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Design and Testing of Online Monitoring Equipment for
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Abstract; The online detection technology for rumen carbon emissions of individual dairy cows is of
great significance for promoting emissions reduction and carbon mitigation in animal husbandry, and
achieving sustainable high-quality development. In order to solve the problems of cumbersome,
inefficient and a lack of suitable equipment for detecting individual rumen carbon emissions in China’s
dairy farming, an online detecting device was designed. Additionally, an SVM-based model for
predicting daily methane emissions from individual cows was proposed. The equipment was mainly
controlled by STM32 microprocessor, integrating RFID/methane/carbon dioxide sensors to collect data,
and using LoRa/4G dual-mode communication technology to transmit data. Based on Qt Creator
software/cloud platform, data was analyzed and displayed to achieve local/remote integrated
monitoring, transmission, analysis and visualization of individual carbon emissions data of cows. To
obtain the daily carbon emissions of individual cows, an SVM-based prediction model was constructed
by using the background concentration deduction and time point alignment reconstruction methods.
Field tests were conducted on 25 Holstein cows at a certain ranch in Beijing. Compared with the CO,
balance method, the SVM regression prediction model showed MAE averages of 511. 13 g/d, 58. 16 ¢/d, and
2202.10 g/d, and MRE averages of 3. 78% , 14.34% , and 8.55% for the average cattle emissions of

carbon dioxide, methane, and carbon, respectively. Moreover, when the fan was turned on, the SVM
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model predicted that the average carbon dioxide emissions, methane emissions, and carbon emission
fluctuations of cattle individuals were 10.85 g/d, 8.15 g/d, and 255.35 g/d, respectively. These

fluctuations were significantly smaller than those derived from the carbon dioxide balance method. This

study can achieve real-time, rapid, and accurate measurement of methane and carbon dioxide emissions

from individual cow rumens. It can provide technical support for the precise accounting of carbon

emissions in the agricultural and livestock sectors.

Key words: cow; rumen; carbon emission; online detecting; support vector machine; carbon dioxide

balance method
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Tab.1 Basic information of cattle shed
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carbon dioxide and methane inside and outside
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Tab.2 Basic information of cows in shed during

testing period

- -1y i T FHHZE ERTH
’ Filt/ke  f/(kged™')  K¥/d EE/TC
03 -25 775.0 40. 50 42 18
03 -26 773. 4 40. 75 43 15
03 -27 783.2 41.05 44 12
03 —-28 773. 4 41. 00 45 10
03 -29 776.0 39.85 46 18
03 -30 772. 4 42. 05 47 17
03 —-31 788.0 39.55 48 17
04 -01 772.5 41.70 49 19
04 - 02 784. 4 40. 65 50 22
04 -03 786.0 40. 55 51 20
04 - 04 787.0 42. 35 52 20
04 -05 771. 1 41. 85 53 22
04 - 06 781.0 41. 45 54 22
04 -07 774.2 40. 10 55 20
04 - 08 781.0 40. 20 56 22
04 - 09 779.0 41. 00 57 18
04 - 10 775.0 38.50 58 21
04 -11 781.5 40. 30 59 21
04 - 14 785.7 39.85 62 19
04 —15 792.0 40. 05 63 20
04 - 16 791.3 40. 90 64 21
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Tab.3 Daily average carbon dioxide emissions and error analysis of individual cattle
iR o
3.25 3.26 3.27 3.28 3.29 3.30 3.31
SVM #55 # F AL/ (g-d ") 14017.20  14065.17  14154.39  14093.67 14 108.25  14043.36 14 084.38
TR AR AR A/ (ged ) 13581.22  13757.21 14019.15  14046.57  13477.21 13886.39 13 548.66
MAE/(g-d™") 435.98 307. 96 135.24 47.10 631. 04 156. 97 535.72
MRE/% 3.21 2.24 0.96 0.34 4. 68 1.13 3.95
H 4
b 4.1 4.2 4.3 4.f 4.5 4.6 4.7
SVM A E FM A/ (g-d ") 14 049 14 254.91 14 263.71 14 183.58 14 156. 39 14 204. 39 14 085.52
TR A/ (g d ) 13732.88  13487.59 13573.3 13892.04  13614.19  13608.06 13 425.90
MAE/(g-d™") 316. 12 767.32 690. 41 291.54 542.20 596. 33 659. 62
MRE/% 2.30 5.69 5.09 2.10 3.98 4.38 4.91
iR i
4.8 4.9 4.10 4. 11 4.13 4. 14 4.15
SVM H 78 Fiml {5/ (g-d ~') 14 129.64  14205.85 14008.02  14190.39 14 132.41 14 148.21 14 171. 99
AR A I B/ (g d ) 13 395.48 13 707. 63 13 112. 88 13 465. 13 13 509. 69 13 538.95 13 636. 67
MAE/(g-d™") 734.16 498. 22 895. 14 725.26 622.72 609. 26 535.32
MRE/% 5.48 3.63 6.83 5.39 4.61 4.50 3.93

75 I B W B Ry 268,76 g/d, BRI, 5 T4 4L
T V- 7 v A B, SV T 00 A5 760 68 4% o ff b s ke 5 2
S E COHERE M B K, HAEAd S AFFIE T,
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PEAT G40 AT , WNZE 4 TR o T SVM B AL 5 {5
5 =R b ik OF fir k00 B MAE SF 2 {H N
58.16 g/d, & K N 97 g/d, & /INMHE N 24.22 g/d;
MRE F-3{H K 14.34% , e KAE N 26. 44% , Fe /MA
HF1.73% o FEFTHFIRALRGE LT SVM 30 A5 7 S 3
E W SR 8. 15 o/ d, — A8 Akt 1 i 125 I8 5 i 1
H139.84 ¢/d, ERFW, 5 E AT Bk A E,
SVM Fi I A5 1 RE % o B b i e 2 R CH, HE i
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2202.10 g/d, fi: K fH 2 3 805.08 g/d, &t /INEH K
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15.78% , fix /NE J 1.03% , 1E FT IF RHL 1 % F
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Tab.4 Daily average methane emissions and error analysis of cattle individuals

(1) BT T — Rl s 24 A g B e HE il it 7 2k 4G
I 2 2, 52 LT W AR AR B 45 BRI B CO,
CH, SR FE T2 A u&“’%%ﬁﬂ@iﬁaﬁ%\
A ST S0 SR T RE , B AR E R S TR
AR TR PRLAFRE A

()4 T —Fl SVM 175 25 A 4% i HF ik 2t 750000
T SR FH e 307 bR BOVE S A% pR B, ) I A 48 R 3k

FrBHUARAL, LA S 1558 XSG IR 35 5 25 A Sk #5580 1 i

- A #
Ei=E 7N
3.25 3.26 3.27 3.28 3.29 3.30 3.31
SVM AL BT L/ (g-d ") 493. 63 491. 47 500. 94 466.79 464. 63 462. 00 469. 89
AR A I/ (g d ) 421.35 436.99 476.72 383.50 425.02 428.55 478. 15
MAE/(g-d - 72.28 54.48 24.22 83.29 39.61 33.45 8.26
MRE/% 17. 15 12. 47 5.08 21.72 9.32 7.81 1.73
=L 7N o
4.1 4.2 4.3 4.4 4.5 4.6 4.7
SVM #5554 i {E (g d - 481.02 479.75 476. 68 482.31 474.23 464.98 473.63
:ik‘{tﬁﬁﬂz?ﬁﬂﬁiﬂu’ﬁﬁﬁ/(g-d’l) 503. 84 413. 62 429.25 407.93 419.56 395.45 401.97
MAE/(g-d ) 22.82 66. 13 47.43 74.38 54. 67 69. 53 71. 66
MRE/ % 4.53 15.99 11.05 18.23 13.03 17.58 17.83
Ei=E 7N o
4.8 4.9 4.10 4.11 4.13 4.14 4.15
SVM AL BT L/ (g-d ") 466. 77 472. 66 463. 87 467. 41 474. 51 465. 88 471.37
:%1{%¥@j‘]§bﬂﬂfﬁ{ﬂ/(g-d’] ) 415. 81 436.22 366. 87 394. 65 381.50 399. 64 388.72
MAE/(g-d - 50. 96 36. 44 97.00 72.76 93.01 66. 24 82. 65
MRE/% 12.26 8.35 26. 44 18. 44 24.38 16.57 21.26
x5 MENTFAFEHNBRHARERIREST
Tab.5 Daily average carbon emissions and error analysis of cattle individuals
e br o
3.25 3.26 3.27 3.28 3.29 3.30 3.31
SVM #5 R Fi i {E / (g-d - 28 826. 10 28 809. 27 29 182. 59 28 097. 37 28 047. 15 27 903. 36 28 181.08
S EA TR AT A/ (g d ) 26221.75  26866.78  28320.88  25551.46  26227.73  26742.81  27893.06
MAE/(g-d’l) 2 604. 35 1942.49 861.71 2 545.91 1819.42 1160. 55 288. 02
MRE/ % 9.93 7.23 3.04 9.96 6.94 4.34 1.03
Ei=E 7N o
4.1 4.2 4.3 4.4 4.5 4.6 4.7
SVM #E R F5 i {E / (g-d -1 28 479. 60 28 647. 41 28 564. 11 28 652. 88 28 383.29 28 153.79 28 294.42
AR R I A/ (g d - 28 848. 18 25 896. 31 26 450. 79 26 130. 06 26 200. 98 25471. 46 25485.12
MAE/(g-d’l) 368. 58 2751.10 2113.32 2522.82 2 182.31 2 682.33 2 809. 30
MRE/% 1.28 10. 62 7.99 9.65 8.33 10.53 11.02
EiE 7 o
4.8 4.9 4.10 4.11 4.13 4. 14 4.15
SVM ﬁﬁﬂﬁﬁ)ﬂﬂﬁ/(g-d") 28 132.74 28 385. 65 27924.12 28 212. 69 28 367.71 28 124.61 28 313.09
AR B (g d D) 25 869. 63 26 794. 24 24 119. 04 25304.74 24 954. 62 25528.24 25298.13
MAE/(g-d’l) 2263.11 1591.41 3 805. 08 2 907. 95 3413.09 2 596.37 3014.96
MRE/% 8.75 5.94 15.78 11.49 13. 68 10. 17 11.92
WAl HE bR . 45 R KW, CO, HF i A CH, HF i i 1
4 g

A5 750 58 S IE ¥ 25 e /ML 4R 0 R 9,52 x 10 °°
10908 X 10 ™, 3 W T 00 A5 750 EL A7 458 1o 110 of i 28 A
AR

(3) 5 bt T vk A0 L, 55T SVM 1 75 4
AR B e HE TR0 R S8 0 W A AR CO, HE TR |
CH, HF & ik HE Al MAE P Y946 23 0 oy 511,13
58.16.2 202. 10 g/d; MRE F 35 {8 4% 51 & 3. 78% .
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