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[bookmark: _Toc517255919]1.0 ABSTRACT

The National Highway Traffic Safety Administration (NHTSA) recognizes the safety benefits of driver alert systems and is engaged in considerable research related to evaluating the effectiveness of alterative collision warning interface designs and implementation, as well as procedures for gauging such effectiveness, including impacts on vehicle costs and weight.  The purpose of this study was to establish reliable cost and weight estimates for Blind Spot Detection (BSD) Systems associated with passenger vehicles.

BSD systems use sensors to detect vehicles in adjacent lanes that may not be directly observed by the driver. The BSD alerts the driver that another vehicle may be present and to use caution if planning a lane change.  The detection zones include lateral and rear zones. If any vehicle arrives to the predefined detection zone, a warning signal is issued. In contrast, a warning might not be followed, depending on the BSD system, when the other vehicle is in the rear zone.  In detecting vehicles, the most frequent types are optical or radar. The sensor detects closing vehicle speed and its relative distance. Typical components associated with the BSD systems include the sensor (radar, optical), warning system (audible, haptic, side mirror indication), control unit, and associated wiring.

[bookmark: _Toc319596387]Ricardo Strategic Consulting (RSC) and NHTSA have selected and studied the BSD cost and weight impact on three light passenger vehicles: the Kia Sedona, Ford F-150, and Chrysler Pacifica.  The study included dismantling of the BSD systems and evaluation of components to determine manufacturing methods, weights, and costs. For the three vehicles studied, it was found that the average increase in weight was 0.89 kg and the average manufacturing cost increase was $112.13 and the average retail price increase to the end user for these systems was determined to be $145.93.

[bookmark: _Toc517255920]2.0 SUMMARY OF FINDINGS

[bookmark: _Ref508719082]Ricardo worked with NHTSA to define the study scope, baseline equipment, study assumptions, and cost methodology for light duty vehicles. The process involved three key procedures: 1) vehicle research, 2) vehicle segregation, and 3) vehicle selection.  The Kia Sedona, Ford F-150 and Chrysler Pacifica were selected for teardown analysis, which includes cost and weight determination, for each BSD system component.  The average annual sales for these vehicles for the years 2015-2017 were: Kia Sedona 34,945; Ford F-150 832,619; and Chrysler Pacifica 89,900[footnoteRef:2]. [2:  Demandt, B., et.al., CarSalesBase, U.S. Car Sales Data, http://carsalesbase.com/us-car-sales-data/] 

Typical BSD components include:
1. Sensors (typically radar, located near tail light assembly or integrated with this assembly)
2. Control units (PCBs for sensors – antenna, LED control)
3. Associated wiring harnesses
4. Mounting hardware specific to BSD system
5. Other materials and scrap (for electronic parts, this category includes  labels, soldering materials, flux, and fasteners)
Owner’s manuals, service manuals, OEM parts descriptions, and interviews with service technicians were employed to identify subassemblies, components, and parts associated with the BSD systems.  Detailed evaluations, including identification of sensors, displays, PCB pin assemblies, associated wire systems, and mounting hardware, ensured that only those items related to the BSD system were included in the cost and weight determinations.  The identified parts were then purchased through local dealers.

Ricardo engaged automotive system and vehicle integration experts, cost modeling teams, and procurement professionals to support the cost and weight analysis.  Following acquisition of the parts from dealers, analyses were performed to determine which subassemblies, components, and parts were uniquely associated with the BSD system.  The parts were then disassembled (“tear-down” procedure), catalogued, evaluated to determine manufacturing process, evaluated to determine materials used, weighed, and analyzed using specialized manufacturing cost software.

The chart below shows comparisons of the study results for the three BSD Systems.  Total manufacturing costs for BSD systems range from $92.70 to $129.27, with an average of $112.13.  
[image: ]

The average manufacturing costs are further characterized by four elemental cost components of labor, material, variable and fixed costs, as described in Section 3.0. These manufacturing cost components are shown in the table below.  Overhead burdens, characterized by fixed percentage markups for SG&A, profit, transportation & warranty; as well as dealer costs and markup, are applied to the total manufacturing costs to determine the end-user cost increase of $145.93 for the average of the 3 vehicles studied.
[image: ]

The added weights of the three BSD systems are summarized in following chart.  They range from 0.43 kg to 1.35 kg, with an average of 0.89 kg.
[image: ]
. 

[bookmark: _Toc517255921]3.0 ENGINEERING ANALYSIS
[bookmark: _Toc517255922]Technology
BSD systems are in a category of devices termed advanced driver assist systems (ADAS), a class of mechanical and electronic features installed to enhance drivability and safety.
BSD sensors fall into two primary categories: radar and computer vision. These systems employ sensors to detect the presence of other vehicles in the equipped vehicle’s left and right blind zones (see Figure 1). The BSD processes the sensor information and presents it to the driver in the form of visual and audible indicators. Visual indicators are often integrated in the glass of both left and right outside rear-view mirrors, or inside the vehicle on the “A-pillar” or window frame near each outside mirror. Radar-based BSD systems for passenger cars use sensors that are typically mounted in left rear and right rear positions on a vehicle, either behind the rear bumper fascia or behind each rear quarter panel. The sensors transmit and receive radio waves to and from the vehicle’s left and right blind zones. The systems process the radar signals and provide visual and/or audible information to the driver. Snow, rain, and fog can disrupt the radar signals. Dirt, snow, and ice present on the surfaces through which the radio waves are transmitted and objects mounted on the vehicle near the sensors, such as bicycle and luggage carriers, can cause interference[footnoteRef:3].  [3:  Forkenbrock, G., Hoover, R. L., Gerdus, E., Van Buskirk, T. R., & Heitz, M. (2014, July). Blind spot monitoring in light vehicles — System performance. (Report No. DOT HS 812 045). Washington, DC: National Highway Traffic Safety Administration.] 

Computer-vision-based BSD systems use digital camera imaging technology to sense the presence of vehicles in blind zones. Cameras mounted on or near the outside rear-view mirror housings on both sides of the vehicle provide views of the blind zones to the system. Images from the cameras are processed by the systems using algorithms that identify image characteristics associated with vehicles. Systems may identify vehicle shapes in daylight, vehicle headlights at night, and/or some combination of shapes and lighting. The systems can be disrupted by snowfall and rainfall, and by snow, ice, and dirt present on the camera lenses. Shadows, light reflected from wet roadways, and sunlight at sunrise and sunset can cause the systems to produce false-positive alerts[footnoteRef:4].  [4:  Ibid, Page 2.] 

Some vehicles combine BSD with rear cross traffic alert (RCTA) systems.  For the current report, components related to RCTA were not included in the cost and weight analysis.
[image: ]

Figure 1: Typical Blind Spot Detection Zones
[bookmark: _Toc517255923][bookmark: _Toc398558252]Selection of Vehicles
Ricardo worked with NHTSA to define the study scope, baseline equipment, study assumptions, and cost methodology. The vehicle identification methodology is summarized in Figure 2.  The process involved three key procedures: 1) vehicle research, 2) vehicle segregation, and 3) vehicle selection.  
[image: ]

Figure 2: Vehicle Identification/Selection Methodology
Specific vehicle selection criteria associated with the BSD systems included:
· Availability of information on vehicle BSD system
· Annual sales volumes
· Mix of domestic and foreign manufacturers
· Focus on systems developed by major suppliers of BSD technology
· To include variety of audible, visual and/or haptic display systems
· To be representative of high-volume, mainstream systems offered by key global suppliers
Six of the candidate vehicles meeting the stated criteria were evaluated in detail. These are summarized in Figure 3, which also indicates the three that were selected for disassembly, analysis, and cost & weight determinations.  A comparison of the three selected vehicles to the selection criteria is shown in Figure 4.  The Kia Sedona, Ford F-150 and Chrysler Pacifica were recommended for teardown analysis (includes cost and weight determination for each BSD system component).  These three vehicles offer the basic BSD features representative of typical mainstream vehicles.  The only warning method not represented is haptic.  It is noted the BMW & Audi systems shown in Figure 3 were not selected due to their associated higher-than-average costs.

[image: ]
[image: ]
Figure 3: Six candidate vehicles were studied in detail and three were selected for cost & weight analysis
[image: ]
Figure 4: Comparison of subject vehicles features to selection criteria[footnoteRef:5] [5:  Cars Sales Base, http://carsalesbase.com/us-car-sales-data/ ] 

[bookmark: _Toc517255924]BSD System Descriptions for Selected Vehicles
Kia Sedona:  Kia’s BSD System also supports Lane Change Assist (LCA) and Rear Cross Traffic Alert (RCTA) functions.

[image: ]
Figure 5: Location of Kia Sedona BSD Sensors (photo credit: Kia Sedona Owner’s Manual)
The Kia BSD is active when the selection switch is in the on position and vehicle speed is above 18.6 mph as shown in the upper left portion of Figure 6 (labeled 1).  The system will NOT alert the driver if the relative vehicle speed is 6 mph relative or greater compare to the other vehicle.
Alerts /Modes: BSD alerts the driver of a vehicle in the blind spot area with a 1st stage visual alert as shown in the middle right illustration in Figure 6.  The BSD /LCA system can be turned off with a lighted switch as shown in the upper right figure; the lighted switch was included in the weight and cost analysis.
Other Features: the LCA system causes the light to blink and an alarm to sound when a vehicle approaches at high speed as shown in illustration 2 of Figure 6 and if the turn signal is activated. This is the 2nd stage visual alarm as shown in the bottom left illustration.  Since the BSD system interfaces with the existing audible alarm system, none of the audible warning components were included in the cost and weight analysis.
Rear Cross Traffic Alert: RCTA is activated when the transmission is in reverse (R) mode and covers the area shown in illustration 3 of Figure 6.  The ultrasonic sensor(s) and cross traffic alert system components were not included in the BSD cost and weight analysis.
[image: ]
Figure 6: Kia Sedona BSD System Functions (photo credit: Kia Sedona Owner’s Manual)

Ford F-150:  Ford’s BSD system, known as the Blind Spot Information System (BLIS™), is integrated with a cross traffic alert.  The Continental 24 GHz radar sensors are located behind the tail light lenses on each side of the vehicle as illustrated in Figure 7.
The Ford system is activated when vehicle speed exceeds 2 mph and remains on when the transmission selector is in drive (D) or neutral (N) modes. The detection zone is on both sides of the vehicle from the location of the outside rear view mirror (ORVM) to approximately 10 feet beyond rear bumper.  The system is not activated for the condition of a vehicle passing rapidly through (< 2 seconds) the detection zone
Alerts/Modes: BLIS™ illuminates a light on the ORVM located on the same side of the vehicle from which the other vehicles is approaching.  The driver has the option of deactivating BLIS™ using a dash-mounted switch.
Other Features: The BLIS™ system is coupled with a Cross Traffic Alert when the transmission selector is not in drive (D) or neutral (N).  Hardware associated with the cross traffic alert system ultrasonic sensor(s) and other driver assist systems were not included in the cost and weight analysis.  Ford offers an optional, passive, integrated blind spot mirror on the driver’s side ORVM.  This was also not analyzed as it is not included as part of Ford’s BLIS system. 
[image: ]
Figure 7: Ford F-150 BSD Radar and Visual Warning Locations[footnoteRef:6] [6:  Bennink, C., Pickup Truck Gear: New Technology Puts Safety into the Pickup Truck Buying Process, For Construction Pros, 15 May 2015, https://www.forconstructionpros.com/trucks/trucks-accessories/article/12067915/pickup-truck-gear-new-technology-puts-safety-into-the-pickup-buying-process] 


Chrysler Pacifica:  The Chrysler Pacifica includes user-selectable visual and audible blind spot monitoring (BSM) alerts.  The system includes 24 GHz radar sensors supplied by Autoliv and is operational in any forward transmission gear or reverse and monitors blind spots when the vehicle speed is greater than 6 miles/hour (see Figure 8).  The BSM is in standby mode when the transmission is in park.  The detection zone covers one lane width (12 ft) on both sides of the vehicle from the ORVM location to ~10 ft beyond the rear bumper.  The Pacifica owner’s manual states: “The Blind Spot Monitoring (BSM) system uses two radar based sensors, located inside the rear bumper fascia, to detect highway licensable vehicles (automobiles, trucks, motorcycles, etc.) that enter the blind spot zones from the rear/front/side of the vehicle.” The BSM system does not alert the driver about rapidly approaching vehicles that are outside the detection zones.
Alerts/Modes: The Chrysler BSM system detects degraded performance of the radar sensors due to contamination or foreign objects and displays a “blocked sensor” warning message and activates warning indicators in the outside rear view mirrors.  The warning indicators remain illuminated until blockage clearing conditions are met. The BSM system notifies the driver of objects in the detection zones by illuminating the BSM warning light located in the outside mirrors in addition to sounding an audible (chime) alert and reducing the radio volume.
· Blind spot alert lights only (default) – visual in ORVM
· Blind spot alert lights / chime – turn signal activates chime
· Blind spot alert off – No visual or audible alerts from either BSM or RCP systems
Other Features: Chrysler’s Rear Cross Path (RCP) system is activated when the transmission is in reverse.  The RCP includes ultrasonic sensor(s) which were not included in the cost and weight analysis.
[image: ]
Figure 8: Chrysler Pacifica Blind Spot Management System (photo credit: Chrysler Pacifica Owner’s Manual)
[bookmark: _Toc517255925]Component Procurement and Disassembly
Key tasks for the cost and weight analysis include the procurement of parts associated with the BSD systems for the three selected vehicles, disassembly of these parts/components, identification of materials and processes used to produce the components, and measurement of the weights of the subassemblies, components, and parts. Typical BSD components are illustrated in Figure 9 and include:
1. Sensors (typically radar, located near tail light assembly or integrated with this assembly)
2. Control units (PCBs for sensors and antenna, LED control)
3. Associated wiring harnesses
4. Mounting hardware (specific to BSD system)
5. Other materials and scrap (for electronic parts, this category includes  labels, soldering materials, flux, and fasteners)
Owner’s manuals, service manuals, OEM parts designations, and interviews with service technicians were employed to identify subassemblies, components and parts associated with the BSD system.  Detailed evaluations, including identification of sensors, displays, PCB pin assemblies, associated wire systems, and mounting hardware, ensured that only those items related to the BSD system were included in the cost and weight determinations.  The identified parts were then purchased through local dealers.
[image: ]
Figure 9: Typical BSD system components
[image: ]
Figure 10: Chrysler Pacifica Radar Sensor Locations and Associated Support Brackets (photo credit A2Mac1)

[bookmark: _Toc517255926]Determination of Applicable Components
Many of the BSD components are integrated into or shared with other systems.  For example, connecting wires for the BSD system may be included in wire harnesses that interface with other, non-related equipment.  For the Kia Sedona, it was found that the BSD system utilizes a portion of the floor wiring harness for connecting and communicating with it subcomponents (see Figure 11).
Wires associated with systems other than BSD were not included in the cost and weight determinations.  Power connections, for example, exist independent of the BSD system and are thus not part of the incremental cost.  Based on the wire diagram of Figure 11, it was determined the portion of the floor harness associated with the BSD system included:
· 4 CAN wires connected between the 2 radars		wire length = 219 cm each
· 1 wire from left radar to BSD on/off switch		wire length = 534 cm
· 1 wire from left radar to left rear view mirror LED	wire length = 556 cm
· 1 wire from right radar to BSD on/off switch		wire length = 679 cm
· 1 wire from right radar to right rear view mirror LED	wire length = 556 cm
[image: ]
Figure 11: Portion of Kia Sedona Floor Wire Harness Associated with BSD System (photo credit: Kia Sedona Service Manual)
[bookmark: _Toc517255927]Cost and Weight Analysis Approach
Ricardo engaged automotive system and vehicle integration experts, cost modeling teams, and procurement professionals to support the cost and weight analysis.  Following acquisition of the parts for dealers, analyses were performed to determine which subassemblies, components, and parts were uniquely associated with the BSD system.  The parts were then disassembled (“tear-down” procedure), catalogued, evaluated to determine manufacturing process, evaluated to determine materials used, weighed, and analyzed using specialized manufacturing cost software.
[image: ]
Figure 12: Weighing Kia Sedona Radar PCB (photo credit: MeC S.r.l.)
The analysis software facilitates organization of the disassembly process including a precise, systematic cataloguing system. Notes and measurements are included with the annotated photos.
Computational, experience-base, and heuristic procedures are followed in order to define the process, process times, and materials costs.  The results are summarized on standard cost and weight data forms.
[bookmark: _Toc517255928]Costing Approach and Assumptions
The blind spot detection system components were torn down for cost and weight analysis of each individual elemental part and assembly costs were developed for each manufacturing step. Components that went through a series of production operations had the costs associated with those operations captured in the component costs. Standard parts such as fasteners were accounted for as procured parts in the analysis. Detailed manufacturing process operation worksheets are provided in the appendix for each of the analyzed components that illustrate how variable manufacturing costs, fixed burden, and weights are accumulated. These are then reconciled, each part to its subassembly, and from subassembly to the total incremental system. 
An Asset Center Costing (ACC) methodology was used to identify cost drivers in terms of:
· Direct labor minutes per cycle
· Direct material costs per cycle
· Machine occupancy or station times per cycle
· Machinery, equipment, and tooling utilized and allocated per cycle.

The total manufacturing cost was built up from the following elements:
· Direct labor cost per unit (based on US rates for appropriate trades by manufacturing process)
· Direct material costs including scrap allowance and inbound freight per unit
· Variable burden/overhead costs, including indirect labor, energy, and other costs that vary with production volume
· Indirect plant staff
· Material handlers
· 1st line supervision
· Tool & equipment maintenance
· Facilities maintenance
· Non-production plant supplies
· Energy
· Process fluids & gases
· Fringe on Direct labor
· Fixed burden / overhead per unit, including capital depreciation and other fixed costs
· Capital equipment requiring investment and amortized at the stated annual sales volumes including property, plant machinery, equipment and primary tooling
· Capital depreciation schedules for property, plant, and equipment
· Special tooling depreciation schedules
· Floor space for manufacturing and offices
· Taxes – local and property
· Insurance – property and liability

The following assumptions were utilized in applying the ACC methodology to the systems and components analyzed: 
· Annual vehicle production volume of 200,000 units
· [bookmark: _Hlk517102278]Burdened labor rate: labor rates were determined for specific manufacturing processes and applied to the cost analyses.  For example, the labor rate associated with injection molding operations located in the Midwest was assumed to be $33.66/hour.
· Capital equipment depreciation schedule of 12 years straight line with no residual value consistent with IRS depreciation schedules
· Special tooling depreciation schedule of 5 years straight line with no residual value consistent with IRS depreciation schedules
· Scrap rate of 1% of direct material cost based on an average for the automotive industry

 In addition, overhead burdens for an automotive supplier and an automotive manufacturer were applied to get a more complete estimate of the contribution margin. The following corporate overhead rates were used as being typical for in-house made components by an original equipment manufacturer (OEM) in the light-duty automotive industry after reviewing Spinney et al[footnoteRef:7], Rogozhin et al[footnoteRef:8], National Academy of Sciences (NAS)[footnoteRef:9], and Vyas et al[footnoteRef:10]: [7:  Spinney, B.C., Faigin, B., Bowie, N., & St. Kratzke. 1999, Advanced Air Bag Systems Cost, Weight, and Lead Time analysis Summary Report, Contract NO. DTNH22-96-0-12003, Task Orders – 001, 003, and 005. Washington, D.C., U.S. Department of Transportation]  [8:  Rogozhin, A., Gallaher, M., & McManus, W. 2009, Automobile Industry Retail Price Equivalent and Indirect Cost Multipliers.  Report by RTI International to Office of Transportation Air Quality.  U.S. Environmental Protection Agency, RTI Project Number 0211577.002.004, February, Research Triangle Park, N.C.]  [9:  National Academy of Sciences, Committee on the Assessment of Technologies for Improving Light-Duty Vehicle Fuel Economy, "Assessment of Fuel Economy Technologies for Light-Duty Vehicles," The National Academies Press, Washington D.C., 2011]  [10:  Vyas, A., Santini, D., And Cuenca, R., "Comparison of Indirect Cost Multipliers for Vehicle Manufacturing," Technical Memorandum of the Center for Transportation Research, Argonne National Laboratory, April 2000] 

· SG&A of 8% applied to total manufacturing costs, including
· Sales
· Research & Development
· General administration
· Human resources
· Supplier quality
· Senior plant management
· Profit of 5% applied to total manufacturing cost 
· Transportation and warranty costs of 10% applied to total manufacturing cost.
For outsourced components made by a Tier 1 supplier, however, the NAS found that outsourced components had a markup factor of only 75% that for in-house components as their Table 3.5 shows[footnoteRef:11].  [11:  See p. 33 of National Academy of Sciences, Committee on the Assessment of Technologies for Improving Light-Duty Vehicle Fuel Economy, "Assessment of Fuel Economy Technologies for Light-Duty Vehicles," The National Academies Press, Washington D.C., 2011] 

[image: ]
Therefore, the following corporate overhead rates for outsourced components, at 75% of the OEM in-house component rates, were used:
· SG&A of 6% applied to total manufacturing costs
· Profit of 3.75% applied to total manufacturing cost
· Transportation and warranty costs of 7.5% applied to total manufacturing cost.
These overhead burdens, along with the fixed burden and the variable manufacturing cost equate to a wholesale price from the manufacturer. Dealer costs and markup were estimated to be 11% of the wholesale price, consistent with Spinney et al, to arrive at a final end-user cost.

[bookmark: _Toc517255929]4.0 COST AND WEIGHT ANALYSIS
For each of the three selected vehicles, components related specifically to the BSD systems were identified as described in the Determination of Applicable Components section of 3.0 Engineering Analysis. The identified subassemblies were disassembled to individual components and analyzed for cost and weight. The parts were photographed, weighed and costed as per the approach outlined in the Costing Approach and Assumptions section of 3.0 Engineering Analysis.
[bookmark: _Toc398558262][bookmark: _Toc517255930]Cost and Weight Results
The following pages describe the vehicle components associated with the BSD systems and the results of the cost and weight analysis.  As noted above, once the components associated with the BSD systems were identified for the three selected vehicles, they were ordered through local dealers.  
[bookmark: _Toc517255931][bookmark: _Toc398558263]Kia Sedona
The key components for the Kia Sedona BSD system are shown in the Table 1, which includes photos and descriptions of key parts acquired for the disassembly process.   It is noted that the “Mirror Assembly” components are those related to the BSD system and include the LED warning LED and associated hardware but not the other mirror components.
[image: ]
Table 1: Key Kia Sedona BSD Parts and Descriptions (photo credit MeC S.r.l.)
The complete results of the cost and weight analysis for the Kia Sedona are included in the appendix.  Table 2 provides a summary for the key subsystems as well as the full BSD system.
[image: ]
Table 2: Costs and weight summary for Kia Sedona BSD System and Key Components
The additional manufacturing cost of the Kia Sedona BSD system is estimated to be $129.27 with the radar assemblies accounting for 88%.  The total manufacturing costs are summarized by cost element as shown in Figure 13. The additional weight due to addition the BSD system is 1.35 kg.

[image: ]
Figure 13: Kia Sedona BSD System Cost Build-Up
The manufacturing cost increase of the BSD system is shown in Table 3.
[image: ]
Table 3:  Sedona Kia BSD System Manufacturing Cost Increase 
[bookmark: _Toc517255932]Ford F-150
The key components for the Ford F-150 BSD system are shown in Table 4 which includes photos and descriptions of key parts acquired for the disassembly process.  The F-150 BSD system includes two identical radar sensor assemblies and the mirror-mounted LED warning light.
The complete results of the cost and weight analysis for the Ford F-150 are included in the appendix.  Table 5 provides a summary for the key subsystems as well as the full BSD system.
[image: ]
Table 4: Key Ford F-150 BSD System Parts and Descriptions (photo credit MeC S.r.l.)

[image: ]
Table 5: Costs and weight summary for Ford F-150 BSD System and Key Components
The additional manufacturing cost of the Ford F-150 BSD system is estimated to be $92.70 with the radar assemblies accounting for 64%.  These costs are summarized in Figure 14. The additional weight due to addition the BSD system is 1.28 kg.
[image: ]
Figure 14: Ford F-150 BSD System Cost Build-Up
The manufacturing cost increase of the BSD system is shown in Table 6.
[image: ]
Table 6:  Ford F-150 BSD System Manufacturing Cost Increase
[bookmark: _Toc517255933]Chrysler Pacifica
The key components for the Chrysler Pacifica BSD system are shown in Table 7 which includes photos and descriptions of key parts acquired for the disassembly process.  It is noted that the Pacifica includes two identical radar sensors and ORVM visual warning displays incorporating an LED and associated PCB driver and wiring.
The complete results of the cost and weight analysis for the Chrysler Pacifica are included in the appendix.  Table 8 provides a summary for the key subsystems as well as the full BSD system.
[image: ]
Table 7: Key Chrysler Pacifica BSD System Parts and Descriptions (photo credit MeC S.r.l.)
[image: ]
Table 8: Costs and weight summary for Chrysler Pacifica BSD System and Key Components
The additional manufacturing cost of the Chrysler Pacifica BSD system is estimated to be $114.41 with the radar assemblies accounting for 83%.  These costs are summarized in Figure 15. The additional weight due to addition the BSD system is 0.43 kg.

[image: ]
Figure 15: Chrysler Pacifica BSD System Cost Build-Up
The manufacturing cost increase of the BSD system is shown in Table 9.
[image: ]
Table 9:  Chrysler Pacifica BSD System Manufacturing Cost Increase 
[bookmark: _Toc517255934]Comparison of Evaluated BSD Systems and Summary
Table 10 shows comparisons of the study results for the three BSD Systems.  Costs to the manufacturer range from $92.70 to $129.27, with an average of $112.13.  The distribution of cost components for the average system is shown in the pie chart of Figure 17.
The added weight of the three BSD systems is summarized in Table 10 and Figure 18.  They range from 0.43 kg to 1.35 kg, with an average of 0.89 kg.
The incremental prices of the three BSD systems to the end user are summarized in Table 11.
[image: ]

Figure 16: Comparisons of BSD Systems Manufacturing Costs
[image: ]
Figure 17: Manufacturing Cost Components for Average BSD System.
[image: ]
Table 10: Costs and weight summary for three BSD Systems 
The weight of the Chrysler Pacifica BSD system is significantly lower than that for the other two vehicles.  This is because the support brackets and housing are fabricated from lightweight plastic compared to aluminum and steel for the other two vehicles.  
[image: ]
Figure 18: Incremental Weight of Three BSD Systems (use Ricardo color scheme)
[image: ]
Table 11: Average Incremental Price of BSD Systems to End User

[bookmark: _Toc517255935]5.0 ACRONYMS
ADAS		Advanced Driver Assist Systems
AEB		Advanced Emergency Braking
BOM		Bill of Materials
BSD 		Blind Spot Detection
BLIS™		Ford Blind Spot Information System
CIB		Crash Imminent Braking
CO 		NHTSA Contracting Officer
COR(TO) 	NHTSA Contracting Officer’s Representative - Task Order
DBS		Dynamic Brake Support
DCM		Door Control Module
FCW		Forward Collision Warning
LCA		Lane Change Assist
LDWS		Lane Departure Warning System
ORVM		Outside Rear View Mirror
PCB		Printed Circuit Board
NHTSA 	National Highway Traffic Safety Administration
RCP		Rear Cross Path
RCTA		Rear Cross Traffic Alert
RSC		Ricardo Strategic Consulting
V2V		Vehicle-to-Vehicle Communication

[bookmark: _Toc517255936]6.0 APPENDICES
The appendices include: 1) bills of material (BOM) for each of the three selected vehicles, 2) cost and weight summary tables for each of the three selected vehicles.
[bookmark: _Toc517255937]BOM for Kia Sedona
The Kia Sedona BSD system includes two radar system PCBs.  Based on their color, these two PCBs are referred to as the “Green Radar PCB” and “White Radar PCB”.  A photo of the top and bottom sides of these two PCBs is shown below, followed by the corresponding BOMs.
[image: ]
Photo of top and bottom sides of Kia Sedona Radar PCBs (photo credit MeC S.r.l.)
[image: ]
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[bookmark: _Toc517255938]Cost and Weight Summary for Kia Sedona
Details of the BSD cost and weight analysis of the Kia Sedona is shown in the table below:
[image: ]
[bookmark: _Toc517255939]BOM for Ford F-150
Similar to the Kia Sedona, the Ford F-150 includes two radar PCBs, labeled “Green” and “White” (antenna).  These are shown in the photos below, followed by the corresponding BOMs.
[image: ]
Photo of top and bottom sides of Ford F-150 Radar PCBs (photo credit MeC S.r.l.)
[image: ]
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[bookmark: _Toc517255940]Cost and Weight Summary for Ford F-150
[image: ]


[bookmark: _Toc517255941]BOM for Chrysler Pacifica
Similar to the Kia Sedona and the Ford F-150, the Chrysler Pacifica includes two radar PCBs, labeled “Green” and “White” (antenna).  These are shown in the photos below, followed by the corresponding BOMs.
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Chrysler Pacifica BSD System Radar PCBs (photo credit MeC S.r.l.)
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[bookmark: _Toc517255942]Cost and Weight Summary for Chrysler Pacifica
[image: ]






image2.png
Total BSD System
Manufacturing Cost

$140

$120 +

$100
$80
$60
$40
$20
$0

$112.13

. $129.27

$114.41

T $92.70

Study Ford F—150
Average

__

Kia Sedona

"

1. W

Chrysler
Pacifica

Fixed
M Variable
= Material

M Labor




image3.emf
Category Cost

Variable 

Manufacturing 

Cost

Total 

Manufacturing 

Cost

Labor cost $7.51

Material cost $96.70

Variable cost $4.63

Fixed cost $3.28

Overhead burdens $19.34

$6.73

$4.20

$8.41

Wholesale price increase $131.47

Dealer costs and markup $14.46

End-user cost increase $145.93

Profit

Transportation & warranty

Study Average BSD System

$108.84

$112.13

SG&A
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TABLE 3.5 Comparison of Markup Factors

Markup Factor for ANL Borroni-Bird
In-house components 2.00 2.05
Outsourced components 1.50 1.56
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Item # Description Manufacturer Part

Quantity per 

Vehicle

Notes

1.1 Bracket 1

1.2 Bracket  2

1.3 Radar (Sensor assembly)

1.3.1.2Internal Housing

1.3.2.2White Radar PCB (Antenna)

1.4 Radar Wire Assembly

1.5 BSD Indicator Lamp (in mirror)

 Included with Unit 

Assembly - BSD 

1

 Included with Unit 

Assembly - BSD 

1

 There are 2 Unit 

Assemblies per vehicle: 

left side is master and 

right side is slave 

 Included with Unit 

Assembly - BSD 

2

 One for each radar (left 

and right) 

 The Unit Assemblies 

include the radar housing 

components 

 One for each radar (left 

and right) 

 Only the BSD-related 

portions of the radar 

harness assembly were 

included in the analysis 

 Separate part numbers 

for left and right mirror 

assemblies (LED warning 

display and associated 

components) 

 LED Warning Light 

Portion of Mirror 

Assembly  

2

↑

 Included with Unit 

Assembly - BSD 

 Portion of External 

Wiring Assembly 

Associated with BSD 

2

 Included with Unit 

Assembly - BSD 
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Item # Description

Total 

Manufac

turing 

Cost

Qty

Cost to 

manu-

facture 

per unit

Labor Material Variable Fixed

 Unit 

weight 

[g] 

 Total 

weight 

per 

vehicle 

[g] 

1 Sedona BSD system 129.27 $  1 129.27 $      5.89 $     115.49 $     4.32 $      3.58 $  1354.1 1354.1

1.1 Bracket 1 1.85 $      1 1.85 $           0.01 $     1.73 $          0.03 $      0.08 $  388.3 388.3

1.2 Bracket 2 1.52 $      1 1.52 $           0.01 $     1.39 $          0.03 $      0.08 $  210.0 210.0

1.3 Radar (Sensor assembly) 113.40 $  2 56.70 $        0.57 $     52.76 $        1.90 $      1.48 $  284.4 568.8

1.3.1.2Internal Housing 1.05 $      1.05 $           0.07 $     0.38 $          0.04 $      0.56 $  89.1 89.1

1.3.2.2White Radar (Antenna) PCB 11.37 $    11.37 $        0.11 $     10.52 $        0.52 $      0.21 $  18.1 18.1

1.4 Radar Wire Assembly 7.14 $      2 3.57 $           1.45 $     1.95 $          0.12 $      0.04 $  83.0 166.0

1.5

BSD Indicator Lamp (in 

mirror)

4.40 $      2 2.20 $           0.90 $     1.00 $          0.11 $      0.18 $  6.7 13.4

Sedona BSD System Key Components Costs and Weights

↑
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Category Cost

Variable 

Manufacturing 

Cost

Total 

Manufacturing 

Cost

Labor cost $5.89

Material cost $115.49

Variable cost $4.32

Fixed cost $3.58

Sedona BSD System

$125.69

$129.27
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Item # Description

Manufacturer 

Part 

Quantity 

per 

Vehicle

Notes

1.1 Radar

1.1.1 Housing

1.1.2 Radar PCBs

1.2 Door Control Unit

1.3 Door Harness

1.4 BSD Indicator Lamp (in mirror)

1.5 Radar Wire Harness

1.6 Bolt, Sensor

Ford F150 BSD System Key Part Names and Descriptions

2

2

2

 Includes Both Main 

Radar PCB and Radar 

Antenna 

 DCM controls BSD 

warning LED in ORVM 

 Includes Connections 

for DCM and LED in 

Mirror 

 Bolts for BSD 

Assembly 

4

 Two Identical Radar 

Sensor Assemblies 

are Used 

↑



 Sensor 

Assembly 

 Included with 

Radar (Sensor 

Assembly) 

 Included with 

Radar (Sensor 

Assembly) 

 BSD Door 

Control Module 

 Door Wire 

Assembly for 

BSD 

 BSD LED 

Warning Light 

Portion of Mirror 

Assembly 

 BSD Radar Wire 

Assembly 

2

2
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Item # Description

Total 

Manufac

turing 

Cost

Qty

Cost to 

manu-

facture 

per unit

Labor Material Variable Fixed

 Unit 

weight 

[g] 

 Total 

weight 

per 

vehicle 

[g] 

1 Ford F150 BSD system 92.70 $    1 92.70 $    11.79 $   74.83 $    3.04 $         3.04 $  888.4 888.4

1.1 Radar (Sensor Assembly) 58.61 $    2 29.31 $    0.52 $     27.31 $    0.93 $         0.55 $  142.9 285.8

1.1.1 Housing 1.37 $      1.37 $      0.14 $     1.08 $      0.06 $         0.09 $  100.2 100.2

1.1.2 Radar PCBs 27.94 $    27.94 $    0.38 $     26.23 $    0.87 $         0.46 $  42.7 42.7

1.2 Door Control Unit 5.43 $      2 2.71 $      0.06 $     2.04 $      0.16 $         0.45 $  30.0 60.0

1.3 Door Harness 14.70 $    2 7.35 $      2.72 $     4.34 $      0.23 $         0.07 $  93.0 186.0

1.4 BSD Indicator Lamp (in mirror) 2.67 $      ↑ 2.67 $      0.98 $     1.03 $      0.27 $         0.39 $  10.6 10.6

1.5 Radar Wire Assembly 10.68 $    2 5.34 $      2.10 $     2.91 $      0.06 $         0.27 $  173.0 346.0

1.6 Bolt, sensor 0.60 $      4 0.15 $      0.15 $      20.8 83.0

Ford F150 BSD System Key Components and Weights

↑
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Category Cost

Variable 

Manufacturing 

Cost

Total 

Manufacturing 

Cost

Labor cost $11.79

Material cost $74.83

Variable cost $3.04

Fixed cost $3.04

Ford F150 BSD System

$89.65

$92.70
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Item # Description Manufacturer Part Qty Notes

1.1 Radar

1.1.1

Housing

1.1.2

Sensor PCB

1.2

Radar Wire Assembly

1.3 Door Control Module LED Driver

1.4

BSD Indicator Lamp (in mirror)

1.5

Radar Bracket on Bumper/Fascia

Chrysler Pacifica BSD System Key Part Names and Descriptions

 Two indentical radar 

sensors included in 

Pacifica BSD 



 BSD System Door 

Control Module 

 BSD LED Indicator 

Lamp in Mirror OU 

 Included in Sensor 

Assembly 

2

↑

2

2

2

Sensor Assembly

 Included in Sensor 

Assembly 

 Included in Sensor 

Assembly 

 BSD Wiring RE and 

Fascia RE 



 DCM controls blind 

spot warning system 

mirro-mounted LED 

 Left and Right ORVM 

Systems included in 

BSD 
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Item # Description

Total 

Manufac

turing 

Cost

Qty

Cost to 

manu-

facture 

per unit

Labor Material Variable Fixed

 Unit 

weight 

[g] 

 Total 

weight 

per 

vehicle 

[g] 

1 Pacifica BSD system 114.41 $  1 114.41 $     4.87 $     99.78 $    6.53 $         3.23 $  430.3 430.3

1.1 Radar (Sensor assembly) 94.76 $    2 47.38 $       0.49 $     44.52 $    1.74 $         0.63 $  80.0 160.0

1.1.1

Housing

1.46 $      0.73 $         0.16 $     0.29 $      0.16 $         0.13 $  54.2 54.2

1.1.2

Sensor PCB

46.65 $    46.65 $       0.33 $     44.23 $    1.58 $         0.50 $  25.8 25.8

1.2 Radar Wire Assembly 4.88 $      4.88 $         1.54 $     2.19 $      1.12 $         0.04 $  124.2 124.2

1.3 Door Control Module LED Driver 6.98 $      2 3.49 $         0.04 $     2.57 $      0.12 $         0.77 $  7.1 14.1

1.4 BSD Indicator Lamp (in mirror) 7.18 $      2 3.59 $         1.08 $     1.49 $      0.84 $         0.19 $  29.1 58.2

1.5 Radar Bracket on Bumper/Fascia 0.62 $      2 0.31 $         0.05 $     0.22 $      0.02 $         0.01 $  36.9 73.8

Chrysler Pacifica BSD System

↑
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Category Cost

Variable 

Manufacturing 

Cost

Total 

Manufacturing 

Cost

Labor cost $4.87

Material cost $99.78

Variable cost $6.53

Fixed cost $3.23

Chrysler Pacifica BSD System

$111.19

$114.41
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Description

Total 

Manufact-

uring Cost

Labor MaterialVariable Fixed

 Total 

weight 

per 

vehicle 

Study Average BSD System $112.13 $7.51 $96.70 $4.63 $3.28 890.9

Ford F150 BSD system $92.70 $11.79 $74.83 $3.04 $3.04 888.4

Sedona BSD system $129.27 $5.89 $115.49 $4.32 $3.58 1354.1

Pacifica BSD system $114.41 $4.87 $99.78 $6.53 $3.23 430.3

Study Average BSD System
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Category Cost

Variable 

Manufacturing 

Cost

Total 

Manufacturing 

Cost

Labor cost $7.51

Material cost $96.70

Variable cost $4.63

Fixed cost $3.28

Supplier Overhead $19.34

$6.73

$4.20

$8.41

Wholesale price increase $131.47

Dealer costs and markup $14.46

End-user cost increase $145.93

Study Average BSD System

$108.84

$112.13

SG&A

Profit

Transportation & warranty
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Kia’'s BSD system uses 24GHz Valeo radars controlled by two PCBs, referred to as “Green” and “White”

—
.i

¥

¢
© ° .‘
_’I

“Green” PCB Top “Green” PCB Bottom “White” PCé Top “White” PCB Bottom





image35.emf
TYPE COMPONENT DESCRIPTION

No. 

compo-

nents 

top

No. 

compo-

nents 

bottom

COST 

each

COST 

Total

Micro-controllers Flip Flop Dual 14PIN  LVC74A 3H4Z807 UXD14  1 $0.08 $0.08

Active components

Shift Register 8 ch LCD 

Driver

 HCT140 3BK ATTY  1 $0.07 $0.07

Active components Side pwr switch 2 channels  BTS5210G  1 $0.62 $0.62

Passive components Quartz 8.0000 HLX5D  8,0000 10,5x4,2x4,2  1 $0.25 $0.25

Various integrated 

circuits

Driver  LTCRZ 4B60e3  2 $0.49 $0.98

Various integrated 

circuits

Driver

 VN5016A (M157 x n° 2) PSSO12 

HSD 16 mOhm 40A 

2 $0.49 $0.98

Various integrated 

circuits

Quad . Op. Ampl.

 LM2902 Operational Amplifier x 

4 SO14 

2 $0.13 $0.26

Passive components

Inductor  SMD  double  

3,2x4,5x2,5

 Estimated value  2 1 $0.25 $0.74

Passive components Ceramic Capacitor SMD  average value  36 22 $0.00 $0.21

Passive components

Ceramic Capacitor SMD 

2,5x3

 average value  18 16 $0.01 $0.21

Passive components Ceramic Capacitor SMD  average value  17 $0.02 $0.26

Passive components Resistor SMD

 Varius value 0402-0603-0805-

1206 

18 $0.00 $0.02

Passive components Resistor SMD 1/2 W  Various values 1810     2.5 x 5 mm  4 44 $0.01 $0.29

Passive components Resistor SMD mini-melf  Various values   8 $0.00 $0.03

Passive components

Capacitor Tantalum SMD   

Case E

 Case E 7.3x6.0x3.6  3 5 $0.35 $2.80

Sedona BSD System BOMs

Green Radar PCB (1 of 2)
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TYPE COMPONENT DESCRIPTION

No. 

compo-

nents 

top

No. 

compo-

nents 

bottom

COST 

each

COST 

Total

Active components Diode Schottky  Power rectifier  1 2 $0.80 $2.40

Passive components Ferrite 2 $0.04 $0.07

Active components Diode SMD SOD123  Various values 1.5x2.8x1.2  77 $0.01 $0.66

Active components Transistor BJT  SOT723 - Estimated Value  3 $0.04 $0.12

Active components Transistor/Mos Fet  SOT59  AJ P1 Estimated Value  2 8 $0.12 $1.23

Various integrated 

circuits

Driver

 VN5016A (M157 x n° 2) PSSO12 

HSD 16 mOhm 40A 

1 $1.50 $1.50

Passive components

Inductor double SMD 

EPCOS 

 BB2793   1 3 $0.54 $2.16

Connectors 8 linear pins  Estimated Value  1 $0.56 $0.56

Various integrated 

circuits

Driver  MC9S12XDT512VAA  1 $12.30 $12.30

Passive components

Electrolytic Capacitor SMD 

5x5x5,4

 10uF 35V 5x5x5,4  6 $0.04 $0.25

Various integrated 

circuits

Driver  IS45S16400J  1 $2.50 $2.50

Various integrated 

circuits

Driver  TJA1042  2 $0.36 $0.72

Various integrated 

circuits

Driver x 7 ch  ADW95086Z  1 $3.20 $3.20

Various integrated 

circuits

CI  HCT4066  1 $0.25 $0.25

Various integrated 

circuits

CI  8040ARUZ  1 $2.60 $2.60

Active components Diode SMD SOD123  Various values 1,5x2,8x1,2  41 $0.01 $0.35

Active components Diode SGS (SMA)  Various values 2,6x4,2x2,2  2 $0.03 $0.05

Various integrated 

circuits

CI  average value   1 $0.62 $0.62

Sedona BSD System BOMs

Green Radar PCB (2of 2)
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TYPE COMPONENT DESCRIPTION

No. 

compo-

nents 

top

No. 

compo-

nents 

bottom

COST 

each

COST 

Total

Various integrated 

circuits

CI  ADF4118Y  1 $1.60 $1.60

Passive components Ceramic Capacitor SMD  average value   35 $0.00 $0.13

Passive components

Ceramic Capacitor SMD 

2,5x3

 Various values   5 $0.01 $0.03

Passive components Resistor SMD 1/2 W  Various values 1810     2,5 x 5 mm  10 $0.01 $0.06

Passive components

Capacitor Tantalum SMD   

Case E

 Case E 7.3x6.0x3.6  3 $0.35 $1.05

Active components Diode Schottky  Power rectifier  2 $0.80 $1.60

Active components Diode SMD SOD123  Various values 1,5x2,8x1,2  24 $0.01 $0.21

Various integrated 

circuits

Driver  HCT4066  2 $0.22 $0.44

Various integrated 

circuits

CI  UMSS2412  2 $1.10 $2.20

Various integrated 

circuits

CI  UMSV2421  2 $0.49 $0.98

Various integrated 

circuits

CI  IT OSLQ  1 $0.30 $0.30

Connectors Header Connection  20 pin  1 $0.70 $0.70

Sedona BSD System BOMs

White Radar PCB
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#CABLE TYPOLOGY  Temp. Class 

SECTION 

 [mm]

LENGTH 

 [m]

COST

CAN wire #1 UNIPOLE  T3 - 125°C  2 2.19 $0.20

CAN wire #2 UNIPOLE

 T3 - 125°C  2 2.19 $0.20

CAN wire #3 UNIPOLE

 T3 - 125°C  2 2.19 $0.20

CAN wire #4 UNIPOLE

 T3 - 125°C  2 2.19 $0.20

Left Radar BSD Switch UNIPOLE

 T3 - 125°C  2 5.30 $0.50

Left Radar rear mirror LED UNIPOLE

 T3 - 125°C  2 5.60 $0.52

Right Radar BSD Switch UNIPOLE

 T3 - 125°C  2 6.80 $0.64

Right Radar rear mirror 

LED UNIPOLE  T3 - 125°C  2 5.60 $0.52

Cable 1 UNIPOLE  T3 - 125°C  2 0.34 $0.03

Cable 2 UNIPOLE

 T3 - 125°C  2 0.34 $0.03

Cable 3 UNIPOLE

 T3 - 125°C  2 0.18 $0.02

Cable 4 UNIPOLE

 T3 - 125°C  2 0.18 $0.02

BSD Harness

Mirror Harness

Sedona BSD System BOMs
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Item # Description

Total 

Manufac

turing 

Cost

Qty

Cost to 

manu-

facture 

per unit

Cycle 

time 

[sec]

 Man 

power 

Labor Material Variable Fixed

 Unit 

weight 

[g] 

 Total 

weight 

per 

vehicle 

[g] 

1 Sedona BSD system 129.27 $  1 129.27 $  5.89 $     115.49 $  4.32 $       3.58 $  1354.1 1354.1

1.1 Bracket 1 1.85 $      1 1.85 $       5.00 0.50 0.01 $     1.73 $       0.03 $       0.08 $  388.3 388.3

1.2 Bracket  2 1.52 $      1 1.52 $       5.00 0.50 0.01 $     1.39 $       0.03 $       0.08 $  210.0 210.0

1.3

Radar (Sensor assembly) 113.40 $  2 56.70 $     0.57 $     52.76 $     1.90 $       1.48 $  284.4 568.8

1.3.1 Housing

1 2.60 $       0.19 $     1.62 $       0.11 $       0.67 $  229.3

1.3.1.1

Housing on both Radars

1 0.33 $       30.42 0.50 0.04 $     0.25 $       0.02 $       0.02 $  71.7

1.3.1.2

Internal Housing

1 1.05 $       12.60 1.00 0.07 $     0.38 $       0.04 $       0.56 $  89.1

1.3.1.3 Housing Bottom

1 0.95 $       48.84 0.50 0.03 $     0.88 $       0.02 $       0.02 $  48.3

1.3.1.4 Housing Top White

1 0.13 $       48.84 0.50 0.03 $     0.06 $       0.02 $       0.02 $  20.2

1.3.1.5

PCB Frame

1 0.14 $       5.00 0.50 0.01 $     0.06 $       0.01 $       0.06 $  0.0

1.3.2 Radar PCBs

1 54.10 $     0.38 $     51.14 $     1.78 $       0.80 $  55.1

1.3.2.1 Green Radar PCB

1 42.73 $     0.26 $     40.62 $     1.26 $       0.59 $  37.0

1.3.2.1.1

PCB Components

1 39.09 $     - - - 39.09 $     - -

1.3.2.1.2 Circuit board

1 0.86 $       - - - 0.86 $       - -

1.3.2.1.3 Other materials/Scrap

1 0.67 $       - - - 0.67 $       - -

1.3.2.1.3.1

Soldering materials

1 0.22 $       - - - 0.22 $       - -

1.3.2.1.3.2 Label

1 0.02 $       - - - 0.02 $       - -

1.3.2.1.4 Processing

1 2.11 $       0.26 $     - $         1.26 $       0.59 $ 

1.3.2.1.4.1

SMD component circuits

1 1.43 $       14.22 2.00 0.12 $     - 0.87 $       0.44 $  -

1.3.2.1.4.2 Wave soldering

1 0.35 $       14.22 1.00 0.05 $     - 0.20 $       0.10 $  -

1.3.2.1.4.3 Axial and radial soldering

1 0.08 $       14.22 1.00 0.08 $     - 0.01 $       -

1.3.2.1.4.4

Circuit testing and programming

1 0.20 $       14.22 1.00 0.01 $     - 0.19 $       -

1.3.2.1.4.5 Setup

1 0.05 $       0.05 $  -

1.3.2.2

White Radar PCB

1 11.37 $     24.24 2.00 0.11 $     10.52 $     0.52 $       0.21 $  18.1

1.3.2.2.1 PCB Components

1 9.30 $       - - - 9.30 $       - -

1.3.2.2.2 Circuit board

1 0.83 $       - - - 0.83 $       - -

1.3.2.2.3

Other materials/Scrap

1 0.39 $       - - - 0.39 $       - -

1.3.2.2.3.1 Soldering materials

1 0.21 $       - - - 0.21 $       - -

1.3.2.2.3.2 Label

1 0.07 $       - - - 0.07 $       - -

1.3.2.2.4

Processing

1 0.85 $       0.11 $     - $         0.52 $       0.21 $ 

1.3.2.2.4.1 SMD component circuits

1 0.41 $       6.06 2.00 0.04 $     - 0.29 $       0.09 $  -

1.3.2.2.4.2 Wave soldering

1 0.25 $       6.06 1.00 0.04 $     - 0.14 $       0.07 $  -

1.3.2.2.4.3

Axial and radial soldering

1 0.03 $       6.06 1.00 0.03 $     - 0.00 $       -

1.3.2.2.4.4 Circuit testing and programming

1 0.09 $       12.12 1.00 0.01 $     - 0.09 $       -

1.3.2.2.4.5 Setup

1 0.05 $       0.05 $  -

1.4 Radar Wire Assembly 7.14 $      2 3.57 $       266.10 1.00 1.45 $     1.95 $       0.12 $       0.04 $  83.0 166.0

1.5

BSD Indicator Lamp (in mirror)

4.40 $      2 2.20 $       - - 0.90 $     1.00 $       0.11 $       0.18 $  6.7 13.4

1.5.1 3D Laser etching

1 0.19 $       5.00 0.50 0.01 $     - $         0.03 $       0.14 $ 

1.5.2 Mirror Harness

1 1.72 $       135.60 1.00 0.74 $     0.89 $       0.06 $       0.02 $  6.7

1.5.3

PCB Led

1 0.30 $       42.00 1.00 0.15 $     0.11 $       0.02 $       0.02 $ 

1.6 Switch Assy 0.95 $      1 0.95 $       - - 0.01 $     0.94 $       0.00 $       0.01 $  7.5 7.5

1.6.1 Button

1 0.12 $       - - 0.01 $     0.11 $       0.00 $       0.01 $  3.0

1.6.2

Δ

 

PCB 1 0.83 $       0.83 $       4.5

Sedona BSD System
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Ford’s BSD system uses 24GHz Continental radars controlled by two PCBs, referred to as “Green” and “White”

“Green” PCB Top “Green” PCB Bottom “White” PCB Top “White” PCB Bottom
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TYPE COMPONENT DESCRIPTION

No. 

compo-

nents 

top

No. 

compo-

nents 

bottom

COST 

each

COST 

Total

Passive components

Electrolytic Capacitor  SMD 

10x10x10,5

 470uF 25V 10x10x10,5  3 $0.10 $0.30

Passive components

Inductor double SMD 

EPCOS 

 Estimated value  2 $0.33 $0.66

Passive components

Resistor SMD 1/2 W

 Various Values 1810     2,5 x 5 mm  5 $0.01 $0.03

Passive components Resistor SMD

 Various Values 0402-0603-0805-

1206 

42 $0.00 $0.05

Active components Diode SGS (SMC)

 Various Values 6x7x2,4  6 3 $0.18 $1.66

Various integrated circuits

Double . Op. Ampl.

 Estimated value  1 1 $0.13 $0.26

Active components Transistor/Mos Fet  D-PAK  BSP 452 Driver HS   1 $0.33 $0.33

Active components Transistor/Mos Fet  SOT223

 BCP 56   1 4 $0.06 $0.31

Passive components Ceramic capacitor SMD 2,5x3

 Various Values   25 15 $0.01 $0.25

Passive components Ceramic capacitor SMD

 Average value   55 $0.00 $0.20

Active components Diode SGS (SMC)

 Various Values 6x7x2,4  20 $0.18 $3.68

Connectors

Zif pfor flat Display with 50 

pins SMD

 -  1 $0.68 $0.68

Passive components Ceramic capacitor SMD

 Average value   2 $0.00 $0.01

Passive components Ceramic capacitor SMD

 Average value   58 $0.00 $0.21

Various integrated circuitsDriver

 VN5016A (M157 x n° 2) PSSO12 

HSD 16 mOhm 40A 

1 $0.49 $0.49

Active components Diode SMD SOD123

 Various Values 1,5x2,8x1,2  10 $0.01 $0.09

Various integrated circuitsAnalog Mux/Demux

 74HCT4051D 8 Ch Analog 

Mux/Demux 

2 $0.08 $0.16

Passive components Quartz SMD  4kHz

 4.0000:18 11,4 x 4,83 x 4,3  1 $0.15 $0.15

Micro-controllers Renesas H8S 2635

 192K Flash 6K RAM FP-128B   1 $2.70 $2.70

Micro-controllers NXP BGA MK10DN32VMP5

 ARM Cortex M4 32bit - 50MHz - 

FLASH 32kB - RAM 8kB - 

Oscillatore interno - BGA - 64 pin 

1 $3.30 $3.30

Passive components Resistor SMD

 Various Values 0402-0603-0805-

1206 

38 $0.00 $0.05

Passive components Inductor  SMD     5x5,4x5

 225K   9022 Vishay  1 $0.25 $0.25

Ford F150 BSD System BOMs

Green Radar PCBs
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TYPE COMPONENT DESCRIPTION

No. 

compo-

nents 

top

No. 

compo-

nents 

bottom

COST 

each

COST 

Total

Micro-controllers Transceiver RF  BGT24AR4  2 $3.90 $7.80

Passive components Ceramic capacitor SMD

 Average value   14 $0.00 $0.05

Passive components Ceramic capacitor SMD 2,5x3

 Various Values   3 $0.01 $0.02

Passive components

Resistor SMD

 Various Values 0402-0603-0805-

1206 

27 $0.00 $0.03

Connectors

Zif for flat Display with 30 

pins SMD

 -  1 $0.38 $0.38

Active components Diode SMD SOD123

 Various Values 1,5x2,8x1,2  2 $0.01 $0.02

Incremental Module

Passive components Resistor SMD

 Various Values 0402-0603-0805-

1206 

5 5 $0.00 $0.01

Passive components Ceramic capacitor SMD

 Average value   2 5 $0.00 $0.03

Various integrated circuits

Driver

 VN5016A (M157 x n° 2) PSSO12 

HSD 16 mOhm 40A 

1 $0.49 $0.49

Connectors

48 pins, different interpin 

distances

 Estimated value  1 $0.20 $0.20

White Radar Antenna PCB

Ford F150 BSD System BOMs
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#CABLE TYPOLOGY  Temp. Class 

SECTION 

 [mm]

LENGTH 

 [m]

COST

Cable 1 UNIPOLE  T3 - 125°C  2 0.60 $0.06

Cable 2 UNIPOLE

 T3 - 125°C  2 1.44 $0.13

Cable 3 UNIPOLE

 T3 - 125°C  2 1.44 $0.13

Cable 4 UNIPOLE

 T3 - 125°C  2 1.44 $0.13

Cable 5 UNIPOLE

 T3 - 125°C  2 1.44 $0.13

Cable 6 UNIPOLE

 T3 - 125°C  2 1.44 $0.13

Cable 7 UNIPOLE

 T3 - 125°C  2 1.44 $0.13

Cable 8 UNIPOLE

 T3 - 125°C  2 1.44 $0.13

Cable 9 UNIPOLE

 T3 - 125°C  2 1.44 $0.13

Cable 10 UNIPOLE

 T3 - 125°C  2 1.44 $0.13

Cable 11 UNIPOLE  T3 - 125°C  2 1.44 $0.13

Cable 12 UNIPOLE  T3 - 125°C  2 1.44 $0.13

Cable 13 UNIPOLE  T3 - 125°C  2 1.44 $0.13

Cable 14 UNIPOLE

 T3 - 125°C  2 1.44 $0.13

Cable 1  UNIPOLE

 T3 - 125°C  2 3.50 $0.33

Cable 2  UNIPOLE

 T3 - 125°C  2 3.10 $0.29

Cable 3 UNIPOLE

 T3 - 125°C  2 3.10 $0.29

Cable 4  UNIPOLE

 T3 - 125°C  1 3.10 $0.20

Cable 5  UNIPOLE

 T3 - 125°C  1 2.55 $0.16

Cable 6  UNIPOLE

 T3 - 125°C  2 3.10 $0.37

Cable 1 UNIPOLE

 T3 - 125°C  2 0.19 $0.02

Cable 2 UNIPOLE

 T3 - 125°C  2 0.19 $0.02

Cable 3 UNIPOLE

 T3 - 125°C  2 0.47 $0.04

Cable 4 UNIPOLE

 T3 - 125°C  2 0.47 $0.04

Door Harness

Rear Harness

Mirror LED Harness

Ford F150 BSD System BOMs
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Item # Description

Total 

Manufac

turing 

Cost

Qty

Cost to 

manu-

facture 

per unit

Cycle 

time 

[sec]

 Man 

power 

Labor Material Variable Fixed

 Unit 

weight 

[g] 

 Total 

weight 

per 

vehicle 

[g] 

1 Ford F150 BSD system 92.70 $    1 92.70 $    11.79 $   74.83 $    3.04 $        3.04 $  888.4 888.4

1.1 Radar (Sensor assembly) 58.61 $    2 29.31 $    0.52 $     27.31 $    0.93 $        0.55 $  142.9 285.8

1.1.1

Housing

1.37 $      1 1.37 $      0.14 $     1.08 $      0.06 $        0.09 $  100.2 100.2

1.1.1.1 Radar Housing

1 1.07 $      40.20 0.50 0.03 $     0.97 $      0.02 $        0.04 $  59.8

1.1.1.2 Top Alluminum Plate

1 0.16 $      49.14 0.50 0.05 $     0.06 $      0.02 $        0.02 $  23.1

1.1.1.3

Plate under PCB

1 0.14 $      49.14 0.50 0.05 $     0.04 $      0.02 $        0.02 $  17.3

1.1.2

Radar PCBs

27.94 $    1 27.94 $    0.38 $     26.23 $    0.87 $        0.46 $  42.7 42.7

1.1.2.1 Green Radar PCB

1 18.28 $    43.98 0.32 $     16.91 $    0.70 $        0.36 $  30.4

1.1.2.1.1 PCB Components

1 15.80 $    - - - 15.80 $    - -

1.1.2.1.2

Circuit board

1 0.54 $      - - - 0.54 $      - -

1.1.2.1.3 Other materials/Scrap

1 0.57 $      - - - 0.57 $      - -

1.1.2.1.4 Processing

1 1.38 $      0.32 $     - $        0.70 $        0.36 $  -

1.1.2.1.4.1

SMD component circuits

1 1.18 $      21.60 2.00 0.31 $     - 0.55 $        0.31 $  -

1.1.2.1.4.2 Circuit testing and programming

1 0.15 $      22.92 1.00 0.01 $     - 0.14 $        -

1.1.2.1.4.3 Setup

1 0.05 $      0.05 $ 

1.1.2.2

White Radar Antenna PCB

1 9.66 $      0.07 $     9.33 $      0.17 $        0.10 $  12.3

1.1.2.2.1 PCB Components

1 8.30 $      - - - 8.30 $      - -

1.1.2.2.2 Circuit board

1 0.70 $      - - - 0.70 $      - -

1.1.2.2.3

Other materials/Scrap

1 0.32 $      - - - 0.32 $      - -

1.1.2.2.4 Processing

1 0.33 $      0.07 $     - $        0.17 $        0.10 $  -

1.1.2.2.4.1 SMD component circuits

1 0.23 $      3.42 2.00 0.06 $     - 0.11 $        0.06 $  -

1.1.2.2.4.2

Circuit testing and programming

1 0.07 $      6.84 1.00 0.00 $     - 0.06 $        -

1.1.2.2.4.3 Setup

1 0.03 $      0.03 $ 

1.2 Door Control Unit 5.43 $      2 2.71 $      0.50 0.06 $     2.04 $      0.16 $        0.45 $  30.0 60.0

1.2.1 PCB Incremental

1 1.82 $      - - 0.04 $     1.20 $      0.14 $        0.43 $ 

1.2.1.1 PCB Components

1 0.71 $      - - - 0.71 $      - -

1.2.1.2

Circuit board

1 0.14 $      - - - 0.14 $      - -

1.2.1.3 Other materials/Scrap

1 0.35 $      - - - 0.35 $      - -

1.2.1.4 Processing

1 0.62 $      0.04 $     - $        0.14 $        0.43 $  -

1.2.1.4.1

SMD component circuits

1 0.05 $      0.96 2.00 0.01 $     - 0.02 $        0.01 $  -

1.2.1.4.2 Wave soldering

1 0.18 $      0.60 1.00 0.03 $     - 0.10 $        0.05 $  -

1.2.1.4.3 Axial and radial soldering

1 0.01 $      0.72 1.00 0.01 $     - 0.00 $        -

1.2.1.4.4

Circuit testing and programming

1 0.02 $      0.72 1.00 0.00 $     - 0.02 $        -

1.2.1.4.5 Setup

1 0.37 $      0.37 $ 

1.2.2 Connectors Housing

1 0.89 $      27.24 0.50 0.02 $     0.85 $      0.02 $        0.01 $  8.0

1.3 Door Harness 14.70 $    2 7.35 $      497.04 1.00 2.72 $     4.34 $      0.23 $        0.07 $  93.0 186.0

1.4

BSD Indicator Lamp (in mirror)

2.67 $      1 2.67 $      0.98 $     1.03 $      0.27 $        0.39 $  10.6 10.6

1.4.1 Mirror Laser Treatment

1 0.19 $      5.00 0.50 0.01 $     - 0.03 $        0.14 $ 

1.4.2 Mirror Harness

1 1.51 $      122.28 1.00 0.67 $     0.77 $      0.06 $        0.02 $  8.0

1.4.3

Plastic Cover (on led)

1 0.63 $      - - 0.20 $     0.17 $      0.12 $        0.14 $  1.6

1.4.4 Plastic Cover (on led) - Injection

1 0.18 $      120.00 0.50 0.08 $     - 0.05 $        0.04 $ 

1.4.5 Plastic Cover (on led) - Chroming

1 0.05 $      300.00 2.00 0.02 $     - 0.01 $        0.03 $ 

1.4.6

PCB led

1 0.12 $      - - 0.00 $     0.09 $      0.00 $        0.02 $  1.0

1.5 Radar Wire Assembly 10.68 $    2 5.34 $      363.60 1.00 2.10 $     2.91 $      0.06 $        0.27 $  173.0 346.0

1.6 Bolt, sensor 0.60 $      4 0.15 $      0.15 $      20.8 83.0

Ford F150 BSD System
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The Chrysler Pacifica BSD system uses 24GHz Autoliv radars controlled by two
PCBs, referred to as “Radar” and “Antenna”
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TYPE COMPONENT DESCRIPTION

No. 

compo-

nents 

top

No. 

compo-

nents 

bottom

COST 

each

COST 

Total

Micro-controllers NXP QFP   TMS 320F28335ZJZQ  1 $13.65 $13.65

Micro-controllers

Renesas V850E/DJ3 

UPD70F3423

 SAK-XC2336B 40F80LR   1 $2.90 $2.90

Various integrated 

circuits

Driver  IS64WV25616BLL  1 $3.72 $3.72

Passive components Quartz 8,0000 HLX5D  8,0000 10,5x4,2x4,2  2 $0.25 $0.49

Various integrated 

circuits

Driver  75N8 X68Q  2 $0.49 $0.98

Various integrated 

circuits

Driver x 7 ch  ULQ2003 -> ULN2003 Texas  3 $0.10 $0.31

Various integrated 

circuits

Quad , Op, Ampl,  LMV341Q SOT23  6 1 $0.25 $1.75

CAN/LIN transceivers C-CAN Transcevier  TJA1051  1 $0.33 $0.33

Various integrated 

circuits

Double , Op, Ampl,  TPS 65051Q  1 $1.90 $1.90

Passive components

Inductor  SMD with ferrite 

11x11x8,4

 220   1191 Vishay  - Estimated 

values 

2 $0.61 $122.67

Passive components Inductor  SMD     5x5,4x5  225K   9022 Vishay  3 $0.25 $0.74

Passive components

Ceramic Capacitor SMD 

array x 4

 C Array x 4   7 1 $0.01 $0.12

Passive components

Ceramic Capacitor SMD 

2,5x3

 Various values   12 14 $0.01 $0.16

Passive components Ceramic Capacitor SMD  Average values   100 28 $0.00 $0.47

Passive components Resistor SMD   Various values   120 28 $0.00 $0.59

Chrysler Pacifica BSD System BOMs

Radar PCB (1 of 2)
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TYPE COMPONENT DESCRIPTION

No. 

compo-

nents 

top

No. 

compo-

nents 

bottom

COST 

each

COST 

Total

Active components Diode SMD SOD123 8 $0.01 $0.07

Active components Transistor/Diode SOT23  Various values   2 $0.02 $0.04

Active components Transistor BJT  SOT723 - Estimated values  4 $0.04 $0.16

Active components Transistor BJT  SOT23 - Estimated values  5 $0.03 $0.14

Various integrated 

circuits

Double , Op, Ampl,

 LM2904 Operational Amplifier x 

2 SO8 

3 $0.13 $0.39

Connectors 6 linear pins  148038  1 $0.40 $0.40

Various integrated 

circuits

STM25RXAI04  QFN32  2 $4.56 $9.12

Various integrated 

circuits

UMSA2441 1742VZ  Quad Rows  1 $1.40 $1.40

Various integrated 

circuits

Quad , Op, Ampl,

 LM2902 Operational Amplifier x 

4 SO14 

3 $0.13 $0.39

Various integrated 

circuits

76A08HU  Estimated values  1 $1.20 $1.20

Incremental Module PCB

Various integrated 

circuits

CI  L990M62XP-L9954LXP  1 $1.80 $1.80

Passive components Ceramic Capacitor SMD  Average values   6 1 $0.00 $0.03

Passive components

Tantanum Capacitor SMD   

Case E

 Case E 7,3x6,0x3,6  1 $0.18 $0.18

Passive components Resistor SMD

 Various values 0402-0603-0805-

1206 

2 6 $0.00 $0.01

Connectors Various pin  Various pin  2 $0.26 $0.52

Chrysler Pacifica BSD System BOMs

Radar PCB (2 of 2)
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#CABLE TYPOLOGY  Temp. Class 

SECTION 

[mm]

LENGTH 

[m]

COST

Cable 1 UNIPOLE  T3 - 125°C  2 1.96 $0.18

Cable 2 UNIPOLE  T3 - 125°C  2 2.70 $0.25

Cable 3 UNIPOLE  T3 - 125°C  2 2.70 $0.25

Cable 4 UNIPOLE  T3 - 125°C  2 2.86 $0.27

Cable 5 UNIPOLE  T3 - 125°C  2 0.85 $0.08

Cable 6 UNIPOLE  T3 - 125°C  2 0.85 $0.08

Cable 7 UNIPOLE  T3 - 125°C  2 1.02 $0.10

Cable 8 UNIPOLE  T3 - 125°C  2 1.02 $0.10

Cable 1 UNIPOLE  T3 - 125°C  2 0.12 $0.01

Cable 2 UNIPOLE  T3 - 125°C  2 0.12 $0.01

Cable 3 UNIPOLE  T3 - 125°C  2 1.13 $0.11

Cable 4 UNIPOLE  T3 - 125°C  2 1.13 $0.11

Radar Harness 

Mirror Harness

Chrysler Pacifica BSD System BOMs
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Item # Description

Total 

Manufac

turing 

Cost

Qty

Cost to 

manu-

facture 

per unit

Cycle 

time 

[sec]

 Man 

power 

Labor Material Variable Fixed

 Unit 

weight 

[g] 

 Total 

weight 

per 

vehicle 

[g] 

1 Pacifica BSD system 114.41 $  1 114.41 $   4.87 $     99.78 $    6.53 $        3.23 $   430.3 430.3

1.1 Radar (Sensor assembly) 94.76 $    2 47.38 $      0.49 $     44.52 $    1.74 $        0.63 $   80.0 160.0

1.1.1 Housing 1.46 $       2 0.73 $        0.16 $     0.29 $      0.16 $        0.13 $   54.2

1.1.1.1

Top Housing

1 0.26 $        37.86 0.50 0.03 $     0.20 $      0.02 $        0.01 $   27.6

1.1.1.1.1 PCB Frame

1 0.12 $        29.94 0.50 0.08 $     0.02 $      0.01 $        0.01 $   6.5

1.1.1.1 Housing Bottom

1 0.35 $        75.72 0.50 0.05 $     0.07 $      0.12 $        0.10 $   20.1

1.1.2 Sensor PCB 46.65 $    1 46.65 $      0.33 $     44.23 $    1.58 $        0.50 $   25.8

1.1.2.1 PCB Components 1 42.64 $      - - - 42.64 $    - -

1.1.2.2 Circuit board

1 0.75 $        - - - 0.75 $      - -

1.1.2.3 Other materials/Scrap

1 0.85 $        - - - 0.85 $      - -

1.1.2.3.1

Soldering materials

1 0.37 $        - - - 0.37 $      - -

1.1.2.3.2 Label

1 0.02 $        - - - 0.02 $      - -

1.1.2.4 Processing

1 2.42 $        0.33 $     - $        1.58 $        0.50 $  

1.1.2.4.1

SMD component circuits

1 1.59 $        19.98 2.00 0.15 $     - 1.11 $        0.33 $   -

1.1.2.4.2 Wave soldering

1 0.42 $        19.80 1.00 0.06 $     - 0.24 $        0.12 $   -

1.1.2.4.3 Axial and radial soldering

1 0.12 $        19.80 1.00 0.11 $     - 0.01 $        - -

1.1.2.4.4

Circuit testing and programming

1 0.24 $        39.60 1.00 0.01 $     - 0.23 $        - -

1.1.2.4.5 Setup

1 0.05 $        0.05 $   -

1.2 Radar Wire Assembly 4.88 $       1 4.88 $        281.88 1.00 1.54 $     2.19 $      1.12 $        0.04 $   124.2 124.2

1.2.1

Wires

2 1.37 $        - - - 1.37 $      - -

1.2.2 Connectors

2 0.56 $        - - - 0.56 $      - -

1.2.3 Tape

2 0.06 $        - - - 0.06 $      - -

1.2.4

Heat Shrink Tubes

2 0.20 $        - - - 0.20 $      - -

1.2.5 Process

2.70 $       

1.3 Door Control Module LED Driver 6.98 $       2 3.49 $        0.04 $     2.57 $      0.12 $        0.77 $   7.1 14.1

1.3.1 PCB Components

1 2.53 $        - - - 2.53 $      - -

1.3.2 Circuit board

1 0.01 $        - - - 0.01 $      - -

1.3.3

Other materials/Scrap

1 0.03 $        0.03 $     

1.3.4 Processing

1 0.92 $        0.04 $     - $        0.12 $        0.77 $  

1.3.4.1 SMD component circuits

1 0.03 $        5.58 2.00 0.01 $     - 0.02 $        0.01 $   -

1.3.4.2

Wave soldering

1 0.18 $        19.80 1.00 0.03 $     - 0.10 $        0.05 $   -

1.3.4.3 Axial and radial soldering

1 0.00 $        19.80 1.00 0.00 $     - 0.00 $        -

1.3.4.4 Setup

1 0.71 $        0.71 $   -

1.4 BSD Indicator Lamp (in mirror) 7.18 $       2 3.59 $        1.08 $     1.49 $      0.84 $        0.19 $   29.1 58.2

1.4.1 3D Laser etching

1 0.19 $        5.00 0.50 0.01 $     - $        0.03 $        0.14 $   0.0

1.4.2 ET_Polyethilene Filling

1 0.02 $        15.00 0.50 0.01 $     0.00 $      0.01 $        0.01 $   0.1

1.4.3 Mirror Harness 1 3.32 $        191.28 1.00 1.05 $     1.46 $      0.79 $        0.03 $   20.0

1.4.4 Plastic Support 1 0.06 $        19.80 0.50 0.01 $     0.03 $      0.01 $        0.01 $   9.0

1.5 Radar Bracket on Bumper/Fascia 0.62 $       2 0.31 $        39.48 0.50 0.05 $     0.22 $      0.02 $        0.01 $   36.9 73.8

Chrysler Pacifica BSD System
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