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Overview of Objectives:
Primary Goal

� Provide position, velocity, acceleration, and 
angular rate information of a skier to the US 
ski team.
� All measurements need to be time synched and 

displayed with video.
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Overview of Requirements:
Measurements and Results

� Measurements need to provide a level of accuracy that 
distinguishes one run from the next
� Difference between a “good” run and a “bad” run: 0.1 s. 

� Expected accuracy from 3-phase GPS study & Crista IMU 
manufacturer specifications

Measured 
Parameter Typical

Required 
Accuracy

Expected 
Accuracy Actual

Acceleration 15 m/s2 10 cm/s2 5 cm/s2 3 cm/s2

Velocity 20 m/s 10 cm/s 5 cm/s 2.5 cm/s
Position N/A 50 cm 10 cm 10.8 cm

Angular Rates 40 deg/s 1 deg/s 0.3 deg/s 0.3 deg/s
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Overview of Requirements:
Measurements and Results

� Certain performance requirements were set in order 
to accommodate the skiers and coaches needs as 
well as to ensure accurate measurements

Requirement Value Actual
Data Rate 20 Hz 20 Hz

Time 
Synchronization 0.016 s ~0.132 s

Temperature  -15 ëC to 20 ëC  -15 ëC to 20 ëC
Power 1 hour run time 1 hour run time
Mass <1 kg 1191.5 g

Volume <1 liter 1.25 liters
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Overview of Requirements:
Measurements and Results
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System Architecture:
System Overview

On-Skier Unit (OSU)

Helmet Antenna

Base Station

Canon ZR60 MiniCam

Brower Timing 
System
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System Architecture:
Components - Data Logger

� Gumstix
� Bluetooth Module
� Intel XScale® PXA255 400 MHz
� MMC Slot
� 60 pin I/O Header
� 4 MB of Flash
� 64 MB of SDRAM

� Waysmall
� Two Serial Ports
� 5 V Power Supply
� USB Module

� MMC Cards
� 128 MB regular MMC card
� 256 MB RS-MMC card (fits entirely 

within computer)
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System Architecture:
Components - GPS Receiver

� Novatel OEM4-G2L
� Two Receivers (Base Station and OSU)
� Features:

� Compatible with GPSolution
� 20 Hz Position Output
� PPS output
� Size 60 mm x 100 mm x 16 mm
� Weight 65 g
� Input Voltage 3.3 VDC
� Power Consumption - L1 1.6 W (typical)
� Operating Temperature -40°C to 85°C
� Humidity 95% non-condensing
� COM1 RS-232 300 to 921,600 bps
� COM2 LV-TTL 300 to 230,400 bps
� Main 24 pin dual row male header
� Antenna MMCX female
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System Architecture:
Components - GPS Antennas

� Base Station Antenna
� Synergy Systems VIC 

Timing Antenna
� L1 Signal
� Triple filtering for EMI 

environments

� Helmet Antenna
� Novatel GPS-511
� L1 Signal 
� 89 Millimeter Diameter

� 145 grams
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System Architecture:
Components - Inertial Measurement Unit

� Cloud Cap Technology

� Crista IMU
� Small (2” x 1.5” x 1”, 37g ) 
� 3 Axis Sensing, 300 

deg/sec.,10G 

� < 1% scale factor, <0.2% FS 
bias error over temperature

� -40C - +80C Calibrated 
Temperature Compensation 

� GPS PPS input for data time 
stamping 

� RS232 interface
� Output data rates >200 Hz, 

Internal sample rates > 1 KHz
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System Architecture:
Components – DV Video Camera

� Canon ZR60
� Records Digital Video
� Power Supply (rated)

7.4 V DC (Battery); 9.5 V DC 
(DC IN)

� Power Consumption (While 
recording AF="ON")
2.9 W ( using viewfinder), 3.8 
W (using LCD screen)

� Frame Rate
30 Hz (with aliasing)

� Zoom Capability 
18x Optical Zoom

� Operating Temperature range
32 - 104 F (0- 40 C )
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System Architecture:
Components - Timing System

� Brower Timing 
System
� 3 Components

� Timer
� Start Wand
� Optical Beam Set

� Accurate to within 
(+/-) 1/1000 
seconds
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System Architecture:
Components - Base Station Computer and Case

� IBM ThinkPad
� Serial Port Connection 

to GPS receiver
� Storm Case

� Provides easy portability 
and packing

� Can hold:
� IBM Thinkpad
� GPS receiver
� GPS receiver power 

pack
� Base Antenna and 

mounts
� All necessary cords
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Fabrication and Integration:
OSU Fabrication - Main Panel

� Started with 7 x 6 x 4 inch block of polycarbonate
� Paralleled opposite sides
� Filleted and filed edges 
� Drilled preliminary holes:

� Lid (16 holes)
� IMU (4 holes)
� Antenna (1 hole)
� Belt (6 holes)
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