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Homogenization Evaluation for Backfill Slurry
Based on Improved Yolo-v7 Algorithm

GUO Jinping, SUN Yuanze, ZHANG Chao, WANG Xiaolin, LI Xiang, KONG Dehao
(School of Resource Engineering, Xi’ an University of Architecture and Technology, Xi’ an 710055, Shaanxi, China)

Abstract; Homogenization of backfill slurry cannot be automatically evaluated during stirring process. To solve this
problem, the Yolo-v7 algorithm was improved by using the CBAM and the SPD-Conv, and the improved Yolo-v7
algorithm was then employed to automatically evaluate the homogenization of backfill slurry. The research results show
that the improved Yolo-v7 algorithm demonstrates a significantly improved performance, with the accuracy, recall rate
and mean average precision (mAP) all increased by 17.5, 28.8, and 32.4 percentage points respectively. Analysis of
slurry parameter sensitivity indicates that slurry concentration is the principal factor affecting evaluation of slurry
inhomogeneity, followed by the cement-tailings ratio. Moreover, the homogeneity of backfill slurry with high
concentration can be significantly improved by prolonging stirring time.
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Fig.1 Particle size distribution curve of full tailings
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Fig.3 Example of a human-annotated image
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Table 1 Results of different attention mechanisms

Ey=WALiIN ] W/ %  BlR/%  SEERENE %
Yolo-v7-CBAM 69.2 70.6 67.8

Yolo-v7-CA 65.5 59.2 58.5

Yolo-v7-ECA 61.2 67.4 61.5
Yolo-v7-SimAM 70.7 55.9 58.3

Wit FE 1 ATLAE L, SimAM ERR 255, CBAM i
TN T SimAM HERRR A28/, FHE T CA I
ECA AR, 1 CBAM 94 [0] K FISF- 50k B 2
HBHA 3 AN EE LRI A W R ARS, KU CBAM
TR I PUHRIFE U AR 2 B Ak Jy T A0 53
2.2.2 SPD-Conv £33

FEHCRLR B AR R BT ARIRAS B K
RSO GEY IR PE 2 B Dt AW 2 Ak, T3
FRIETFUIMNME B4R 5 o O T i KR B 4 v U %) o
VB, AR SLEG R PR AR BT P U N SPD-Conv Bl 5%
45 CNN HiHeAf [, SPD-Conv AL HLffi ] SPD J2 FldE 4
KBEBZ, Bk CNN B b2 5 KB RUZ,
FEAR AT HE3 T XGRS B FR AR AE AR B RS L
AERIIMHE

SPD JZ 245 25 ] BITR B 40 )2 F i A R R 23
Vi) 248 R AT, e o bl 2 A B, AR U A MR G B
RIREOLT RBIRAT 245 1E . Conv 2 REIRIEL K H
T2 ARG B 20t SPD BE e | 1E A AR AR 1E
BRI [R] B A TR A OB | aF — 20 ff e RIAZ ) Atk
JEEE . 454 SPD JZHI Conv JZ AT 42 & XK 43 B
/N AR EUR AR BIRERE
223 HEkEk

RS UEPLAR IS S A AT S AR SO T T T Al s
B M RS 563 ) 2R G0 b 3 Rl AR ep g B S ) 1
FIRRILLA X AIERE AR, A R B A b s
M ERA A AR LR Bk v R —B0E 42 43 ol ik A7 5
5 R R RS Rk 2 PR,

K2 HMEERITLE

Table 2 Comparison of ablation experiments

B4 F CBAM  SPD-Conv #EWHR/% 31015/ % V-4 FEEHIME/ %

T ¥ 57.8 38.3 33.9
Yolowv Jc 69.2 70.6 67.8
Jo f 62.0 41.8 44.8
H H 75.3 67.1 66.3

Wk 2 AT LAF G CBAM #5551 SPD-Cony
FEHY) Yolo-v7 Bk, 53R Yolo-v7 3% A1 L Es i
SPD-Conv #EH Y Yolo-v7 Bk AH L, HERR R 4 1R
YR FE BE A B EE T 5 R U N CBAM #EHe1
Yolo-v7 FikAH G, B AR [B1 3 RSF- Y54 2 24 (AT o
I AR 7 1 22 3 R T K, %S CBAM Fl SPD-Cony
B A AR ARAT T R ARG TN B8R
2.3 KInZEREN

15 FH JR LR 455 R R ER I CBAM , SPD-Conv A5 Bt £
Yolo-v7 FEHINE [F]— B 4E 4L A7 ARG I, Xof 61 25 WA 0
FlPR AT ) 7 BURH R UE AT B R R, 1R 5 R an
8 ~9f1/K

(@ S

-
(a) JRUGEUE; (b) FEABEGRBIROR; (o) P RLRBIRUR
B8 EMFIRHIE

Fig.8 Solid recognition effect

ALK 8~9 Al LLE th, EIL 5 #Y Yolo-v7 #7IH
A Z R HE , B0 AR S ARG T v 1 Ui
K BE XA R AR A S #2230 A DU FR 3R A% 1 8 v Y
TOMNMERA R, AT LUBE X5 A9 JE 1 BT RRAE 2R A5 3058 1Y
BUNRCER

3 FEHURIESE Y B

FEBURER IS AL UM 2232 BRI E AP L $E
P E] AR SRR E A, A SR xR
P RS A TR AR AR A ik B B BOIRE



o545 %

S /
Qaking 0:63 ~ R Ew'»f:i.:_.@ﬂ
¢ 4 R oag00s

. Coking 0:39

A

<O

(a) AR, (b) BOARTRIRBECR, (o) HAMRIR IR
B9 EEINHIE

Fig.9 Liquid recognition effect

R AEA W PE B2 B e R FE v, TR HE L
KAERREENG B A 08 R T SRR AR XA ] R R
U AIE PP, AR SO AN TRDIEIR e B a4 sk ] 19 70 33
BRI TR, BB Ab AT 3 1
3.1 ERAMESH

2 PEHRER RS LI A 104 55 1 AUBdR 4 R
HHE R 66% , i FERTH] 535724 3 500 .4 0004 500 ms,
55 2 dBAEAE B BEFE TR R 4 000 ms, e vk B 4 5
H 40% .60% .80% , AL )5 B AU R an il 10 fr
TNo TERERMR ARSI REOL R B PR ] f I 4
BB T RS R 35 AR E 4 4 3 HE ok
D B R 0, BRI GE B T EI TR
3.2 FEIEMERMBRAIRZ

TEAS [ 450 FF B (8] T X6 & BE 43 531 h 40% | 60% F11
80% M FEIFURHR A7 ¥ BURR R TR ], 75 B AL A R 1y
JERR TE YR A R B 3 S 0 RS ) () G R 2R, A 11 i
o HE 1T 0] 0L, 3 4UBHER 3 BURHE S 5 B %
PIRE A BEFEAS AR 2 F Rk # H oo U457 & 18
BORBORAE , X SR I & BP0 e 2k b A7, B &
BT FAIRES ALY B AE B A 08055 , AR5 BRRAE iR
SRS RE TR

(]S, A [ e BRI A A 359 B REAE U3 M Ay e
P —E 25 W 40% 1 58 BRI £ H BB A
IYIZERG  TRAS AR R AE UL B R L R 80%
1) FESERER ZEAR B = K IR RPN G 4y i ¥ 5], AR
VIR R s TR I 60% 1 FEBURI S 38 1 B PE
BAEGRBN TR, B PG R 7S
Bt P B ] S5 14, AS RV R R A TR0 T A 23 e K

Caking 0.28

(a) 66% .3 500 ms; (b) 66% .4 000 ms: () 66% .4 500 ms:
(d) 40% 4 000 ms; (e) 60% 4 000 ms; (f) 80% 4 000 ms
10 #HELAZIHR
Fig. 10 Identification effect of model

[ 40%
0 60%
] 80%

y=-71.507exp(x/8103.024)+149.94
999

1=8.82exp(x/2 304.65)+77.2 15 NEh S &
50 [F=09%8 |

1=-76.483exp(x/8 352.568)+166.54

0 R=0997

T000 2000 3000 4000 5000 6000 7000
BEFEIT ]/ ms
FEHFEHER A AR RS RN EXRZLEE

Accuracy vs. stirring time in inhomogeneity recognition

11
Fig. 11

FESATIK 22.83% , i — A BAE TRV B X UM R
SOETE =21 ST AR VSINSE % 47135 30 5 % =t
KA EE N R —,

it 40 Pl R ) 2 | 70 SEURE R % W AR 4 5Tk
SERYFCRE, S E Y B EEBE T o,
ANRVRAS LG 25 41T, LB BTk ik B AR A — 25 7
B 12 JBIR T AR ED b 78 350RE A B 3R Tk 5 3
RO oL, JE Y BB AEAE A DU Sy O 14 s ] AR Ak il
2, WAL REN,3 KIMLNYE RZE(R) 0510
0.926.0.927 F1 0.911, Ui AR AI4LL 5 88001 R4, KD



555 W

SR 45 FET B Yolo-v7 SV I FEHURIIE X B AL AR I 7 12 47

Pt 1:4 .10 6F0 1 8%F I 1Y 48 1k 3 - R 053 51 Ry
0.502.,0.493 F1 0.447 , F A [E] K ED H T B R 1Y
FiAb R AR AE 25 5 (0 22 A/, X BB R BD Le X
FEHURRR M B A B — o s (R R A —
B, BV 2 B FHE A B 3G, g EORL I e A X R 8 B8

8000

y=18579-502x+4.5x2 7
7000 ’

BEFEI] ]/ ms
(=)}
g

5000 - 18
RIBIL1:6
y=17292-447x+4.07x |- KiPLE1:4
4000 L 1 L L \
40 50 60 70 80
BERIR [ %

12 BERIRESHHREX R
Fig. 12 Relationship between slurry concentration

and stirring time

WA R KRD RN SRR e 2 1 R 1 45 SR iR A T
JEEE BT 5 R A 13 i, HE 13 R BRI
X AR BRI s d ol B B R
40% 35 WG K2 80% , AL FURHIE 2 58 T )5 LT
O HATE 50% ~ 65% X [A]9E ¥4 [T FRAE 15 51 A M e
o AHECZTR KED LA AR R R B 25 R |
TR A B, REESS B ARAE TE 1 4 5 e BH /N TR R R
JE, a5 G Rs T LUk B, Y st ) B R
R B TR IR NS s R e U TR A IS
RBER R B DX ) AR BTRRIE R D, 25 ] L R
W SRS M A Y RN ) SR BN R R IRAD L
FEA A1 O ()L B BER e B 2 AT Sl 2 4R T e k)

KA K
0.20 X
5 N ] / ms
7300
0.18 7000
6700
N
§ 0.16 6 400
6100
0.14 5800
5500
0.12 5200
4900

40 45 50 55 60 65 70 75 80
BRI/ %

13 FEMFRESRULEEER
Fig. 13 Sensitivity of slurry concentration of backfill slurry

to cement-tailings ratio

4 45ig

Ry R FESUREROIR S B WA T 1 S A D RS
FER AR Y 0] 8, & L Yolo-v7 %%j‘?%ﬂﬂ, * H
CBAM Vi 75 J1 K He F1 SPB-Conv /)y B A7 46 ) 485 He it
Yolo-v7 Bkt AT o, I3 F i J5 1) Yolo-v7 51k
X FEIURLR Y AT B sh W AR 2 T LT 458,

1) N FEBORR B PR EE S A T A T Al e, 15
AR SIS R S Y HE A R R 75.3% , AHER T 0 4R
1175 E A, e SO R ARSI L FE SRR B P
BIA L R FEHURE IR ZS X AN [RDIR 25 1 Fe R 28 2L
A e P TR A 258, ZE B P A B b B8 i 7 19 R )
K g

2) 38 % A 40% L 60% 80% , it FE: T ]
3500.4 000.4 500 ms (PR IEATIRE], A o e 5
RUE PRSI RLRAS N e 4 iR A, Hge
TREF 75.3% 1T LI IRG HERE

3) R RN R U AURRRE S B T A
FEIEUIE AL I R B FNE FI 8], 0 2 % e ORI AR 2
FREAE U 77 A 5 i, 7 DRI VR B AE 50% ~
65% DX [a] i A 2 B RRAE FON B AR AE

4) JE 8L TAE 5 RN T W AR 3 i E A
RT7 ), B SRR b AR AR ST
BB L A AR S AR5, N7 AL L 0E 5 SR
BIiA AL B 2 ] R R

52 3L#k ( References) ;

(1] RZR HOEE, EIRW] 2. BT E. 80 s O IF R 8 Z Hrk
HOR[T). A QR 2024,34(5) :1652-1666.
WU Aixiang, ZHANG Jinjun, WANG Yiming, et al. Cemented paste
backfill; Transformative technology for green mining in metal mines[J].
The Chinese Journal of Nonferrous Metals, 2024 ,34(5) :1652-1666.

(2] ko, RIUR ATEUE, 4. Fesrt TR IR R R 8 5E B [l R
MABIADITELT]. R 5% A TR, 2022,39(1) :136-145.
ZHANG Chao, SONG Weidong, FU Jianxin, et al. Shaft safety pillar
delineation and optimization simulation of filling mining method [ J].
Journal of Mining & Safety Engineering, 2022,39(1) :136-145.

(3] XU&ABIAE, BT 9. ZRERTREFTEECRR R ZE S HR 5
BeBUAHT )], R TR, 2023,43(6) :15-19.
LIU Jinzhi, YIN Fei, GAO Ziming. Experimental research and pre-
diction analysis of rheological parameters of tailings backfill with
multi-factors [ J ]. Mining and Metallurgical Engineering, 2023,
43(6) :15-19.

(4] FEHEH REAE, RGO, AF. G IR0 L B FESa 50 AR 5 2 e
R[], TR, 2022,44(1) :11-25.
CHENG Haiyong, WU Aixiang, WU Shunchuan, et al. Research sta-

tus and development trend of solid waste filling in metal mines[ J].



48 vowm LR 8545 %
Chinese Journal of Engineering, 2022,44(1) :11-25. [14] LARSSON S, PALSSON B I, PARIAN M, et al. A novel approach

[5] Z=ohi, SRS SR8, 25, A" IR LS A ik 5 for modelling of physical interactions between slurry, grinding media
EJ‘H[J] LR 5 TR , 2024,41(1) :86-94. and mill structure in wet stirred media mills[ J]. Minerals Engineer-
LI Zongnan, GUO Lijie, PENG Xiaopeng, et al. Experiment and ap- ing, 2020,148:106180.
plication of assembled permeable barricade in underground filling [15] ULRICH D, ARABI A, MACHADO M B, et al. A method to quan-
stopes[ J]. Journal of Mining & Safety Engineering, 2024 ,41(1) ;86- tify time-dependent yield stress build-up in mineral slurries [ J ].
94. Minerals Engineering, 2022,187.107802.

[6] WANG Y, WANG Z Q, WU A X, et al. Experimental research and [16] CHEN S, LIW P, YAN X, et al. Research on low contrast surface
numerical simulation of the multi-field performance of cemented paste defect detection method based on improved YOLOvV7[J]. IEEE Ac-
backfill; Review and future perspectives[ J]. International Journal of cess, 2024 ,12.:179997-180008.

Minerals, Metallurgy and Materials, 2023,30(2) :193-208. [17] ZHANG S R, WANG R, YU W J. Research on coal and gangue i-

(7] ABWell, JHIHAE RO, 55, A 4 R = v B m ORI 9 3 b dentification algorithm by improved YOLOv7[ C]//2023 2nd Inter-
BRI T]. TRERbE A4, 2022,44(7) :1115-1125. national Conference on Cloud Computing, Big Data Application and
YANG Xiaobing, YIN Shenghua, HAO Shuo, et al. Homogenization Software Engineering (CBASE). Chengdu, 2023.72-76.
mathematical model of the cemented filling slurry with crushing waste [18] QU X, WANG Q W, LIU Z Y, et al. Improved YOLOv7 based on
rock and whole tailings[ J]. Chinese Journal of Engineering, 2022, small target information extraction for road crack detection [ C]//
44(7) :1115-1125. 2023 2nd International Conference on Machine Learning, Cloud

(8] Z=/Mi, BXARM, 20D, %5. AR ARG E K S5 e Computing and Intelligent Mining ( MLCCIM) . 2023 ;425-430.
WEGE[)]. WiR TR, 2024,44(3) :6-10. [19] SHATWELL D G, MURRAY V, BARTON A. Real-time ore sorting
LI Xiaosong, ZHAO Chengyou, QIN Shuai, et al. Pressure and flow- using color and texture analysis[ J]. International Journal of Mining
rate characteristics of free fall backfill system[ J]. Mining and Metal- Science and Technology, 2023,33(6) :659-674.
lurgical Engineering, 2024 ,44(3) ;6-10. [20] &P, L, I, 4. Tt YOLOvIx I Z 5 KK

[9] HENE], £, 5K, 45, AR EFCIALR A 55 Sed Bl PUNFEE[)]. PR A B, 2023,19(12) :115-120.
TWHBGHEETR ], R 5% 2 TRYH, 2022,39(5): ZHAO Zehua, WANG Yachao, ZHAO Jiangping, et al. Multi-scene
921-929. fire recognition algorithm based on improved YOLOv7-x[J]. Journal
YANG Yinchao, WANG Yunbo, ZHANG Qiang, et al. Mechanism of of Safety Science and Technology, 2023,19(12) :115-120.
interference discrimination and adjustment in the mechanical inde- [21] SOOUR,EF &%, 5. T HuH YOLOVS M8 3% it SR fE A
pendent compaction process of intelligent solid backfilling method[ J]. TEE[T]. Wik LA, 2024,44(2) :160-166.

Journal of Mining & Safety Engineering, 2022,39(5) :921-929. TAN Qinyuan, TANG Yong, JIN Yan, et al. Nickel plate surface

[10] HaMide, s, FHTHE 5. 3T PVM FR I FEB0E IR b o 72 defect detection based on improved YOLOvS5[ J]. Mining and Metal-

NS A [ 1], BER2EdR, 2023 ,48 (3 F) 1) .325-333. lurgical Engineering, 2024 ,44(2) :160-166.

YANG Livhua, GAO Yang, YIN Shenghua, et al. Microstructure e- [22] CHEN Y L, XU H L, ZHANG X J, et al. An object detection meth-
volution of filling paste during mixing based on PVM technology[ J]. od for bayberry trees based on an improved YOLO algorithm[ J]. In-
Journal of China Coal Society, 2023,48(S1) :325-333. ternational Journal of Digital Earth, 2023,16(1) :781-805.

[11] CHHEH, R, BEMEhR 45, ST 0t A I i) R 12 fh B A e [23] ALEJO B, BARRIENTOS A. Model for yield stress of quartz pulps
PRI T]. AR RFF R ( BRBRAI) , 2023,54(5) :1942- and copper tailings[ J]. International Journal of Mineral Processing,
1953. 2009,93(3/4) :213-219.

MA Boyuan, ZHOU Jiacheng, BAN Xiaojuan, et al. Non-contact recog- [24] YINSH, SHAO Y J, WU A X, et al. A systematic review of paste
nition method of paste concentration based on visual inspection [ ] ]. technology in metal mines for cleaner production in China[J]. Jour-
Journal of Central South University ( Science and Technology ), nal of Cleaner Production, 2020,247:119590.

2023,54(5) :1942-1953. [25] WANGS, ZENG D W, XU Y X, et al. Towards complex scenes: A

[12] #%, RErE, EAOR, 45 2T RAdam S0 1E ResNet50 15575 deep learning-based camouflaged people detection method for snap-

BAREMGRN T R[], FES, 2023,32(7) :79-86. shot multispectral images[ J]. Defence Technology, 2024 ,34.269-

YANG Ying, WU Aixiang, WANG Xiancheng, et al. Study on paste 281.

image recognition method based on ResNet50 model optimized by

RAdam algorithm[ J]. China Mining Magazine , 2023,32(7) :79-86. SIS 3, IR KA, . kT Bk Yolo-vT Jik 69 5L A
[13] LICP, LIX, RUAN ZE, et al. Analysis of homogeneity and rheo- Hrere k[ J]. Ak LA, 2025,45(5) :41-48.

logical properties of filling slurry during the mixing process through e-
lectrical resistance tomography[ J]. Powder Technology, 2023,428 .
118850.

GUO Jinping,

SUN  Yuanze, ZHANG Chao, et al. Homogenization

evaluation for backfill slurry based on improved Yolo-v7 algorithm [ J].
Mining and Metallurgical Engineering, 2025,45(5) :41-48.



