
  

 

Abstract— The paper deals with comparison study of serial 

and quasi-serial industrial robots used for machining opera-

tions. It proposes a new methodology for robot ranking, which 

is based on estimation of the end-effector resistance to cutting 

forces for several machining tasks, which are optimally located 

within the robot workspace. To cover wide range of applica-

tions, a set of isotropic, quasi-isotropic and extended benchmark 

tasks are considered. It is shown that regardless of the bench-

mark problem, seral manipulators are preferable for small and 

medium tasks while quasi-serial ones’ better suit large-

dimensional tasks. The proposed technique was applied for the 

comparison analysis of 10 industrial robots of both serial and 

quasi-serial architectures with similar working radius and pay-

load of about 200 kg. 

 

Keywords— Robot-based machining, serial vs. parallel, opti-

mal task placement, industrial robot, stiffness model. 

 

I. INTRODUCTION 

Current enhancement of robot performances increase ro-
bots applications areas from traditional pic-and-place and 
welding [1, 2], to machining where robotic manipulators are 
subjected to significant external loading caused by tool-
workpiece interaction [3]. At present, robots rapidly take 
their niche in milling [4], friction stir welding [5, 6], drilling 
[7, 8] and other operations [9, 10], progressively replacing 
less flexible and more expensive CNC machines. Neverthe-
less, robot positioning accuracy under external loading re-
mains rather limited, and practicing engineers face the prob-
lem of well-grounded robot selection from the big variety of 
industrial robots provided by manufactures. To help a final 
user, this paper proposes an engineering technique that deals 
with comparison of robot architecture and their basic param-
eters taking into account influence of the external loading, 
which is generated by a technological operation. 

To improve robot accuracy under loading, there were de-
veloped different online and off-line methods [11-14], which 
allow to reduce an impact of manipulator deformations on 
machining quality. The most efficient technique is based on 
online tracking of robot position and compensation of related 
deflections [15]. This approach is able to compensate errors 
of different nature, but it requires expensive equipment like 
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laser tracker and essentially limits working area because of 
reflector visibility. Another group of the on-line methods is 
based on information from internal robot sensors; they could 
be implemented relatively easily and usually do not impose 
any restriction to the robot workspace. However, these meth-
ods require rather accurate geometric and stiffness models of 
the manipulator, which should be obtained from the dedicat-
ed experimental study [16]. The most essential limitation of 
the on-line approach is related to necessity of the model 
modification in robot controller, which is usually not com-
pletely open for the end-user. In contrast, the off-line error 
compensation technique does not require any intervention in-
to controller software and it is based on the target trajectory 
modification [17]. As follows from our experience, even 
simplified models are able to compensate about 80% of ma-
nipulator compliance errors [18], while a sophisticated com-
plete model is able to compensate about 95% of the end-
effector deformations [19]. 

Another trend to improve manipulator accuracy under the 
loading is based on mechanical methods, where the manipu-
lator stiffness enhancement is achieved by means of closed 
loops, which transform conventional serial robots into quasi-
serial ones. The most common way here is using gravity 
compensators, which do not affect essentially manipulator 
stiffness but reduce torque in actuated joints. An alternative 
way is to use kinematic parallelograms [20, 21], which po-
tentially may improve robot stiffness. Moreover, even brief 
analyses showed that advantages of manipulators with kine-
matic parallelograms are not so evident. This poses a prob-
lem of comparison study and accuracy analysis of serial vs. 
quasi-serial manipulators for machining application. 

To address this problem, it is required to develop dedi-
cated performance measure that takes into account particu-
larities of machining technologies. In classical robotics, ro-
bots are usually compared from point of view of their kine-
matic properties [22, 23]. However, these performance 
measures do not take into account robot elasticity and influ-
ence of external forces (applied to manipulator’s end-
effector) and thus do not suit well for evaluation of the ma-
nipulator performance under the external load. To overcome 
this difficulty, several other performance measures were de-
veloped that are based on the Cartesian stiffness matrix 
norms [24, 25] or manipulator deflections at the specific 
“test pose” [26, 27]. Nevertheless, they cannot be directly 
applied to robot architecture comparison for machining ap-
plication since they ignore some important technological is-
sues. For this reason, this paper proposes an industry orient-
ed performance measure allowing to evaluate and to compare 
robot capabilities using criteria that are generally accepted in 
their area. 
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II. PROBLEM STATEMENT  

A.  Stiffness modeling of industrial robots 

Typical serial manipulators contain three main compo-
nents: robot base, robot arm and robot wrist (Fig. 1a). The 
robot base defines the arm orientation with respect to the ro-
bot world frame. The robot arm is responsible for major 
movements of the robot end-effector. For 6-dof non-
redundant robots, the translational movements are usually re-
alized using two actuated joints (the joints #2 and #3). Cor-
responding links #2 and #3 define manipulator workspace. 
The robot wrist provides orientation movements. In a rele-
vant geometric model, the wrist linear parameters may be 
omitted and included in the parameters describing link #3 
and tool transformation. 
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Figure 1.  Architecture of a typical industrial robot 

Quasi-serial robots have roughly similar architecture 
(Fig. 1b). In contrast to strictly serial manipulators, a robot 
arm of a quasi-serial manipulator contains kinematic paral-
lelogram, which can be treated as an internal closed-loop. 
For this reason, such robots are often called quasi-serial 
ones. In practice, the kinematic parallelogram allows robot 
designers to increase robot dynamic properties. Usually the 
parallelogram does not affect essentially manipulator control 
and does not change manipulator direct/inverse kinematic 
equations. On the other hand, the stiffness model of a quasi-
serial manipulator essentially differs from its serial counter-
part since the manipulator compliant element (actuator #3 
transmission) re-location essentially influences the stiffness 
behavior [28]. For this reason, previous results obtained for 
strictly serial manipulators [18] cannot be used here directly. 

Stiffness model of a robotic manipulator describes the 
manipulator behavior under loading [29]. In addition to the 
conventional robot parameters, it includes a number of elas-
tic parameters describing flexibility of manipulator links and 
joints. In some industrial applications, the manipulator elas-
ticity cannot be ignored since high loading is applied to the 
robot, while the required positioning accuracy is rather high. 
For example, according to our experience the end-effector 
deflection of heavy industrial robots under 1kN loading (typ-
ical loading in machining process) may vary from 1 to 10 
mm within the robot workspace [30], while demanded accu-
racy for the machining process is about 0.1 mm. These com-
pliance errors can be reduced to admissible level using both 
on-line and off-line error compensation techniques that are 
based on the appropriate stiffness model, either “complete” 
or “reduced”. The complete stiffness model of an industrial 
robot is complicated, it takes into account the compliances of 

all manipulator links and actuators [19]. However, in prac-
tice, a number of manipulator components may be treated as 
rigid ones, while main compliance is concentrated in the ac-
tuator transmissions. This allows to apply so-called reduced 
models that take into account joint elasticities only [31]. In 
the majority of cases these models can be efficiently used to 
compare stiffness properties of manipulators. For this reason, 
the comparison study presented in this paper is based on the 
reduced stiffness model. 

B.  Motivation example and research problem 

To define the research problem and to demonstrate ad-
vantages/disadvantages of both serial and quasi-serial archi-
tectures, let us present a motivation example showing that a 
proper manipulator type selection essentially depends on the 
technological task dimension and external force orientation. 
This example deals with two manipulators (serial and quasi-
serial) with the same geometric parameters 

2 1l m , 

3 0.8l m  and joint compliances 610 /k N m rad . These 
values are typical for industrial robots that are used in ma-
chining. To compare stiffness behavior, let us compute the 
compliance errors caused by an external force 1.0 kN applied 
to the end-effector. The relevant results have been obtained 
for two different forces. Figure 2 shows the compliance error 
distribution within the manipulator workspace: the elastostat-
ic deflections vary from 0 to 3.83 mm for the serial manipu-
lator and, from 0 to 1.62 mm for the quasi serial manipulator. 
The considered case study results show that the compliance 
errors range does not depend on the force direction, however 
the compliance error maps are essentially different.  

To compare the considered architectures, let us first find 
the workspace point that provides the smallest compliance 
errors for all possible force directions. It is reasonable to lo-
cate a technological task of relatively small dimensions with-
in the neighborhood of such point. The relevant computa-
tions show that the minimum compliance errors are 0.64 and 
1.00 mm for the serial and quasi-serial architectures respec-
tively (Fig. 3). Hence, the serial architecture is preferable for 
small-dimensional tasks. 
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(a) Compliance map for serial manipulator 

under the external loading in x-direction 

(b) Compliance map for quasi-serial manipulator 

under the external loading in x-direction 

(c) Compliance map for serial manipulator 

under the external loading in y-direction 

(d) Compliance map for quasi-serial manipulator 

under the external loading in y-direction  

Figure 2.  Compliance maps for serial (a,c) and quasi-serial (b,d) 

manipulators under different external loadings 
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Further, let us locate in the manipulator workspace a task 
of 0.52 m size, which can be treated as a large-dimensional 
one (with regard to the manipulator workspace. Correspond-
ing computations show that the minimum compliance errors, 
which can be achieved for all possible force directions and 
for all task points are 1.8 mm and 1.4 mm for the serial and 
quasi-serial manipulators respectively. Hence, the quasi-
serial architecture is preferable for large-dimensional tasks. 
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(a) Maximum compliance errors for arbitrary 

force directions for serial manipulator 

(b) Maximum compliance errors for arbitrary 

force directions for quasi-serial manipulator  

Figure 3.  Maximum compliance errors for arbitrary force direction for 

serial (a) and quasi-serial (b) manipulators 

Summarizing the above case study results dealing with a 
particular case study, it is possible to define several research 
problems that are in the focus of this paper: 

(i) development of manipulator selection methodology us-
ing compliance maps and optimal task placement tech-
nique; 

(ii) boundary definition between technological tasks which 
suit in the best way for serial and quasi-serial architec-
tures; 

(iii) analysis of existing manipulators from point of view of 
their stiffness properties and their suitability for typical 
technological tasks. 

To demonstrate the proposed methodology utility, it is also 
reasonable to apply it to a particular industrial problem, 
which will be presented in Section IV. 

III. INFLUENCE OF MANIPULATOR ARCHITECTURE ON 

MACHINING ACCURACY 

A.  Evaluation of manipulator stiffness properties  

Obviously, we cannot evaluate manipulator performance 
with respect to machining through elastic or geometrical 
properties only: an appropriate performance measure should 
take into account also external force/torque directions and 
magnitudes. The problem becomes more complicated if ex-
ternal actions are not given. In this case, it is reasonable to 
consider all possible directions of external loading and to es-
timate maximal compliance errors in the work-point:  

 max ( ) ; [ ],
i

p C i i


    k F φ πR πφ  

where 
θ( ) ( )T

C  k J q k J q is the manipulator compliance 
for configuration q , F  is an external loading applied to the 
manipulator end-effector, ( )iR φ is the rotation matrix allow-
ing us to estimate compliance errors for any force direction 

iφ , ( )J q  is Jacobian matrix and matrix 
θ ( , )diag k kk  

collects joint compliances k .  

In practice, the direction of maximal and minimal com-
pliance errors can be obtained via singular value decomposi-

tion of the compliance matrix T

C  k U V , where the di-
agonal matrix 

max min,....,( )diag     contains singular val-
ues, U  and V  are orthogonal matrices that in this particular 
case are equal, i.e. U V (since the compliance matrix 

Ck  
is always symmetrical). The first line of matrix V defines the 
direction in which the manipulator in configuration q  pro-
vides the minimum resistance to the external loading, i.e. the 
force direction that causes the maximum end-effector com-
pliance error. Similarly, the last line of matrix V defines the 
strongest direction, i.e. the direction in which the manipula-
tor is less sensitive to the external loading. Corresponding 
values of 

max min,...,   define the magnitude of compliance 
errors and ratio between them allows a user to compare ma-
nipulator compliance in different directions. Hence, values 

max  will be used to estimate manipulator stiffness proper-
ties in the given configuration q .   

It is worth mentioning that manipulator architecture anal-
ysis cannot be performed in a single point since the majority 
of technological process cannot be performed using a single 
work-point. For this reason, let us define benchmark tasks, 
which will be used further to estimate manipulators perfor-
mances. Obviously, it is not possible to define a single 
benchmark task that covers the majority of machining opera-
tions, and thus we consider three task types: 

Task A: Isotropic-shape tasks, which can be circum-
scribed by a circle S  of the radius d ;  

Task B: Quasi-isotropic shape tasks with a moderate 
spread, which can be placed in the rectangular zone of the 
size 2 }{S dd  ;  

Task C: Extended-shape tasks, which can be placed in a 
wide rectangular zone of the size {10 }dS d  . 

While such benchmark tasks may provide a very rough 
approximation for some complex tasks, they allow to classify 
all technological tasks into the typical groups and to analyze 
the manipulator performance for the group of tasks that meet 
certain requirements. Independently of the considered case, it 
is reasonable to evaluate the manipulator performance using 
maximum compliance error within the benchmark task zone 

 ( ) | ( )max{ }S max g S  
q

q q  

where the function ( )g q  defines the manipulator geometry 
(direct kinematics), and S  is the corresponding task work-
space area. Further, we refer this performance measure as the 
robot benchmark task accuracy (RBTA). Using this perfor-
mance measure it is possible to estimate potential compli-
ance errors caused by the tool-workpiece interaction and to 
compare potential accuracy of different manipulators for the 
same type of technological tasks. In fact, the product S  F  
defines the guaranteed accuracy of robot-based machining if 
the cutting force does not overcome F  and if the workpiece 
is placed inside of optimally located benchmark zone S  
within the robot workspace. 

To analyze the potential of each of the manipulator archi-
tecture, it is also required to address the impact of link 
lengths ratio  , which directly effects Jacobian matrices and 
the Cartesian stiffness matrix. In practice, this ratio usually 
varies from 0.8 to 1.2. We extend this interval to the range of 
0.5...1.5 in order to consider the problem wider. 
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B.  Comparison of serial and quasi-serial architectures  

To compare manipulators performance for different 
benchmark tasks let us compute and evaluate the error maps 
within the robot workspace using expression (2) and varying 
the benchmark task S  size and location. For the error maps 
evaluation, the optimal task placement technique is used 

  
0

**

0 0[ ] arg min ma, ( ) | ( )x ( , )S max g S d  
 


 qp

p q q p  

which provides the best task location *

0p  (among all possible 

0p ) and corresponding accuracy *

S  for each given task size 
d . It should be noted that both for serial and quasi-serial 
manipulators the compliance errors do not depend on angle 

2q  (Fig. 2 and Fig. 3). It means that for isotropic-shape tasks 
(Task A) the problem of the optimal task placement and ac-
curacy evaluation reduces to a one-dimensional search with 
respect to 

3q . Relevant algorithm allows us to define the op-
timal task placement and to evaluate manipulator accuracy. 
Applying it to the serial and quasi-serial manipulators, we 
computed values of benchmark accuracy 

S  for different 
task size d  and different link lengths ratio 

3 2/l l   (as-
suming that 

2 3l l const  , and all stiffness coefficients are 
equal). Figure 4 presents simulation results, which allow to 
compare potential accuracy for both architectures. As fol-
lows from them, for the quasi-serial manipulator, the best 
positioning accuracy is achieved for the link length ratio 

1.0   and it does not depend on task size d . Moreover, 
the manipulator with such ratio may perform maximum size 
tasks compared to the quasi-serial manipulators with 1.0   
and 1.0  . In contrast, for the serial manipulator, the op-
timal link length ratio depends on the task size. In particular, 
for small tasks with 

2 3/ ( ) 0.25ld l   it is preferable to have 
link length ratio 0.7   while for large tasks with 

2 3/ ( ) 0.4l ld   the optimal ratio is 1.0  . For reader’s 
convenience, optimal values of   are highlighted in Fig. 4 
with red lines. 
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Figure 4.  Normalised accuracy /S k F  for the isotropic-shape case  
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Figure 5.  Accuracy for serial and quasi-serial manipulators (Task A) 

To make the comparison of two architectures more evi-
dent, Fig. 5 presents potential accuracy for the isotropic-
shape tasks that is achieved for different link-length ratios 
 . The latter includes the optimal value of *   as well 
as 0.8, 1.0, 1.2   that are widely used in practice. The re-
sults show that for small isotropic-shape tasks the serial ma-
nipulators are preferable since they are able to ensure better 
accuracy. On the other hand, the quasi-serial manipulators 
better suit for a rather large task size, i.e. 

2 3/ ( ) 0.55ld l  . 
Besides, the quasi-serial manipulators provide similar per-
formance for both small and large tasks while the properties 
of their serial counterparts essentially depend on the task 
size. It should be also emphasized that the link length ratio in 
the range [0.8; 1.2]  does not affect essentially a quasi-
serial manipulator accuracy. On the contrary, the serial ma-
nipulator is very sensitive to proper selection of the link 
length ratio  ; for the above considered range of 

[0.8; 1.2]  a serial manipulator accuracy may be twice as 
worse compared to the minimum value. 

In the case of quasi-isotropic task (Task B) and extend-
ed-shape shape task (Task C), the problem of the optimal 
task placement and accuracy evaluation is a two-dimensional 
one with respect to x and y. Here, taking into account that the 
error maps are composed of concentric circles (Fig. 3), it is 
sufficient to check accuracy for the rectangle vertices only. 
Thus, it is reasonable to fix the task orientation with respect 
to one of the Cartesian axes. Hence, the optimal task place-
ment is always symmetric with respect to these axes, which 
allows us to apply a one-dimensional search while consider-
ing both horizontal and vertical task orientations.  

Applying corresponding optimization algorithm, there 
were computed values of the benchmark accuracy 

S  for dif-
ferent task size a b  and different link lengths ratio 

3 2/l l   (for both serial and quasi-serial manipulators). For 
the quasi-isotropic case 2d d  (Task B), simulation results 
are presented in Fig. 6. Figure 7 presents potential accuracy 
that is achieved for different link-length ratios  , including 
the optimal value of *   as well as 0.8, 1.0, 1.2  . 
Similar to the previous case, for Task B a quasi-serial ma-
nipulator best positioning accuracy is achieved for link 
length ratio 1.0   (i.e. for equal links 

2 3l l ). For a serial 
manipulator, optimal link-length ration is 0.65   for small 
tasks and 1.0   for large-dimensional tasks. It is also 
worth mentioning that for a quasi-serial manipulator posi-
tioning accuracy does not vary essentially with variation of 
link length ratio   and task dimensions. However, limits on 
the task dimensions highly depend on the link length ratio. In 
particular, commonly used manipulators with 0.8   and 

1.2   may perform tasks with the size up to 

2 3/ ( ) 0.4l ld  , while a manipulator with 1.0   can be 
used for tasks with the size up to 

2 3/ ( ) 0.7l ld  . In con-
trast, serial manipulators are less constrained by link length 
ratio in terms of maximum task size. In addition, they ensure 
higher accuracy for small size tasks. Nevertheless, for rela-
tively large tasks with 

2 3/ ( ) 0.3l ld   serial manipulators 
are less competitive (Fig. 7). Hence, for small quasi-
isotropic-shape tasks, serial manipulators are preferable since 
they are able to ensure higher accuracy. While for large tasks 
quasi-serial manipulators with link length ratio 1.0   en-
sure the best performance. 
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Figure 6.  Normalised accuracy /S k F  for quasi-isotropic-shape case  
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Figure 7.  Accuracy for serial and quasi-serial manipulators (Task B)  

Similar plots were obtained for the extended shape case 
(Task C, 10d d ), they are presented in Fig. 8 and Fig. 9. 
These results confirm discovered above general tendency for 
Tasks A and B. However, here serial manipulators can be 
used for essentially larger tasks. Thus, for Task C quasi-
serial manipulators are preferable, while their optimal link 
length ratio highly depends on the task size and varies from 
0.55 to 1.0. 

The results of this study for all considered tasks are 
summarized in Table 1, which shows accuracy limits and 
preferred manipulators for Tasks A, B and C. As follows 
from them, a serial manipulator is preferable for small-size 
task, and in this case the optimal link length ratio is 

0.65...0.70  . The particularity of serial robots is that their 
accuracy highly depends on the machining task size. In con-
trast, quasi-serial manipulators provide almost the same ac-
curacy for all tasks, assuming that the task is optimally locat-
ed. For large-size tasks, quasi-serial manipulators are prefer-
able, their optimal link length ratio is 1.0  . 

We emphasize that the above presented results do not 
consider the joint limits because our objective was to find 
physical limits of serial and quasi-serial architectures and to 
compare them for a general case. The following Section 
takes this issue into account. 
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Figure 8.  Normalised accuracy /S k F  for the extended-shape case  

TABLE I.  ACCURACY OF SERIAL AND QUASI-SERIAL MANIPULATORS  

 Normalized accuracy, /S k F  

Task 

dim.  
0.1 0.3 0.5 0.8 

  SM QSM SM QSM SM QSM SM QSM 

Isotropic-shape task, d  

0.8 0.20 0.32 0.21 0.37 0.45 0.43 1.00 0.49 

1.0 0.25 0.28 0.26 0.35 0.37 0.42 0.82 0.48 

1.2 0.31 0.31 0.36 0.37 0.55 0.43 1.05 0.49 

Min.  0.18 0.28 0.20 0.35 0.37 0.42 0.82 0.48 

Quasi-isotropic-shape task, 2d d  

0.8 0.20 0.33 0.30 0.38 0.75 - - - 

1.0 0.25 0.29 0.32 0.36 0.65 0.46 - - 

1.2 0.32 0.32 0.44 0.38 0.82 - - - 

Min.  0.19 0.29 0.30 0.36 0.65 0.46 - - 

Extended-shape task, 10d d  

0.8 0.43 0.38 - - - - - - 

1.0 0.38 0.36 - - - - - - 

1.2 0.48 0.38 - - - - - - 

Min.  0.38 0.36 - - - - - - 

SM – Serial manipulator     QSM – Quasi-serial manipulator 
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Figure 9.  Accuracy for serial and quasi-serial manipulators (Task C) 

IV. APPLICATION EXAMPLE: RANKING OF TYPICAL 

COMMERCIALLY AVAILABLE INDUSTRIAL ROBOTS   

Let us apply the developed technique to the comparative 
analysis of typical serial and quasi-serial manipulators. The 
considered set contains 10 industrial robots from different 
manufacturers with a payload of about 200 kg. The manipu-
lator performances were compared for isotropic, quasi-
isotropic and extended tasks. The list of the examined robots 
is given in Table 2, which also provides architecture type, 
principal geometric parameters and nominal payload. The 
comparison analysis was performed under the following as-
sumptions: 

 Robot compliances are concentrated in the actuated joints; 

 All examined robots have the same stiffness parameters, 
equal for all actuated joints (10-6 rad/Nm, typical value 
for heavy industrial robots); 

 The external loading magnitude is the same for all robots 
(1.0 kN, i.e. about 50% of payload), while its direction is 
not defined and the worst case must be considered; 

 For each case study, realistic joint limits from manufactur-
er’s datasheets are considered; 
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 The manipulator accuracy is estimated for benchmark 
Tasks A, B and C that are optimally located within the 
robot workspace (either vertically or horizontally). 

These assumptions allow us to compare manipulator archi-
tecture (serial vs. quasi-serial) without focusing on exact ac-
tuator parameters, which in reality differ from one robot to 
another.  

TABLE II.  EXAMINED INDUSTRIAL ROBOTS AND THEIR PARAMETERS  

Robot 
Archi- 

tecture 
  Working  

radius 
Payload 

Yaskawa ES200RD II S 0.92 3.140 m 200 kg 

Yaskawa HP350D-200 QS 0.57 3.036 m 200 kg 

ABB IRB 6650S-200 S 1.10 3.039 m 200 kg 

ABB IRB 6400 2.4-200 QS 0.89 2.400 m 200 kg 

KUKA KR210 S 0.96 2.700 m 210 kg 

Stäubli TX340 SH QS 0.80 3.450 m 165 kg 

Fanuc R-2000iC/210R S 0.83 3.095 m 210 kg 

Fanuc M-900iA/200P QS 0.61 3.507 m 200 kg 

Kawasaki BT200L S 0.91 3.151 m 200 kg 

Kawasaki ZX200U QS 0.83 2.650 m 200 kg 
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Figure 10.  Normalised accuracy of a serial architecture equivalent to the 

industrial robot Yaskawa ES200RD II  

1

3
3

3.5
3.5

4

4

44.5

4
.5

4.5

5

0 0.5 1 1.5 2 2.5 3
-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

0 0.5 1 1.5 2
2.5

3

3.5

4

4.5

5

5.5

(a) Compliance error map

, my

, mx
(b) Accuracy for optimal task location

Task A, Ød  

, md

Task C,  d×10d  

Task B,  d×2d  

/S k F/ k F

 

Figure 11.  Normalised accuracy of a quasi-serial architecture equivalent to 

the industrial robot Yaskawa HP350D-200  
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Figure 12.  Normalised accuracy of a serial architecture equivalent to the 

industrial robot ABB IRB 6650S-200  

The comparison study results are presented in Fig. 10-19. 
For each examined manipulator the figure contains the com-
pliance error map and the best accuracy for the considered 
tasks. The obtained maps show the worst-case compliance 
errors in workspace points corresponding to the most adverse 
force direction. Because of normalization and accepted stiff-
ness coefficients, the presented errors can be also treated as 
the end-effector deflections (in mm) under the external load-
ing of 1.0 kN. The right-hand plots show the worst-case 
compliance errors for the area corresponding to the bench-
mark tasks, which is assumed to be optimally located within 
the robot workspace. In addition, they allow a user to evalu-
ate the maximum task size that can be placed within the 
workspace taking into account robot geometry and joint lim-
its. For instance, Fig. 13 points out that for the quasi-serial 
architecture corresponding to ABB IRB 6400 manipulator, 
the best normalized accuracy in a single point is about 1.26, 
while for quasi-isotropic task of size 0.5×1.0 the best achiev-
able value is essentially higher and is equal to 2.68. Integrat-
ed summary of the obtained results is presented in Table 3.  
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Figure 13.  Normalised accuracy of a quasi-serial architecture equivalent to 

the industrial robot ABB IRB 6400 2.4-200  
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Figure 14.  Normalised accuracy of a serial architecture equivalent to the 

industrial robot KUKA KR210  
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Figure 15.  Normalised accuracy of a quasi-serial architecture equivalent to 

the industrial robot Stäubli TX340 SH  

The obtained results allow us to make the following con-
clusions: 
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Serial manipulators are preferable for small and medium 
tasks. In particular, for Task A of size 0.1 m (isotropic task) 
a serial architecture allows to ensure the normalized error of 
εs =0.90 mm while the best value for a quasi-serial architec-
ture is equal to 1.24 mm. Similarly, for Task B of size 
0.1×0.2 m (quasi-isotropic task) the best value for a serial 
architecture is 0.97 mm in contrast to 1.36 mm for a quasi-
serial one. 
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Figure 16.  Normalised accuracy of a serial architecture equivalent to the 

industrial robot Fanuc R-2000iC/210R  
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Figure 17.  Normalised accuracy of a quasi-serial architecture equivalent to 

the industrial robot Fanuc M-900iA/200P  
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Figure 18.  Normalised accuracy of a serial architecture equivalent to the 

industrial robot Kawasaki BT200L  
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Figure 19.  Normalised accuracy of a quasi-serial architecture equivalent to 

the industrial robot Kawasaki ZX200U  

Quasi-serial manipulators are preferable for large tasks. 
For instance, for Task C of size 0.15×1.5 m (extended) a 
quasi-serial architecture allows us to ensure the normalized 

error εs =2.94 mm while the best value for a serial architec-
ture is equal to 3.93 mm. However, in some cases a large 
task cannot be located in the manipulator workspace because 
of specific joint limits of a quasi-serial architecture. 

TABLE III.  NORMALISED ACCURACY OF SERIAL AND QUASI-SERIAL 

MANIPULATORS FOR DIFFERENT TASKS  

Task Type Task A,  Æ d Task B, d×2d Task C, d×10d 

d, m 0.1 1.0 0.1 0.5 0.05 0.15 

Yaskawa ES200RD II 0.95 1.40 0.97 2.24 1.10 5.00 

Yaskawa HP350D 2.64 3.53 2.75 3.93 3.06 4.65 

ABB IRB 6650S 0.90 1.90 0.95 2.23 1.25 3.99 

ABB IRB 6400 1.31 2.35 1.42 2.67 1.79 3.13 

KUKA KR210 1.43 2.72 1.53 3.61 1.99 5.37 

Stäubli TX340 SH 1.49 2.25 1.63 2.63 1.98 3.35 

Fanuc 2000iC/210R 1.16 2.22 1.24 4.08 1.62 6.60 

Fanuc M-900iA/200P 2.27 2.72 2.31 3.04 2.50 - 

Kawasaki BT200L 1.04 1.68 1.06 2.26 1.27 3.93 

Kawasaki ZX200U 1.24 2.00 1.36 2.31 1.67 3.05 

min εs 0.90 1.40 0.97 2.23 1.10 3.05 

 

It is worth mentioning that these conclusions well agree 
with the results of Section III that deal with the normalized 
manipulator geometry: serial manipulators are preferable for 
small and medium size tasks, quasi-serial manipulators are 
competitive for medium size tasks and advantageous for 
large size tasks. However, in practice the workspace of qua-
si-serial manipulators is more constrained by joint limits, 
which sometimes do not allow to locate some large-size tasks 
that are acceptable for serial manipulators. It should be also 
emphasized that serial manipulators accuracy is rather sensi-
tive to the task location, while the quasi-serial architecture 
provides more homogeneous compliance error properties 
with respect to the task position in the robot workspace.   

V. CONCLUSIONS 

The paper proposes a new methodology for industrial robot 
comparison and ranking with respect to the accuracy in ma-
chining application. Particular attention is paid to capability 
evaluation of serial and quasi-serial architectures. The devel-
oped technique is based on estimation of the maximum com-
pliance error caused by machining force. For each end-
effector location, the weakest direction with respect to exter-
nal loading is evaluated via singular value decomposition of 
the Cartesian stiffness matrix. Three benchmark tasks cover-
ing the majority of technological processes are used to com-
pare the robot accuracy under the loading. To estimate full 
potential of each architecture, the optimal task placement 
technique is used to locate optimally the workpiece within 
the robot workspace. The developed methodology was ap-
plied both to general comparison study of serial and quasi-
serial manipulators and to the case study dealing with the 
comparison analysis of 10 particular serial and quasi-serial 
industrial robots from different manufactures. 
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The obtained results show that quasi-serial manipulators 
are preferable for large-dimensional tasks, while serial ones 
better suit small and medium size tasks, provided that the 
task is optimally located within the workspace. When the 
task location cannot be optimized, quasi-serial manipulators 
should be used since they provide more homogenous com-
pliance error distribution. Another advantage of quasi-serial 
manipulators is related to the fact that the best accuracy is 
ensured in the middle of the workspace, while the minimum 
of the compliance errors for serial manipulators is achieved 
on the workspace boundary. 

As a part of our future work we will enhance the devel-
oped methodology by taking into account specific particular-
ities of considered machining technology. Besides, it will be 
applied to comparison analysis of wider set of existing indus-
trial robots and for task-oriented design of new industrial ro-
bots. 
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