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(57) ABSTRACT 

A method for harvesting follicular units from a body surface, 
includes acquiring and processing images of a body surface 
to identify a follicular unit on the body surface and to 
determine a relative position and orientation of the identi?ed 
folliculat unit; using an automated system including a move 
able arm to position a harvesting tool mounted on the 
moveable arm adjacent the identi?ed follicular unit, based at 
least in part on processed image data, such that a longitu 
dinal axis of the harvesting tool is aligned With a longitu 
dinal axis of the follicular unit; and harvesting the follicular 
unit by movement of the harvesting tool relative to the body 
surface, Wherein the images are acquired from one or more 
cameras mounted on the moveable arm. 
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( Start it 
/ 

Move the robot so that the harvesting 
needle is aligned with the hair follicle, 

both in location and orientation. 

| 
l 

Advance the harvesting needle so that 
the needle cannulates the hair follicle. 

l 
Start turning the harvesting needle, it 

needed‘ 

l 
Advance the needle into the patient to 
cut the skin at a predetermined speed. 

l 
Advance the needle into the patient to 
cut through the fatty layer underneath 

the skin. 

l 
Retrieve the needle ‘out of the patient 

and stop turning. 
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identify a ?xed point, aligned with 
optical axis, on the table in the robot f 50 

base frame. (Calibration step 1). Piece 
robot starting user frame at this ?xed 

point. 

i 
Calibrate the scaling and the f '52 

orientation of the image in robot base 
coordinates (Calibration step 2) 

V 

Calibrate the reiative distance 
and orientation of the needie with respect / 64 

to the optical axis in the tool frame. 
(Calibration Step 3) 

Fig. 4 
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Identify Positiciii ‘and 
Orientation. ci‘iseis of the 
Follicular Unit from the 

optical axis 

i 
Move Robot to correct for /44 
Position and Orientation ‘ 

offset 

Are ' 

‘ Off$eis < 

' ,Tolerance 

Yie's 

Move rebut an that needle is 
_ i aligned with the follicular 

4'5 f‘ unit. 
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Fig. 6 



Patent Application Publication Apr. 5, 2007 Sheet 7 0f 28 US 2007/0078466 A1 

Identify and meats at] the hairs in the 
image from the camera. Generatea. list 

' of alt the hairs. 

Eliminate the hairs. from ‘the iist‘thalt _ 
are outside?‘ the user-‘speci?ed region of‘ 

interest. 

J, 
Eliminate-‘the. hairs from the‘ iist'that din 
not need to‘ be harvested based on the; 

gie?rnetric pattern ‘speci?ed by the 
user. 

Harvest $equentiaiiy each of the hairs 
.in the list. 

(£3 
Fig. 8 
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Calibrate stereo pair of cameras to 
identity both intrinsic and extrinsic 

parameters. 

V v 

Rectify both left and right images. 

l 
identify the location of the centers of 
all hair follicles in both left and right 

rectified images. 

r 

Match the left and right centers of hair 
follicles in both images noting that the 
corresponding centers will lie on the 

same scan lines. 

it 

For each hair follicle, ?nd the head 
and tail of hair follicle in both left and 

right images. 

Calculate the three dimensional 
coordinates of the head and tail of the 

hair follicle. 

l 
Calculate the relative offset of the 

location and orientation of the hair and 
the needle. 

Fig. 9 (g; 
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/““* Needle 
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Obdurator \\ 
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Caring / 
Needle 

Motor for ‘advancing 
and retracting obcluralor 

Motor for rotating 
coring needle 

1 Motor for advancing 
and retracting 

. puncture needle 

Fig. 1 l 
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Plan implant locations and orientations 
with respect to global landmarks 
(existing hairs, tattoos, or other 

distinguishing features) 

Move robot to register landmarks on 
the patient. 

if 

Move robot to each of the imoiant 
location and orientation with respect to 

the global ‘landmarks. 

i 
Fine-tune the location and orientation 

based ‘on. the nearby landmarks such as 
neighboring oreexisting hairs or the‘ F 1 5 

newlyimplant'ed heirs. 

"If 

in“ 
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Start 

Design a curve using oontroi points 
using, for exampi'e, b-spline Cubic 

polynomials. 

Specify the orientation of the hair at 
each of the control points. 

i 
identity points along the curve at a 

given spacing. 

Randomize the locations of the points 
along the curve to make a natural 
looking hairline. The amount of 
randomization is user-speci?ed or 

computer generated. 

Orientations are not randomized, but 
interpolated the same way a cubic 

spline is generated. 

Fig. 1 3 
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Design a surface using central points‘ 
using, for example, b-spiine cubic 

surfaces. 

Specify thev Qrientation 0f the hair at 
each 101‘ the control points. 

i. 
Identify points along the surface at a 

given spacingi 

i 
Randomize the iocations of the points 
alongthe curve-t0 make a natural 

iooking hair'distribution. The amount 
of randomization is user-speci?ed or 

cumputer generated. 

US 2007/0078466 A1 

Orientations are not randomizedi but 
‘interpolated the same way a cubic 

spline surface‘ is generated. 
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Using etereovieion, align the robot so 
that the needle is ioeated and ‘oriented 

at the desired implant location. 

Using stereovision, determine the 
distance between the needle tip and the 

skin surface. 

Advance the implant needle into the 
patient more than the desired depth of 

imptant. 

7 

Advance the obdurator so that its tip is 
at (or at a given offset) the skin 

surface, that is, the surface of the graft 
is at (or at a given offset) the skin 

surface. 

l 
White holding the obdurator in place, 

retrieve the implant needle. 

V 

Retrieve the obdurator to leave the 
graft implanted at the precise depth. 

Fig. I 6 
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Move the robot so that the harvesting 
needle is aligned with the hair felliele, 

both in location and orientation. 

Advance the harvesting needle so that 
the needle cannulates the hair follicle‘ 

1 

Start turning the harvesting needle, if 
needed. 

7 

Advance the needle into the patient to 
cut the skin at a predetermined speed. 

Advance the needle into the patient to 
cut through the fatty layer underneath 

the skin. 

I 

Retrieve the needle out of the patient 
and stop turning. 

“#1? 

End 

Fig. l 7 
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Move the robot so that the three part 
needle is aligned with the imptant 

location and orientation. 

F 

Advance the implant needie s0 that it 
is in front of the harvesting needie. 

i 
Advance the needle assembly so that 

the implant needte parts the skin. 

if 

Advance the obdurator to push the 
graft into the precise depth in the 

parted skin. 

I 

Holding the obdurator in place, retract 
the implant needle out of the patient. 

I 

Retrieve the obduretor to its standby 
position 

Q5) 
Fig. .1 8 
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110 

Figs. 21B, 21C, or 21D 
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