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FMD response cow hooves and temperature detection algorithm
using a thermal imaging camera

Chan-Ju Yu', Jeong-Jun Kim”
]Dept. of Agricultural Economics, Jeonbuk National University
“Tredio Co., Ltd.

2 o A WAl whE ssi ul- 27) aho] PAgel SJshE Azseb] A AAH FAY AE L ol
DAl Fa FAG FHe Ae) AL AL, A8 F2, F3F Ak, Q0T U BY G4 ol oIF Sla)
P A e PR ALS FAkE wolth B =Rl AAA A S S8l & B AF FueEe )
W ek, Falel YR hlet wES deby e, SHE wE AXste] Wi 44 HAES Adsd ¥
QoA e aelEat AsRe B FAG o) AHEe] 7] 43 UAE & 5 glor, JEel A4 44 87
24T Gtk 53, £ ATl E 7120 Fulge] ohd Asky AvlekE BEF FAY Ulg AAHE FAlo) mPoR
$ahsle] ME QUS WA S QL oJnld SNFE Fole] kel U LEE AF SHekE V53 AvE ES
FE AE A3 7152 I Stk olef @ Ase A FAG 54 d3S 7bsAl se, Mz dlee] glo]
A Aol U 25 B W ¢ 5 Atk

Abstract Because damages arising from the occurrence of foot-and-mouth disease (FMD) are very great, it is
essential to make a preemptive diagnosis to cope with it in order to minimize those damages. The main symptoms
of foot-and-mouth disease are body temperature increase, loss of appetite, formation of blisters in the mouth, on
hooves and breasts, etc. in a cow or a bull, among which the body temperature check is the easiest and quickest
way to detect the disease. In this paper, an algorithm to detect FMD from the hooves of cattle was developed and
implemented for preemptive coping with foot-and-mouth disease, and a hoof check test is conducted after the
installation of a high-resolution camera module, a thermo-graphic camera, and a temperature/humidity module in the
cattle shed. Through the algorithm and system developed in this study, it is possible to cope with an early-stage
situation in which cattle are suspected as suffering from foot-and-mouth disease, creating an optimized growth
environment for cattle.

In particular, in this study, the system to cope with FMD does not use a portable thermo-graphic camera, but a fixed
camera attached to the cattle shed. It does not need additional personnel, has a function to measure the temperature
of cattle hooves automatically through an image algorithm, and includes an automated alarm for a smart phone.
This system enables the prediction of a possible occurrence of foot-and-mouth disease on a real-time basis, and also
enables initial-stage disinfection to be performed to cope with the disease without needing extra personnel.

Keywords : foot-and-mouth disease, FMD, thermal imaging camera, algorithm, disease diagnosis, livestock disease,
cow hooves detections
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Fig. 2. Summary of algorithm
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Fig. 3. Algorithm process to extract cow hooves
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Table 1. Algorithm to detect the vertex
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Formal Description of Pavlidis' Algorithm

: A binary image containing connected group
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Begin
«  Scan each pixel in rows from the bottom-left until you find a white pixel s
* Inserts in B and set s to be the starting pixel
*  While( s haven’t been visited twice)
If pixel P1 is white
¢ InsertPl1inB
o Sets=P1
© Move one step forward followed by one step to your current left
else if P2 is white
© Insert P2inB
o  Sets=P2
o Move one step forward
else if P3 is white
© Insert P3inB
o  Sets=P3
© Move one step to the right, update your position and move one step to your current
left
else if 5 has been rotated 3 times
o terminate the process and declare s as an isolated pixel
else

o rotate 90 degrees clockwise while standing on the current pixel p

g Erjz Agsu Azt ges Bae 3AS
wel sl 2 @ 5k

% 4+ 4 @PPPLH 5t @B PPLPHT

(x=20,v=123) - (=10, v=79) - R:0 G:0 B0

Fig. 5. Extraction of contour line
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<X=(X-X1) « (X—X2)/IX— X1|X— X2|

Formulato obtain the angle of vertex 5)

A EAH FZAR] e k] A8 AR Xet
IAAT oo X1, H9 X290 FEE o] &3 formula.
5.5 Abgste] ezbael A5 E B4 gaS W3

et

Table 2. Tip detection algorithm

Formal Description of Tip detection algorithm

Input : Closed contour
Output : A sequence of detected tip points

Find the center C of minimum bounding box
Set Group = false
For (all the points X in the contour)
®  Get X! and X2, X1 and X2 are separated by X with M points
®  Compute P, the cosine value of <X, X, X2
= If (cosine value < threshold && !group) Discard X; Set Group = False;
*  Else if (P> threshold && 'group) Group = true; Set max = P;
rd Else if (P > threshold && group && P > max) max = P;
#  Else if (P = threshold && group) Push max into T; group = false;

For(all points W in T)
L] If( £CXX1 =90 && ~CXX2 > 90) Discard W
L] Else if ( # CXX1 <90 && ~CXX2 < 90 && W is not at the image boarder)
- If (W is M points away from previous point in T) Mark W as fingertip points

End

ol At 9K J

%+ 34E@BE0PLLHY

bedleb4l-poGoBY (x=38, v=218) ~ RO G:0 B:0

Fig. 7. Extraction of vertex
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Yo = ma(z—xl) +y1
Yy = my (2 —x,) +y,

Equations of two lines 6)
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“ (552_11)
. (y3*yg)
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Slope of the line (@)
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Fig. 10. Minimum rectangle and
surrounding the contour line

central point
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Fig. 11. Selection of vertex after designating the area
connecting bottom corners of central point
and rectangle
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Fig. 12. Relationship between equation of straight line and
position of dot on the coordinate plane
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"\
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Fig. 13. Relationship between equation of straight line and
position of dot on the coordinate plane
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Fig. 15. Thermal image data matching
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Detect Type

Infrared Wave

Field of View

Pixel Pitch

Detect Heat

Vanadium Oxide Micro Bolometer

7.2 ~ 13 Microns

206 % 156 Array 32,136 Pixels

36

12 Micro

-40°C ~330°C

16. Equipment shape(top) and equipment spec
(bottom)
Table 3. Equipment S/W Environment
Item Content
oS Ubuntu 14.04 64bit
Language C, C++
QT 52
OpenCV 2.4.12
Library
libusb
video4linux2
Table 4, examination result
Original Image Result Coordinate Temp.
¢ & (MAX)
m 287°C
29.1C
ﬂ 302DC
m 276DC
ﬁ 304DC
m 297DC
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