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Research on Multi-dimensional Comprehensive Evaluation
Method of Subsoiling Operation Quality

WANG Pei'? ZHANG Anqgi' AN Xiaofei' YIN Yanxin' WANG Hong® MENG Zhijun'

(1. Intelligent Equipment Research Center, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China
2. National Research Center of Information Technology for Agriculture, Betjing 100097 , China
3. Beijing Miyun Municipal Bureau of Agricultural and Rural Affairs, Beijing 101500, China)

Abstract: Aiming at the problems such as single evaluation index and significant deviation of horizontal
comparison of subsoiling operation quality, by loading intelligent terminal equipment on agricultural
machinery, collecting GNSS, operation depth and other information of agricultural machinery operation,
analyzing the spatial trajectory data of agricultural machinery, calculating the feature vectors of
agricultural machinery deep loosening operation, such as operation area, operation efficiency, operation
coverage, operation depth compliance rate, operation time utilization rate and so on, based on the
minimum — maximum normalization method, the characteristic vectors were normalized, and the weight of
each feature vector was determined by the expert scoring method. The agricultural machinery deep
loosening operation quality index ( AMQI) was further calculated to evaluate the comprehensive quality of
agricultural machinery deep loosening operation. In order to verify the quality index of agricultural
machinery subsoiling operation, from January 1st, 2022 to December 31st, 2022, the agricultural
machinery experiment was carried out in Hongxing Farm of Heilongjiang Province. The vehicle-mounted
intelligent terminal was installed on 33 tractors on the farm, and the subsoiling operation data was
continuously collected to calculate the quality index of agricultural machinery subsoiling operation. The
results showed that the normalized feature vector eliminated the dimensional influence between different
features and reflected the size distribution of agricultural machinery in features. The value of AMQI also
reflected the comprehensive quality of deep loosening operation of agricultural machinery, compared with

the standard area evaluation method, the rating dimension was more, and the evaluation was more
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comprehensive and scientific, which can provide data support for horizontal and vertical evaluation of

agricultural machinery operation.

Key words: subsoiling operation; quality; characteristic vectors; normalization processing
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Fig.1 Intelligent monitor terminal of agricultural machinery
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Fig.2 Overview of study area
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Tab.1 Statistics of agricultural machinery

L B Ml T ey i) e FENing 4
R F/hm® B/ hm®  B/hm? K /h h
1 234.12 220. 82 220. 30 48.15 60. 56
2 450. 65 433. 14 431. 82 91.76 113. 04
3 616. 62 583.20 581.46  131.49 158.07
4 298. 46 271.88 271.35 66. 19 78. 89
5 171. 49 150. 90 114.38 35.21 41.87
6 128.35 128. 43 123. 81 31.02 35. 31
7 151.32 136.21 135. 94 38.70 46. 55
8 237.82 271. 03 270. 57 84.13 96. 07
9 152.39 159.73 152. 94 40. 49 50. 55
10 146. 88 165. 17 161.53 39.71 49.36
11 279.76 269. 81 269. 20 56.43 67. 40
12 477. 34 418.72 416. 69 87.90 105. 37
13 455.27 413.70 408. 59 89. 61 106. 41
14 432.74 392. 49 391.94 81.65 97.22
15 198. 42 231.45 230. 25 67. 68 85. 16
16 172. 82 204. 51 204.19 54.42 69. 40
17 424.37 465. 10 463.17  109. 80 134. 07
18 112.18 133.28 133. 12 35.27 40. 33
19 1530.19 1778.46 1768.06  330.64 385.32
20 126. 65 118. 30 117.78 28.23 33.91
21 419.74 377.58 361.16  100.22 111. 65
22 1276.14 1480.32 1477.36  281.96 288. 59
23 2028.41 2251.54 2233.75  441.94 482. 54

24 1098.70 1281.97 1253.78 264. 25 301. 26

25 132. 69 147.92 147.76 37.10 42.84
26 312.75 333.34 330. 26 91.09 109. 81
27 166. 15 159.21 137. 60 40.77 47.48
28 320. 38 289. 68 289.09 64.11 74.07
29 355.09 286. 74 279.35 71.54 88. 40
30 339.49 335.84 333.28 62. 46 82.83
31 472.03 453.92 448. 04 115.38 128. 63
32 142.92 145.58 145. 34 35.60 40. 40
33 242.33 240. 06 238.95 48.53 56. 46
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Tab.2 Results of feature vector normalization for

agricultural machinery operations

Rl ARl WE Rk I} fi]

o) AMOI
WA R kBRSO SeR AR
1 0.05 0.36 0.99 0.63 0.18  0.52
2 0.15 0.40 0.99 0.69  0.26  0.54
3 0.22  0.36 0.99 0.5  0.35  0.54
4 0.07 0.27 1.00  0.41  0.38  0.47
5 0.02 0.19 0.00 0.49 0.39  0.15
6 0.00 0.5 0.8 0.43  0.56  0.51
7 0.01  0.24 1.00 0.14  0.35  0.42
8 0.07 0.87 1.00 0.00 0.55  0.63
9 0.02 0.63 0.83 0.3¢  0.21  0.50
10 0.02 0.83 0.91 0.43  0.23  0.59
1 0.07  0.41 .00 0.72  0.37  0.55
12 0.14 0.18 0.98 0.71  0.36  0.49
13 0.14 0.27 0.95 0.65 0.40  0.50
14 0.13 0.26 1.00 0.73  0.38  0.52
15 0.05 0.94 0.98 0.09 0.18  0.62
16 0.04 0.99 1.00 0.25 0.14  0.64
17 0.16 0.76  0.99  0.47  0.29  0.63
18 0.01 1.00 1.00 0.26  0.54  0.68
19 0.78 0.93  0.98  1.00 0.47  0.88
20 0.00 0.33  0.99 0.45  0.35  0.48
21 0.12 0.24 0.82 0.25  0.64  0.43
22 0.64 0.93 1.00 0.94 1.00  0.90
23 .00 0.79 0.97 0.87 0.73  0.89
24 0.55 0.94 0.91 0.76  0.55  0.80
25 0.01 0.81 1.00 0.35 0.50  0.63
26 0.10  0.68 0.97 0.20 0.34  0.57
27 0.02  0.40  0.44  0.32  0.47  0.33
28 0.08 0.25 1.00 0.60  0.50  0.50
29 0.08 0.00 0.90 0.36 0.25  0.35
30 0.10 0.4 0.97 1.00 0.00 0.56
31 0.16  0.40  0.95 0.33  0.64  0.54
32 0.01 0.55 1.00 0.40 0.57  0.57
33 0.06 0.48  0.99 0.80 0.47  0.58
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Fig.3 Radar map of extreme value of AMQI

S HTHEAMAE ML BT & LAk bR AU L AR 1.2
A LLAE L F S 23 AR 1 AR (2 233,75 hm?) fit
w B R E R bR R (99.21% ) ) A A A
(91.59% ) (JH — b AF b 25 75 232 (0. 79) A 2 %
(5.09 hm’/h) L T E 5 22,

K BRI F 5 23 545 22 (19 AMQI 4355
0.89.0.90, J¥ 5 22 S 4R AF Al Bt & % s, i B
AMOI F8 BOTA 5 A 35 7 VR i AR TE ) ,
W IE TR R (AR %) AR 38 5 5 (5t e )
YL 23 8 5 AR (B[R] A1) 232 45 24> 4k i i 25
B0, BAR GV T TR SRR A

3 &FRiE

AP 4 R e 2 o 2R B TR A A o B8, 5
PRl T AR AR S A A o i R A o TR K A
VRl I (] T R A TR AN A Al R AE 1 A R AT
U9 — Al Ab B, Bl S T W 5T DX AR AL K P R 2
ek a8 Jy Jo i 4 3 1k 5, E 8 7 il M 2t AT L A
A, DA T A 22 1 M J5 48 RO A £ A Al i
L, 5 bR i B A A L PR GEE T £, B
e 50 T ARR AR, N SE R SRR R, T — e
ik i) 2 Bz R A BIL AR AR R /N 23 A, AMQT L Sz B A<
B T A M 25 45 i i, 2 AR LA b i BR A
BOR AEME B a5 AR R BE IR AR R A ik R A
REF M ER A R B, AT LA A AL AR b Ab 0 32 {1 R 3
S



86 PSS A1 M | = O 14 2025 4
& % x Wt
(1] SE%E 4, AEL, & FMEARMRICR S RELT]. Rl TR 4R, 2001,17(6) :169 - 174.

(2]
(3]

[4]

[5]

[6]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

(18]

[19]

GUO Zhijun, TONG Jin,ZHOU Zhili, et al. Review of subsoiling techniques and their applications[ J]. Transactions of the CSAE,
2001,17(6) :169 —174. (in Chinese)
X 2T . HUAR AL TR B MR BRI S R [ T]. P B R LA 45,2024 (3) 229 - 31.
FEE, MR, REE, % SRR B RN 07 B0 5E [T ] R WL =4, 2018 ,49(4) .68 - 74.
YIN Yanxin, WANG Cheng, MENG Zhijun, et al. Operation quality measurement method for tilling depth of suspended subsoiler
[J]. Transactions of the Chinese Society for Agricultural Machinery,2018,49(4) :68 —74. (in Chinese)
BULSC RIS AR EL R REE SR T AR TR BF S LT ] RO ML 2 41 ,2000,31(6) 142 - 45.
LI Hongwen,CHEN Junda, LI Wenying. Study on subsoiling technique for conservation tillage field [ J]. Transactions of the
Chinese Society for Agricultural Machinery,2000,31(6) :42 —45. (in Chinese)
FEAN AT Do, A AL ERAA B AR g B S AR S AR AR B SRR B[ T ] ARl T AR ,2015,31(8) .7 - 14.
WANG Huijie, HAO Jianping, FENG Ruiyun, et al. Microhole subsoiling decreasing soil compaction, and improving yield and
seed quality of cotton[ J]. Transactions of the CSAE,2015,31(8) :7 —14. (in Chinese)
Ao BT . TRAA S T AN IR F 3 S 0 SR B i Bk oy R IR R e ma [T ] Aeolk T2 4% ,2015,31(20) - 115 - 123.
LI Rong,HOU Xianqing. Effects of different ground surface mulch under subsoiling on potato yield and water use efficiency[ J].
Transactions of the CSAE,2015,31(20) ;115 —123. (in Chinese)
WEARE BEDL, 24, & W E L SCR R LR I E AT [T AL R AMRBL L K= (A R BE B R L2015,
43(11) 228 —234.
HUANG Yuxiang, HANG Chengguang, LI Wei,et al. Subsoiling test and evaluation methodology of tillage quality[ J]. Journal of
Northwest A&F University ( Natural Science Edition) ,2015,43(11) ;228 —234. (in Chinese)
SRR IR BUUGRAA S5 PF T BB XS 5 A /N2 AR R A R NE RO s [T ] Al TR ,2000,16(7) : 57 - 60.
ZHANG Qiang,JIN Qingyuan. Effects of phosphorous fertilizer deep application on winter wheat root and soil water under soil
loosening conditions[ J]. Transactions of the CSAE,2000,16(7) :57 —=60. (in Chinese)
TRMLE . AAME AL R W R B 5B (D] 7N AR B AR K2, 2021
ZHANG Qirui. Design and experiment of monitoring system for subsoiling depth [ D ]. Guangzhou: South China Agricultural
University,2021. (in Chinese)
2RV AR AP URAR TR BE AR M0 3R e ik i ——JE T STM32U575[J]. R HLAL B 5Y ,2024,46(9) : 128 - 131,137.
LI Haitao. Design of monitoring system for subsoiling depth operation of agricultural tractor based on STM32U575[ J]. Journal of
Agricultral Mechanization Research,2024 ,46(9) 128 —131,137. (in Chinese)
X, SR AW, 20 pR, AL Fe B L DX AR HL IR AR M R B AN BUE BRI R e [T ] P R K= 4R ( AR BF i) 2018,
40(12) :22 -29.
ZHAO Shiqing, WU Yongfeng, LI Guanglin, et al. A remote monitoring system for depth and area of agricultural machinery
subsoiling in hilly regions[ J]. Journal of Southwest University ( Natural Science Edition) ,2018,40(12) :22 —29. (in Chinese)
WANG Z,CHEN L, LIU Y. Design and implementation of agricultural machinery monitoring and scheduling system [ J].
Computer Engineering,2010,36(11) :232 —234,237.
TEAR AL AR H [ VE Ml R H 3 b BEOCBE BRI S S 2 [ D] Ab e s ob B R HUAR AL R 2 A 5% B , 2021
JI Fuhua. Research on key technology and platform construction of agricultural machinery field operation big data processing
[D]. Beijing: Chinese Academy of Agricultural Mechanization Sciences,2021. (in Chinese)
eI BREE A B A SR T AL iR ALE L R B R 2 [T ] Rl TR % 4R ,2022,38(5) : 1 - 8.
WU Caicong, CHEN Ying, YANG Weizhong,et al. Construction of big data system of agricultural machinery based on BeiDou
[J]. Transactions of the CSAE,2022,38(5) :1 - 8. (in Chinese)
S, EER. BT ASPONET AL AL HE Web GIS REEEREILALLT]. B FH4%,2011,39(5) 12821 - 2823.
SHI Guobin, WANG Xi. Optimization of performance of agricultural machinery monitoring Web GIS system based on ASP. NET
[J]. Journal of Anhui Agricultural Science,2011,39(5) ;2821 —2823. (in Chinese)
AL, TVEE, Y KM, S RILEE R IR RSt 59T ] Rl TSR ,2018,38(18) :34 - 37.
BRE, B, 5,5 RPUEAEE RRMNEHR AR R IR S RA[T]. £l HL R ,2022,53(4) ;1 -20.
ZHAI Changyuan, YANG Shuo, WANG Xiu, et al. Status and prospect of intelligent measurement and control technology for
agricultural equipment[ J]. Transactions of the Chinese Society for Agricultural Machinery,2022,53(4) :1 —20. (in Chinese)
XA 26 H, kR T, 5. RIMENE B E W RS BT 5K [J]. Al AL ,2016 ,47 (3] ) .43 - 48.
LIU Yangchun, YUAN Yanwei,ZHANG Junning,et al. Design and experiment of remote management system for subsoiler[ J].
Transactions of the Chinese Society for Agricultural Machinery,2016,47 ( Supp. ) :43 —48. (in Chinese)
FUE - RPLEAE L GBI I R GE [ D] K5 b k2 ,2023.
BATI Jin. Intelligent monitoring system of agricultural machinery subsoiling operation[ D |. Taiyuan: North University of China,
2023. (in Chinese)
(T#EITR)



5 4 1) TR G5 BT R AR IR A A AL A B OK SR B R I SR S TR AR T R S i S 97

YANG Shuming, LI Maoqgiang, YANG Shuchuan, et al. Design of soil moisture sensor drive mechanism for corn irrigating hill-
seeder[ J]. Journal of Hebei University ( Natural Science Edition) , 2013, 33(6) :561 —566. (in Chinese)

[14]  Ab—2. RS KRBT W58 D]. Jbat. hER RS, 2020.

DU Yitong. Design and test of dynamic detection device for soil moisture content[ D]. Beijing: China Agricultural University,
2020. (in Chinese)

[15]  2=T74L, £, HEAF, % 512 XK S 1K Pe b LR J2 J5 B2 0 4 338 Sl K R AR R g ma [ 1] ZE R B2,
2023, 2(12):1146 —1149.

JIANG Wanli, WANG Chengbao, YANG Sicun, et al. Effects of the thickness threshold of plow pan on soil compaction and
maize growth in grey-calcium soil of Yellow River irrigation area[J]. Journal of Cold-Arid Agricultural Sciences, 2019,
2(12):1146 - 1149. (in Chinese)

[16] Sy P47 M 2 SR % K ST LA e B i AL 53t [ D] JRK : BRIV — R B 5 ,2020.

MA Guangyu. Optimised design of parallel plate capacitive rice water content online detection device [ D ]. Daqing:
Heilongjiang Bayi Agricultural University, 2020. (in Chinese)

[17] A% JEES, B)7F, 5 )y SORE AR KA & K 34 0% Or b it 55 [T . Rl HLAR# 4 ,2021,52(2) :320 - 328.
WAN Lin, TANG Hongyu, MA Guangyu, et al. Optimization design and experiment on finned double plates rice moisture
content measuring device[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52(2) :320 - 328. (in
Chinese)

(18] JAJE. & T B BOT Ik i R Fh 7~ g 3% Flod 2 19 05 A Sl A 55 [ D] KA 3 Aok, 2021
ZHOU Long. DEM-based modelling of maize seeds and the simulation analysis and experimental study of the seed-sowing[ D].
Changchun; Jilin University,2021. (in Chinese)

[19] SL364—2015 L3EnffE MMM ALLS]. Jbat: h E KA K W i hikt, 2015,

[20]  XUifEE. J7 MPLAHE & KRR LA I 7 v SR BT SE [ D], RPC: B\ — R B K4, 2022.

LIU Huaiyu. Research on online measurement method and device of straw bale moisture content in square baler[ D]. Daqing:
Heilongjiang Bayi Agricultural University, 2022. (in Chinese)

[21] SkAEH, & EuE. H TR R A 4 K 0 5 888 B TT 2 5K 3 ik [ T]. B K38 5 KRR (P30,
2024 ,22(2) :265 - 271.

ZHANG Zhaozhao, LEI Jinyang. Laboratory calibration and field precision messurement of FDR tubular moisture sensor[ J].
South-to-North Water Transfers and Water Science & Technology, 2024 ,22(2) :265 -271. (in Chinese)

(L#E% 86 M)

[20]  ZFWA0, X1, 44 O, 46 T2 B BP_Adaboost fARHLAE ML 45 9P AL [ T]. Al A2 %4 ,2023,39(23) :67 - 74.
LI Yashuo, ZHAO Bo, XU Minghan, et al. Evaluating operation benefit of agricultural machinery using semi-supervised BP_
Adaboost[ J ]. Transactions of the CSAE,2023,39(23) :67 —74. (in Chinese)

[21] T8, Tl %, L % R ALY RS RIME L MCR RO [T R AL 42 ,2019,50 (3 1)) :87 - 90.
WANG Pei, MENG Zhijun, AN Xiaofei, et al. Relationship between agricultural machinery power and agricultural machinery
subsoiling operation[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50 ( Supp. ) : 87 - 90. (in

Chinese)
[22]  FBANL, a7 ik, ZR 3 S, 45 A Ml YR X R A T AR 10 G A Ml MLAE O 3 2 Mo I AR 52w [ J ] el TRE 44, 2017, 33(21):
52 -60.

ZHENG Kan,HE Jin,LI Hongwen,et al. Influence of working order on working quality and power consumption of subsoiling and
rotary tillage combined machine[ J]. Transactions of the CSAE,2017,33(21) :52 - 60. (in Chinese)

(23] HhEJe. HUAR TR R Bt i B I AR B R [ D] o« P LR AR £ 2 ,2017.
MA Minglong. Research and development of mechanized subsoiling operation quality monitoring technology [ D ]. Yangling:
Northwest A&F University,2017. (in Chinese)

[24] &5, LARM, RIEK, . T RE K PCA i L0 BB B 4 2 T B P M 48 45 [T ] ARl T/ 2% 3, 2018,
34(7) :155 - 164.
JIN Huifang,SHI Dongmei, CHEN Zhengfa, et al. Evaluation indicators of cultivated layer soil quality for red soil slope farmland
based on cluster and PCA analysis[ J]. Transactions of the CSAE,2018,34(7) :155 - 164. (in Chinese)

[25]  EB AT % 5 B R 0 FOR BB AR L R B R R [ D] ik - PH AL ARMA} £ K 2% ,2023.
WANG Zheng. Development of a corn harvester operation scheduling system based on customer satisfaction[ D ]. Yangling:
Northwest A&F University,2023. (in Chinese)

[26] MBI AR AR - BE 48 A5 5T A B S [ D ] & HE - 2 RUR M R 52,2011
SUN Linlan. Study on indicators system and method for the level of development of agricultural science and technology[ D ].
Hefei: Anhui Agricultural University,2011. (in Chinese)



