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Abstract. Different technologies have been used for computer assisted
orthopaedic surgery for acquisition of  surfaces and motions, but the most
efficient are optical and mechanical[2]. In this study we compared two specific
systems of these categories: FlashPointTM 5000 (Image Guided Technologies,
USA) and FAROArmTM (FARO Technologies, USA). FARO Arm showed an
intrinsic uncertainty of 0.1mm overcoming FlashPoint (0.2mm). However their
use in noisy conditions resulted in similar application-uncertainty. FARO Arm
can track motion at 31Hz while FlashPoint at 17Hz, therefore FlashPoint spatial
resolution may be critical during fast movements. In simulated medical
applications FARO Arm showed some difficulties (i) when used for passive
motion with negligible forces, because the surgeon has to compensate its weight
and (ii) during sample trajectory, because it has isolated singularities within its
workspace. FlashPoint was affected by reflected light and required complete
visibility during tracking of large trajectories. However its use in in-vivo
conditions is more promising than FARO-Arm’s.

1   Introduction

Computer technologies have increased the knowledge in orthopedic surgery by
numerically describing or quantifying anatomical and cinematic data and represent an
intriguing perspective for the future. Several systems can be used in computer assisted
orthopaedic surgery [2]. So far the most commonly used and efficient are optical and
mechanical systems [7].

Uur� hv·� ¸s� ³uv²� ²³Ãq'� Zh²� ³¸ p¸·¦h¼r� ³Z¸ ²¦rpvsvp� ²'²³r·²� ¸s� ³ur²r
ph³rt¸¼vr²)�Ayh²uQ¸vý³UH $�����D·htr�BÃvqrq�Urpuý¸y¸tvr²�Dýp���7¸Ãyqr¼��8¸y¸¼hq¸�
VT6ÿ� hýq� A6SPUH6¼·� �A6SP Urpuý¸y¸tvr²�� Ghxr Hh¼'�� Ay¸¼vqh� VT6ÿ�� Xr
pu¸¸²r ³ur²r�³Z¸ ²'²³r·²�h²�¼r¦¼r²rý³h³v½r ¸s�³urv¼ ph³rt¸¼'��qr²¦v³r�²¸·r�qvssr¼rýpr²
vý�qr½vpr²�¸s ³ur ²h·r�xvýq�b"d�b$d��³¸ p¸·¦h¼r�³Z¸�qvssr¼rý³�h¦¦¼¸hpur² vý p¸·¦Ã³r¼�
h²²v²³rq� ¸¼³u¸¦hrqvp ²Ã¼tr¼'�� Xr r½hyÃh³rq� ³ur� rssvphp'� ¸s� i¸³u� ²'²³r·²� hýq ³ur
¦¸²²viyr�výsyÃrýpr�¸s rý½v¼¸ý·rý³hy�p¸ýqv³v¸ý²��h²�Zryy�h²�³ur�¦r¼s¸¼·hýpr�s¸¼�³'¦vphy
³h²x²� ¸s p¸·¦Ã³r¼ h²²v²³rq� hýq� ýh½vth³rq ²Ã¼tr¼'�� Uuv²� ²³Ãq'� p¸·¦yr·rý³²� ³ur� srZ
¦¼r½v¸Ã²�Z¸¼x²� ¸ý ³¼hpxr¼²¶� ¸¼� ýh½vth³¸¼²¶ r½hyÃh³v¸ý��Zuvpu� hýhy'ªr� rv³ur¼ ¸¦³vphy
qr½vpr²�¸¼�²výtyr�h¦¦yvph³v¸ý²�b"d�b$d�b&d�
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2   Examined Systems

������)/$6+32,17

Ayh²uQ¸vý³�v²�hý ¸¦³vphy�"9�y¸phyvªr¼�Zuvpu Ã³vyvªr²�výs¼h¼rq ³rpuý¸y¸t'� �AvtÃ¼r��ÿ�
D³�p¸ý²v²³²�¸s hý h²²r·iy'�¸s� ³u¼rr�uvtu�¼r²¸yÃ³v¸ý�ph·r¼h²��hiyr ³¸ y¸phyvªr� výs¼h¼rq
r·v³³r¼²�� hýq ¸s h� p¸ý³¼¸y� Ãýv³� Zv³u hý vý³r¼ýhy� ·vp¼¸¦¼¸pr²²¸¼ hýq� SPH ²³¸¼výt
Ayh²uQ¸vý³� ²¸s³Zh¼r� 8h·r¼h²� ·rh²Ã¼r� ³ur� p¸¸¼qvýh³r� y¸ph³v¸ý ¸s� ³ur� r·v³³r¼²
�²³r¼vyvªhiyr�Zv³u r³u'yrýr ¸`vqr th²ÿ�¦yhprq ¸ý vý²³¼Ã·rý³²�hýq ²rýq ³ur·�³¸�³ur�Ãýv³
p¸ý³¼¸y� 9h³h� hp¹Ãv²v³v¸ý� phý� ir� p¸ý³¼¸yyrq� vý ³Z¸ qvssr¼rý³� Zh'²�� ½vh� ²¸s³Zh¼r� ¸¼
Ã²výt�³ur�iÃ³³¸ý ¦¼¸ir�p¸ýýrp³rq ³¸ ³ur�i¼rhx¸Ã³ i¸` qh³h�sy¸Z phý hy²¸ ir ²r³³yrq�h²
þp¸ý³výÃ¸Ã²´�¸s�þ²výtyr�¦¸vý³´�·¸qr�
Dý ¸Ã¼ r`¦r¼v·rý³²� Zr� ¼ryvrq� ¸ý ³ur� ·hýÃshp³Ã¼r¼¶² ²¸s³Zh¼r� ³¸ vqrý³vs'� ³ur� ¦¼¸ir
y¸ph³v¸ý� hýq� Zr� ryhi¸¼h³rq "9 qh³h� ¸ss�yvýr ·hvýy'� s¸¼� "9 qv²¦yh'�� Zv³u� pÃ²³¸·
²¸s³Zh¼r�� hppÃ¼hp'� ³r²³²� ¸¼ ²¦rpvsvp� ·rqvphy� h¦¦yvph³v¸ý�� hýh³¸·vphy� hýq� xvýr·h³vp
ryhi¸¼h³v¸ý²�� Dý ·rqvphy� h¦¦yvph³v¸ý² Zr Ã²rq� Ayh²uQ¸vý³� i¸³u h²� y¸phyvªr¼� hýq h²
³¼hpxr¼��³r²³výt�v³²�¦r¼s¸¼·hýpr²�hýq Ã²hivyv³'�

)LJ�����Ayh²uQ¸vý³�²r³�Ã¦ )LJ���� A6SP�6¼· ²r³�Ã¦

������)$52�$UP

A6SP 6¼·� v²� h� ·rpuhývphy� "9� ¦h²²v½r� ryrp³¼¸t¸ýv¸·r³r¼� Zv³u� hý³u¼¸¦¸·¸¼¦uvp
²³¼Ãp³Ã¼r� Xr Ã²rq ³ur�·¸qry�7�%����!·�Zuvpu�uh²� v³²�%�qrt¼rr�¸s�s¼rrq¸·��9PAÿ
qv²³¼viÃ³rq� vý h uÃ·hý� h¼·�yvxr� p¸ýsvtÃ¼h³v¸ý�� ³uh³� v² " p¸ýpÃ¼¼rý³� hýq� ·Ã³Ãhyy'
¦r¼¦rýqvpÃyh¼�¼r½¸yÃ³r�yvýx² h³� ³ur�þZ¼v²³´��� h³� ³ur þryi¸Z´�hýq ! h³� ³ur�þ²u¸Ãyqr¼´
�AvtÃ¼r !ÿ�
A6SP 6¼·�Zrvtu³²� # xt hýq v²� ·¸Ãý³rq� ¸ý h urh½'� hýq ²³hiyr� pyh·¦výt� qr½vpr
Zuvpu�·hxr²�³ur�²rý²¸¼ rh²'�³¸ ·¸½r�hýq uhýqyr�s¸¼ qvtv³hyvªh³v¸ý��A6SP 6¼·�phý



Comparison of an Optical and a Mechanical Navigation  System    305

ir�Ã²rq�vý ³ur�¸¦r¼h³výt�³urh³¼r�p¸½r¼rq Zv³u�²³r¼vyr�q¼h¦výt hýq hyy�rýq�rssrp³¸¼²�phý
ir�²³r¼vyvªrq vý�hÃ³¸pyh½r��A6SP 6¼·�hp¹Ãv¼r²�³ur�¦¸²v³v¸ý�hýq ¸¼vrý³h³v¸ý�¸s v³² rýq�
rssrp³¸¼²�³u¼¸Ãtu�h pÃ²³¸·�p¸ý³¼¸y�Ãýv³��rv³ur¼��²³¼rh·�·¸qr�¸¼��¦¸vý³�·¸qr�
Dý ¸Ã¼ r`¦r¼v·rý³²� Zr� ¼ryvrq� ¸ý ³ur� ·hýÃshp³Ã¼r¼¶² ²¸s³Zh¼r� ³¸ vqrý³vs'� ³ur� ¦¼¸ir
y¸ph³v¸ý�hýq�Zr�ryhi¸¼h³rq "9 qh³h�¸ss�yvýr ·hvýy'�s¸¼�"9 qv²¦yh'��hppÃ¼hp'�³r²³²�¸¼
²¦rpvsvp� ·rqvphy� h¦¦yvph³v¸ý�� Dý ·rqvphy� h¦¦yvph³v¸ý² Zr Ã²rq� A6SP 6¼·� i¸³u� h²
y¸phyvªr¼�hýq�h² ³¼hpxr¼��³r²³výt�v³²�¦r¼s¸¼·hýpr²�hýq Ã²hivyv³'�

����([SHULPHQWDO�(YDOXDWLRQ�RI�WKH�6\VWHPV�±�0HWKRGV

��� 'LJLWL]LQJ�3HUIRUPDQFHV

Single Point Acquisition and Noise Sensitivity

The uncertainty of a single point acquisition was tested acquiring 9 points located on
a plane through the origin of the sensors’ workspace with XY and YZ orientations.
The 9 points were distributed on a plane positioned (150.0 ± 0.1)cm under FlashPoint
central camera at increasing distance from its centre, in order to test sub-volumes in
its workspace and the central 150 cm of FARO Arm’s spherical workspace. Each
point was acquired 200 times in stream mode using the single LED digitiser with
FlashPoint and the point probe in different orientations with FARO Arm. We defined
the uncertainty on the acquired point as the sizes of the parallelepiped containing the
75% of the points. U¸ ²v·Ãyh³r�³ur�¦¸²²viyr�ý¸v²r�vý�Ayh²uQ¸vý³�Z¸¼x²¦hpr�Zr Ã²rq�!
yh·¦²�Zv³u�qvssr¼rý³� ²¦rp³¼Ã·� �Gÿ�qv¼rp³rq ³¸� ³ur�¦¼¸ir�hýq h�·v¼¼¸¼� �Hÿ ¼rsyrp³výt
³ur�r·v³³r¼²¶� yvtu³� ³¸Zh¼q²�ph·r¼h²��U¸ hýhy'²r� ³ur�¸¦³vphy�¦¼¸¦r¼³vr²�¸s Ayh²uQ¸vý³�
Zr� ¼r¦rh³rq ³ur ²výtyr� ¦¸vý³� hp¹Ãv²v³v¸ý ³r²³� vý s¸Ã¼ qvssr¼rý³� p¸ýqv³v¸ý²)� p¸·¦yr³r
qh¼xýr²²� ��G�Hÿ�� rý½v¼¸ý·rý³hy� yvtu³� ��G�Hÿ� qh¼xýr²² ¦yÃ² ý¸v²r ��G�Hÿ�
rý½v¼¸ý·rý³hy�yvtu³�¦yÃ²�ý¸v²r���G�Hÿ��U¸�²v·Ãyh³r�³ur�¦¸²²viyr�ý¸v²r�vý�A6SP 6¼·
Z¸¼x²¦hpr Zr ¼r¦rh³rq ³ur� ²výtyr ¦¸vý³� hp¹Ãv²v³v¸ý� ³r²³� Zv³u� A6SP 6¼·� vý� h
³r·¦r¼h³Ã¼r p¸ý³¼¸yyrq� ¼¸¸·�� xrr¦výt ³ur ²rý²¸¼ vý ³ur ¼¸¸·� hý� u¸Ã¼ irs¸¼r ³ur
·rh²Ã¼r·rý³²��Xr�³r²³rq�A6SP�6¼·�¦r¼s¸¼·hýpr²�h³����8��!��8��"��8��#��8�

Distances and Angles Acquisition

A¼¸·� ³ur�qh³h�¸i³hvýrq�¸ý ²výtyr�¦¸vý³�hp¹Ãv²v³v¸ý Zr phypÃyh³rq ³ur�Ãýpr¼³hvý³'�¸ý
³ur� qv²³hýpr²� �qÿ ir³Zrrý� ³Z¸ ¦¸vý³²� Q�� 2�`��� '��� ª�ÿ�� Q!� 2�`!�� '!�� ª!ÿ Ã²výt ³ur
²³hýqh¼q�¦¼¸¦hth³v¸ý�r¼¼¸¼ ³ur¸¼'�b%d��Dý�¦h¼³vpÃyh¼�³ur�s¸yy¸Zvýt s¸¼·Ãyh�u¸yq²

��ÿ

Zur¼r� ∆q� v²� ³ur� Ãýpr¼³hvý³'� ¸ý� ³ur� ·rh²Ã¼rq qv²³hýpr²�� hýq ∆`�� ∆'�� ∆ª� h¼r ³ur
hp¹Ãv²v³v¸ý�r¼¼¸¼²�¸ý�²výtyr�¦¸vý³²�p¸¸¼qvýh³r²�
Tv·vyh¼y'�³ur�Ãýpr¼³hvý³'�¸ý�hýtyr² Zr¼r�¸i³hvýrq p¸ý²vqr¼výt ³u¼rr ¦¸vý³² Q�2�`���'��
ª�ÿ�� Q!2�`!�� '!�� ª!ÿ�� Q"2�`"�� '"�� ª"ÿ�� ³Z¸ ½rp³¸¼²� ¸i³hvýrq� i'� ²Ãi³¼hp³v¸ý� s¼¸·� ³ur� "
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¦¸vý³²�Zv³u�¸¼vtvý�vý Q!���½� 2 �`��`!��'��'!��ª��ª!ÿ��½!�2 �`"�`!��'"�'!��ª"�ª!ÿ�ÿ�hýq ³ur
p¸²výr² ¸s�³ur�hýtyr�θÿ ir³Zrrý�½��hýq ½!��Uur s¸yy¸Zvýt�s¸¼·Ãyh�u¸yq²

�!ÿ

Zur¼r�∆p¸²�θÿ v²�³ur�Ãýpr¼³hvý³'�¸ý�³ur ·rh²Ã¼rq�hýtyr��hýq ∆`��!�"��∆'��!�"��∆ª��!�"�h¼r
³ur�hp¹Ãv²v³v¸ý�Ãýpr¼³hvý³'�¸ý�²výtyr�¦¸vý³²�p¸¸¼qvýh³r²�

3D Solid Reconstruction

U¸� ½r¼vs'� hppÃ¼hp'� ¸s� "9 ¼rp¸ý²³¼Ãp³v¸ý²� Zr� hp¹Ãv¼rq ³u¼rr� ²¸yvq²� Zv³u ih²vp
tr¸·r³¼vp� ²uh¦r)� �ÿ h syh³� ²³rry� ²Ã¼shpr��Zv³u� h� ³¸yr¼hýpr� ¸s ����··0� !ÿ� h� Qr¼²¦r`
&�··�`�#©·· `�"��··������$··ÿ�¦h¼hyyryr¦v¦rq�²¦rpv·rý0� "ÿ h�Qr¼²¦r`�p'yvýqr¼
Zv³u� h� urvtu³� r¹Ãhy� ³¸� !��··�� pv¼pÃyh¼� ²rp³v¸ý ¸s� ¼hqvÃ²� "$·· hýq� ³¸yr¼hýpr
���$··�
Uur'�Zr¼r�hp¹Ãv¼rq�i'�³ur�³Z¸ ²rý²¸¼²�Zv³u�h�²¦h³vhy�¼r²¸yÃ³v¸ý�¸s��··��Uur�py¸Ãq ¸s
"9 ¦¸vý³² ³uÃ²�¸i³hvýrq Zh² qv²¦yh'rq�hýq� ³ur qv·rý²v¸ý² hýq ²uh¦r�¸s� ³ur ¸iwrp³²
Zr¼r�r½hyÃh³rq�vý�!9�²Ãv³hiyr�²rp³v¸ý²�hýq yrh²³�²¹Ãh¼r�vý³r¼¦¸yh³v¸ý�¸s�³ur�"9 ¦¸vý³²�
6ý r`¦r¼v·rý³hy�hp¹Ãv²v³v¸ý�¸s h s¸h·�xýrr Zh² Ã²rq ³¸�vý³r¼½vrZ�³ur�²Ã¼tr¸ý hi¸Ã³
³ur�²rý²¸¼²¶�Ã²hivyv³'�qÃ¼výt�qvtv³v²h³v¸ýb#d�

��� 7UDFNLQJ�3HUIRUPDQFHV

Temporal Sampling Rate

The intrinsic temporal sampling rate (TSR, ωi) was measured counting the number of
acquisitions (n) of a fixed  point during a time interval t = (20 ± 1 sec), that is:

��$ÿ

Uur¼rs¸¼r�³ur�h²²¸pvh³rq Ãýpr¼³hvý³'�� vω∆ ÿ�v²�b�d)

�%ÿ

Xv³u Ayh²uQ¸vý³�³ur�hp¹Ãv²v³v¸ý Zh²�³r²³rq vý ³ur�s¸yy¸Zvýt ·¸qhyv³vr²)�½vh�xr'i¸h¼q
p¸ý³¼¸y� ¸¼ Ã²výt ³ur iÃ³³¸ý� p¸ýýrp³rq ³¸ ³ur� p¸·¦Ã³r¼� Xr ¼r¦rh³rq hyy� ³ur
hp¹Ãv²v³v¸ý²�Zv³u�hýq�Zv³u¸Ã³�³ur�p¸ýsv¼·h³v¸ý�²¸Ãýq��vý�¸¼qr¼�³¸ r½hyÃh³r�v³²�rssrp³�¸ý
¦r¼s¸¼·hýpr²�� Xv³u A6SP 6¼·� p¸ý³výÃ¸Ã²� hp¹Ãv²v³v¸ý� phý� ir q¸ýr� ¸ýy'� vý ¸ýr
·¸qhyv³'�

Spatial Sampling Distance

Dý i¸³u ²'²³r·²�qÃ¼výt�²³¼rh·�·¸qr�hp¹Ãv²v³v¸ý�¸s h ²Ã¼shpr��¦h³u�¸¼ ³¼hwrp³¸¼' �³uh³
Zr�Zvyy�phyy�þq'ýh·vp´ÿ��³ur�²¦h³vhy�²h·¦yvýt�qv²³hýpr TT9� ³uh³�v²�·výv·hy�qv²³hýpr
ir³Zrrý�³Z¸�p¸ý²rpÃ³v½r�¦¸vý³²��v²�²r³³hiyr�½vh�²¸s³Zh¼r�
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Uur�¦Ã¼¦¸²r�¸s�¸Ã¼ ·rh²Ã¼r·rý³²�Zh²�³¸�½r¼vs'�³ur ¼ryh³v¸ý²uv¦�ir³Zrrý�³ur�TT9 hýq

³ur� ³r·¦¸¼hy� ²h·¦yvýt� ¼h³r� vý� ³ur²r� p¸ýqv³v¸ý²� � qω ÿ�� 6²� ³ur vý³¼vý²vp� ³r·¦¸¼hy

²h·¦yvýt�¼h³r²�¸s ³ur�qr½vpr²�h¼r sv`rq �p¸·¦h¼r�Zv³u �"�!ÿ�� ³ur�TT9 �qÿ�� ³ur�UTS
�ωqÿ� hýq ³ur� ½ry¸pv³'� ¸s� ³ur� ¦¼¸ir qÃ¼výt� q'ýh·vp� hp¹Ãv²v³v¸ý h¼r� yvýxrq� i'� ³ur
s¸yy¸Zvýt s¸¼·Ãyh)

�&ÿ

Uur¼rs¸¼r�Zr�r`¦rp³rq ³¸�uh½r�h ¼ryvhiyr�²¦h³vhy�²h·¦yvýt�vý�²³¼rh·�·¸qr�¸ýy'�Zurý
³ur�¦¼¸ir�½ry¸pv³'�v²�yr²²�³uhý�h�²¸�phyyrq�´p¼v³vphy�½ry¸pv³'´��½pÿ

�©ÿ

PÃ¼�r`¦r¼v·rý³�p¸ý²v²³rq�vý �� ¼r¦rh³rq�hp¹Ãv²v³v¸ý²�vý h yvýrh¼�³¼hwrp³¸¼'� TT9 Zh²
sv`rq��q 2 !··ÿ0�³ur�¦¼¸ir�Zh²�·¸½rq�h³�qvssr¼rý³�½ry¸pv³vr²�¦¸²v³v¸ývýt ³ur�²rý²¸¼²
¸ý h ³¼¸yyr'� s¼rr ³¸� ·¸½r� ¸ý h ¼rp³vyvýrh¼� ³¼hpx� h³³hpurq ³¸ h� shyyvýt� Zrvtu³0� ³ur
q'ýh·vp�UTS�Zh²�p¸·¦Ã³rq�s¼¸·��&ÿ�

3D Trajectory Reconstruction

Uur� hppÃ¼hp'� ¸s ³ur q'ýh·vp� p¸·¦Ã³h³v¸ý² Zh² r½hyÃh³rq ·rh²Ã¼výt ³ur� ¼ryh³v½r
·¸³v¸ý� ¸s ³Z¸ ²h·¦yr� ¸iwrp³²� qÃ¼výt ³¼hý²yh³v¸ý² hýq ¼¸³h³v¸ý²� vý ³ur� ²rý²¸¼²¶
Z¸¼x²¦hpr�
Dý h sv¼²³�r`¦r¼v·rý³�Zr� ³¼hpxrq ³ur� ³¼hý²yh³v¸ý ¸s� ³ur�Qr¼²¦r` ¦h¼hyyryr¦v¦rq�¸ý ³ur
syh³� ²Ã¼shpr�� hy¸ýt ³Z¸ ¦r¼¦rýqvpÃyh¼� qv¼rp³v¸ý²� ·rh²Ã¼výt� ³ur yvýrh¼v³'� ¸s� ³ur
¼rp¸¼qrq ³¼hwrp³¸¼'��³ur�¦r¼s¸¼·rq�qv²³hýpr�hýq ³ur�¦¸²v³v¸ý ¸s�³ur ¼rp¸¼qrq�yvýr² Zv³u
¼r²¦rp³�³¸�³ur�²rý²¸¼� Xr ¦r¼s¸¼·rq�³¼hý²yh³v¸ý vý ³Z¸�¦r¼¦rýqvpÃyh¼�qv¼rp³v¸ý²�¸s ³ur
²rý²¸¼²¶ Z¸¼x²¦hpr²�·¸½výt�i'�����!���#���%�p·�
Dý h ²rp¸ýq� r`¦r¼v·rý³� Zr� ³¼hpxrq ³ur ³¼hý²yh³v¸ý hýq ³ur� ¼¸yyvýt� ·¸³v¸ý� ¸s ³ur
Qr¼²¦r` p'yvýqr¼�¸ý ³ur�syh³�²Ã¼shpr��hy¸ýt ³Z¸ ¦r¼¦rýqvpÃyh¼�qv¼rp³v¸ý²��6y²¸ vý�³uv²
ph²r�Zr ·rh²Ã¼rq� ³ur�²uh¦r�hýq ³ur�²vªr�¸s ³ur ¼rp¸¼qrq� ³¼hwrp³¸¼vr²�h² hp¹Ãv¼rq i'
i¸³u�²rý²¸¼²� Xr ¦r¼s¸¼·rq�¼¸³h³v¸ý²�h¼¸Ãýq ! ¦r¼¦rýqvpÃyh¼�h`r²��¦h¼hyyry�³¸�³ur�syh³
²Ã¼shprÿ�·¸½výt�i'�����!����"����%���
6ý r`¦r¼v·rý³hy�hp¹Ãv²v³v¸ý�¸s syr`v¸ý�r`³rý²v¸ý ·¸³v¸ý�¸s h s¸h·�xýrr�Zh²�Ã²rq�³¸
vý³r¼½vrZ�³ur�²Ã¼tr¸ý�hi¸Ã³�³ur�²rý²¸¼²¶ ¦r¼s¸¼·hýpr²�qÃ¼výt q'ýh·vp�³¼hpxvýt�

����([SHULPHQWDO�(YDOXDWLRQ�RI�WKH�6\VWHPV�±�5HVXOWV

��� 'LJLWL]LQJ�3HUIRUPDQFHV

Single Point Acquisition and Noise Sensitivity

The following tables report the mean uncertainty on the 9 points acquired during the
single point acquisitions with the two sensors  under different environment
conditions.

q½ vp ⋅= ω

q½ q ⋅= ω q½�∀ vq ωω ≤
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Table 1. Single point uncertainty for FlashPoint under different light conditions.

Temperature (ºC) Uncertainty (mm) along
X Y X

�/�0 ���! ���! ���$
�/�0 ���! ���! ���%
�/�0 ���# ���# ���©
�/�0 ���# ���# ���(

Table 2. Single point uncertainty for FARO Arm at different temperatures.

Temperature (ºC) Uncertainty (mm) along
X Y X

���r�� ���$ ���$ ���$
���r�� ���$ ���$ ���$
���r�� ���$ ���$ ���$
���r�� ���$ ���$ ���$

Distances and Angles Acquisition

FlashPoint has an uncertainty of 0.2mm/ 0.2º in distance and angle computation,
FARO Arm an uncertainty of 0.1mm/ 0.1º.

Solid Reconstruction

Surface data acquired with FlashPoint and FARO Arm were similar when acquired in
stream or point mode. The results of experimental reconstructions of geometric
models is reported in Table 3.

Table 3.  Uncertainty of 3D reconstruction

FlashPoint Faro

Height 300.2 ± 0.2 299.9 ± 0.2

Width 70.1 ± 0.2 70.9 ± 0.2

Parallelepiped sizes
(mm)

Thickness 48.1 ± 0.2 48.1 ± 0.1

Height 200.0 ± 0.2 200.0 ± 0.1Cylinder size     (mm)

Radius 34.1 ± 0.2 35.0 ± 0.1

Residual on flat surface fitting (mm) <0.1 <0.1



Comparison of an Optical and a Mechanical Navigation  System    309

The surgeon could not find any difference between FlashPoint and FARO Arm
performances while digitizing the knee model and could always find visible
orientations of the Flash Point probe or reachable configurations of FARO Arm end-
effector to digitize knee surfaces. Stream mode was used as often as possible with
both sensors.

��� 7UDFNLQJ�3HUIRUPDQFHV

Temporal Sampling Rate

FlashPoint showed an experimental TSR ωi = (17.32 ± 0.07)Hz without confirmation
sound and ωi = (9.28 ± 0.05)Hz with confirmation sound for all acquisition modality.

FARO Arm showed an experimental TSR ωi = (31.4 ± 0.5)Hz

Spatial Sampling Distance

With a SSD of 2mm the computed critical velocity of FlashPoint is 34mm/s, for
FARO Arm is 63mm/s. In our experiments respected SSD set by the user, when
moving below the critical velocity. In this case the TSR can be computed as ωd = v/d,
in particular FARO Arm rarely reached its critical velocity during kinematics’ tests.
On the contrary over the critical velocity of the probe the achieved SSR depends on
the probes velocity and is obtained as d = v/ωi.

Trajectories Reconstruction

For both sensors there were no differences in measured translations between the
parallelepiped and the cylinder.

With FlashPoint 3D distances between first and last position of the recorded
trajectories were correct within 0.30mm of error for all motions, with FARO Arm
within 0.27mm . The linear trajectory was fitted by a line with a residual <0.1mm for
both sensors and all acquisitions. The amount of rotation performed experimentally
could be measured experimentally with 0.5º of error for FlashPoint and FARO Arm in
the two tested directions and all amounts.

The surgeon found easier the execution of flexion-extension with FlashPoint then
with FARO Arm, as he felt that the latter sensor produced a bigger constraint to be
compensated in quasi-unconstrained joint configuration. Moreover the adjustment of
the joint position with respect to FlashPoint took tests to adjust visibility during the
whole motion, against four tests  to avoid FARO Arm’s singularities during the
flexion.
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� 'LVFXVVLRQ

Ayh²uQ¸vý³� hýq� A6SP 6¼·� ²u¸Zrq p¸ý²³hý³� ²Ãi·vyyv·r³¼vp� hppÃ¼hp'� vý� ³ur Zu¸yr
Z¸¼x²¦hpr�� Uur� qvssr¼rý³� ³rpuývphy� srh³Ã¼r² ¸s� ³ur� ³Z¸� ²rý²¸¼² ¼r²Ãy³� vý qvssr¼rý³
Z¸¼x²¦hpr²� ���� p·� ²¦ur¼vphy� Z¸¼x²¦hpr� s¸¼� Ayh²uQ¸vý³� ½r¼²Ã² �©� p·� ²¦ur¼vphy
Z¸¼x²¦hpr s¸¼ A6SP� 6¼·ÿ� hýq qvssr¼rý³� r`¦r¼v·rý³hy� Ãýpr¼³hvý³vr²� ���! ·· s¸¼
Ayh²uQ¸vý³�½r¼²Ã² ��� ··�s¸¼�A6SP 6¼·ÿ��C¸Zr½r¼ ³ur ph¦hpv³'�¸s�i¸³u�²rý²¸¼² ³¸
¼r¦¼¸qÃpr� "9 tr¸·r³¼'� Zv³uvý� ��!� ·· Ãýpr¼³hvý³'� v²� ²Ãssvpvrý³� vý ·rqvphy
h¦¦yvph³v¸ý²�³¸ v·¦¼¸½r ³ur�¼r²Ãy³²�¸s hý'�p¸·¦Ã³r¼�h²²v²³rq ¦¼¸prqÃ¼r�Zv³u�¼r²¦rp³�³¸
·hýÃhy�¸ýr²�
Dý ¸Ã¼ ³r²³²�Zr uh½r�hy²¸ ·rh²Ã¼rq qvssr¼rý³�vý³¼vý²vp�³r·¦¸¼hy�²h·¦yvýt�¼h³r²���&Cª
s¸¼� Ayh²uQ¸vý³� ½r¼²Ã² "�Cª� s¸¼ A6SP 6¼·ÿ�� Zuvpu hssrp³� ³ur� ²¦h³vhy� ¼r²¸yÃ³v¸ý²
qÃ¼výt q'ýh·vp� hp¹Ãv²v³v¸ý²�� C¸Zr½r¼ vý�·rqvphy� h¦¦yvph³v¸ý²� ³¼hpxvýt v²� Ã²rq s¸¼
¼ryh³v½ry'�²y¸Z�·¸³v¸ý �²Ãpu h²�·hýÃhy�qvhtý¸²³vp�³r²³²ÿ�Zuvpu�phý�ir�rh²vy'�³¼hpxrq
i'�i¸³u ²rý²¸¼²� Uur�·¸²³�v·¦¸¼³hý³�srh³Ã¼r vý�q'ýh·vp�³r²³²�v²�³ur�²rý²¸¼�½r¼²h³vyv³'
hýq Ã²hivyv³'�hýq Zr phý ý¸³vpr�³uh³�³ur�A6SP 6¼·�Zrvtu³�p¸Ãyq�ir p¼v³vphy�vý�²¸·r
¦h²²v½r ·¸³v¸ý²�hýq ³ur�²výtÃyh¼v³vr²� vý v³²�Z¸¼x²¦hpr�¸iyvtr²� ³¸ ph¼rsÃy� ³r²³²�¸s ³ur
výv³vhy�²r³�Ã¦�

In conclusion we can remark that FlashPoint can be significantly affected by lights
artifacts, such as special surgical tools or lamps, but when used in open field with no
occlusions it is not influenced by the structure under examination. Due to the
possibility of FlashPoint of tracking more than one probe simultaneously and its ease
of use it is very natural for in vivo applications, while FARO Arm requires a firmly
fixation of the reference anatomical part and therefore is more affected by
environmental vibrations and is more invasive. On the other side FARO Arm can be
used in smaller spaces with respect to FlashPoint.
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