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FDSST Detection Method for Pig Ear Base Surface Temperature
Based on Skeleton Scanning Strategy
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Abstract; To realize the automatic detection of pig ear-based surface temperature and reduce the error
caused by fast discriminative scale space tracking (FDSST) in the head tracking in the thermal infrared
video, an improved detection method of pig ear-based surface temperature by using the skeleton scanning
strategy was proposed. Firstly, the initial frame of the video was preprocessed to extract the simplified pig
skeleton. Secondly, the skeleton scanning strategy was designed to scan the key points of the head
skeleton and realize the head positioning in the initial frame. Thirdly, FDSST was used to track the hog
head. After each continuous tracking of N frames, skeleton scanning strategy was adopted to reposition
the head and reduce the tracking frame drift. Finally, a method for extracting the surface temperature of
the ear base was proposed. According to the temperature distribution of the left and right ear sides of the
head, the temperature of the ear base was extracted and the error was corrected. The method was tested
on the Matlab platform by using the collected videos of 30 pigs. Compared with FDSST, compressed
sensing tracking and nuclear correlation filtering tracking, the average tracking accuracy of the proposed
method was improved by 7. 82 percentage points, 11. 82 percentage points and 8. 78 percentage points,
respectively. The maximum error of the extracted ear base surface temperature was 0.32°C. This study
can provide technical support for automatic detection of pig ear base surface temperature.
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Thermal infrared video acquisition schematic
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Fig.2  Flow chart of pig ear base surface

temperature detection
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Tab.2 Results and errors of different pig ear base surface

temperatures detected by manual detection and algorithm

C
WRES T Typy S, Ty T rrr Sp
1 38.31 38.23 0.07 38.08  38.18 0.10
2 37.55 37.23 0.32 37.35  37.47 0.11
3 37.14  37.07 0.07 36.98  36.93 0.05
4 38.36  38.50 0.14 38.18  38.33 0.16
5 38.30 38.23 0.20 38.15  37.90 0.25

2 AIHLS, Fl &, Ms RE A 0.32C, &
SCREVL I T AR EAR R SR ) B Sl B L, JOKG
JEE T DA A= R I 1 i A 5 i

14 Sy B R IR 22 i, &1 14a BLAR B
S ) FEAR , {EL 2 A AR K 0 O , S 3 CH AR A TE R
PAGAX, 15 B 1R 22 K



376 & ol HLOM ¥ R 2020 4

3 Hig

(1) 1) B 21 0 S et FDSST 5303 19 A 4
FARR TR BE ARG I T 75 , RE 808 A7 R0 R A o Sk 3 E
SRR A AR A R IRL L A SR Bl £5 R R,
A SCREE T T e A D E B SR ATE R AR R
i R ORI L A R I A FDSST LR T 7. 82
AT i o T RE B 1Y T A SR R R B 3 A%

) fi S (b) Gl e 0 0 BB 1
Pl 14 Sl i T 52 22 (2) A% SCFE 5 B % T JC I S b 11 0 2 B A
Fig. 14 Head lateral temperature measurement EHAR AR, R sE R, AT a5 AT
error diagrams Ko I B R A 2 28 0. 32°C , W] L4 K A A
14b o1,y F 56 S0 B RS 1 R O A R T

A AR S 5 0 2 00 T P 3, T EF P 9 B L AR R (3) A% SO0 0 11 - 359 B B WUk 34. 46 1/,

i DAL T O AR 2 W S B A R

5 £ X B

(1] ki, SR RRLAMEM RGBT SERID]. KA w3, 2019,

ZHANG Zefeng. Full-time professional master degree dissertation [ D ]. Taigu: Shanxi Agricultural University, 2019. (in
Chinese)

[2] SOERENSEN D D, CLAUSEN S, MERCER J B, et al. Determining the emissivity of pig skin for accurate infrared
thermography[ J]. Computers and Electronics in Agriculture, 2014, 109, 52 - 58.

[3] SYKES D J, COUVILLION J S, CROMIAK A, et al. The use of digital infrared thermal imaging to detect estrus in gilts[ J].
Theriogenology, 2012,78(1) :147 —152.

(4] OO, 2 & BOMERT A 7708 R R S IR R gk [ T]. &R, 2019, 1(3): 1 -12.

TENG Guanghui. Information sensing and environment control of precision facility livestock and poultry farming [ J]. Smart
Agriculture, 2019, 1(3): 1 —=12. (in Chinese)

[5] JARA A L, HANSON J M, GABBARD J D, et al. Comparison of microchip transponder and noncontact infrared thermometry
with rectal thermometry in domestic swine (sus scrof a domestica) [J]. Journal of the American Association for Laboratory
Animal Science; JAALAS, 2016, 55(5) . 588 —593.

[6] SOERENSEN D D, PEDERSEN L J. Infrared skin temperature measurements for monitoring health in pigs: a review[J]. Acta
Veterinaria Scandinavica, 2015, 57(1): 5 - 15.

[7] H=HE. SRR R BRI T B R AT D ] IR AR IR R, 2016.

MENG Xiangxue. Application of infrared thermography in the field detection of sow’ s skin temperature [ D]. Harbin: Northeast
Agricultural University, 2016. (in Chinese)

[8] YANEZ-PIZANA A, MOTA-ROJAS D, RAMIREZ-NECOECHEA R, et al. Application of infrared thermography to assess the
effect of different types of environmental enrichment on the ocular, auricular pavilion and nose area temperatures of weaned
piglets[ J]. Computers and Electronics in Agriculture, 2019, 156 33 -42.

(9] MUgd. T 20 AN PORARBOR B (A IR AR I A5 DG IR A A2 R [ D] s A Pl 2%, 2019.

ZHAO Haitao. Pig body temperature detection and key temperature measurement part recognition [ D]. Wuhan: Huazhong
Agricultural University, 2019. (in Chinese)
[10] QU Z, JIANG P, ZHANG W. Development and application of infrared thermography non-destructive testing techniques|[J].
Sensors ( Basel, Switzerland) , 2020, 20(14) . 3851 —3877.

[11] MOER O, FL@® A, BOHLIN J, et al. Experimental factors affecting the within- and between-individual variation of plantar foot
surface temperatures in turkeys ( Meleagris gallopovo ) recorded with infrared thermography [ J]. Infrared Physics &
Technology, 2018, 92, 381 —386.

[12] LOKESHBABU D S, JEYAKUMAR S, VASANT P J, et al. Monitoring foot surface temperature using infrared thermal imaging
for assessment of hoof health status in cattle: a review[ J]. Journal of Thermal Biology, 2018, 78 10 -21.

[13] RICCI G D, SILVA-MIRANDA K O D, TITTO C G. Infrared thermography as a non-invasive method for the evaluation of heat stress
in pigs kept in pens free of cages in the maternity[ J]. Computers and Electronics in Agriculture, 2019, 157 403 —409.

[14] BARRETO C D, ALVES F V, RAMOS C E C D, et al. Infrared thermography for evaluation of the environmental thermal
comfort for livestock[ J]. International Journal of Biometeorology, 2020, 63(3): 1 -8.

[15] ZHANG C, XIAO D, YANG Q, et al. Review: application of infrared thermography in livestock monitoring[ J]. Transactions
of the ASABE, 2020, 63(2) . 389 -399.

[16] SALLESM SV, DA SILVA S C, SALLES F A, et al. Mapping the body surface temperature of cattle by infrared thermography



HTE A TR B AN Y A % R ACSEL B FDSST AN Uy 377

[J]. Journal of Thermal Biology, 2016, 62 63 —69.

EDGAR J L, NICOL C J, PUGH C A, et al. Surface temperature changes in response to handling in domestic chickens[ J].
Physiology & Behavior, 2013, 119 195 -200.

LU M, HE J, CHEN C, et al. An automatic ear base temperature extraction method for top view piglet thermal image[J].
Computers and Electronics in Agriculture, 2018, 155 339 —347.

VERAER, RS T, X e Y, 4. BETLLAMPUBIR Y 1 B A RS ARAS TN 7 2 [ ] R ALSA 4R, 2019, 50(10) « 222 -229.

SHEN Mingxia, LU Pengyu, LIU Longshen, et al. Body temperature detection method of ross broiler based on infrared
thermography[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(10) : 222 —229. (in Chinese)
DANELLJAN M, HAGER G, KHAN F S, et al. Accurate scale estimation for robust visual tracking[ C] // British Machine
Vision Conference, 2014.

DANELLJAN M, HAGER G, KHAN F S, et al. Discriminative scale space tracking[ J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2017, 39(8) : 1561 —1575.

YAO C, DUAN M, HE X, et al. Review of temperature measurement technology with infrared thermal imager[ C] // China
International Conference on Electricity Distribution, 2018 1065 - 1067.

ZHANG K, JIAO L, ZHAO X, et al. An instantaneous approach for determining the infrared emissivity of swine surface and
the influencing factors[ J]. Journal of Thermal Biology, 2016, 57 78 - 83.

ZHANG Y, CHEN Y, FU X, et al. A method for reducing the influence of measuring distance on infrared thermal imager
temperature measurement accuracy| J]. Applied Thermal Engineering, 2016, 100; 1095 - 1101.

TALUKDER S, THOMSON P C, KERRISK K L, et al. Evaluation of infrared thermography body temperature and collar-
mounted accelerometer and acoustic technology for predicting time of ovulation of cows in a pasture-based system [ J].
Theriogenology, 2015, 83(4) . 739 —748.

VIEIRA SALLES M S, DA SILVA S C, SALLES F A, et al. Mapping the body surface temperature of cattle by infrared
thermography[ J]. Journal of Thermal Biology, 2016, 62( A);: 63 - 69.

5K AR R IE 4. BT R R A 1 SR 0 A R B2 AN B AR R B 5 vk [J/0L ] R ML A= 4, 2019, 50 (3
T|) . 256 -260,242.

MA Li, ZHANG Xudong, XING Zizheng, et al. Automatic pig target tracking based on skeleton scanning strategy for thermal
infrared video[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2019,50 ( Supp. ) : 256 - 260,242.
http: / www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 2019s040&journal _id = jesam. DOI: 10.
6041/j. issn. 1000-1298.2019. S0. 040. (in Chinese)

(L#EE3B2T)

[25]

[26]

[30]

XIRL, skfhis, PR, TS KBHEMF RN A REGERKRSEEIRJ/OL]. Rl MU, 2019, 50(4) :
163 -169, 178.

LIU Gang, ZHANG Weijie, GUO Cailing. Apple leaf point cloud clustering based on dynamic-K-threshold and growth
parameters extraction[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(4) . 163 - 169, 178.
http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 20190418 &journal _id = jesam. DOI; 10.
6041/j. issn. 1000-1298.2019.04.018. (in Chinses)

TR, XN HeT =4k = 1R E 2 AL E @7k [J/0L ). B4k, 2020, 51(4) :173 - 180.
GUO Cailing, LIU Gang. Reconstruction method of apple tree canopy point leaf model based on 3D point clouds[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(4) :173 - 180. http: // www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? flag = 1&file _no = 20200420&journal _id = jesam. DOI; 10. 6041/j. issn. 1000-1298. 2020. 04.
020. (in Chinses)

SUJY, WUFF, AO Z R, et al. Evaluating maize phenotype dynamics under drought stress using terrestrial LIDAR[J].
Plant Methods, 2019, 15:;11.

JINSC, SUYJ, GAO S, et al. Deep learning: individual maize segmentation from terrestrial LIDAR data using faster R —
CNN and regional growth algorithms[ J]. Frontiers in Plant Science, 2018, 9.866.

XISEEE, SRS, H3Car, G Wb SEMUAR B R AR R T b MR R N s 5 AT [T Al AR AR, 2019, 35(12)
38 -47.

LIU Lichao, ZHANG Qingsong, XIAO Wenli, et al. Measurement and analysis of surface roughness of rapeseed mechanized
direct seeding operation[ J]. Transactions of the CSAE, 2019, 35(12) : 38 —47. (in Chinses)

W, SR, W®ALAL, 5. FET RGB - D AHLAYIN SR 40 B = H A 5 M R YU A2 [J/0L]. Ak HLB =4k, 2019,
50(2): 21 -27.

XU Shengyong, LU Kun, PAN Lili, et al. 3D reconstruction of rape branch and pod recognition based on RGB — D camera[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50 (2): 21 - 27. http: // www. j-csam. org/
jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no = 20190203 &journal _id = jesam. DOI. 10. 6041/j. issn. 1000-1298.
2019.02.003. (in Chinses)



