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Optimization method of X-ray bulb tube current calibration based on least square fitting

DU Fanyu, JIANG Xixian, DENG Lanzhi, FENG Xiaojie
School of Medical Imaging, North Sichuan Medical College, Nanchong 637000, China

Abstract: The problem of tube current drift in the bulb of medical X-ray equipment affects the quality of image construction and
the accuracy of patient examinations, and is generally calibrated by multiple human measurements in engineering, which is low
in accuracy and high cost. Herein, it is proposed to map the filament characteristic curves of the new and old tubes by controlling
variables. According to the change law of tube current polynomials, the Matlab least square polynomial fitting approach is adopted,
and the filament current of all exposure points of the spherical tube and the polynomials are calculated and calibrated using the
measured tube current of a few exposure points of the spherical tube and the polynomial piecewise translation method, which
reduces the frequency of human measurements, labor costs and the average error of human measurements. Through the experimental
verification of KD-C5000 of Kangda C-arm, it is showed that the method can save about 75% of the tube current calibration time,
and can effectively reduce the average error from the original 20% to about 2%.
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Figure 1 KD-C5000 C—arm
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Table 1 Some parameters of KD-C5000 bulb
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Figure 2 Debugging interface of KD—-C5000
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Figure 3 Polynomial piecewise translation curves of new and old bulbs
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continuous perspective mode
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40 296 338 367 388
50 292 333 362 383
60 288 329 358 379
70 285 325 354 375
80 282 322 351 372
90 280 320 349 370
100 279 318 347 368
110 277 317 345 366
120 275 315 343 364

3 BHERT0KV SRR LML R

Table 3 Prediction results of 70 KV integer tube current

ML g L o 25 S| SR A4S i

1.0 255 257 2
2.0 307 308 1
3.0 341 341 0
4.0 366 365 1
5.0 385 384 1
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4 ATKEEBRETOKVRE 40 KV ST LBRMNNEBRRIRE
Table 4 Errors of tube current corresponding to filament current
after replacing 40 kV with 70 kV for the old bulb

F7 KR ETMIBIRE 120 KV BTKT 228857 3 B M B R IRE
Table 7 The proposed method predicts the tube current errors

corresponding to the filament current at 120 kV for the old bulb

Ve, BEHRIETOKV  XR40kVES W) BB WO 120 KV AT SERT 120 KV AT -
ol WEEE Ahima o B ol BB gaiima T e
1.0 257 0.78 22.0 1.0 247 1.03 3.0
1.5 285 1.31 12.7 1.5 275 1.50 0.0
2.0 307 1.72 14.0 2.0 298 2.03 1.5
2.5 325 2.14 14.4 2.5 315 2.51 0.4
3.0 341 2.59 13.7 14.6 3.0 331 3.05 1.7 1.0
3.5 354 3.03 13.4 3.5 343 3.52 0.6
4.0 366 3.48 13.0 4.0 354 4.00 0.0
4.5 375 3.86 14.2 4.5 364 4.48 0.4
5.0 385 4.32 13.6 5.0 373 4.95 1.0

=5 IAREEBE 70 KV R 120 kV FAT LB R R B BRIRE
Table 5 Errors of tube current corresponding to filament current
after replacing 120 kV with 70 kV for the old bulb

BEE EHRIRT0KVE XA 120kVEE 0
mA WHEESE TamiimA %
1.0 255 115 15.0
L5 285 171 14.0
2.0 307 227 13.5
25 325 2.84 13.6
3.0 341 3.44 147 139
35 354 4.00 143
4.0 366 458 145
45 375 5.06 124
5.0 385 5.64 12.8

FK6 AL ETMIAIKREEBE 40 kV ATLEFRX NN ERRIRE
Table 6 The proposed method predicts the tube current errors

corresponding to the filament current at 40 kV for the old bulb

Ve B L T 40 kV B 6 R T 40 KV ]
mA BRI AatmA o
1.0 266 0.98 2.0
1.5 296 1.51 0.7
2.0 320 2.02 1.0
2.5 338 2.50 0.0
3.0 354 3.03 1.0 0.8
3.5 367 3.53 0.9
4.0 378 4.00 0.0
4.5 388 4.46 0.9
5.0 398 4.96 0.8
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