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The Implementation of a G-Sensdor-based Pedometer

ABSTRACT

As the development of the MEMS technology comesidoe normalization,
many components become much tiny. And the manufagtucost is
becoming lower. Those products using MEMS beconmencercialized, and

provide accepted prices to market.

The Linear accelerometer is also called G-Sendosupplies the
information of accelerating change when some mdadt@ppens. The current
G-Sensor products in the market are not only sugpaimension but also
support 3-dimension information. The G-Sensor bexonthe one of

consumer components in this trend of MEMS technolieyelopment.

But, this trend also causes discussion for those members of consumer
electronic market. What can they do? What kind pbliaations can be
implemented? How can they cause a large scaleanioaty to sustain their
development and production? Those same discussaisnshappen on the

G-Sensor’s future.

The applications using G-Sensor components are imgrik the current
market. For examples, to be a way to control theegavorking, to control
user interface, to drive some application prograsmschange slides by
knocking the side of a device, to detect the fgllevent and let HD inside
the notebook has enough time to shutdown. And, &&e can be

implemented inside a pedometer.

Pedometer is a kind of instrument to calculate eswbrd the number of



steps which user walks. It uses the rock of bodghange the position of
pedometer continually when user is walking. Thernmfation of sway would

be passed to the processor inside the pedometeiprbcessor receives the
continued information and calculates the stepsdoabcumulated. Then,

show the number on the screen of pedometer.

This paper will discuss how to implement a pedomeng G-Sensor’s
function. And, discuss those differences betweechaeical pedometer and
G-Sensor pedometer. This paper will discuss andchieathe algorithms to
refine the value to close to the actual steps whadr walks. Even more, the
device could provide more parameters and informatiouser for reference.
Normalize the device for different users, differdsadies and different

motions to get the exact number of steps, not glrane.
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® PDA(Personal Digital Assistant) with GSensor

GSensor Chip : Bosch-SMB3804. 4 4r 4

B PDA : Toshiba G810

® Notebook

1 %4 @®

7

B Toshiba Satellite Harman/kardon

B CPU : Intel Core 2 Duo CPU, T5550, 1.83GHz

B RAM : 2GB
® Programming LanguageBorland C++ 6, Virtual Studio 2008

+
~

1 Bosch-SMB380

B 4c@| 35

Product Overview

Switchable g-Range

+-2g, +/-4, +/-Bg

Resolution 4mg @ 1500Hz BW

(digital 10bit)
Accuracy (inclination) 0.2°
Sensitivity (high-g,low-g) 51LSBfg, 256LSB/g
Cross Axis Sensitivity 3%

Power consumption

200pA @ 2.5V,,5,
1pA stand-by

Wake-up time

ims

Operating Temperature

-40°C ... +85°C

Package

SMB380 QFN (3x3%0.9mm?)
BMAL150 LGA (3x3x0.9mm?)

6 timed & programmable
Interrupts

Zero-g detection
(free-fall detection)

Interface

SPI& 12C

Mechanical shock

10,000g @ 50ps

FH kR [28]

35
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+1.8-3.6V T+2.4-3.6V

[ = =
o o
__________ =2 = 1
: ; ; +——SCL sor = AT
- | L EC T
i i uC B SDA SMB380
' GPIO f =l
£ INT
. INT SDO
: i ISR z

1

Bl 35 Connection Diagram for use with 12C interface

FH kR [28]

4-1-2 HHERB
® PDA(Personal Digital Assistant) with GSensor
B Operation System : Windows Mobile 6.1 Profession@E OS
5.2.19581(Build 19581.1.1.1)
B Programming Language: Virtual Studio 2008
® Notebook
B Operation System Mircrosoft Windows XP Professional Version 2002

Service Pack2
B Programming LanguageBorland C++ 6
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4-1-3 HA % W

Pedometer Gsensor Polling

GSensor Polling

Pedometer module
module

Algorith module GSensor Driver

Communicate < ‘

‘ Communicate
module ‘

‘ module

W 36 3 4 7F -l

® Pedometer module
B User interface let user configure parameters.
B Control Gsensor active/deactive
® Communicate module
B Recevie message from Gsensor polling module
B Pass data to algorithm module
B Save data to local file
® GSensor Polling module
B Active/Deactive by Communicate module
B Setup Gsensor through gsensor driver
B Polling data from gsensor by driver
® GSensor Driver
B Response to control gsensor chip
B supply services to upper application
® Algorith module

4-1-4 3 B Al L]
® i%5:9 GSensor Chipk @ apF FF /& §E » % 4 million second

B he@Bmilals o BFRFFIEY 4 million second
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W ¥ 723 PC Logger BFRF F§ES 220 million second

.%@@&E#ﬁmw%’g G\-EEIE{W’J" L o

4-1-5 Gig 3+ &
® Bosch-SMB380# 5~ e X ~ Y ~ Z b { & > & %0475 % [29]
W acc_x (02h, 7-6; 03h, 7-0)
W acc_y (04h, 7-6; 05h, 7-0)
W acc_z (06h, 7-6; 07h, 7-0)
® phiF it B & iE " 2's complement > M3k % #2g FRIE FF R
Phi it Bt BB gt R 4cT [29]:

-2.000g : 10 0000 0000
-1.996¢g : 10 0000 0001
-0.004g : 11111113111
0.000g :00 0000 0000
+0.004g : 00 0000 0001
+1.992g : 0111111110
+1.996g : 0111111111
.I’]LL ; %%ﬁju iz a- ﬁiﬁ@if_ﬁ_b’ E_IIJ
=ax 1'99]6 =>b = 0.003906 (3)
4-1-6 R ¥ %

PR B3I A ek 2 BEw LG > S T4 R
R OF A B (RUE TR T K ERIIER) KT R R R F
E‘fjﬁ;é'/?i ~ 7R E‘f”'r‘:}_‘aﬁj ~ A B e él"“"“] L‘#E] i m—'ﬁ)’;’é} '% - —f- );‘E ?-;'a

Fr =k B rrant g% -
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+ 3PFFR % Bk Eak 2
fa \ R 100 200 300 400 500 600 700 800 900 1000
21 0.05 0.07 0.01 0.01 0.07 0.02 0.01 0.09 0.05 0.02
Y1 0.08 0.00 0.05 0.06 0.08 0.10 0.13 0.13 0.10 0.13
¥ 1 0.27 0.15 0.16 0.21 0.23 0.20 0.28 0.22 0.21 0.25
bl 0.03 0.08 0.05 0.06 0.08 0.09 0.09 0.09 0.09 0.05
Pl 0.10 0.06 0.06 0.03 0.04 0.03 0.03 0.01 0.04 0.04
512 0.05 0.01 0.05 0.10 0.14 0.15 0.17 0.15 0.13 0.14
b2 0.03 0.01 0.01 0.08 0.07 0.11 0.14 0.19 0.17 0.17
+) 0.15 0.15 0.03 0.00 0.08 0.07 0.07 0.06 0.09 0.08
42 0.28 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.02 0.01
+) 0.26 0.11 0.08 0.09 0.06 0.04 0.04 0.03 0.04 0.04
k) 0.09 0.11 0.11 0.26 0.21 0.27 0.21 0.26 0.28 0.30
+3 0.01 0.02 0.09 0.22 0.27 0.26 0.26 0.29 0.30 0.30
+3 0.02 0.04 0.07 0.13 0.27 0.28 0.22 0.32 0.30 0.28
b13 0.14 0.04 0.10 0.27 0.33 0.33 0.27 0.23 0.31 0.34
$13 0.30 0.28 0.05 0.21 0.21 0.09 0.23 0.19 0.24 0.08
513 0.31 0.16 0.01 0.18 0.17 0.09 0.16 0.21 0.17 0.13
$13 0.10 0.08 0.08 0.15 0.25 0.23 0.22 0.22 0.23 0.24
14 0.15 0.03 0.08 0.04 0.03 0.04 0.07 0.07 0.08 0.08
b4 0.28 0.10 0.09 0.04 0.09 0.08 0.05 0.08 0.11 0.09
$14 0.04 0.01 0.03 0.09 0.03 0.04 0.03 0.05 0.04 0.03
b4 0.16 0.00 0.01 0.01 0.01 0.02 0.02 0.01 0.05 0.03
14 0.19 0.06 0.07 0.11 0.11 0.12 0.12 0.07 0.15 0.13
$15 0.17 0.07 0.12 0.13 0.16 0.14 0.16 0.14 0.14 0.17
515 0.12 0.10 0.08 0.08 0.07 0.07 0.07 0.07 0.08 0.07
16 0.22 0.07 0.12 0.22 0.28 0.28 0.25 0.32 0.27 0.27
Y4 0.02 0.01 0.13 0.15 0.14 0.10 0.16 0.15 0.15 0.13
+ 4 0.08 0.00 0.01 0.01 0.02 0.01 0.00 0.00 0.02 0.00
24 0.09 0.02 0.04 0.05 0.04 0.11 0.09 0.07 0.07 0.07
24 0.05 0.03 0.05 0.05 0.07 0.09 0.09 0.12 0.05 0.14
$17 0.05 0.03 0.03 0.07 0.00 0.04 0.01 0.03 0.07 0.08
17 0.09 0.12 0.10 0.11 0.13 0.15 0.13 0.11 0.18 0.17
Average 0.13 0.07 0.06 0.10 0.12 0.12 0.12 0.13 0.14 0.13
0.16
0.14
0.12
* 0.10 \
o
%%[ 0.08 u
0.06 [
0.04 |
0.02
0.00
100 200 300 400 600 700 800 900
PRI ms)
B 37 R gk maik T
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+

% 4 KRB gk 2
B Vi -l 0.10 [0.20 |0.30 | 0.40 | 0.50 {0.60 |0.70 | 0.80 | 0.90
*1 0.27 10.06 10.02 10.00 ]0.01 ]0.08 10.08 ]0.01 ]0.07
+1 0.10 10.00 10.08 ]10.06 ] 0.05 ]0.01 ]10.02 ]10.02 ]0.02
*1 0.20 10.26 10.24 {0.24 10.16 | 0.11 [0.14 10.19 ]0.14
$1 0.03 10.05 10.03 ]0.05 ]0.05]0.05 ]0.06 ]0.05]0.03
$1 0.03 10.01 10.01 [0.04 ]10.06 |0.06 {0.07 10.04 |0.04
$12 0.15 10.07 10.02 ]0.06 ] 0.05 ]10.05 ]0.06 ]0.06 ] 0.06
$12 0.05 10.05 10.04 10.12 10.01 ]10.01 ]10.02 ]10.02 ]0.04
+2 0.08 10.00 10.01 {0.00 10.03 10.02 {0.03 10.03 ]0.03
+2 0.03 10.03 10.01 [0.01 ]0.00 ]0.01 [0.00 ]0.03 ]0.03
+2 0.05 10.12 10.09 {0.07 ]10.08 ]0.09 {0.08 ]0.08 | 0.08
*2 0.26 10.32 10.27 10.15 1 0.11 ]10.10 1 0.10 ]10.06 ] 0.06
*3 0.30 10.26 10.21 {0.09 10.09 10.10 {0.16 ]0.16 | 0.18
*3 0.19 10.18 10.14 {0.07 10.07 10.09 {0.16 ]10.21 | 0.11
$13 0.27 10.23 10.16 ]0.07 ] 0.10 ]10.16 ] 0.19 ]10.14 ] 0.14
$13 0.1510.28 10.17 {0.16 ]10.05 ]0.07 {0.12 ]0.10 | 0.06
$13 0.14 10.13 10.12 10.02 1 0.01 10.00 ]0.01 ]0.04 ]0.01
$13 0.24 10.08 10.00 {0.01 ]10.08 ]0.11 {0.12 ]0.13 ] 0.10
$14 0.08 10.07 10.09 {0.07 10.08 ]0.04 10.06 10.06 |0.06
$14 0.10 {0.12 ]0.11 [0.06 ] 0.09 ]0.11 [0.14 ] 0.15 ] 0.15
P14 0.03 10.01 10.06 {0.03 10.03 ]0.01 {0.01 ]0.03 ]0.03
$14 0.02 10.03 10.00 10.00 ]0.01 10.02 10.05]0.05]0.07
P14 0.06 10.11 10.14 [0.11 ]10.07 ]0.05 10.04 ]10.06 | 0.06
$15 012 10.11 10.11 {0.12 10.12 10.13 {0.12 ] 0.11 ] 0.11
$15 0.10 {0.04 ]0.11 [0.08 ] 0.08 ]0.10 [0.08 ] 0.08 | 0.07
#16 0.28 10.27 10.17 {0.13 10.12 10.13 10.13 ]10.27 ] 0.25
4 0.1510.1510.17 10.13 10.13 10.14 10.17 ]10.18 ] 0.14
t 4 0.01 10.02 10.03 {0.03 10.01 ]0.03 10.02 ]10.00 | 0.00
t4 0.09 10.11 10.04 {0.09 10.04 10.00 {0.05 10.04 ]0.05
4 0.05 {0.14 10.05 10.09 ]10.05 ]0.05 [0.02 ]0.05 ]0.05
$17 0.02 10.02 10.07 {0.04 10.03 ]0.06 10.04 10.03 |0.06
$i7 0.24 10.23 10.18 10.09 ]10.10 10.04 10.01 ]0.00 ] 0.01
Average 0.13 10.11 ]0.10 ]10.07 ] 0.06 {0.07 ] 0.08 | 0.08 | 0.07
0.14
0.12
0.10 r
T”T 0.08
il
%%[ 0.06 [
0.04 r
0.02
0.00
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2 SHIWECL R E

A\ -l [ 0.10 [0.20 | 0.30 0.40 [0.50 |0.60 | 0.70 |0.80 [0.90
t1 0.10 10.10 10.48 ]10.66 ] 0.80 10.94 ]10.98 ]1.00 ] 1.00
t1 0.34 10.03 10.49 10.75 1 0.87 10.95 ] 1.00 ] 1.00 ] 1.00
t1 0.61 10.07 10.48 {0.79 10.92 10.97 [1.00 | 1.00 | 1.00
b1 0.03 10.23 10.50 10.76 ]10.92 ]11.00 | 1.00 ] 1.00 | 1.00
B3l 0.00 10.24 10.45 {0.73 10.91 ]1.00 | 1.00 | 1.00 | 1.00
512 0.05 10.19 10.51 10.73 10.87 10.96 10.99 ]1.00 ] 1.00
512 0.07 10.12 10.37 10.59 10.78 10.93 10.97 ] 1.00 ] 1.00
*2 0.17 10.52 10.89 {1.00 ]1.00 |1.00 {1.00 | 1.00 | 1.00
*2 0.30 10.16 10.67 ]0.89 ]10.99 ]11.00 ] 1.00 ] 1.00 | 1.00
*2 0.02 10.56 10.89 {0.95 ]11.00 |1.00 {1.00 | 1.00 | 1.00
*2 0.67 10.10 10.64 10.98 ]11.00 ]1.00 ]1.00 ] 1.00 ] 1.00
*3 0.10 10.10 10.38 [0.69 10.90 ]0.95 10.97 10.99 | 1.00
*3 0.04 10.12 10.39 {0.74 10.90 ]0.97 11.00 | 1.00 | 1.00
$13 0.06 1031 10.60 ]0.82 ]0.98 ]1.00 | 1.00 ] 1.00 | 1.00
£33 0.01 10.31 10.51 {0.83 10.95 |1.00 {1.00 | 1.00 | 1.00
$13 0.03 10.38 10.61 1091 ]1.00 ]1.00 ]1.00 ]1.00 ] 1.00
£33 0.01 10.15 10.49 [0.64 10.82 ]0.96 10.99 |1.00 | 1.00
b4 0.01 10.40 10.67 {0.92 11.00 |1.00 {1.00 | 1.00 | 1.00
b4 0.01 10.19 10.46 10.70 ] 0.95 ]1.00 ] 1.00 ] 1.00 | 1.00
b4 0.09 10.04 10.19 {0.36 10.52 ]0.73 10.81 ]10.98 | 1.00
b4 0.11 10.10 10.24 10.41 10.57 10.78 1 0.89 1 0.96 ] 1.00
b4 0.09 10.11 10.32 [0.58 ]10.85 ]0.97 {1.00 | 1.00 | 1.00
#15 0.14 10.14 10.46 {0.70 10.95 10.99 10.99 10.99 ]0.99
$15 0.12 10.30 10.46 ] 0.66 | 0.84 ]10.93 ]10.96 ]10.98 ]10.99
516 0.10 10.60 10.98 {1.00 ]1.00 |1.00 {1.00 | 1.00 | 1.00
4 0.27 10.25 10.72 10.90 ] 0.98 10.98 ]11.00 ] 1.00 ] 1.00
t4 0.14 10.29 10.72 {0.90 10.97 ]1.00 | 1.00 | 1.00 | 1.00
t4 0.23 10.28 10.63 [0.77 10.86 | 0.89 10.93 10.95 | 1.00
4 0.19 10.22 10.69 ]10.88 ] 0.97 ]11.00 ] 1.00 ] 1.00 ] 1.00
b7 0.08 10.46 10.83 {0.95 10.99 11.00 {1.00 | 1.00 | 1.00
$37 0.27 10.24 10.63 ]10.83 ] 1.00 ] 1.00 | 1.00 ] 1.00 ] 1.00

Average [0.14 10.24 10.56 {0.77 ]10.91 ]0.96 ]0.98 | 1.00 | 1.00
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2 6HELME(TRE

A\ ™ i ] 0.10 {0.20 {0.30 [0.40 | 0.50 | 0.60 {0.70 {0.80 | 0.90

k2! 0.13 10.24 10.61 10.81 [0.84 10.89 10.96 | 1.00 | 1.00

1 0.13 10.19 10.47 10.70 [ 0.78 10.85 10.98 10.99 | 1.00

21 0.32 [0.01 {0.38 10.62 10.74 10.82 10.95 10.99 ]0.99

Pl 0.11 10.02 10.06 10.14 [0.27 10.53 10.80 |0.95 | 1.00

Pl 0.06 [0.03 10.06 10.12 10.31 }0.57 10.87 10.97 | 1.00

$12 0.16 10.10 10.03 10.18 10.48 ]10.77 10.94 10.99 10.99

$12 0.17 10.02 10.13 10.28 [0.48 1 0.71 10.92 10.99 | 1.00

+ 2 0.19 [0.10 10.39 10.48 1 0.66 {0.94 ]1.00 ] 1.00 | 1.00

kY 0.1510.01 10.03 10.09 10.37 ]0.65 ]10.89 10.98 | 1.00

+2 0.03 [0.09 10.14 10.26 10.54 10.81 10.93 ] 1.00 | 1.00

) 0.33 10.02 10.36 10.53 10.75 ]10.96 10.99 | 1.00 | 1.00

3 0.16 [0.11 10.10 10.03 10.05 10.19 10.38 10.70 10.92

3 0.13 {0.07 {0.01 10.08 10.22 10.42 ]0.64 ]10.85 ]0.95

$13 0.22 10.13 10.07 10.01 [0.22 10.46 ]10.75 ]0.93 | 1.00

$13 0.27 [0.15 10.05 10.05 10.14 10.22 10.42 10.72 10.99

513 0.11 10.04 10.01 10.10 10.21 ]0.32 ]10.51 {0.79 | 1.00

$13 0.16 [0.11 10.02 10.14 10.40 1 0.63 ]0.81 10.95 | 1.00

P14 0.15 [0.05 {0.14 10.46 10.84 10.97 ]1.00 ] 1.00 | 1.00

P14 0.10 10.08 10.34 10.49 10.70 ]10.92 10.98 10.99 | 1.00

$14 0.12 [0.08 {0.01 10.19 10.45 10.77 10.94 10.99 10.99

P14 0.10 10.02 10.01 10.16 10.46 ]0.68 ]10.89 10.96 | 1.00

$14 0.28 [0.05 10.48 10.73 10.91 10.97 10.99 ] 1.00 | 1.00

15 0.32 {0.13 {0.09 10.04 10.07 ] 0.18 10.42 10.70 | 0.87

P15 0.02 10.06 10.09 10.11 10.18 ]0.42 10.66 |0.80 0.89

16 0.57 10.20 {0.03 10.18 10.28 1 0.37 10.63 10.83 ]10.97

24 0.22 10.07 10.42 10.72 10.86 10.93 10.97 10.98 | 1.00

24 0.17 [0.08 10.39 10.64 10.86 1 0.94 10.98 10.99 10.99

24 0.26 [0.09 10.40 10.60 |0.79 10.88 10.98 10.98 |0.98

¥4 0.12 10.09 10.40 10.76 10.90 10.95 10.97 10.98 | 1.00

17 0.23 [0.18 10.37 10.56 10.76 10.89 10.94 10.97 10.99

17 0.22 10.07 10.30 10.52 10.73 ]10.89 10.94 10.98 10.99

Average [0.18 ]10.09 10.21 [0.35 [0.52 ]0.69 ]10.84 10.93 {0.98
1.20
1.00

0.80
w0,
Tﬁ%[ 0.60
040

0.20
0.00

0.10 020 0.30 0.40 050 0.60 0.70 0.80 0.90
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2 THERE(C R E)

B2 \Yr@ 0.10 [0.20 {0.30 ]0.40 | 0.50 |0.60 |0.70 | 0.80 | 0.90
t1 0.33 10.28 10.20 10.12 10.04 10.04 10.09 ]10.17 ]0.28
t1 0.52 10.45 1042 ]10.36 1 0.33 10.21 ]10.13 10.05 ]0.10
t1 0.79 10.78 10.69 [0.66 10.53 10.44 10.29 10.17 ]0.03
b1 0.15 10.14 10.09 10.06 ] 0.02 ]10.08 ] 0.21 ] 0.24 ]0.29
B3l 0.10 10.03 10.03 {0.01 ]10.03 ]0.07 {0.16 ]10.21 |0.30
512 0.22 10.16 10.09 10.05 10.01 10.07 ]0.16 ]10.23 ]0.31
512 0.23 10.17 10.13 10.09 [0.02 ]0.03 [0.09 ]0.13 ]0.25
*2 0.26 10.22 10.18 {0.12 10.01 ]0.07 10.16 10.21 ]0.29
*2 0.42 10.40 10.39 1032 ]10.27 ]10.22 ] 0.08 ] 0.02 ] 0.12
*2 0.26 10.21 10.17 {0.15 ]10.10 ] 0.03 10.10 ] 0.19 ]0.27
*2 0.77 10.77 10.75 10.73 1 0.69 10.56 10.47 10.27 10.10
*3 0.20 10.17 10.10 {0.09 10.01 ]0.04 {0.07 ]0.17 ] 0.27
*3 021 10.15 10.10 {0.05 10.00 ]0.01 {0.08 10.12 10.19
$13 0.18 10.14 10.11 ]0.01 ] 0.07 ]0.11 ] 0.19 ]10.24 ]0.29
£33 0.24 10.19 10.12 {0.06 ]10.01 ]0.03 {0.10 ]0.23 ]0.31
$13 0.12 10.10 10.09 10.06 {0.03 10.12 10.26 ]0.32 | 0.37
£33 0.16 10.11 10.09 {0.02 10.02 ]0.03 10.04 ]10.13 ]0.20
b4 0.16 10.12 10.10 {0.06 10.03 ]0.08 ]0.14 10.23 ]0.30
134 0.16 [0.15 10.06 [0.02 |0.02 ]0.04 ]0.08 ] 0.15 ] 0.21
b4 021 10.12 10.09 [0.08 ]10.00 |0.04 10.09 10.17 |0.24
14 0.22 10.15 10.13 10.05 [0.05]0.14 10.16 10.21 ]0.27
b4 0.30 10.27 10.17 {0.10 ]0.05 ]0.04 10.07 | 0.11 |0.14
#15 0.49 10.41 10.26 {0.14 10.08 ]0.04 10.00 10.08 ]0.12
$15 0.02 10.07 10.07 ]0.11 ] 0.17 10.20 ] 0.23 ] 0.31 ]0.39
516 0.82 10.75 10.63 {0.50 10.38 ]10.30 {0.22 ] 0.10 | 0.08
4 047 1041 10.37 10.36 10.31 10.25 10.15 10.03 ]0.11
t4 0.36 10.30 10.27 {0.20 ]0.16 | 0.10 {0.04 10.03 ] 0.17
t4 0.42 10.39 10.35 {0.28 10.28 ]0.16 {0.00 ] 0.11 ]0.25
4 0.33 10.29 10.29 10.26 ] 0.16 ]10.10 ] 0.03 1 0.00 ] 0.16
b7 0.4510.39 10.32 {0.25 10.19 10.09 {0.03 10.09 ]0.23
B17 0.65 10.57 10.49 10.39 10.29 10.26 10.12 1 0.02 ] 0.11

Average [0.33 10.29 10.24 {0.19 10.14 ]0.13 ]0.13 ] 0.15 | 0.22

i
i

[l

0.35

0.30
0.25 [

0.20
0.15
0.10 [

0.05
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+

2 8RR E(CRE
=2 \pf# 0.10 [0.20 ]0.30 [0.40 |0.50 | 0.60 [0.70 | 0.80 | 0.90
t1 0.26 [0.22 10.22 10.17 10.07 10.03 [0.15 10.25 ]0.31
+1 0.21 {0.19 ]0.16 10.15 ]0.10 10.08 ]0.01 10.08 |0.20
k2! 0.45 10.38 10.31 10.21 [0.19 10.13 10.05 ] 0.04 ]0.18
bl 0.18 {0.16 ]0.13 10.03 ]0.01 10.09 [0.21 10.27 |0.34
pll 0.37 10.30 10.27 10.23 [0.14 10.03 ]10.16 | 0.24 ] 0.30
12 0.34 10.23 ]10.18 10.13 10.09 10.01 [0.05 10.14 ]0.19
b2 0.31 {0.23 ]10.16 10.13 ]0.07 10.01 ]0.10 10.18 ]0.30
42 0.17 10.16 10.14 10.11 [0.10 ] 0.09 ]10.04 |0.01 |0.07
V) 0.31 {0.21 ]0.11 ]10.05 ]0.02 10.00 {0.01 10.04 ]0.05
k) 0.20 10.14 10.11 10.11 [0.09 10.07 10.04 |0.02 | 0.11
k¥ 0.51 [0.40 ]10.27 10.14 10.06 10.05 [0.12 10.15 ]0.28
43 0.21 10.17 10.14 10.13 {0.10 ] 0.05 10.01 |0.07 | 0.14
43 0.27 10.24 10.19 10.14 [0.06 10.01 ]10.03 ]0.10 | 0.14
Fl3 0.72 [0.61 ]0.49 10.36 ]0.26 10.16 ]0.05 10.02 |0.09
Fl3 0.19 10.09 10.03 10.01 |0.08 ]0.08 ]10.08 |0.09 |0.13
bl3 0.42 [0.40 ]10.32 10.25 10.18 10.04 10.02 10.19 ]0.28
Fl3 0.38 10.28 10.17 10.14 [0.07 10.05 10.02 |0.14 ] 0.24
Fl4 0.72 10.60 10.52 10.43 10.27 10.12 10.00 ] 0.03 | 0.08
b4 0.14 {0.11 ]0.08 10.05 ]0.02 10.05 {0.08 10.09 |0.17
Fl4 0.12 10.06 10.01 10.00 {0.04 10.06 10.07 |0.13 ]0.16
bl4 0.45 10.36 10.21 10.16 10.14 10.12 |0.11 10.07 ] 0.03
Fl4 0.19 10.15 10.11 10.11 |0.06 ]0.03 10.03 ]0.08 | 0.15
Fl5 0.67 10.52 10.42 10.32 10.17 10.11 10.04 ]0.04 ]0.16
Fl5 0.60 [0.46 10.34 10.29 10.17 10.10 ]0.01 10.05 |0.15
Fl6 0.23 10.22 10.19 10.16 {0.13 10.10 10.07 ]0.01 ] 0.10
b4 0.33 [0.28 10.21 10.14 10.12 10.05 10.03 10.08 |0.09
Y4 0.11 10.10 10.09 10.04 |0.03 ]0.01 ]0.06 |0.10 |0.17
Y4 0.04 10.03 10.06 10.08 [0.08 10.08 10.09 |0.12 ]0.21
14 0.21 {0.18 ]0.16 10.12 ]0.11 10.08 ]0.03 10.02 |0.12
b7 0.22 10.13 10.10 10.02 {0.01 10.01 ]10.00 |0.04 |0.14
b7 0.37 10.33 ]10.30 10.28 10.23 10.07 [0.03 10.07 |0.22
Average |0.32 10.26 ]0.20 |0.15 | 0.11 {0.06 [0.06 | 0.10 | 0.17
0.35
0.30
m
4 0.20
a 015 F
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0.05 F
0.00
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A\ | 1 2 3 4 5 6 7 8 9 10
t1 0.37 10.10 {0.03 10.03 ]0.02 10.01 {0.01 |0.00]0.01 ]0.01
t1 0.55 1012 10.01 [ 0.01 ]0.02 |0.04 |0.04 ]10.05 ]0.05]0.05
t1 0.82 1026 {022 [0.19 | 0.18 1 0.17 [ 0.17 1 0.17 1 0.17 ] 0.16
P4l 0.17 1 0.00 ]10.00 |0.00 ]0.02 ]0.03 ]0.03 ]10.03 ]0.05]0.05
Pl 0.15 10.03 10.04 10.06 ]0.06 |0.06 |0.06 ]10.06 ]0.06 |0.06
£12 0.24 10.13 10.10 [ 0.10 | 0.08 ]10.08 | 0.08 | 0.07 |0.07 ]0.05
$12 0.32 10.07 10.06 10.03 ]10.03 10.04 10.03 ]10.02 0.02 ]0.01
*2 0.29 10.09 10.00 10.02 ]10.02 |0.03 ]0.02 ]0.02 ]0.02 ]0.03
*2 0.47 10.03 10.01 [0.01 |0.00 ]0.00 {0.00 |0.00 |0.00]0.00
*2 0.30 1 0.05 10.07 1 0.08 ]0.08 |0.08 |0.08 ]0.08 |0.08 |0.08
*2 0.75 10.19 10.14 1 0.14 1 0.14 1 0.12 1 0.12 1 0.12 [ 0.11 | 0.11
+3 0.23 10.11 {0.10 [ 0.10 | 0.10 ] 0.09 10.09 |0.09 ]0.09 ] 0.09
+3 0.25 1 0.11 10.09 10.07 ]0.07 |0.07 10.07 ]0.07 |0.07 ]0.07
$13 0.24 1014 10.11 J0.11 ] 0.11 1 0.10 ] 0.10 ] 0.10 ] 0.10 ] 0.10
$13 0.36 ]10.13 [0.12 [ 0.09 | 0.07 ]10.05 [0.05 ]0.05 ]0.05]0.05
$13 0.16 10.03 10.02 10.01 ]0.01 ]0.00 {0.00]0.00 {0.01 |]0.01
$13 0.23 10.10 10.09 1 0.09 ]0.09 |0.09 |0.09 ]0.08 |0.08 | 0.08
{114 0.23 10.16 [0.12 10.09 | 0.08 ]10.08 |0.08 |0.08 |0.08 ]0.08
b4 0.22 10.05 10.04 10.07 ]10.06 0.08 ]0.09 ]10.09 ]0.09 ]0.09
{114 0.28 10.08 [0.04 [0.03 ]0.03 10.03 1001 J0.01 |0.01 ]0.03
{114 0.26 10.02 [0.00 |0.01 |]0.01 10.01 {0.01 |]0.01 ]0.01 ]0.01
b4 0.38 1020 10.12 1 0.08 ] 0.10 | 0.10 | 0.08 ]0.07 |0.07 ] 0.07
$15 0.53 1020 {014 [0.13 ] 0.13 10.12 [ 0.12 ] 0.12 ] 0.12 ] 0.12
$15 0.11 10.06 [0.08 |0.08 | 0.08 ]10.08 |0.08 |0.08 |0.08]0.08
$16 0.87 1028 10.18 1 0.17 ]10.10 1 0.10 ] 0.10 ] 0.12 ] 0.12 ] 0.12
4 049 10.18 015 [0.15 | 0.15 10.14 1 0.14 ] 0.13 ] 0.13 ] 0.13
4 0.39 10.09 [0.05 ]0.04 10.01 10.01 {0.01 J0.01 ]0.01 ]0.01
4 0.46 10.19 10.11 1 0.05 ]10.07 10.04 10.04 ]10.04 ]10.04 ]0.04
4 0.43 10.09 [0.03 10.03 10.0310.03 10.05 ]0.05]0.05]0.05
b7 0.47 10.16 [0.08 |0.05 | 0.02 10.02 {0.03 ]0.02 ]0.02 ]0.03
$37 0.70 1 0.16 1 0.09 1 0.09 ] 0.07 | 0.06 |0.06 ]0.09 ]0.10 ] 0.10

Average [ 0.38 ] 0.12 ] 0.08 [ 0.07 [ 0.07 ] 0.06 ] 0.06 | 0.06 | 0.06 ] 0.06
0.40
0.35 \
0.30
* 0.25 \
%
%%[ 0.20
0.15
0.10
0.05
0.00
1 2 3 4 5 6 7 8 9
T S
B 43T 350 cnip fe(d 10 R E)
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% 10 = B3 H Bath 2% — 4.8 100 #

3P AFKES B ® Hi-Hiker Pro

1 149 5 40

2 120 0 39

3 114 1 28

4 124 1 38

5 134 9 49

6 139 12 24

7 128 11 29

8 125 0 45

9 134 1 29

10 144 5 24
T in 131.1 4.5 345

EX S 0.311 0.955 0.655
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b rRHES W R Hi-Hiker Pro
1 104 15 76
2 102 76 73
3 103 89 69
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6 103 98 68
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10 104 97 72
T34 102.7 86.2 71.9
EXE 0.027 0.138 0.281
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