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Fig. 1 System architecture diagram
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Fig. 2 Solution optimization process
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Fig. 3 Functional flowchart of the ore

extraction planning module
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Fig. 4 Main interface of the natural caving mining management software system
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Fig. 5 Start module function panel
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A Y B AT 7 SR AE Ry I B 1) G
TR B R O A . R A SR
O™ 5T X e A B G 5 R
KRS AE S il 18] 7 0 HE 7= 45 7 5 57 iz AL A B2
B B e flt 45 4
3.1.3 WM It RIS

TR T RS P 52 I rp 0 A 7 H A ) B

B, eom - = N ——

= B lE @ E

Bitdl BN\ BFE B s FE By S8

EA HESX B8 "E HF& H&™ 8
Bit#l

==

PR 3 19 70 % o3 fife 55 000 A HE 7™ . 2 e T A WL
K7, B LD RS R kAL 8 F IR
AR AE ) az i B 2k R A R SR L XA A
PR R RGN R, 2 4 RSk A K
AEVAVH Z RGO IR . FRGE T AR SRR
XS HEAT 1 IS A R S8 IE SO
B HE AL

e BEES P
oY = By R Bitd SH IR FEEE
B2E FRA HFE B %

Bit#l itz pl]

7 BRI R AR Th BE E AR

Fig. 7 Function panel of the ore release plan module

RGN A A R T RSN T A
R LR S KA LR LRI A 18 a2k s
B BE ) Bl KR 45 . 32845 B s i
R ) 301 L FRGR A S T BRE B A T 2R 5 4%
i QRSN B S R o e 3 T SR =
T3 Ak 242 B o5 VR BE RE ) 45 R L B SL AT A 5
PR B0 B A s ) A B Sy e 2k HE O B 4R it
2R,

TETH 3 2B B ad A, T AT R B A
s RS 5 ce Jr 2 A S BT A R B R
YRR A 7% 48 B0 O0F S AP RIS RO, RS
GRS TR VAN I N R NS R B
AR R SR 20 S 1 5w B 3l 4 9 e O ik
WPy 5 B g A s A ST AR AR B A 7 E AR 1 B
Bt it J) 45

WAL 3 G0 SCHE R AN (6] i ok 22 S Ak 4%
il SR W, AT AE TR0 4 i B P R R S T R
it A Z R Oy X, DS NS R IXCBE R TR
3.1.4 EF-EEEHR

A 7 A SRR T ] SR 0 VR SR B 3k AR
TR BT B Be iy 2 7 AR gt o i B A R SR
IR SR SR DR AR RO SR B 2 | [
25 ) DI A2 e 55 ) 8, HE ) g T A LA 8

DR gt SR iaE . RS Er
X TR A 77 A AR T o L B 8 BT I A OC
AT A st B S5 B0, &5A0 215 .
O™ A R A R DL K A R R H
THI 58 B B0 58 1 55 T fig o 52 30X AS [+ B ] R
AR EE I R AL



74 R % 45 %

REEEE 0 ¢ £ @ W dMds

TE A0 XEE Bitdl Bitdl Bitdl sBiE  TEEE $EERE BhRi Bhel i 3l SEEFER 37 §E it

HE &k R= B= R= B= &= HEE FEE YEE MEE @ §TE a0 R EHE R
REAT BT BRI

8 HFEEERINEEER

Fig. 8 Function panel of production management module

2) AR S KO A TiRe . AR A IR
Peahi Gz (B 4540 5 7000 8ol 4 45 0 &
JEE T P 4 e v R )1 T A7 A T A ) T
EITEN 1Y 228 2L K 408 5 50 BT D se . EDUL I
WO i R B 2 () A AR 5 it A AR

) BRI S AT AT RE . REA T HL
AR R 55 S bR AR 7 R, SRR IR i 2 R S
T i R DA 56 ) = 4 SR B R AR/
B Vi T A 2 T L S PR OB R B TR B Sl
I K i e U R T 4

R A R W & A A ] RGERE S Bl
BIER a A5 A AL 5 R S PR A B HOR A
GUNZS () RBEZRG A AT O RO 51 KU
3.2 BIEERS

B R RGBS AT RO IR A R

W padmin i
ZHO REE WEE NBY IAD WHH

PO EWEBERs/R19?

WO T3 58 TSRO | Ml BRI R A 5 A 2 TR
FRMGE—EH, v ERT R PRI R R
222 U0 5 B A B R OR L AR RS Post-
greSQL 1E IR ZEURJE & HLR 4. PostgreSQL
HA L5 15555 56 B L 22 WA I 2 15 L
B3 [0t A BEAE ), BE A8 v AU SO SR 2 TR R
Py &5 F AL 5 25 A A oK

F G0 R R s Rl g5 2 e
JZ&— D TR0 2 5k et i PR A A B Y
JEURAL 5 BB A R . A0 B TR T SO R
FSON/ Y R VAN €A B DN SE S RN €1 TE
RG] r 55 2 582 n] 52 BB I3 BT R
R Gevt i s A 4 1002 ) i 45 1 R A B i 2
OB NCRSITIEGR ALV P €/ o SLREE X (R TN
9.

-
(@
z Ry
-1 PostgresQL 9.5 (x86) (locahost:5432) 0D 176624
=
ToRe - i poscgres
jox A po_defauk
(3 ok AL
(3 o2 ]
:ﬁ e ']
ATREEN) 4538
(3 pics - ERE
e = EH) it
&) phe - s
@@ aRQ) = oy
BiHgRS (0) = IkRER 0
4 1 (2) =EEEY =
=@ ®a (1) “#0D? =
&9 publc R E
¥ A (0) ey
1% (0)
FISRE (0)
il Frsiag (0)
B FTSHiE (0)
L FTSiRiR (0)
&8 @ (1109)
& g ) (91)
-6 iRk (92)
- Customertst —
- Desgn L sttt ——————————————— .||
@-[ DesignFault -- Table: public."DrawPointGrade®
- DesignOrebody
@[ DesignRef -= DROP TABLE public."DrewPointGrade®;
- DesignTerran
-9 DrawConeDetais CREATE TABLE public.“DrawPointGrade®
& DrawCurve (
@[ DrawPont 1d bigint NOT NULL DEFAULT nextval('"DrewPointGrade_id_seq™'::regclass),
@ DrawPontBalnceDaiyRecord “drawPointld” bigint,
& % DrawPontBalnceDadRecordGrade SSmeTypaldy bigtosy
@[ DrawPontDalyPan jpeaids xomxic
- DrawPontDalyPlnGrade CONSTRAINT “"DrawPointGrade pkey" PRIMARY KEY (id)
@ % DrawPontDakPanGradeNew = -
@M

IS 7E postgres@locahost:5432 50 msec

B 9 PostgreSQL it EEENO

Fig. 9 PostgreSQL design and management interface

HRA% 22 G2 U B A0 K0 1 T AR oL R G AR 7Y
B PESRAG R 35 Z D I RETE R R . R B AR

Bt 7 REIE R I X BGER  SE B R
bR % LI A 3R T 5 00 2 e R R



% 2

B F:BRREXRTHRNEEZLZAAMAELE BRAFRL 75

RT3 J2 i AL R A AR H HE R R
IR R B H O R I o OB 3R LR
Bk s idE R LR E RE, SRR
Z )5 2o 3 B 5 A B A T OB T N e B 1Y) A ol
WHLARF  LASCHE DT AL TR0 4 ) B A 7 4 2R
GO IIRE .

F1MER 2 R TR T BEE S
R 2553 2 b L BCH R A 25 4 i S, 3R 2% Jm MK
i 2R LIV RE W SR B 2 B OC R AR AT T MLTE A
i T8 D) T E—An U0 % I e O Ak
25, B DR BCHE 52 B P 5 a8 W 5 A B B (i
drawpointld.,OreTypeld) FHF 8 57 A A B i 3 =2
[ F) DI5OG 2, S AR A 1) J2 SRS 5 58 1 U
¥ Bt (U0 grade, price. recoveryRatio) | F T 4%
fift 53T T R b R & T RS

1 BUHARBEREN

Table 1 Data table structure of design scheme

5 4 B 2w AT Ui B
D bigint i EHGE D
name string I VE T
Cost float P R 3 1A
Density float P R
LosenCoefficient float = LN ER
AverageSpeed float & 4R R
levelCount bigint s T K Bk
sliceHeight float = O3 2 e S
advancingSpeed float P or JE
price float & ik
recoveryRatio float & [l
cost float = e e A

xR2 MV RSERUBIEREN
Table 2 Data table structure of drawpoint layered grade

Blg REANF

e FA ok ool
1D bigint w5 FHE GBI D
drawpointld int IS W A5 1D
sliceIndex int P TRT S
coordX float w b 5 X AR AR
coordY float = Pl ALY AR bR
coordZ float P ol 5 Z AR
oreType int P FeiF AN NULL
slicelD bigint = Ba A (A 8 s )
OreTypeld int & w4y )2 1D
grade float e B ID AILE 1D

TERGL s AT i F v, B0 e 3 i 48— s e
LRSS Jr T R T ) R A 7 A A 1
SEBFAS L, P IE A o8 OB S BRG E
(J& 102) 5% 4% (E 10b) 7, RS A 3h 58 i8R i
B Bl B 5 0 2 L I 3 T R AR R A B S TRl AR A =
AT 5. BRI R A it 2 DL I 10
(o) o Horp B 0 He ik Ol = 4 B BERE AL, 1 [ 4R
TEAE RO J5 i 5 03 2 AL S A B U

BEAL , FR GE e HE FE 2 T T 58 3 0 AR
#An SR LR A sk B Rg sk . E Rk
3 B B AR S B AE L 0 DR R GEAE KB Is A7 i 4L
et S5fkeEt, M PostgreSQL )5S [H] P
JE ) fE (PostGIS) , 3 4t fig 1% 52 3 b 21 =5[] £ 4%
550 Il = AR (4 1 A ) 5 2 B e A, R )R 2
R TR AR AL 5 5 T 5 S XU G B A 2 A3t T
1) BB L Al
3.3 MIFERHA

Sk B T AR A s R O TR A
ARG PR A 7= 5 R N RO 5 TR AT AT
P ARG T8 WA O T R B3 0 T S5 as AT 1A
i K 2R G TR TR 5 A% B 2 SR O
AT R LG A BT - DA BT 6 R P IR T ARk
T 25 G 2 U 0 4 45 T T VA I FH AR
3.3.1 MALE

- ST 57 7 A v D AR T kL P I Y R TR
P DX, b TR R AR K A FE VR L vk i ) A
JEEER B T U e JE G s R A S I,
R F SR 95 ik iE AT R, W AR TR RE )
1250 J3 t/a. TR XA 3 & 5 B K LR 24 [
IR IR RS R . RS PR
KX RHB A0 X B 5 Hm 5E (| 1D, HR
VKA 2 TE SRR W 25 T S W e kL N E R,
AR BT 208 R A i 45 9 I KUK . R
VKA ) K Bl A R B IR A IE B0 A, 2 BB R R
WAL BN 67 A 5 A0 B AR, BB A L
AR A et 5 2k

BE 2023 4, % W& C JF T 13 700
A RGE AR B A L. b S o
RZ AL RS S AR A TR R ag ), K AL TR
IEFBTORA . b aR AR = R AR A 1545 55 48 50 3K 2
FR O™ 1 K00 44 o X LA R bsf g 07 R 3 A8 A L 25 B
TSR AN Y5 45 Jey i ok 2R m R ] b 82 0 3h 5



76 4

A % 45 %

bk fiocaltost LR

o 5432 o 4uLl%  localhost/plfk-20240521 RE
S - pifk-20240521 ki rF  E\BUGESDZH\.iod g
e postgres
B [eeesse A Rifi
AL R -
[ s i ‘ HT e ] B P ] TR pR ]
. . <

Ca) B3 PE 2 BT 8 5 (b) B50HIR 2 3% 426 5 (o B30HiR 3 B 5 A 80 A it
10 ABEEEIEBEEMER
Fig. 10 Model generated from data read from the database

B 11 HhRIBEIG
Fig. 11 Surface collapse pit site

3.3.2 NMARR

I 0 FH 45 2 WL A 2 404 Bl o 45 o A
P B R T A R e B AR 0. 3200 &2
Ao T AL H O Sl BE U0 7 R 2 T AR
HIAE 0. 01 % LN,

WAL S Z8 G038 52 X TR e BE O U B i
Jr g G A Bk SRR A B —
FERRFEE ] B VR M R AR 2 0. 5% . EH
W2 3. 2X 10" ¢ WA AT 47 he e

a0, 320 THIAL X R GE 5 B H ATk 4 4
R L) 0.512 t, FZ4ETAE 330 d it & 4FE A
D 4 SRR A2 168,96 t, AR N I a) 4R A 7K
V(2 5,458 T1I6/0) 5 FR S8 N 5 B A B0 19 4
SRR A E LT MEY 922 T,

FESEE TOUAME T - R G RE 4 A 1 15
BN T RE, AR WA A R A A
JBOR™ 5. 3Z i R Sh 25 R AR T R S K AR TR R
SR, o3 5 BB B A BB AR T R L
G T SR A R B S U T R e AU
O™ 50 X ) HE AT e AL 3 i R A
LB TR AT T 55 0800 58 B A Ak fe T R
— DX PO 5 B0 SR A Ak ) S G A X S
OO ARG B 50 B 5 0 2 b A o 22 HE L SR
AT 55 78 25 8] 5 1 () 1 A% 5058 40 T 5 DA 1 A2 B
R b R 0 i SV S A A

FrEAEZ TR Sh . RE M LR G TR AL %5 6
RIAE . DREN BT A B TRIET RS
A I 3 $E T e Se ik AR B AT IR E 5 2) R



% 2

B . F . ORRKEATHRNEETHRAAHEE AL 77

S8 o X S AT R e AU DX BE 1Y 80 2 TR
TR VAR B T e R v YA R R AR R AR A
AF T REF ORI AR R4 TH BT 1 A 7= 2 4
P55 AR PR 7 2 4 A A B RS

4 i

ARG o D RE B B E R o TR
Bt i A e A T = RO I ie o,
JE BRI 9K 2 B PR A A BRAL ] . Hodp, Rkt
R DL 5 A (B 1 Ry 0, R v B 2 ]
A AT A ) g i 4 R SRAR A 5 o
WIS R AR ] H Z REHE™ 53 B, L
FETEW 5 G5 A0 50 A 77 45 0 A2 Al i P 3 o 4 340
A 7 A PR S N A 7R B e T e 3R 4 A B
SN R ) A R M AR S A5 T4, B
AT W BRI BV

Z 53T PostgreSQL - & 52 B AH ¢ %4
T vy 4 v 20 L AU n) L SRR 2 A ) O MOAR
58S E e R R fEZ H P DR
HSEWETyR T WREE ST R,

RGEAELIR I R T st e, T A
AT S ALK SR IERIOR R, RE
NG BB SRR E TR 0. 32 % 247, b A U
Sl B AE 0. 019, B VR Bk R iR 4
0. 5% » FEBE2E 2B 77 40 T AT Jb 2 B AR 45 J 3 2K T
WU 2 Ak 25 . I RGE A SH IR
)5 R P 1T 2% B R PE L A B TR
WLl 2R e e S s AT RE Tk

K 4 I 58 AT i — 0 Ok B R R O
i J& 22 UG R Rl O 45 6 8 Re Rk D od S
Wi, @R 5Sone kA, A B
Sy BRI Va2 R AT A S ORT T L m RS R e
MR AR S &L k0 48 38 ) B Be T R
] & &

S

(1] =7, &7 FE A 988 9% 5 R Bk 5 5L R
Y] &R 5 11,2004(8) :25-28.
YUAN Haiping, CAO Ping. Present status of block
caving development and its application prospect in
China[J] . Metal Mine, 2004(8) :25-28.

(2] R, AN, BTk, 5. FAR TR O7 R BIF 5
KAL) . 4 Ee 10, 2019(12) :1-11.
ZHU Zhonghua, DAI Bibo, TAO Gangiang, et al.

(3]

[4]

[7]

(8]

[9]

[10]

Research and application overview of block caving
method[]J]. Metal Mine, 2019(12):1-11.
B, IR, X R, S5 OB KA [ 8K TR
TFREBIEL M R RAFET] . o E %2R =5,
2025,35(7):67-74.
HUANG Mingqing, LI Zhaolan, LIU Qingling, et
al. Nonlinear evolution of rock movement in ultra-
large-scale block caving mining[J] . China Safety Sci-
ence Journal, 2025,35(7) :67-74.
A TORIGEIE B AR 9 7 T L B B T R 43 AR
AR ST )] . # 45, 2025,46(2) :13-17.
TONG Jianhua. Study on block size prediction and
distribution patterns in a kilometer-deep mine using
the natural caving method[J] . Gold, 2025,46(2) : 13-
17.
XM B W A B8 TT A T O SV PR 4R R O
BHE5E D] WH - AR bR 2, 2021,
22/ B/ X E BT A AR IR TR T B R B
MBS I & L] BRI, 2017, 33(2) : 7277
LI Shaohui, CHEN Xiaowei, LIU Yuming. Research
and development of ore drawing management system
for natural caving method [J]. Modern Mining,
2017,33(2):72-77.
KA, B2 RN, &L T RALA LR H
SR L A i S R 0] AR R 24 (B R A
2R ,2016,37(6) :869-874.
ZHU Zhonghua, WANG Liguan, TU Xiaoteng, et
al. Flow characteristics of discrete ore rock of block
caving based on stochastic medium theory[J]. Jour-
nal of Northeastern University ( Natural Science),
2016,37(6):869-874.
REE A, B, G5 B ARV R I B9 LR TE X
WFsE ] RA H AR, 2023, 23(5) :69-73.
ZHU Ting, HE Xiang, WANG Huan, et al. Study on
the drawbell layout form of natural caving mining
method[J]. Mining Technology, 2023,23(5):69-73.
W, £, mk. B 9K v B Skl LA =
AL SR I0, 2018(3) 1 151-155.
HUANG Mingqing, WANG Yiming, GAO Qian.
Three-dimensional simulation of hopper ore drawing
regularity in natural caving [J]. Metal Mine, 2018
(3):151-155.
FIER, wde, BEEL S AR R 1 Ok
TECE B [T b 5B K 2, 2007 (6)
557-561.
WANG Lianging, GAO Qian, WANG Jianguo, et

al. Numerical simulation of natural caving method



78

5

%

% 45 &

[11]

(12]

[13]

[14]

[15]

based on particle flow code in two dimensions[J].
Journal of University of Science and Technology
Beijing, 2007(6) :557-561.

MR/, X W, 558 4, 45 PC-BC BPF7E B 4R 19
VEIL R N D] R T TR, 2015, 44 (5)
18-20.

CHEN Xiaowei, LIU Yuming, GE Qifa, et al. Ap-
plication of PC-BC software in block caving method

[J]. China Mining Engineering, 2015, 44 (5):
18-20.

KA, B BT, . B AR TR B — AL
T RALE T S5 Ae b R R[] B ARk
HAR,2017,25(6):83-91.

ZHU Zhonghua, WANG Liguan, TAO Gangqiang,
et al. Research and development of integration sys-
tem of block caving ore drawing optimization con-
trol and intelligent management [J]. Gold Science
and Technology, 2017,25(6) :83-91.

XA B 58 K ol H B B R Gk e T A Ak 3l AR BT
FE[J]. 1R, 2024, 43(4) 1 44-51.

LIU Wei. Research on visual dynamic management
of resource reserves of a open-pit uranium molyb-
denum mine[J]. Uranium Mining and Metallurgy,
2024,43(4) :44-51
EWSC, SRR, AR Ak MR RS IR S
AEMA G N BEE [T]. s iR, 2025, 44 (1) -
85-92.

WANG Yawen, GAO Yingchao, BAI Dewei. Re-
search on the application of dynamic resource man-
agement system in Shitoumei open-pit coal mine

[J]. Uranium Mining and Metallurgy, 2025, 44
(1):85-92.

DR, R E, RV, % BRI T &
AL BT B U 43 47 (0] 97k BF 52 5 9 &,
2017,37(4):80-83.

FENG Xinglong, ZHANG Jianguo, LIANG Jiang-
bo, et al. Optimization and sensitivity analysis on
ore drawing scheme of block caving mining method
[J]. Mining Research and Development, 2017, 37
(4):80-83.

[16]

[17]

(18]

[19]

[20]

[21]

g R TR, . BRI RIS
Fe i L] A @i, 2019, (12):1-11.
ZHU Zhonghua, DAI Bibo, TAO Gangiang, et al.
Research and Application Overview of Block Ca-
ving Method[]J] . Metal Mine, 2019, (12):1-11.
A B R, TR, AR R T &
WA T] . B R4k, 2018, 41(8) : 75-81.
ZHU Zhonghua, DAI Bibo, TAO Gangiang, et al.
Preliminary optimization of ore drawing scheme of
block caving[J]. Journal of Chongqing University,
2018,41(8):75-81.
XA, E24E L%, % . iOreDraw JIH % B R
GEAE W BRI g b 8T LT 0l
K5I K& ,2017, 37(3):108-111.
LIU Huawu, WANG Liguan, FENG Xinglong, et
al. Application of iOreDraw management system in
making drawing program of the Pulang copper
mine[J] . Mining Research and Development, 2017,
37(3):108-111.
FSNL, R BRI RS R E R AR
SEMARGI RN ] BACH I, 2019, 35(1) -
151-154.
WANG Rongli,ZHANG Zhe. Development and ap-
plication of research and management system for
mining control elements of natural caving mining
method[]J]. Modern Mining, 2019,35(1):151-154.
BRI BEAR BREE, AR BT =4 v AL R 1
PR At e ) A M T B AT e i AT LT iR
2026,45(1):48-57.
QIAN Bing, BI Lin, CHEN Xin, et al. Research and
application of dynamic management method for
mineral resources and reserves based on 3D visual-
ization technology[J]. Uranium Mining and Metal-
lurgy, 2026,45(1) :48-57.
BV BRI, AR 38 & . AR 9 VR T )
HARGH K] R A, 2017,17(3) :16-18.
LI Xingping, CHEN Jiangchuan, HE Yuanfu. De-
velopment of a draw control management system
for block caving mining method [J]. Mining Tech-
nology, 2017, 17(3) : 16-18.



% 2 B F:BRREXRTHRNEEZLZAAMAELE BRAFRL 79

Research and Application of Draw Control and Management System for Block Caving
ZHOU Cheng', ZHAO Chongyan', LI Zhijun', ZHANG Shuang®?,
XIAO Tianyong', HU Mingchuan'
(1. Yunnan Diging Non-ferrous Metal Co., Ltd., Diging 674400, China;
2.Changsha Dimine Co., Ltd., Changsha 410221, China;
3. Key Laboratory of Transparent Mine Geology and Digital Twin Technology, National Mine Safety Administration,
Changsha 410011, China)

Abstract: The block caving is one of the most efficient mining methods for large, thick, and fragmen-
ted ore bodies. However, the draw control process is strongly affected by ore fragmentation, grade
mixing, and variations in geological conditions, which often results in ore loss and dilution and conse-
quently constrains resource recovery and economic performance. To address these issues, a draw plan-
ning and management system for block caving was developed with the aim of improving draw control
efficiency and economic benefits through systematic planning, intelligent decision support, and visual-
ized production management. The system was developed using a platform-plugin software architecture
and a three-layer framework consisting of a presentation layer, a core application layer, and a data lay-
er. It integrates three key functional modules, including scheme design, draw planning, and produc-
tion management, and employs PostgreSQL with spatial data extensions to enable unified data storage
and efficient access. Field application results show that the system stabilizes the daily ore grade at ap-
proximately 0.32%, with intraday grade fluctuations controlled within +0.01%, and increases the
resource recovery rate by about 0.5% . Based on the designed production capacity and metal price, the
annual reduction in metal loss is estimated to be approximately 92. 22 million CNY. These results
demonstrate that the proposed system provides effective decision support for block caving draw control
and exhibits strong engineering applicability and promotion potential.

Key words: block caving; draw management; draw planning; production management; resource value

model; database management; intelligent decision-making system; mine informatization



