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A tree based regression model was developed based on historical data of one year (April 2012 to
March 2013). In this time period, there were 35 sick (ketosis and/or metritis) and 76 healthy cows.
The regression tree is based on the input variables (milk yield, activity, rumination, visits to the
milking robot, concentrate feed intake, body weight) and the output (diagnosis of the veterinarian).
The tree is binary, which means each branching node is split in two, based on the values of the input
variables. The tree based model (ctree, Matlab) classified each cow in a category, being sick or
being healthy. Table 1 shows the confusion matrix of the tree based regression model.

Table 1. Confusion matrix of tree based model with 76 healthy and 35 sick cows — calibration

dataset
Reference
Healthy Sick
Model Healthy 72 (95%) 5
Sick 4 30 (86%)

This tree based regression model served as the calibration dataset. The model was then applied on
new calvings with the predict-function in Matlab. Cows were followed for the first 21 d after
calving.

New inputs will be classified by the decision tree. In every end node, the likelihood of being a
member from a particular class is indicated, i.e. the probability of being sick is calculated.

Cows were divided into two groups: control (CON) and treatment (TRT). The CON cows were
brought once to the veterinarian in the period 5 to 12 d after calving like in the normal routine. The
TRT cows were only brought to the veterinarian when the model outcome indicated the cow was
sick or when the cow was at high risk for developing a disease.

Every Sunday, data were extracted from the farm computer and the model was applied on the new
data. A list of cows that were up to 21 d after calving with their respective probability of being sick
was then send to the farmer. This was done a few hours before the vet arrived, in order to give the
farmer the time to bring the cows that need a check-up to the treatment pen.

Starting in April 2013, 34 TRT, 31 CON and 1 cow without group calved.
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Table 2. Confusion matrix of tree based model with 34 healthy and 32 sick cows between 5 to 11

days after calving — validation dataset

Reference
Healthy Sick
Model Healthy 27 (79%) 11
Sick 7 21 (66%)

In table 2. Of the 18 cows that were incorrect classified, 4 cows that were diagnosed sick by the
veterinarian and 5 cows that were diagnosed healthy by the veterinarian were correct classified in

the following model check.

Table 3. Confusion matrix of tree based model of TRT group (20 healthy and 14 sick cows)

between 5 to 11 days after calving — validation dataset

Reference
Healthy Sick
Model Healthy 17 (85%) 1
Sick 3 13 (93%)
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International Symposium on Sensing in Agriculture, Haifa, Israel, February 21-24, 2011,

pp. 24.

Bar, D., Halachmi, I. and Steensels, M. (2011). Rumination in the first week after calving and

calving diseases.
NVSNN MYNNI NVINPNN INKRD NYRIN WAV NN NRIYD

Proceedings of 23th Annual Dairy Science Conference, Jerusalem, Israel, June 21-23,
2011, pp. 116-117 (In Hebrew).

Steensels, M., Bahr, C., Berckmans, D., Halachmi, I., Antler, A. and Maltz, E. (2011).

Application of a behaviour sensor in a high producing dairy herd.
25N1 NI MHININN NDID DIV

Proceedings of 23th Annual Dairy Science Conference, Jerusalem, Israel, June 21-23,
2011, pp. 76-79 (In Hebrew and English).

Steensels, M., Bahr, C., Berckmans, D., Halachmi, I., Antler, A. and Maltz, E. (2011). Precision
agriculture in dairy farming: applying lying behavior in the detection of sick cows.
Proceedings of the Annual Meeting of the ISAE - The Israeli Society of Agricultural
Engineering, Bet Dagan, Israel, July 7, 2011.

Steensels, M., Maltz, E., Bahr, C., Berckmans, D., Antler, A. and Halachmi, I. (2012). Can
behaviour and production variables be used to detect post-calving ketosis? Proceedings

of the Student Day Newe Ya’'ar, 22 May 2012, Newe Ya'ar, Israel, pp. 6.

Steensels, M., Bahr, C., Berckmans, D., Antler, A., Maltz, E. and Halachmi, I. (2012). Can
rumination, activity and milk yield be used to detect ketosis in early lactation?
Proceedings of the Annual Meeting of the ISAE - The Israeli Society of Agricultural
Engineering, Tel Aviv, Israel, May 16, 2012, pp. 13-14.
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Steensels, M., Bahr, C., Berckmans, D., Antler, A., Maltz, E. and Halachmi, I. (2012).
Characterizing effects of post-calving diseases as reflected by lying and milk composition

sensors.
25N 259 N2 MNYINI RVINNY 295 NVINN MINND NYIYN TPIN

Proceedings of the 24th Annual Dairy Science Conference, Jerusalem, Israel, pp. 89-90
(Hebrew), pp. 91-92 (English).

Steensels, M., Bahr, C., Berckmans, D., Antler, A., Maltz, E. and Halachmi, I. (2012). Model

development for early detection of ketosis by use of a rumination sensor.
DNV HY OTPI NMID NI NNOYN JW1N VINIWD DTN MNP

Proceedings of the 24th Annual Dairy Science Conference, Jerusalem, Israel, pp. 97-98
(Hebrew), pp. 99-100 (English).

Schlageter-Tello, A., Lokhorst, C., Bokkers, E.A.M., Koerkamp, P.W.G., Van Hertem, T.,
Steensels, M., Halachmi, I., Maltz, E., Viazzi, S., Romanini, C.E.B., Bahr, C., and
Berckmans, D. (2012). Comparison between direct and video observation for locomotion
assessment in dairy cow. Abstract book of the Annual Meeting of the European

Association of Animal Production (EAAP), Bratislava, Slovak Republic.

Steensels, M., Bahr, C., Berckmans, D., Antler, A., Maltz, E. and Halachmi, I. (2012).
Detection of early lactation ketosis by rumination and other sensors. Abstract book of the
Annual Meeting of the European Association of Animal Production (EAAP), Bratislava,

Slovak Republic.

Steensels, M., Maltz, E., Bahr, C., Berckmans, D., Antler, A. and Halachmi, I. (2013). Ketosis
detection in early lactation of dairy cows by behaviour and performance sensing. The
Annual Meeting of the ISAE - The Israeli Society of Agricultural Engineering, 23 May
2013, Tel Aviv, Israel.

Steensels, M., Maltz, E., Bahr, C., Berckmans, D., Antler, A. and Halachmi, I. (2013).
Detecting post-calving diseases by sensors and models. 25th Annual Dairy Science

Conference: 2-4 July 2013, Jerusalem, Israel.

Steensels, M., Maltz, E., Bahr, C., Berckmans, D., Antler, A. and Halachmi, I. (2013).
Detecting post-calving diseases by sensors and models. Joint Annual Meeting of the
American Dairy Science Association and the American Animal Science Association: 9-12
July 2013, Indianapolis, United States.

Articles of symposia proceedings

Steensels, M., Bahr, C., Berckmans, D., Halachmi, I., Antler, A. and Maltz, E. (2011). Lying
patterns of high producing dairy cows during transition time characterized individually by

behaviour sensors. In: Lokhorst, C., Berckmans, D. (Eds.), the European Conference on
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Precision Livestock Farming (ECPLF) 2011. Publisher: Czech Centre for Science and

Society, Prague, Czech Republic, pp. 35-49

Steensels, M., Maltz, E., Bahr, C., Berckmans, D., Antler, A. and Halachmi, I. (2013). Ketosis
detection in early lactation of dairy cows by behavior and performance sensing. In:
Berckmans, D., Vandermeulen, J. (Eds.), the European Conference on Precision Livestock
Farming (ECPLF) 2013, pp. 320-328

Peer review journal Publications
Steensels, M., Bahr, C., Berckmans, D., Halachmi, I., Antler, A. and Maltz, E. (2012). Lying

patterns of high producing dairy cows after calving in commercial herds as affected by
age, environmental conditions and production. Applied Animal Behaviour Science, 136,
88-95.

Steensels, M., Maltz, E., Bahr, C., Berckmans, D., Antler, A. and Halachmi, I. (2013).
Rumination time, Activity and Milk Yield in Cows with Post-Calving Ketosis and Metritis.

Under revision in Journal of Dairy Research. Will be submitted in the end of November.

Steensels, M., Maltz, E., Bahr, C., Berckmans, D., Antler, A. and Halachmi, I. (2013).
Development and validation of a model to detect post-calving ketosis in multiparous
dairy cows based on individual real-time rumination time, activity and milk yield. Under

revision in Journal of Dairy Research. Will be submitted 20 December

Steensels, M., Maltz, E., Bahr, C., Berckmans, D., Antler, A. and Halachmi, I. (2013).
Behaviour and performance variables of healthy and sick cows in early lactation (lying
time). Rejected by Applied Animal Behaviour Science. Will be submitted 31/01/2014.

Paper 5: Application of model in robotic milking farm (Yesodot). Will be submitted 31/03/2014.
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