4 Fros . O T
75T 1P (28 ., o H Be A I ol 38 I A IR 55 4
Uiy B3 7V 7E e AR AR 1) UART B A% — A4~
ESP8266 JoZk A5t H , I 45 Bt HY b 1% Jek g 1 4tk A 2Lk
2B CoAP PSRk Fe BB AL . & 1 v {f ] —
Gt H AL, %% Firefox W Y #F & Copper #fi 14,

Copper J&—F CoAP & f ik T B, £ 5
TFEALZ E T Wik 47 415 .
1.45.255.1 1.45.255.2

(a) ZH TR

€. 2

(b) k%%
B4 MRS 25 F o A8 B
Fig. 4 Interaction process between server and client
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Peo vk o A5 4 AL 58 i ESP8266 A Ht
(R 38 15 5 52 B B0 W0 s A% Bk 2% B B S aE AT
CoAP PMUfEHT SR 5 AR 4E URI K431 25 & 45 4T i
UL ; B bR e IR B SRR S AR LA R

AR 7 D A e 1 7 A SR A L 5 R IR R AR AR T
BT SR 2k T fF 3 R 45 SR A% Ak SCA L JSON
(JavaScript Object Notation) 8{ TLV (Tag-Length-
Value) S 4% 30 AR5 K ik 47 CoAP 5] % ; CoAP 5%
Fi I CoAP Wh UG SR 45 R kAT H 4 AT . K%
2538 R B, e 5 AR R T i . AR A A
TAEAE 5 R
| A P |

CoAPE|
[ o | |waﬂ@|:

|

R TR -
; P |
o (00 e

_________________________

K5 LA Fk AR

Fig.5 Sensor software process
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)35 R S N 2 it FR AN ] 6 BT
(332
BRI

| GET /.well-known/core

! 2.05 Content
Content-Format:application/link-format
| </1000>;title="F k& R 3§ ";ver="1.0",</1000/0/100>;title="SE K} ",
| </1000/0/101>3title="8AL", </1000/0/102>;title="{}R B {&",
| </1000/0/103>;title="1 B R & ("
I

GET /1000/0/100

|
|
|
|
|
|
i
D\ g
|
|
|
|
|
|
|

|

I

| 2.05 Content

| "0.47" SERHE

[

|

! PUT /1000/0/102 "0.8"

' packizes
E 2.04 Changed W

| POST /1000/0/103 "1"

| P\ mEARR
| |

M 2.04 Changed | REE

6 FP e A5 AR AR o L B 25 R
Fig. 6 Request and response process of

methane sensor
(D) IR TR KB . A I O R BLA &S
MEHAS 2 Mord:. #ATER B EUE 2 FroR
FH e A B 28 R RS TR SC A B0 25 Ty 1 ) 2 3 o 5 s
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CoAP P ERINTE 2 7 i 1 5K U7 18] 1% % 428 1) 3R [m]
application/link-format""* #% =X i ¥ IR 5] . L 10
Rl i e Copper i £ /9 “ Discover” ## it &
LRI R BLE K .

(2) PRIUAL B ST IR . 32 BT IRE S 1R B 5
TR T RE L i GET J7 ¥ ot i H Fr %8 8
() URT BE 350 R 7] 3 5K 4R O R ¢ U6 A9 (8, 52 56 rh H
fe A% I S 9 URT A& %/1000/0/1007, 45 3%
AR E BRI T BOR H SO .

(3) WHEAEGMEN., SZHREBLRFELR
H A B NI Ee . ik PUT Jy :m A #x
PEUR URI BT K 2 80 (8 BD Al 38 SR 08 Bkt B 98 I8 1Y
B, W hefe B &/ URT 2“/1000/0/1027,
Vi) A BR Sy <A1 352 057 48 B R B R 1E] AR A
2.04,

(4) HEG RSB . A SO E RS H
T3 SRR A SRR AT S SR A . T e AR A
HE Y URT 2/1000/0/103” , ¥ ¥ U8 T $ 47
BEUR G POST J5km H AR B8 URT Kz 24 H Af
TR IAT AL R4 o AL A M B 3 5K 5 A H
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T B IR AR 2. 04,

2.2 FEBER

o 1R AE B A AR RE L 22 100 YR AL %
aefE T B R WA R I ZE L 25 SR 7 s, ]
UL AESE R A T AR B E Sl 100 ms 2245

150
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w o
S O

16 31 46 61 76 91
KR UK
B 7 R I 2
Fig. 7 Round-trip delay test result
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