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Abstract
In this work gallium-67 (67Ga) gamma camera imaging quality was optimized using the Taguchi’s 
analysis and a planar phantom. The acrylic planar phantom was LASER-cut to form groups of slits 1mm 
wide and 5mm deep, to determine the spatial resolution and contrast ratio that could be achieved 
in a 67Ga citrate nuclear medicine examination. The 67Ga-citrate solution was injected into the slits 
to form an active radioactive line source which was placed between regular acrylic plates for opti-
mization. Then, nine combinations of four operating factors: L9 (3

4), of the gamma camera imaging 
system were used and followed the Taguchi’s analysis. The four operating factors were: a) the type 
of collimator in front of the NaI(Tl) detector, b) the region of interest of 67Ga gamma rays spectrum, c) 
the scanning speed of NaI(Tl) detector head and d) the activity of 67Ga. The original judged grade of 
the planar phantom image quality was increased 36% and factors a) and b) were confirmed to domi-
nate. The cross interaction among factors was also discussed. Our results showed that the optimal 
factor settings of the gamma camera imaging system were verified by performing a routine nuclear 
medicine examination in ten cases. Nine cases showed the same optimal settings as estimated by 
three highly trained radio-diagnostic physicians. Additionally, the optimal settings yielded clearer 
images with greater contrast than did the conventional settings. In conclusion, this work suggests 
for practical use, an optimized process for determining both the spatial resolution and the contrast 
ratio of a gamma camera imaging system using Taguchi’s optimal analysis and a planar phantom. 
The Taguchi’s method is most effective in targeting a single quality characteristic but can also be 
extended to satisfy multiple requirements under specific conditions by revising the definition of 
signal to noise ratio.

Introduction

G amma camera imaging system has been widely used for diagnosis of various dis-
eases, especially various carcinomas and tumor tissues. Rapid and simple imaging 
acquisition and post-processing methods improve diagnosis. However, for many 

nuclear medicine facilities the spatial resolution and contrast ratio are problems to be con-
sidered. An efficient method in defining spatial resolution and contrast ratio is essential 
[1-4]. A well designed phantom not only provides quantitative information that supports 
practical evaluation but also ensures clinical reproducibility of the optimized process for 
lymphomas, hepatic tumors and melanomas [5]. 

In this paper we propose a technique using a planar phantom for optimizing spatial 
resolution and for the contrast ratio of a gamma camera imaging system using Taguchi’s 
optimal analysis and a planar phantom, which helps effectively in quantifying the per-
formance of medical imaging system. The Taguchi’s analysis was successfully applied to 
the optimization of medical imaging, while it has already gained reputation in many in-
dustrial fields. 

Materials and methods

Taguchi’s analysis
Taguchi’s method is a very effective means of designing a high-quality system. Taguchi’s 
method exploits unique orthogonal arrays to obtain extensive data from only a few ex-
periments. The obtained optimal gamma camera settings are independent from envi-
ronmental conditions and other factors. A statistical analysis of variance (ANOVA) was 
performed to identify factors that significantly affect the target variable signal to noise 
(S/N) and ANOVA analyses were combined to determine the optimal combination of 
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Analysis of variance
A loss of function [η] measures any deviation between ex-
perimental values and desired values. Taguchi recommend-
ed the use of a loss function to express deviations of per-
formance characteristics from desired values. The value of 
the loss function is transformed into a S/N ratio. Performance 
characteristics fall into three classes, which are: lower-is-bet-
ter, higher-is-better and nominal-is-best. Each is associated 
with a particular definition of S/N ratio, which is used in the 
computation of the optimal combination of factors. A larger 
S/N ratio always corresponds to a better quality characteris-
tic, regardless the category. The optimal values of operating 
factors are those values that yield the highest S/N ratio [11]. 
Therefore, the quality of an image of a planar phantom that 
is obtained using various gamma camera imaging system 
settings can be calculated as follows [12]:

                                                              (1)

where ηi is the loss function (S/N unit: dB) of the ith group. A 
larger η is preferable herein, since the quality of a phantom 
image is higher-is-better. The value yi,j is the judged grade 
of phantom image of the ith group in the jth trial, and r is the 
number of trials in each group, which is three herein (the 
phantom image was graded by three radiologists). SSTotal, SSFac-

tor, SSerror and DoF (degrees of freedom) are defined as follows,

(2)

(3)

(4) 

(5)             

where SSTotal is the sum of squares of all variances.        is the 
specific judged grade of phantom image of the ith group in 
the jth trial, and     is the average of all the judged grades of 
phantom image. SSFactor is the sum of squares that correlates 
with the particular operating factor;          is the average judged 
grade that is associated with the specific factor. L and n are 
the numbers of assigned level of the operating factor and all 
groups, respectively. The operating factors are: a), b), c) and d), 
as described before. The corresponding numbers, L and n, are: 
three and nine, respectively in this study. SSerror is the sum of 
squares of only the random errors. Define Ffactor as the index in 
the F-test for checking the specific factor and is expressed as,

           

   (6)

values of operating factors of the gamma camera imaging 
system [6, 7].

Orthogonal arrays
Unlike other analytical methods of optimization, Taguchi’s 
method determines both the optimal value of a chosen 
factor from a finite set of analytical data and also the fac-
tors that dominate the target variable. This method has 
been widely utilized in precision manufacturing [8, 9] and 
other industrial fields and is applicable to nuclear medi-
cine because of its efficient evaluation in identifying either 
dominant or minor factors in nuclear medicine examina-
tions [10]. In this work, the four operating factors of the 
gamma camera imaging system used were the type of col-
limator, the region of interest (ROI) of the detected gamma 
ray spectrum, the scanning speed of the NaI(Tl) detector 
head and the activity of gallium-67 (67Ga) radionuclide. 
Each of these factors can be assigned to three levels, there-
fore, a total of 81 (3Χ3Χ3Χ3) combinations were consid-
ered. By Taguchi’s method, samples were organized into 
only nine Groups, which were used to obtain results with 
the same confidence as if they were to be considered in 
a conventional thorough optimization process [6]. Table 1 
presents a standard L9 (3

4) orthogonal array, as suggested 
by Taguchi.
 The numbers in each column indicate the experimental 
layout or levels of specific factors A-D. These factors are: a) 
the collimator type, levels 1-3, which are: medium energy 
high resolution (MEHR), low energy high resolution (LEHR) 
and low energy all purpose (LEAP), b) the region of interest 
(ROI) setting of 67Ga gamma spectrum, levels 1-3, which are: 
the three ranges of the 67Ga decay gamma rays spectrum, 
c) the scan speed of the gamma camera, levels 1-3 are: the 
scan speeds of the NaI(Tl) detector head of 80, 120, and 160 
mm/min, and d) the activity of the injected 67Ga solution, 
levels 1-3, which are: the 67Ga activities of 5.55, 7.40 and 
9.25MBq.

Table 1. Standard orthogonal arrays of the nine Groups, 
following Taguchi’s suggestion. The numbers in each col-
umn indicate the experimental layout or levels of specific 
factors A-D 

Group
No.               Factor A Factor B Factor C Factor D

1 1 1 1 1

2 1 2 2 2

3 1 3 3 3

4 2 1 2 3

5 2 2 3 1

6 2 3 1 2

7 3 1 3 2

8 3 2 1 3

9 3 3 2 1

These factors are a) the type of the collimator, b) the ROI set-
ting of 67Ga gamma spectrum, c) the scan speed and d) the 
activity of the injected 67Ga solution.
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image. Figure 1 (B) presents the real image that was obtained 
using the gamma camera. As clearly presented in part (B), 
the tight discrete gaps from the imaging reconstruction of 
gamma camera were interfered with each other at the bot-
tom of the eccentric circles, so the complexity of the images 
could be interpreted as part of a volume artifact, leading to 
a mistaken clinical diagnosis. In this work, the purpose of the 
optimization is to minimize the size of the artifact (i.e. to in-
crease the quality of spatial resolution).

Figure 1. The acrylic polymethylmethacrylate (PMMA) planar phantom 
(200Χ300Χ20mm3) that was used herein. (A) Τhe slits were laser-cut with unique 
shapes as: (1) intersection lines, (2) parallel line pairs, (3) eccentric circles and 
(4) isogonal lines. The machined slits were 1mm-wide, and 5mm-deep from the 
surface. (B) Τhe real image that was acquired using the gamma camera.

67Ga gamma rays spectrum
The three major energies of 67Ga gamma ray emission were 
93.3keV, 184.6keV and 300.2keV; the respective branching 
ratios of the specific decay gamma ray energy peaks (Ir) were 
37.8%, 20.9% and 16.8% following the electron capture by 
the 67Ga radionuclide. However, since the energy resolution 
of the NaI(Tl) detector is poorer than that of the HpGe detec-
tor, gamma emissions at energies of 91.2keV (Ir: 3%), 208.9keV 
(Ir: 2.4%) and 393.5keV (Ir: 4.7%) may also be important [15]. 
Hence, the ROI of the acquired 67Ga gamma rays spectrum 
was as shown in Table 3. 

 
67Ga-citrate solution and grading
Solutions of 67Ga-citrate with various concentrations, made 
by Global Medical Solution (GMS), were diluted in 6.0mL 
of water and then injected into the slits of a planar phan-
tom for scanning. The planar phantom was placed between 
30mm above and 50mm below a thick acrylic plate which 
modeled the body of a patient. Therefore, the total thickness 
of the assembled set of planar phantom sets was 100mm 
(30+20+50=100mm). From the planar phantom image, 24-
40 counts/pixel were detected, matching closely with the 
data on real patients obtained in routine nuclear medicine 
examinations. For example, a solution of 67Ga-citrate solu-
tion with a radioactivity of 185MBq was injected into a ~70kg 
patient. After 3-4h the radioactive solution as distributed in 

where DoFi is the number of degrees of freedom, and is 
two for each of the four factors herein. The random error is 
defined herein as the deviation of the grade given by three 
radiologists [9Χ(3-1)= 18] [Eq. 5]. The F-test, developed by Dr 
Fisher (Ronald Aylmer Fisher, 1890-1962) [13], is a test of the 
assumption that variances of two sampled populations are 
equal. If the variances are equal, there is only a 1% chance 
that the value of F will exceed F0.01 (the value of F0.01 depends 
on the number of samples taken from each population). 
Therefore, if F > F0.01, it is statistically likely that the variance 
of one population is larger than the variance of the other. 
Since SSerror is the variance due to random fluctuations and 
if factor A is likely to influence η then FA will likely be greater 
than F0.01.

Gamma camera
In routine X-rays diagnosis, patients are passively exposed 
to external X-rays. In contrast, the acquisition of images us-
ing a gamma camera scanning is an active process, since 
67Ga-citrate solution is first injected into the human body, 
from which the decay gamma rays are emitted toward an 
external NaI(Tl) detector after the 67Ga-citrate solution has 
been entirely absorbed by the body. Optimizing the settings 
of the gamma camera imaging acquisition system is crucial 
to preventing any possible errors in interpreting diagnostic 
information.

The gamma camera (Siemens E-CAM) was located at 
Chung-Shan Medical University Hospital (CSMUH). Each 
of its two NaI(Tl) 480Χ330Χ5mm3 plate detectors was con-
nected to 59 photo multiplier tubes (PMT), with diameters of 
50.8mm (2in), to record image. The three types of collimators 
that were used herein were MEHR, LEHR and LEAP [14]. Table 
2 presents the precise specifications of the three collimators. 
Each collimator was composed of an array of lead grids of 
various thicknesses that were customized for specific practi-
cal purposes. Ideally, any two detectors can capture~60% of 
the emitted gamma rays. The decay gamma rays that were 
released from the 67Ga radionuclides in the patient could be 
recorded and plotted.

Planar phantom 
The planar phantom was specifically designed to evaluate 
the spatial resolution of the gamma ray imaging system. Fig-
ure 1 presents the acrylic polymethylmethacrylate (PMMA) 
planar phantom (200Χ300Χ20mm3) that was utilized herein. 
As clearly presented in Figure 1 (A), the slits were laser-cut 
in unique shapes as: (1) intersecting lines, (2) group of paral-
lel lines, (3) eccentric circles and (4) isogonal lines. The ma-
chined slits were 1mm wide, and 5mm deep. These unique 
shapes were chosen to create a series of discrete visible gaps 
that could help to quantify the spatial resolution of phantom 

Table 2. Precise specifications of the three collimators used

Collimator
Hole 

diameter 
(mm)

Holes 
no.

Lead grid
thickness 

(mm)

Allowable 
max. Er (keV)

Resolution 
(mm)

LEHR 1.8 30,000   0.3   150   7.4

LEAP 2.5 18,000   0.3   150   9.1

MEHR 3.4  6,000   1.4   400  13.4

Table 3. The ROI of the acquired 67Ga gam-
ma rays spectrum. The conventional setting 
of the imaging system in the Chung Shan 
Medical University Hospital is “level 1” by 
default

ROI             93.3keV 184.6keV 300.2keV

Level 1 20% 15% 15%

Level 2 30% 25% 15%

Level 3 20% 15%  0%

Α Β

Original Article
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did the thicker one (50mm). The grade of spatial resolution 
of each planar phantom set image was estimated partially 
from the angular expansion of the eccentric circles under 
various settings of the imaging system during optimization. 
Figure 2 (B) reveals that one doctor estimated the angular 
expansion of the eccentric circles to be 125 degrees. The an-
gular expansions obtained for each Group of settings were 
estimated by three highly trained radio-diagnostic doctors. 
Additionally, the phantom images were randomly presented 
to the doctors to reduce statistical uncertainty. Figure 2 (C) 
shows that the contrast ratio between the hot area upper 
block-the darker and cold area lower block-the bright of the 
planar phantom set image was another critical quality char-
acteristic in the optimization of the image. The contrast ratio 
was the number of pixels in the hot area divided by that in 
the cold area. 

Both the angular expansion of the eccentric circles and the 
contrast ratio between the hot and cold areas of each planar 
phantom image are: higher-is-better variables. Therefore yi 
in Eq. 1 is given by:

          (7)

where 1 ,2i igrade  is the average estimated angular ex-
pansion or contrast ratio in the ith group of setting and 

1max,2maxgrade is the maximal angular expansion or con-
trast ratio among all measured data. Both weighting factors 
w1 and w2 were set to 1.0, since both qualities were equally 
important in the optimization process.

Results

Data analysis
Table 4 presents the combination of factors in the L9 (3

4) or-
thogonal array, the obtained average grades (Eq. 7), standard 
deviation (Sd) and S/N [Eq. 1]. The standard deviation was de-
termined from the calculated yi of each group. Furthermore, 

the patients’ body and data can be collected. The settings of 
the gamma camera imaging system can be revised using a 
specially designed planar phantom. Thus, a suitable planar 
phantom is designed to quantify either spatial resolution or 
contrast ratio of the gamma ray scintigraph to be evaluated 
[16-22]. Thus, 14, 30, 30, 59 counts/pixel were acquired from 
the skeleton, soft tissue, abdomen and liver, respectively, as 
obtained during a single routine nuclear medicine exami-
nation that was performed in a manner consistent with the 
standard operating protocol of Chung Shan Medical Univer-
sity Hospital, Department of Diagnostic Radiology.

Figure 2 shows: (A) a typical gamma ray image of the 
100mm thick planar phantom set. The anterior images were 
of higher quality than the posterior ones because the thinner 
acrylic plate (30mm) attenuated gamma emission less than 

Table 4. The combination of factors in the L9 (3
4) orthogonal array and the obtained averaged grades [Eq. 7], stand-

ard deviation and S/N [Eq. 1]. The standard deviation was determined from the calculated yi of each group

Group
No.               Collimator ROI

of 67Ga
Scan speed
(mm/min)

Activity
(MBq) Avg. grade Std.

Dev.
S/N
(η)

1 MEHR 1   80 5.55 1.24 0.17 28.98
2    » 2  120 7.40 1.26 0.15 29.10

3    » 3  160 9.25 1.69 0.24 31.64

4 LEHR 1  120 9.25 0.68 0.07 23.79

5    » 2  160 5.55 0.69 0.10 23.84

6    » 3   80 7.40 1.05 0.08 27.55

7 LEAP 1  160 7.40 0.92 0.12 26.37

8    » 2   80 7.40 0.83 0.13 25.48
9    » 3  120 5.55 1.04 0.11 27.44

Avg: Average, Std: standard, S/N: signal to noise

Figure 2. (A) Οne of the typical gamma ray images of the planar phantom set 
(100mm thick in total). (B) Οne doctor estimated the angular expansion of the 
eccentric circles to be 125 degrees. (C) Τhe hot area was the upper block (the dark) 
and the cold area was the lower block (the bright). The contrast ratio was the 
number of pixels quotient in the hot area divided by that in the cold area.

Α

B C

1 2
1 2

1max 2max

i i
i

grade gradey w w
grade grade

= ⋅ + ⋅
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and D (activity) had to be traded-off with that of either factor 
A (collimator) or factor B (ROI) in level three to optimize per-
formance, and factor A (collimator) dominated all of the fac-
tors. Part (A) also exhibits a weak cross-interaction between 
factor A (collimator) and factor B (ROI), and the S/N is maxi-
mized when factors A and B is at level 1 and 3, respectively. 
Factor A and B, therefore, can be determined individually 
without interfering the integrated performance. Eventually, 
the optimal settings of the gamma camera imaging system 
were determined to be the use of the MEHR collimator, ROI 
at level 3, a scan speed of 160mm/min and a radioactivity of 
the 67Ga-citrate solution of 9.25MBq. 

Figure 4. Four cross interactions between pairs of factors. Parts (A), (B), (C) and 
(D) plot collimator vs. ROI, collimator vs. scan speed, collimator vs. activity and 
ROI vs. scan speed, respectively, for the gamma camera imaging system.

Analysis of variances, ANOVA
The identity of the dominant factor in the gamma camera 
imaging system was confirmed by conducting an F-test 
[Eq. 6]. Table 5 presents the attributed confidence level of 
particular factors to the effectiveness of the imaging sys-
tem. An operating factor is regarded to be significant if the 
corresponding confidence level exceeds 99%. Therefore, 
(1) collimator type, and (2) ROI of the gamma camera imag-
ing system were the significant factors, because their asso-
ciated confidence levels were exactly 100%. Furthermore, 
either factor A (collimator) or factor B (ROI) can be adjusted 
individually to fulfill the specific requirement, because 
there is only weak correlation between these two factors 
(Fig. 4A). Both the scan speed and the activity of the 67Ga 
radionuclide are regarded as insignificant factors, because 
their associated confidence levels were 96.0% or 93.6%, 
respectively. Therefore, neither the scan speed nor the ac-
tivity of 67Ga can be set to yield the confidence level that 
is required for clinical diagnosis. Additionally, the activity 
of 67Ga only from 5.55 to 7.4MBq still slightly upgrades the 
imaging quality (Fig. 3, the 4th factor). However, the activity 
of the 67Ga radionuclide can be reasonably reduced accord-
ing to the ALARA principle, but the two dominant factors 
collimator, ROI must be considered differently, since they 
strongly influence the effectiveness of the clinical gamma 
camera imaging system.

the mean, Sd and S/N values for each Group were rearranged 
for each factor. For example, the mean grades of Groups 1, 4 
and 7; Groups 2, 5 and 8 and Groups 3, 6 and 9 yielded the 
contributions of factor B (ROI) at various levels to the quality 
of the planar phantom set image (Table 1). Figure 3 plots the 
mean, Sd and S/N against the values of the operating factors 
of the gamma camera imaging system. Group 3, as indicated 
in Table 1, had the highest values of any of the Groups. The 
mean, Sd and S/N for that Group were 1.69, 0.24 and 31.64, 
respectively. Factors A (collimator) and B (ROI) dominated 
the quality of the images from the gamma camera imaging 
system, because the fluctuations in data that were associat-
ed with changes in these factors exceeded those associated 
with fluctuations of the other factors.

Figure 3. The rearranged average, Sd and S/N against the operating factors of 
the gamma camera imaging system.

Cross-interaction among factors
Taguchi’s method not only yielded the dominant factor, 
but also effectively elucidated particular cross-interactions 
among factors. In the unique orthogonal arrangement of 
various values of factors, the frequencies of the levels were 
fixed across the nine Groups (Table 1), and the data thus ob-
tained were rearranged to elucidate the cross-interactions 
among the factors. This arrangement was critical to analyz-
ing the L9 (3

4) orthogonal array, because the particular data 
arrangement provided a level III resolution (cross-interac-
tions between factors may be hidden inside other individual 
factors), as Taguchi pointed out [12]. Figure 4 presents four 
cross-interactions between pairs of factors. Parts (A), (B), (C) 
and (D) plot collimator vs. ROI, collimator vs. scan speed, col-
limator vs. activity and ROI vs. scan speed, respectively, for 
the gamma camera imaging system. 

The three lines in parts (B), (C) and (D) all show strong in-
teractions, revealing that the values of factors C (scan speed) 

Α B

C D
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sarcoma; case B: female 22y, Behcet’s syndrome). In Fig. 5, 
on the left, the two underwent a 67Ga-citrate whole body 
examination with the conventional settings, while on the 
right, the same two patients were examined with the opti-
mal settings. Three highly trained radio-diagnostic doctors 
agreed that the optimal setting yielded clearer images with 
greater contrast than did the conventional settings. Spe-
cifically, in case A, the uptake lesions in the mediastinum 
were easily separated and their margins easily delineated. 
Another two lesions in the splenic fossa were clearly seen, 
and the clavicles can also be well identified. In case B, the 
shadow of the ribs and pelvis could be clearly identified, 
and the sacroiliac joint could also be delineated from the 
optimal figure. From the optimal diagnostic figure, the uri-
nary bladder and scrotum could be separately identified 
and the two testes showed an increased uptake. Similar 
comparisons were made across ten cases, and the same re-
sults were obtained in nine of them. All patients provided 

Clinical verification
The optimal factor settings of the gamma camera imaging 
system that were derived using the planar phantom were 
verified by performing a routine nuclear medicine examina-
tion. The conventional settings of the factors of a gamma 
camera for the 67Ga-citrate examination are: the use of a 
MEHR collimator, ROI at level 1, a scan speed of 80mm/min 
and use of a solution of 67Ga-citrate with a radioactivity of 
185MBq. In fact, the optimal settings are: use of a MEHR col-
limator, but ROI at level 3 (Table 3), a scan speed of 160mm/
min and use of a solution of 67Ga-citrate with a radioactivity 
of 185MBq. The activity of the 67Ga-citrate holds as original 
setting because the factor 67Ga activity has minor impor-
tance and so is set according to the ALARA principle.

Figure 5 compares two typical patients under 67Ga-ci-
trate nuclear medicine examination (case A: male, 57y, 

Table 5. The contributions of particular factors to the effectiveness of the imaging system. An 
operating factor is regarded to be significant if the percentage exceeds 99%

Factor SS DOF  Var.  F Probability Confidence  
level

*Significant

A. Collimator 4.64  2 2.32 121.1 0.0% 100.0%  Yes

B. ROI 1.68  2 0.84  43.8 0.0% 100.0%  Yes 

C. Scan speed 0.13  2 0.06   3.4 4.0%  96.0%  No

D. Activity 0.11  2 0.06   2.9 6.4%  93.6%  No

Total 7.77 *Significant: over 99% confidence level

SS: scan speed, DOF: dominant factors, Var.: variance

Table 6. The recalculated averages and S/N for each 
group, based on various combinations of weighting fac-
tors. The variation in the preferred settings obtained us-
ing various combinations of weighting factors reveals 
the practical targeting of multiple quality characteristics, 
although the averages and S/N are still maximized by set-
ting the factor values to group 3 for all combinations of 
weighting factors herein

Group
No.               

w1,2: [1.0, 1.0] w1,2: [0.7, 0.3] w1,2: [0.4, 0.6]

Avg. 
grade

S/N
(η)

Avg. 
grade

S/N
(η)

Avg. 
grade

S/N
(η)

1 1.24 28.98 0.53 21.52 0.58 22.40

2 1.26 29.10 0.54 21.72 0.62 22.97

3 1.69 31.64 0.79 24.99 0.74 24.44

4 0.68 23.79 0.21 13.38 0.25 15.09

5 0.69 23.84 0.17 11.63 0.20 12.99

6 1.05 27.55 0.37 18.44 0.56 22.00

7 0.92 26.37 0.25 15.21 0.35 18.09

8 0.83 25.48 0.28 16.16 0.40 19.22

9 1.04 27.44 0.37 18.44 0.54 21.75

Figure 5. A comparison of two typical patients under 67Ga-citrate nuclear 
medicine examinations. The two patients as indicated on the left underwent a 
67Ga-citrate whole body examination using the conventional settings, while the 
same two patients as indicated on the right were examined under the optimal 
settings.
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written informed consent prior to their inclusion in the 
testing procedure after thorough explanation of the study. 
The clinical procedures had been accomplished between 
August to December, 2009. The optimization of the imag-
ing system improved the gamma camera images for better 
clinical examination.

Table 6 shows the recalculated means and S/N for all 
groups, for various combinations of weighting factors.

Discussion

The definition of yi [Eq. 7] that is used herein can be revised 
to satisfy various requirements of researchers. The angu-
lar expansion of the eccentric circles and the contrast ra-
tio of the planar phantom herein are equally weighted in 
determining the effectiveness of the imaging system, but 
the weighting factors can be modified to meet the various 
requirements of real examinations. Unlike Grey’s relational 
analysis or Fuzzy’s analysis, which are applied to multi-
ple quality characteristics [23, 24], Taguchi’s optimization 
was developed to optimize a single quality characteristic. 
Taguchi’s method can be used when either the angular 
expansion of eccentric circles or the contrast ratio of the 
planar phantom image is to be determined, but optimiz-
ing mutually independent variables is more complex. The 
choice of weighting factors provides a solution under 
some conditions. For example, the combination of weight-
ing factors [w1, w2] in the S/N calculation can be revised to 
either [0.7, 0.3] (biased towards angular expansion) or [0.4, 
0.6] (biased towards contrast ratio).

The variation in the preferred settings with the combina-
tion of weighting factors reveals the practical targeting of 
multiple quality characteristics, although the means and S/N 
are still maximized by setting the factor values to Group 3 for 
all combinations of weighting factors herein (Table 6).

Gamma camera imaging 67Ga quality was optimized us-
ing Taguchi’s analysis and a planar phantom. A PMMA pla-
nar phantom was LASER-cut to form groups of 1mm-wide 
and 5mm-deep slits to successfully determine both the spa-
tial resolution and the contrast ratio that could be achieved 
in a 67Ga-citrate nuclear medicine examination. Combina-
tions of values of operating factors for a gamma camera 
imaging system were set using Taguchi’s method. Similar 
analysis is ongoing in both Chung Shan University Hospital 
and Buddhist Tzu Chi General Hospital, Taichung, Taiwan 
to optimize the settings of 99mTc-MDP nuclear medicine 
examination. The Taguchi’s analysis successfully proves its 
potential application in optimizing the similar settings for 
99mTc-MDP.

In conclusion, our study with the Taguchi’s method showed 
that for a routine whole body scan with 185MBq of 67Ga-ci-
trate, the optimal factor setting was the use of a MEHR col-
limator, ROI at level 3, scan speed of 160mm/min and 67Ga 
dose of only 9.25MBq. The dominant factor was the type of 
collimator and minor factors were scan speed and activity 
of 67Ga radionuclide. Taguchi’s analysis is most effective in 
targeting a single quality characteristic. 
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