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1. Introduction

The adoption of Automatic Milking Systems (AMS) in the Canadian dairy industry has rapidly increased
since its introduction 1999. As of the latest Agriculture Census in 2021, nearly 25% of dairy farms use a
fully-robotic milking system. With the advantages of reduced milking labour demands, less cow handling
and a more flexible lifestyle for dairy farmers, this trend is expected to continue growing, along with the
adoption of many other high-tech tools and precision dairy farming practices.

An important consideration in the adoption of AMSs is the shift in labour dynamics, going from
traditional milking tasks to more focus on individual and herd management. Time allocation has changed
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and now more time is spent on tasks like monitoring alerts, fetching cows and training heifers, attending
to malfunctions or repairs of the robots, and utilizing and interpreting data provided by the AMS. With
this shift in time and labour allocation, it is crucial to first consider the farm’s goals for management
strategies. This includes cow traffic and flow, feeding, labour, bedding, manure strategies, as well as
goals for expansion, conversion of traffic system and future needs. Following that, align the barn design
and layout to effectively meet those management strategies.

The design and layout of AMS facilities are key in optimizing functionality, performance, and labour
efficiency, ensuring integration of technology and improved productivity. In AMS settings, the
significance of components that reduce lameness and enhance cow health and wellbeing, traditionally
important in conventional milking parlours, takes on added importance. Critical design elements center
around cow comfort, emphasizing low-stress handling and providing ample space for cow flow, feeding,
milking, and resting areas.

This section offers general information on recommended dimensions and layouts for AMS facilities.
Before initiating the construction process, review and adhere to the national, provincial and municipal
regulatory requirements applicable to all AMSs. For further information, including recommended
management practices, please refer to the articles in the reference list.

2. Type of Traffic System:

Automated Milking Systems (AMS) commonly use three different traffic systems - free-flow, guided-
flow, and semi guided-flow — to determine the movement of cows through the barn for milking. The
choice among these systems depends on factors like the desired level of control over cow movement,
initial investment capacity, and availability of local services for maintenance or technical support.

In either system, cows are motivated to visit milking robots through feeding incentives provided in the
robot and/or the feedbunk, along with a positive milking experience within a comfortable, well-
designed, and low-stress environment. Success in terms of cow health, welfare, and herd productivity
can be achieved in either system with optimal management, design, and attention to cow comfort.
While traffic systems can be designed with adaptability in mind and can be converted to meet changing
preferences or needs over time, it is important to note that not all barn layouts are easily adaptable for
different traffic systems. Considerations such as the location of fetch pens, footbaths, water points, and
the space in front of robots can significantly influence the feasibility of traffic system conversion.

There is a wide range in performance and cost within each traffic system in terms of milk production,
robot performance (including refusals, capacity, milking frequency, milking intervals) and the fetching
process — each unique to the characteristics of individual farms. When evaluating or comparing overall
performance among traffic systems, costs associated with labour efficiency and feed allowance in the
robot should also be considered. Maintaining an optimal stocking rate per robot is crucial to minimizing
social dominance, facilitating access to the milking unit, and promoting overall herd wellbeing.
Recommendations for stocking rates vary across robot manufacturers and traffic systems. However,
scientific sources favour 55-60 cows per robot regardless of the traffic system, emphasizing the
importance of balancing performance and cow welfare in AMSs.

In this section, the focus will be on optimal design features applicable to all traffic systems.
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2.1 Free Flow (FF) traffic system

In a FF system, cows have unlimited and unrestricted access to the feedbunk, lying areas and milking
units. Cows voluntarily and freely visit any of these areas without a functional gating and/or sorting
system, allowing them to express their natural behaviour. A fetch pen or fetch area, positioned by the
milking robot entry, can be designed as a temporary (for example, using lifting bar gates or rollover
gates) or a permanent gated area to gather cows not milked within a predetermined interval. In a split-
entry fetch pen design, cows can access the robot from either the fetch pen or the main barn area. Once
cows are in the fetch pen, they must enter the robot to access the main barn area, ensuring successful
milking.

In addition to enabling cows to freely move and engage in their preferred activities, FF systems typically
have a lower initial investment compared to others due to fewer gates, fences and bars. It is important
to consider that with FF systems, there is a potential loss of robot capacity, as nonmilking visits (also
known as refusals) may occur when cows access the robot but are not milked due to a predetermined
milking interval being too short. Additionally, FF systems tend to have higher fetch rates compared to
other systems.

2.2 Guided Flow (GF) traffic system

In a GF system, cow movement is directed or guided through the pen, milking robot, and feeding area
(in adaptable order) using a system of gates. The direction of cow flow is facilitated by one-way and
selection gates, guiding and pre-selecting cows for milking and allowing access to the feeding or resting
area.

A key feature of GF systems is the commitment pen (also known as holding or waiting pen), a gated area
in front or adjacent to the robot. This pen temporarily holds pre-selected cows for milking before they
enter the milking robot. Cows cannot leave this pen until they have entered the milking robot. To
prevent long standing and waiting times in the commitment pen, it is critical to set and manage alerts
accordingly.

GF systems typically have a higher initial investment due to the use of gates, commitment pen, and
guiding mechanisms and technology. With GF systems, there is a potential of lower fetch rates and
increased of robot capacity due to the preselection of cows that prevent robot refusals. However, in a
2022 research study on 75 AMS herds in Ontario, GF systems were associated with less milkings per day
compared to FF systems. It was suggested that this unexpected association may have been influenced
by the use of selection gates limiting cows’ desire to access the robot or other unmeasured factors such
as milking permissions and dietary differences.

In general, there are two approaches in managing the flow of cows through a GF system:

o Feed first
In a feed-first system, cows are pre-selected on their way back to the stalls after visiting the
feedbunk. Those with milking permission are diverted into the commitment pen to go through the
milking robot, and those without milking permission are diverted to the resting area.

o Milk first
In a milk-first system, cows are pre-selected on their way from the stalls to the feedbunk. Those with
milking permission enter the commitment pen to go through the milking robot prior to getting
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access to the feedbunk. Those without milking permission are diverted to the feedbunk area. The
incentive for cows in this system is the feed they receive in the feedbunk area.

2.3 Hybrid (or semi-guided) Traffic System:

This system combines aspects of both FF and GF systems. Designs may vary, it can incorporate an open
crossover alley, or a row of stalls facing the feedbunk, providing cows unrestricted access to the
feedbunk and resting area. The presence of a commitment pen and one-way gates around the milking
robots ensures that once cows enter this area, the only exit is to go through the milking robot.

3. Design and layout considerations around the milking robot

The general design recommendations on this website (See Chapter 1), especially those that promote
cow comfort and health, are applicable to any housing and milking systems. However, these factors
become even more crucial in AMSs. Alongside feed quality and feeding strategies offered at the milking
robot and feedbunk, AMSs success largely relies on providing abundant space, comfortable and well-
planned areas for feeding, milking and resting. These design strategies not only facilitate optimal cow
flow and handling but also help mitigate competition for access to the robot, regardless of the traffic
system.

In this section, our focus is on specific design and layout factors that are essential for any AMS.

Provide abundant, unobstructed space around the milking robot
Ensure plenty of space in front of the milking robot, free from any physical objects or barriers that may
obstruct movement. Consider stalls, waterers, brushes, and any concrete or metal structures as
potential 'obstructions.’
- Provide a clearance area from the robot to the first obstruction of 6.1 meters or 20 feet.
- If 2 milking robots are side by side, provide a clearance area to the first obstruction of 7.0-7.6
meters or 23 - 25 feet (Figure 1).
- Position cow brushes, selection gates, computer feeders etc. away from the milking robots to
disperse barn activity.

Design an inviting, comfortable, and low-stress milking area

- Ensure that the milking area is well-lit and well-ventilated. A comfortable and inviting
environment can reduce stress and make the area more appealing to cows.

- Use rubber flooring where cows stand to milk to enhance comfort during milking and to provide
non-slip surface.

- Ensure a level entry to the milking area, promoting easy access for the cows.

- Design the milking area to be highly visible from the barn, allowing for easy monitoring and
management.

- Inalignment with the 2023 Dairy Code of Practice recommendations, integrate a low-stress
system to prompt timely departure of cows after milking. This ensures efficient access to the
milking robots for other cows.

- When designing the entrance and exit for the milking robot, avoid tight, 90° turns. If tight turns
are needed, take into account the average dimensions of cows (approximately 8.5 ft long and 25
inches wide or 2.6 mt long and 64 cm wide) and provide a wide turning area of at least 1.5 m or
5 ft to allow cows to maneuver the turn comfortably. Additionally, use non-abrasive, non-
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traumatic flooring material in these areas to prevent the development of white line hoof lesions
(Figure 2).

- Recommendations for avoiding tight turns and providing adequate turning areas apply to
various sections, including robot entry and exit, pre-selection and sorting gates, and the
footbath.

- Ensure the fetch/holding/waiting area is properly sized to avoid overcrowding, with particular
attention given if an alley scraper will be passing through, to minimize injuries and hoof lesions.

Minimize standing and waiting time for milking

In AMSs, particularly in free-flow traffic systems, the assumption is that cows spend little time waiting to
be milked as they have freedom of choice. However, competitive behaviour and displacements at the
robot entryway contribute to prolonged waiting and standing times.

In a 2022 research study comparing a free-flow and a guided-flow AMS herds in Wisconsin, cows spent
an average of ~1.5 hrs/day waiting to access the robot in both traffic systems. Waiting times varied in
both traffic systems, with some cows waiting only a few minutes while others waited over 5 hours daily.
The study suggests that management practices and designing an optimal waiting area, entry and exit
ways can help mitigate competitive behaviour for milking robot access:

- Implement gating or bars at the robot's entryway to protect the neck and shoulder of the next
cow in line, reducing aggressive interactions and displacements. This discourages dominant
cows from displacing subordinate cows by restricting their interaction to the rear of the waiting
Cow.

- Design the milking area with an exit positioned away from the entrance, preventing cows
leaving the robot from displacing those waiting in line. This reduces aggressive interactions and
displacements, especially during high robot frequency visit times.

- Maintain an adequate stocking rate of cows per robot.

- If herd size allows, adopt grouping strategies, particularly for first-lactation cows, which can also
positively impact milking frequency and production.

- Train heifers to use the robot prior to calving to facilitate the use of the robot and their
transition into the lactating herd

- For guided-flow herds, set an alert for cows that have passed through the sort gate into the
commitment pen but have not entered the robot within a set period (i.e. ~¥30 minutes).

- For guided-flow herds, consider designating a fetch area within the commitment pen to ensure
priority access for cows struggling to access the robots.

Provide optimal space for cows in the fetch pen and commitment pen

In a free-flow traffic system, the term "fetch pen" is commonly used to describe the area to gather cows not milked within a
predetermined interval. In a guided-flow traffic system, the term "commitment pen" is commonly used to describe the area
where cows are pre-selected by sort gates based on milking permissions before entering the milking robot.

- Use a split entrance in fetch pens to enable cows to access the robot from either the fetch pen
or the main barn area

- The fetch pen should be easily accessible

- Onaverage, 10% or less of lactating cows per day will require fetching
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- Size fetch pens to accommodate 4 to 6 cows per robot, allocating 20-30 ft? (1.8-2.8 m?) per cow.
- Size the commitment pen to accommodate 6-7 cows per robot, allocating 35-40 ft? (3.2-3.7 m?)
per cow.

4. Areas for Special Needs
Dedicate strategically located pens for special needs cows, including maternity/fresh, sick, injured, lame,
etc., to optimize their well-being:

- Ensure 24-hour access to milking robots, allowing cows to return to this pen as needed.

- Establish separation pens for treatment cows, lame cows, and those in heat, to be sorted
automatically. These should be equipped with facilities for handling, headlocks, examination,
and treatment.

- Avoid allocating cows in heat together with fresh and lame cows.

- Prioritize excellent ventilation, cooling mechanisms, and easy access to rest, feed areas, and
water.

- Forsizing the Special Needs pens, estimate space for approximately 7-10% of lactating cows.

5. Other considerations

Proper gate design plan

In an AMS, a well-designed gate and sort plan is indispensable for efficient labour and to promote a low-
stress environment. The AMS facility should be planned and designed to enable a single person to
effectively perform day-to-day tasks that require moving, sorting and handling cows with minimal stress.
A functional and well-designed gate and sorting plan allows for a single person to efficiently fetch cows
to be milked and to sort cows that need breeding, treatment, drying-off, trimming etc.

Maximize output and efficiency with multiple milking robots

Consider a minimum of 2 milking robot units and a maximum of 3 milking robot units per pen. Multiple
milking robots optimize operational efficiency during peak periods, reduce waiting times, and minimize
disruptions due to malfunctions or maintenance. In addition, research from 2016 highlights a positive
impact on milk production, demonstrating increased daily output per robot in facilities with 2 milking
robots per pen compared to a single unit.

Proper footbath location and functionality

Footbaths are a crucial component in AMSs to prevent infectious hoof lesions and lameness, equally
important as in conventional milked parlour herds. Guidelines for an effective footbath design and use
are detailed in Chapter 1 — Section 9.

Proper footbath location and functionality in AMSs are essential:

- Avoid placing footbath right in front of the robot exit to maintain robot attendance and smooth
cow flow.

- The footbath should be placed sufficiently distant from the robot’s exit and in a separate lane to
maintain optimal cow flow and allow cows to be sorted through according to the herd’s
footbath protocol.

- Refrain from placing the footbath in a remote crossover unless unavoidable (like in a retrofit), as
manually directing or moving cows can be labour intensive and disruptive, leading to
inconsistent footbath routines
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- Plan the location of footbaths to operate independently and, ideally, automatically select cows,
without caregiver intervention.

To explore various orientations of milking robots and optimal footbath placements within a pen,
including side, island, tollbooth, crossway, L-shape, and herringbone layouts, refer to the article
"Designing Automated Milking Dairy Facilities to Maximize Labor Efficiency" by Pitkdranta et al. 2018 in
the reference list.

Strategic brush placement
Brushes help enrich the cow’s environment, promote grooming and wellbeing. The recommendation is
to position brushes in areas where cows have easy access without disrupting cow flow around the
milking robot:
- Estimate at least one brush per robot.
- Locate brushes away from milking robots to distribute cow activity throughout the pen and to
prevent crowding near the robot area.
- Refrain from placing brushes in crossover alleys, especially if there is a water trough, to prevent
congestion and interference with cow movement.
- A common and effective location of brushes is in the last third of the feed alley, providing a
designated grooming area away from milking activities.

Proximity of the milk room and utility room
Place the milk and utility room near the milking robots, approximately within 30-45 meters (100-150
feet), to facilitate rapid milk transfer, cooling and milk safety.

Figure 1: Provide unobstructed space around the milking robot. If 2 milking robots are side by side,
provide a clearance area to the first obstruction of 7.0 - 7.6 meters (23 - 25 feet), Source: Ferme Karona.
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1.5m

Figure 2: Ensure a wide (>5 ft or 1.5 m) space for 90° turns around the milking robot
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