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Distance measurement between bus equipment based on RS485 data frame timing

BAI Sizhong"*
(1.CCTEG Chongqing Research Institute, Chongqing 400039, China; 2. State Key Laboratory of
the Gas Disaster Detecting, Preventing and Emergency Controlling, Chongqing 400039, China)

Abstract: There are a large number of online equipment working in underground coal mines that do
not have positioning function and the equipment installed with wireless positioning are susceptible to
electromagnetic interference, resulting in low positioning accuracy. In order to solve the above problems, a
distance measurement method between bus equipment based on RS485 data frame timing is proposed by
combining the time domain reflectometry method of cable fault location and wireless single-sided-two-way-
ranging time of flight method. The method uses the communication cable as a carrier to measure the
distance between master and slave computers by using the flight time of communication data between a pair
of master and slave computers. And the equipment along the bus measure the distance between themselves
and slave computers by monitoring the data so as to realize the distance measurement between all
equipment on the bus. Moreover, the one-dimensional distribution of equipment can be calculated based on

the measurement results of 2 different reference slave computers. The factors affecting the distance
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measurement accuracy are analyzed from four aspects, clock frequency, master-slave computer clock
deviation, circuit time delay and electromagnetic wave propagation speed. And the corresponding measures
are proposed to improve the measurement accuracy. The method uses one mine intrinsically safe display as
master computer and eight mine sensors as slave computers to establish the test platform so as to measure
the distance between the bus equipment. The results show that this method does not need to change the
hardware and only updates the software to measure the distance between all equipment on the RS485 bus,
and a one-dimensional distribution with the master computer as the origin can be established. The distance
measurement error within 5 km of the cable length does not exceed ==1.5 m, and the measurement result is
not affected by transmission loss and electromagnetic interference.

Key words:intelligent coal mine; underground equipment positioning; distance measurement between

equipment; RS485 data frame timing; cable fault location; time domain reflectometry method; single-

sided-two-way-ranging; time of flight method
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Fig. 5 One-dimensional distribution of equipments
2 EEEBEEBMNEBESHT

BT (5) 2 (6) AT 1, 145 ] I ) 2 A P S
T I 20005 B2 L H W A% 4 R B A G . T I I 2R
JE 32 B T B B AR L S DAL B A g 2 R
PO AE , PR SS—TWR TOF 6 i# 17 1% % (8] B
B B ISR E DA T B B A0 5 L 32 DAATL I O 2%
FL % B AEE | R U AR AR B 4 S DT AT A0 AT L IR R
SO 7 46 it 45 e 00 R
2.1 b ebEbARomR &

F AL AL A W A it 20 1 1 it 7 X MCU 1y



2021 % 7

8 2 % . 2 F RS4A85 2% 38 Wi 4+ Bf 69 % 2% 3% &) FE & 0] 2 + 95 .

RGBSR A PR I i b A < 20 AR 9 — i e
JATI 2 4Rz 47 B Wk i 20 T Gl 3 B 3R &R 4
THEARE N 153,
N
Tma—rnors
A K ph RS A Bk T 130 A Ak A MCU 9
VRIS STy A1

TEM SRR 2 K AT B R/ — 5 11 ol
TR N B, T R 22 B R i K=
10X107°%, f=100 MHz,v, =2 X 10®* m/s, 2§ N=
10* W IR 22 20 0 10 s, BB 22 49 M 0. 2 m;
MON=10" W, w22 298 107 s, BB i 22 20
20 m, BEE N FE— B H TF I 22 18 . I,
VTR WA I 220 5 AN SR F T 50 4 % K0 f T
SR FH I) — 31502 A ] I 220 %9 A0 0 KA . LAV Bk 2t
w2, HAEEHIAE 10" B g,

T L B R T S O RORS JEE L 1 SR e PR
Tt A B Ry 4 A b AR BN B R RS R AR R AR
KRR TT IR 5 B J5 SR FH T 50 AR X 80 q 4 266 X
B R Ry R ah R 25, HBE B I i LA
5 ke I, TS A X B A BT 10" BREE.

2.2 ERAMAAER E

ML S s B s ORI 2 . AL A A%
MHLE Bl S s 17 78 & H MCU & Ge i b L il |,
HHEL 2 0] AT [ 20 P R b Ve 4 EALAE — T 2 AR
AR [ 15 20 AAIL T 5 e 18 1) 22 (R 2 BE ALY o I (B RS
INAETT EA B LR R H) 107, 10°, 107 R
R R B i 22 JLoK LR LA R E R L,

B XS S DAL I ol 22 ) R0 SR PRSI D7 125 2
BUA T B (ERS e A I A 5 AL, DU 4 5 LS 32
LB 8 1 ZE & T TOF, B e ik 52 B[R]
o A LA AALR FH [F] — T+ B0 g 1 A X B e i =lE
2t Xof 5CAFL o BRI TT A D B AR IR Ao Qi 22 Xk BE 0
AORZE . DRI S 32 DAL 36 P 3 045 AR X 50 ( A e g
i i 22 7]

2.3 WA

FEVHE AL Z 6] Y BE B I, TOF AR 4 = LA
2 ML B RO O IE 203 58 3SR A R R T R A
WAFR TR TOF 4b, b 6 8l N MCU 3 5 26
R MCU Z (8] (4 H i[5 58 I SE o [ 5E I SE Sy

Atoy = Alpwas + Atos + Atisy + At (9
o At R BUHE N SR A% 2 FHL MCU 1 i}
I 5 Aton B N AL MCU A% iy 2 8 28 B0 1 S
Aty 08U WAL E; MCU % iy 2 828 1) i) 42E
Atigs 0 YR N B AE B 2= AL E: MCU 19 v
I} 3

(8

8 [ E mEAE N, B AE Gl (E R 80
TOF %y
1

To| = Kl { Tow— fAtgaas — (To+ fAtop) —[Ti+

_JAlw

2

i [0 72 B S A1 o FL JH s S 3 40 355 4% B I 9 3 U
ALG IR AT RE , Xk SR TR BE AR AL T L 43
S BE R 0,1,2,3,4,5 km #3815 B 4055 3 F 01
AL sk 2 3 1 00 e BN SE L SR LR 1, WR
WL B K B Ol O B, R B EE ([ AT [ RE B EED
95 ns, f& 4 1 A5 A6 5 BT K IR AE A5 A1 36 0
180~210 ns, A ¥ /N H [ B 28 Xof L 5 00 o 00 52 1)
SR IO 2 B AH R K R A FR B B REE B A L 45 F)
% TOF,

SAtigy— (Tix— fAtws) 1} =T (10)

1 HPREIE TORK BEARRC S,
Table 1 Kilometer length calibration results of

circuit time delay

ML 45K B /km 0 1 2 3 4 5

FH i Bif Z2E / ns 95 270 460 555 760 970

2.4 WELEAERE
I B2 % 1) BE 25 0 o R U0 76 38 5 FRL R
r R A f76 T R o R R A R R G
4 TR A 2 B o 32 AL =2 [R] 9 1R 5 R
D, =Ty +dv, = (1+dD, (1)
2 d Ay L U A ) S Al 25 %
% d=2% M+ 1000 m FLZEAT 2% A 2 m,
AT D, R U0 A G R R X O 5 SR A K
FL R A 9 P 5 L S b R DDA G
v, = —= (12)
Vier
A, KA AE HL S8 N2 4 S A 5 A X G SR e,
Sh 3 {7 FL A A1 2 4 G5B 5 A AR G A B R
M A2) R A H oG I A 3 15 88 b (A%
W SR A S E 6 B T AN R A Gk
J0T o A X R A SR FH E 8 B I 3 Sk S o A
FRy s o A B 0 A P R AT R B M R D A
SR L AT A R R AT BRI 22

3 KELEIE

3.1 RXE-FE

RIEEEME 6 FrR. 1 G0 AR DR 8BoR 5
JENL (B, HiE i RS485 4k 42 8 & M AL
(E,—Eg) . f11E 4 & GD4 Rk £ & 81l & %
(RIFRIR BRI F 4 & GIG100] (B) 45 1 0% W ke fl



. 96 o 5 B

%47 %

A AR P e ) . 1 S (ED AN 1 5
BEAG RS (B @ i o HE 5 i 48 MHYVP 1X4 %
FEAERE T ML 100 m AL ;2 SR AT (E) Rl 2 %5
H e (5 2% (E) A6 FF £ AL 500 m L 454b;3 5
T T (E D) Fl 3 5 H B AL B A% (Eq) 3% £2 78 1 3 AL
1 000 m HLZEAb ;4 ST F (ED) M 4 5 P e 4 JBR 4%
(E¢) #B4EHE E 4L 2 000 m HLZE4L . 31507 Rk A
F AT SR HLE, E LRI E,—Eq , X R
AL 25 o 81T A2 s 2R 47 2 ST 3 A

100 m | 400m | 500 m [

WA 221
BR 455 F g5
BIRBE(E) | s
s (E, MmN g, HEE E) S (Ey)
15E 25WET  35WEH 45T

(Ep) (E3) (Es) (E7)
K6 ETEa
Fig. 6 Experimental platform
FHLAIMAL MCU ¥ f] STM32F407VETS,
IBATHIJE B R  H 8 TIM2 R 32 £ 3 ) 4k
THECRS I I R g 84 MHz, 43 W L Bl 1
(R0 TIN5 8. 4 X107 (X A4 1 s) 4 18
it B TIM_GetCounter (TIM2) fifi #5114k #8 TIM2
ENIEE
3.2 RIE AR,
FHLA M HLZ [ TOF 38 1 5 48 it i & 58
B SR FH FEAILFN PAAIL 22 18] f A% s i 4> ot 25 4300 2, i
AR 2, LISE 3 A IR BB 1 A B OB 55
BHEAE N T 2
2 R AT RS

Table 2 Format of timing command frame

TR 1 1 1 1 8 2
A Wk sdkS RS WIKE MR KRR
MAHLRLZE  wisk  HHES  KEarA BIKE BdE KR

TR 56 A5 R AL 5 H R D A% 1 R L 2 ML
B L 3 B B — A A A

(1) R % % 5 B K. B (5 2R
MHY VP 1X4 8 A5 4 A4 5 kL 4B 100 m
P K R e 8 A s ) S e 0 e 48 2 AT
TR B MY LR AL R IR W E A R
MHYVP 1 X 4 g i 9% 15 4% 3 Bl 1. 94 X
10®* m/s.,

(2) F MHLBE Bk, k2 3. © FE AL
MCU MY E, , 78 & 3% 56 4 B iy 2 W25 3 5245 i il
PATEEs TIM2 (AR EPLEXRZ T, @ E; #%
WA B i A i 5 3 19 B AR AR T B R TIM2 {EAE
ML 2 To . © Es 320058 1 WS J5 3

B 35 A5 of iy 4 o 28 Wi, & 3% S8 55 3 7 1 Pl AR
o TIM2 B AR N ML K 2% B 20 Tos, I K 4 B Ay
A WAHT 4 FAWRAEN Tors )5 4 FWIRER Tass
& 25 ML, @ F2 ML R0 R i Ay 4 Ry 2 i i 55 3
I A A B S TIM2 {8 4E o 35 ML 4 i it %)
Tewo © T 32 AL Z [ B4 15 5 )5 TOF 1155
FHLHE; ZRIMEEE Dy, © HALMNLE; (=1,
24,5, 00+, 8) A2 3k i W W BA 8 A% i R AOE B8 L 1 SR AR AL
FE WO ] B i s 2 T L 2 N AL 2 0 B i e
Ty 0225 AL 2% B8 8l B 220 Tas AR AL 422 00 7 245 4K
Wit 20 Topwa s PR AN S E, 2 18 504 15 5 19 14
TOF T i IANL S E; ZEMEE Dy, W
it A b, B A R e R SE AL, BT AT A0 % I %)
TOF ¥ MR R . nl4g T, =408 864, Tyx =
103 742, Tys =1 363 892, Ty =1 669 463, Ty, =
441, Atysy, =190 ns, Tos =433, Dy; =500. 01 m, H
A ESHE WL 3, v Aoy S AH I AL AR P L J6 [ 5 Hsf
HE, RE L E W T A A ML ISR 25 B B 2 T e
FEHE S M 54l 16 22 T /0 D R T R RS AR —
ANE IR S BT AR, %6 o 3006 Jin 8. 42X 107,
423 A ) A 4

Table 3 Test data of distance between equipments

AL To T jEnd Tis  Atojp/ns Ty Dj3/m
E, 15 342 1275 845 351 119 346 399. 55
E; 38 932 1299 436 352 119 347 400. 70
E, 76 942 1337 101 9 190 1 1.15
Es 1088 541 2349 162 456 540 433 500. 01
Es 741 006 2 001 626 455 540 432 498. 86

E; 83089021 350539 1338 920 1299 1 500.04

Esg 718 1262235 1337 920 1298 1498.88

HRAEIR 25 5 o] 0.y 5 EHLAIEES y 500. 01 my
LLE, 2% .E, 5 E WIEE R 1.15 m,E .E, 5
E, MHE 4> 514 399. 55,400, 70 m,E; . E; 5 E,
4585 4351 & 500. 01,498. 86 m,E; ,E; 55 E, &
433k 1 500, 04,1 498. 88 m, |E ML 10 &, &
AL 22 ] 1y B 2 145 DAL =2 [ f B 8 0 A AR Ak

(3) EMMLA & — 2o A5 . & ML E;
5 EHLE; 5 H Al AL Z 8] 7 BE 2 Sk — 4 b A
i o BE B B0 e 2R W A ML A s 13 AL
I E ML, L 3 AL Es i rEay ., DL E;
h 2 EE AT, AR 45 R L ER 4, HAh AL
RN Z R 22/ T 1.5 m i, %R 2 5 M
HURHRAE — &, FIAH ) A A5 3R 7 o LAt A HILASE B AR 4
K Bl — 2 A bR, DL ML Eo A JE L AL
E,—E BY—4EA8 bR X=1[99.89 99.89 500.01



2021 % 7 A8 % b K T RS485 2% Wit iy o9 B Kk & 1A 3B B & © 97 -
500.01 1000.02 1 000.02 1999.47 1 999.47], BRI A I — 4o A 7 TR
F 4 HLHFEES K —4E ARt B 45
Table 4 Calculation results of distance between slaves and one-dimension coordinate
LT E, E, E; E, E; E; E; Es
#i Es B/ m 399. 55 400. 70 0 1.15 500.01 598. 86 1500. 04 1498.88
FE Es BEES/m 900. 71 899. 56 500. 01 498. 86 0 0 998. 87 1 000. 02
— YA bR/ m 99. 89 99. 89 500. 01 500. 01 1 000.02 1 000. 02 1.999.47 1999.47
0 99%Hm  S00Im  100002m  199947m BB A T 5 5 L T RSASS i 34
i A L ”| ~ £ 0 % SRt VTR S B K R LT 2
ol , 4 } OB 5 O 4 0 B
L DN sy (o I\ vy ﬁgg %ﬂ%fiﬁﬁ e oLk RE I%I’Jﬁﬁ:ﬁlfl‘?ﬁi (ERZ PR/
1%&%#2)2%%%#&) B aR ﬁg@j#gﬁéﬁﬁ ’%%@I:%ﬁz\gﬁéﬁﬁ IR
(E) (E3) (Es) (Ey) SRR NN S N il - D S R R A Y i

K7 R — 4

Fig. 7 One-dimensional distribution of
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