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Coordinate unification between treatment room and the robot system of
Heavy Ion Medical Machine
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Abstract: To accurately locate patients in the process of heavy ion therapy for cancer, a method of coordinate
unification between treatment room and the robot system of heavy ion therapy system based on the laser tracker and its
supporting software Spatial Analyzer is proposed. First, we determine the coordinates of the calibration point in the
flange center coordinate system by geometric fitting method. Second, the coordinate transformation between the robot
flange coordinate system and the base coordinate system is accomplished by simple calculation. Finally, the
transformation matrix between the treatment room coordinate system and the robot coordinate system is calculated by
using the best fitting algorithm in Spatial Analyzer software. The unification of the coordinate system is completed,
and the accuracy of the unified coordinate system is verified. The practical application in HIMM (Heavy Ion Medical
Machine) shows that the coordinate unification method simplifies the conversion between treatment room and the
robot system of heavy ion therapy system. Moreover, the calibration accuracy is good and the calibration efficiency is
high. This method of coordinate unification is easy to operate in heavy ion therapy system and other industrial
applications.

Key words:  Heavy Ion Medical Machine, treatment room, robot, coordinate transformation, laser tracker
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Table 1 Center position parameters of the flange on the teach pendant

F1 THBLEZEPOMESY

No. x/mm y/mm z/mm Al(°) B/(®) c/(®)
PE1 764.93 1378.01 ~2187.06 0 0 0
PE2 964.93 1378.01 ~2187.06 0 0 0
PE3 964.93 1578.01 ~2187.06 0 0 0
PE4 764.93 1578.01 ~2187.06 0 0 0
PES 564.93 1578.01 —2187.06 0 0 0
PE6 564.93 1378.01 ~2187.06 0 0 0
PE7 564.93 1178.01 ~2187.06 0 0 0
PER 764.93 1178.01 ~2187.06 0 0 0
PE9 964.93 1178.01 ~2187.06 0 0 0
PE10 964.93 1178.01 ~1987.06 0 0 0
PE11 964.93 1378.01 ~1987.06 0 0 0
PE12 964.93 1578.01 ~1987.06 0 0 0
PE13 764.93 1578.01 ~1987.06 0 0 0
PE14 564.93 1578.01 ~1987.06 0 0 0
PE1S 564.93 1378.01 ~1987.06 0 0 0
PE16 564.93 1178.01 ~1987.06 0 0 0
PE17 764.93 1178.01 ~1987.06 0 0 0
PEI8 764.93 1378.01 ~1987.06 0 0 0

R 2 RERTERTE{ISOMLIR R H AR

Table 2 Coordinates of the calibration point in the ISO coordinate system of the treatment room

No. Xx/mm y/mm z/mm
Pisol —817.51 —638.78 —485.96
Piso2 -1017.28 —639.84 —485.32
Piso3 -1016.9 —640.17 —285.34
Piso4 —817.03 —639.09 —285.97
PisoS —617.22 —637.97 —286.48
Piso6 —617.58 —637.71 —486.5
Piso7 —617.95 —637.39 —686.42
Piso8 —817.79 —638.49 —685.91
Piso9 —1017.65 —639.55 —685.27
P1sol10 -1018.77 —439.62 —684.97
Pisoll —1018.44 —439.89 —484.95
Pisol12 -1017.99 —440.14 —285.03
Pisol3 —818.09 —439.06 —285.59
Pisold —618.24 —438.03 —286.13
Pisol5 —618.62 —437.72 —486.17
Pisol6 —619 —437.44 —686.15
Pisol7 —818.92 —438.51 —685.54
Pisol18 —818.58 —438.8 —485.58

2 IR SCHR Y 0 75125 H Spatial Analyzer 2014 HL i) e ARG 305, AR 2 FIER 3 A9 HIOHE SR AG 55 U #0LE F y

B _
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Table 3 Coordinates of the calibration point under the robot base system

No. x/mm y/mm z/mm

Pl 916.26 1122.57 —1930.1
Pg2 1116.26 112257 —1930.1
Pg3 1116.26 132257 —-1930.1
Pg4 916.26 132257 —1930.1
Pg5 716.26 132257 —-1930.1
Pg6 716.26 1122.57 —1930.1
Pg7 716.26 922.57 —-1930.1
Pp8 916.26 922.57 —1930.1
Pg9 1116.26 922.57 —-1930.1
P10 1116.26 922.57 —1730.1
Pgll 1116.26 1122.57 -1730.1
Pgl2 1116.26 1322.57 —1730.1
Pgl3 916.26 132257 —-1730.1
Pgld 716.26 1322.57 —1730.1
Psl5 716.26 1122.57 —-1730.1
Ppl6 716.26 922.57 —1730.1
Pgl7 916.26 922.57 —-1730.1
Psl8 916.26 112257 —-1730.05
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A x. y. z PR % AMag-max ik as
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Table 4 Coordinate conversion accuracy
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