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  Abstract 

In a modern vehicle, a driver's workplace permits up to 20 possible adjustments of 

interior components such as the seat, steering wheel and mirrors. It is difficult and 

time-consuming for drivers to find the suitable position. However, acceptance of a 

fully automated adjustment system is low because individual preferences are varied 

and unpredictable. This has led to the idea of a technical system that leaves drivers 

in control while at the same time assisting them. This paper develops and evaluates 

the Intuitive Adjustment System (IAS), through which drivers can adjust the seat, 

steering wheel and exterior mirrors simultaneously using three parameters on a 

centralized Human-Machine Interface (HMI). Two of the parameters are for 

positioning the Hip-point (H-point), the third is to define the individual preference 

for the torso angle. A method of parameter reduction with an unsupervised machine 

learning process is proposed, which is applied to a training dataset of individual 

adjustments and anthropometric records (132 samples). The ascertained H-point 

patterns generate the ergonomic adjustment strategies and estimate the driver’s body 

height and proportions. The validation experiment (39 participants) shows a positive 

assessment of the system with better usability and fewer demands on effort 

compared with the current adjustment system. 

  Introduction 

A typical driver can spend minutes adjusting the driver's workplace and very often 

only adjusts the basic functions roughly (Sacher, 2009), while a sufficient amount of 

optimizing potential is ignored (Lorenz, 2011). In addition, due to the large tolerance 

of humans to body posture, it is very hard to find the ergonomically optimal sitting 

position and in most cases, poor posture cannot be detected at first sight (Bubb, 

Bengler, Grünen, & Vollrath, 2015). Zenk (2008) and Lorenz (2011) showed that 

drivers are not capable of adjusting to an optimal sitting position because of poor 

instant subjective sensitivity regarding discomfort (Bubb et al., 2015). Therefore, as 

observed in this study, many drivers find themselves in an iterative, trial-and-error 

adjustment process. 

Three characteristics can explain the problems described above: 
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1. There is a large number of parameters involved in adjusting a driver’s 

workspace (e.g. seat adjustment may have four basic options: longitudinal, height, 

backrest and inclination) 

2. All the switches are to be operated independently. However, their results often 

have a mutual interaction. For example, the seat longitudinal adjustment (SLA) 

affects the sitting position, which in turn influences the steering wheel position, 

and vice versa. 

3. The entire adjustment process may include several iterations of switching 

among multiple adjustment interfaces. For example, the side mirror setting should 

be corrected after any adjustment of the seat position that affects the eye position. 

In addition, the HMIs of the current system are located very differently around the 

driver. Some of them may not be visible in a driving position, e.g. seat adjustments 

and steering wheel adjustment. 

To reduce this complexity, many systems and concepts of seat adjustment in 

different assistant levels have been developed. The extreme case of simplification is 

fully automatic adjustment (Mahler, 2006; Durt, Franz, Lein and Zenk, 2009; Breed 

& DuVall, 1998; Barker & Sakjas, 2010). These systems use various anthropometric 

parameters that are input manually or by interior sensors. However, the acceptance 

of fully automatic adjustments is poor because of the large inter-individual and intra-

individual variations on sitting postures (Lorenz, 2011). In addition, the input data 

may be incomplete or corrupted and the acquisition of precise data may lead to more 

effort for the user or additional system costs. 

Partially automatic systems are also being developed by Zenk (2008) and Lorenz 

(2011), which were better rated in the Lorenz (2011) study. The manual and the 

automatic aspects of adjustments are mostly divided by functions, which means that 

some functions, e.g. seat longitudinal adjustment (SLA), are controlled manually, 

whilst the system optimizes other parameters automatically, e.g. seat inclination 

adjustment (SIA) based on anthropometric data.  

In the above context, this work proposes a new concept for simplifying driver 

workplace adjustment: the intuitive adjustment system (IAS). It has following 

features to distinguish it from the existing systems:  

1. The control of adjustments of the seat, steering wheel, exterior mirrors is 

centralized in an HMI with three adjustable parameters. 

2. No anthropometric input is required from the user. 

3. The driver’s body height and proportions are estimated on the basis of the 

current seat position. 

4. No specific sensors are required, except for the position sensors of the 

adjustable interior components. 

5. The adjustment strategy with (in this case) three parameters is learned from the 

user data. The unsupervised machine learning process may be static or dynamic, 

depending on the data set. 
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6. Adjusting any of the extracted parameters influences the estimation of human 

model, from which other parameters of the driver's workplace can be determined, 

including the steering wheel and exterior mirrors. 

After developing the method, a prototype was built into a BMW 5 series. The new 

system (IAS) was evaluated against current electric adjustment (TS) with 39 

participants. The objective measurements and subjective questionnaires were 

collected and analysed.  

  Method 

  Data set 

The development of this concept is based on a learning process with the data which 

had already been collected for BMW by Technical University of Darmstadt in 2012 

(Abendroth, 2012). This experiment demonstrates how customers adjust the driver’s 

workplace to their individual positions without any ergonomic guidance. These 

individually recorded positions can be influenced by clothing thickness, the type of 

shoes, injuries to the body, individual preferences, etc. 

  Human model 

The applied human model was derived from the three-dimensional RAMSIS human 

model and it has been placed in the driver's position by the BMW AG ergonomics 

department. It is a two-dimension joint model (Figure 1). 

 

Figure 1. Joints, segments and angles of human model 

  H-point clustering 

Hip-point, also known as H-point, is defined in SAE J1100 (2009) as the pivot 

centre of the torso and thigh on the two or three-dimensional devices used in 

defining and measuring vehicle seating accommodation. The H-point can be used as 

an estimate of the driver’s hip joint position from the known seat position and vice 

versa. In this work, the H-point position is denoted with its x and z-coordinates in 
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the vehicle coordinates system: Hx, Hz. The H-points of 132 participants are plotted 

in Figure 2a. The H-point positions, thigh angle and torso angle are calculated from 

the seat kinematics and position sensor data. 

“K-means” as a clustering method has already been identified as a successful 

learning method (Coates & Ng, 2012). In this work, H-point positions are classified 

into k mutually exclusive clusters, where k is the number of clusters. Each cluster is 

composed of its member objects (Hx, Hz) and the centroid (Cx, Cz). K-means 

iteratively finds a partition in which objects within a cluster are as close to each 

other as possible, so that the sum of the distances (in this case Euclidean distances) 

between each centroid and its member points is minimized. This clustering process 

converges until the distortion function J (Equation 1) is minimized: 

𝐽 = ∑ ∑ 𝑟𝑛𝑘√(𝐻𝑥𝑛
− 𝐶𝑥𝑘

)
2

+ (𝐻𝑧𝑛
− 𝐶𝑧𝑘

)
2

𝐾

𝑘=1

𝑁

𝑛=1

  

  
 

 (1) 

𝑟𝑛𝑘 is 1, when the point n is grouped in to cluster k, otherwise it equals 0. 

 

Figure 2. Clustering of H-point 

K=5 is chosen in this work taking into consideration anthropometry (5
th

, 25
th

, 50
th

, 

75
th

 and 95
th

 percentile), the sample size (132 in total, thus approximately 25 in each 

cluster), and the optimization of the distortion function [Jmin = 0 (k=132), Jmax=7617 

(k=1), when k = 5, J=2232, which represents 71% percent of the total reduction of 

J]. The result is the five clusters shown in Figure 2b. The five clusters are blue, 

green, magenta, black and cyan. The crosses represent the centroid of each cluster. 
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Thereafter, cluster centroids are linked together by the cubic spline interpolation in 

Figure 2c, so that the H-point distribution is simplified to one dimension. The next 

step is to find out the relationship between individual points and the spline.  

  H-point sub-clustering 

 

Figure 3. Sub-clustering in 1st cluster 

In the first step, the H-point distribution is analysed through k-means clustering and 

a cubic spline interpolation, providing a one-dimensional description. The goal of 

the sub-clustering is to analyse the relationship between each centroid and its 

member points. Since the same four-step sub-clustering method is applied to each of 

the five clusters, only the process of the first cluster is shown (Figure 3a-d) in detail 

as an example. Firstly, the 1
st
 cluster is selected, consisting of individual member 

points and a centroid (Figure 3a). Secondly, vectors are created starting from the 

centroid and pointing towards each member point. Thirdly, vectors are sub-clustered 

into two clusters by using k-means (k=2) on their lengths and directions. The 1
st
 sub-

cluster is shown in blue and the 2
nd

 sub-cluster in black (Figure 3c). Finally, the 

average vector within each sub-cluster is defined as the “sub-direction”. The average 

vector means a vector with the average length and the average value of angle to x-

axis (+) (Figure 3d). 
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  H-point adjustment pattern 

 

Figure 4. Generalization of main and sub-directions 

The same processes of sub-clustering have been applied to the other four clusters so 

that each cluster has two sub-clusters while one average vector is defined within 

each sub-cluster as the sub-direction. In Figure 4a, all the five clusters are sub-

clustered. The orange points represent the end-points of the average vectors and 

represent the sub-directions. After having defined two sub-directions in each cluster, 

individual H-points in the adjustment range are simplified into two abstract levels 

(Figure 4b): at the cluster level, the spline going through five centroids; at the sub-

cluster level, each sub-direction describes the moving direction and the variance 

from the centroid, which can be interpreted as the relation between the centroid and 

its member points. Note that the lengths of the sub-directions have been normalized 

in Figure 4b to provide a better view of the directions. Two vector fields have been 

constructed to generalize the main direction and sub-direction to other positions in 

the seat adjustment range: Figure 4c represents the main dimension while Figure 4d 

represents the sub-dimension.  

To reduce the mathematical complexity and implementation effort, adjustments with 

continuous vector fields are simulated in discrete coordinates. The new adjustment 

coordinate system (Figure 5) represents the pattern of both vector fields (Figure 4c-

d). In the new coordinates, lengths of steps in both directions are equally defined. 

They are about 1cm in each direction, in order to maintain the consistency of 

adjustments. 
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Figure 5. H-point adjustment coordinates 

  Thigh angles 

 

Figure 6. Linear regression of the thigh/torso angles and body height 

The thigh angle is defined as the angle between the thigh and the x-axis (-)
4
 (Figure 

1). It should be noted here that the thigh angles are not the actual upper-leg angles of 

the persons sitting on a seat, since body postures can be very different on the same 

seat surface. The definition of thigh angle assumes that the bottom surface of the 

thigh is in close contact with the seat cushion. Figure 6a shows that thigh angles 

increase with corresponding body height (R
2
 = 0.6746). The reason could be that 

taller people have longer legs (thigh and calf) and tend to have a small knee angle in 

the limited footwell. With the same seat cushion, they need a steeper seat inclination 

to offer a better support for the thigh. In fact, the four-bar linkage of the seat height 

mechanism affects the seat tilt angle, since most people do not adjust the seat 

inclination by themselves. However, the design of the four-bar linkage is deliberate 

and follows the aforementioned ergonomic aspect. 

  Torso angle 

The torso angle is the angle between the torso and z-axis (+) (Figure 1). The 

definition of torso angle also assumes that the rear surface of the torso is in close 

                                                           

4 negative x direction 
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contact with the backrest. Unlike the thigh angles, the correlation between torso 

angle and body height is not recognizable. The backrest adjustment tends to be very 

individual. The Figure 6b shows that the torso angles are volatile in every range of 

body height, though there is a general, vague tendency to decrease. The comfort 

torso angle according to Bubb (2015) is approx. 25°. 

  Body height estimation 

 

Figure 7. Body height estimation 

Body height is an important parameter for the human model. It influences the sizes 

of different body segments e.g. arm, leg, torso, etc. In Figure 7a, the average body 

height in each cluster increases consistently from the first to the fifth cluster with 

margins of error less than 3 cm. T-tests implies that the average height of adjacent 

clusters differs significantly (p≤0.05). This indicates that the body height can be 

estimated, if a given H-point is identified to a cluster. Based on this, a continuous 

estimation model of body height is suggested. In Figure 7b, the estimated height 

increases gradually when the H-point travels along the main directions (Figure 4c) 

towards x-axis plus and z-axis minus. It starts from the minimum 153cm (upper-left 

corner) to a maximum of 202cm (lower-right corner). Differences in H-point 

positions can lead to differences in body height estimation, which is an important 

finding for the human-model-based adjustment method.  

  Proportion estimation  

The proportion is defined as the ratio of seated height to body height (Bubb, 2015), 

which is a very important factor in the design of the driver’s workplace. Under the 

condition of the same body height, different proportions lead to different leg, torso 

and arm lengths, as well as eye positions, and so on. Figure 8a shows that the 

average proportion of individuals in each cluster decreases slightly from the first to 

the fifth cluster, with a relatively higher fluctuation in comparison with body height. 

There are only two pairs of clusters that show significant differences in the t-tests: 

the 1
st
 and 5

th
, 2

nd
 and 5

th
, which means that the average proportion decreases from 

the 1
st
 to the 5

th
 cluster with a certain fluctuation in the middle of the range.  
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In addition, the manikins from SizeGERMANY show a clear inverse correlation 

between proportion and body height, under the condition that their proportions are in 

the same so-called SN (seated normal), SG
 
(seated giants) and SD

 
(seated dwarves) 

group (Figure 8b). 

 

Figure 8. Proportion estimation  

Based on the facts above, an estimation model of the 50
th

 percentile proportion (SN) 

is suggested (Figure 8c): the proportion of the human model will decrease linearly 

when its H-point travels along the main directions (Figure 4c) towards x-axis plus 

and z-axis minus, while the estimated body height (Figure 7b) increases. The 

estimation of proportion starts from the maximum 0.53 to the minimum 0.51. 

Furthermore, an estimation model of SG and SD is also introduced: as the fine 

adjustment, an offset on top of SN proportion can change the human model to either 

SG or SD, depending on whether it is a positive offset or negative offset (Figure 8c). 

This definition of the offset assumes that every driver intends to ensure a good field 

of view of the road from their driving position by adjusting the seat height 

accordingly. Among people with the same body height, those who adjust their seat 

upwards to ensure a good field of view may have shorter upper bodies and tend to be 

SDs; on the other hand, those who adjust their seat lower to avoid a collision 

between the head and the roof may have longer upper bodies and therefore tend to 

be SGs. The max offset is defined as 0.01, meaning that the proportion estimation of 

a certain body height is in a range of pSN ± 0.01. 

  Definition of three parameters 

As the result of the data analysis, given an H-point position, the corresponding body 

height, proportion, thigh angle and torso angle can be derived, which form the 2D 

human joint model (Figure 1). To control the position of the H-point in a 2D 

coordinate system, two parameters are necessary. The Parameter 1 (P1) corresponds 

to the main directions (Figure 4c) of the H-point, which is the result of the clustering 

and control the H-point to go along, or in parallel to the spline with offset starting 
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from left-up corner and ending in the bottom right corner in 30 steps evenly.  The 

Parameter 2 (P2) corresponds to the sub-directions (Figure 4d) of H-point, which 

goes from the upper to the lower boundary of the adjustment field in 19 steps 

evenly. Torso angles are very individually widely distributed, therefore, the third 

parameter (P3) is to adjust torso angle. Notice that P1-P3 are not equal to seat 

adjustment switches, they change the parameter of the human model, which 

generates all the adjustment for the driver’s workspace through reverse kinematics. 

This system will go through all the adjustments once when the human model is 

changed and make necessary adjustments for the corresponding posture.  

Table 1. definition of adjustment with three parameters 

 

For example, the P3 is more than a backrest adjustment, it changes the torso angle of 

the human model, which in turn changes the shoulder position, the elbow angle and 

the eye position. These then affect the adjustments of the steering wheel and exterior 

mirrors. The functions of three parameters are listed in Table 1. 

  Implementation of prototype 

Figure 9a shows the test environment. The HMI of the prototype (laptop) is placed 

above the central tunnel, where it can easily be approached and cannot influence the 

sitting posture. The PC is connected to the On-Board-Diagnose interface (OBD) on 

the left side of the footwell via an USB/OBD interface cable. The HMI (Figure 9b) 

and the logic of the prototype is implemented in MATLAB, it communicates with 

the car through the EDIABAS Tool Set. The red dots on the keyboard represent 

Parameter 1 while the yellow dots represent Parameter 2, while Parameter 3 is on the 

right. The “<<” key stands for 2 steps (about 2cm) at once, while “<” is one step 

(about 1cm). The keyboard is placed in the longitudinal direction of the vehicle so 

that the pointing direction of Parameter 1 corresponds to the moving direction of the 

seat. Note that the Ediabas Tool Set, which is used as a tool for diagnosing and fault 

resolution, can only send one job to the Electronic Control Unit (ECU) at one time 

through OBD. As a result, after one click by the participants - depending on the 

corresponding changes of the human model - 12 adjustments (SLA, SHA, SIA, 

SBA, TSA, HRA, SWL, SWH, MDH, MDV, MCH and MCV
5
) are executed 

sequentially. The system idle time is approx. 1.5 seconds. Depending on the number 

                                                           

5
 Seat longitudinal Adjustment (SLA); Seat Height Adjustment (SHA); Seat Inclination Adjustment (SIA); Seat 

Backrest Adjustment (SBA); Thigh Support Adjustment (TSA); Headrest Adjustment (HRA); Steering Wheel Longitude 

(SWL); Steering Wheel Height (SWH); Mirror Driver’s side Horizontal (MDH); Mirror Driver’s side Vertical (MDV); 

Mirror Co-driver’s side Horizontal (MCH); Mirror Co-driver’s side Vertical (MCV) 

 Value H-point 
Thigh 

angle 

Torso 

angle 

Body 

height 

estimation 

Proportion 

estimation 

Parameter 1 1-30 
Main 

directions 
12°-28° 28°-22° 

153cm-

202cm 
0.53-0.51 

Parameter 2 1-19 
Sub-

directions 
- - - 

Offset to P1:  

-0.01- +0.01  

Parameter 3 1-20 - - 
Offset to P1: 
-10°-+10° 

- - 
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of relevant adjustments, the sequence of adjustments takes about 3 to 7 seconds in 

total. 

 

Figure 9. the prototype and the HMI 

  Experiment design 

The goal was to compare the new concept with the current electric switches. 

Independent variables are the intuitive adjustment system (IAS) with 3 parameters 

and the traditional switches (TS) with 14 parameters (8 parameters for the electric 

seat, 2 parameters for steering wheel and 4 parameters for mirrors). There are also 

some additional parameters: body height, proportion and individual preference. 

Dependent variables are outcome or response variables and describe what happened 

as the result of the study (Tullis and Albert, 2013). In this study, there are two kinds 

of dependent variables: objective measurements and subjective evaluations. There 

are values for each adjustment parameter, H-point positions, body heights/proportion 

measurements and estimations, after-task questionaires, NASA TLX (National 

Aeronautics and Space Administration Task Load Index), and SUS score (System 

Usability Scale).   

First of all, the body height (wearing shoes) and the sitting height of participants are 

measured in a position where the body is completely upright and stretched. In the 

familiarization phase, the participants fill out a general questionairre and both IAS 

and TS systems are introduced. After trying each system, participants use TS (or 

IAS, the sequence is permuted) to adjust the seat, steering wheel and the mirrors 

from the initial setting to the individual adjustment respectively and then have a 

short test drive. Afterwards, they can fine tune or correct their adjustment to the final 

individual adjustment using the same system. After the operations and positions 

have been recorded, all the djustments should be again initialized and participants 

have to get out of the car to remove the motoric memory of the body posture and 

then get in again to test the IAS (or TS) with the same procedure. Once both systems 

have been tested, a questionairre and interview session follows.  
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  Results 

  Descriptive statistics 

Thirty-nine employees and students of the BMW Group from different departments, 

consisting of 13 females (33%) and 26 males (67%) aged between 21 and 60 years 

took part in and completed the experiment successfully. Twenty-four participants 

(62%) were between 21 and 30 years old. Thirteen participants (33%) drive more 

than 20k km/year. Nineteen participants (49%) would not adjust their driving seat 

during a long-distance trip, though this does not correlate to driving experience. The 

group (n=11) that drove greater distances (>20k km/year) had significantly clearer 

individual requirements for each adjustment parameter than the group (n=5) that 

drove less (<5k km/year). 

 

Figure 10. body height distribution of participants 

Measurements of body height (wearing shoes) range from a minimum 157.2cm (5
th

 

percentile female) to a maximum 196.1cm (95
th

 percentile male), whose distribution 

(Figure 10) is very close to the normal distribution. Its mean (179.6cm) and median 

(179.9cm) are also very close. 

  Subjective evaluation 

  After-task questions 

 

Figure 11. the pre-test questionnaire 
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Participants answered questions on 7-point Likert scales after each system was 

tested (Figure 11). T-tests show that there are significant differences (p≤0.01) 

between the two systems in each of the four aspects. Most participants think that 

they reach a better individual position and have more freedom with TS, and that it 

corresponds better to their expectations. The new IAS offers greater assistance to the 

paticipants.  

  NASATLX 

Figure 12 shows the comparison of two systems in terms of the different amounts of 

effort required during use. On average, IAS calls for fewer mental, physical, and 

temporal demands with a significant level of p≤0.05 as well as less effort with a 

significant level of p≤0.1. In terms of performance, TS may be slightly better with a 

significance level of p≤0.15. In addition, they cause almost the same amount of 

irritation. 

 

Figure 12. the NASATLX questionnaire 

  SUS scores 

The system IAS has higher average SUS score and a smaller standard deviation than 

the TS system. The difference between the two scores is very significant (p≤ 0.01). 

The score of the TS system is 71.0, with a confidence interval of ±5.6. According to 

Bangor et al. (2009), the TS can be classed as “Good”. IAS achieves a higher rating 

of 84.4±4.2, indicating an “Excellent” user interface. An improvement in terms of 

usability of the new system IAS is clear. 

  Objective evaluation 

Estimation of body height 

In the system, body heights of the participants can be estimated when the individual 

driving positions are reached. Figure 13 shows the estimated body heights over the 

measured ones with the reference line (y = x). Twenty-three out 39 participants’ 

body height are underestimated, while 16 are overestimated. It should be noted that 

the measurement of body height is with shoes (i.e. greater than the actual height), 

which might be a reason of the larger amount of underestimation. R
2
 = 0.6656 

means that the estimations explain about 67% variance of the measurements and 

they are correlated well. The estimation of body height is linearly controlled by the 

Parameter 1. Hence, Parameter 1 also correlates well with the body height 

measurement with the same R
2
 = 0.6656. 
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Figure 13. errors of the body height estimation 

The study by Willmott & Matsuura (2005) indicates that mean absolute deviation 

(MAD) is the most natural and unambiguous measurement of average error 

magnitude. Therefore, the MAD is reported here as the main indication of the 

estimation quality. In Table 2 the mean of MAD equals 3.82cm, with a standard 

deviation of 3.08cm, which can be regarded as a small error in relation to body 

height. A small confidence interval of 0.97 indicates that this result would be similar 

if it were repeated.  

Table 2. statistics of the MAD 

 Mean Standard 

deviation 

Standard 

error 

Margin of 

error (0.05) 

Abs. Δ height (cm) 3.82 3.08 0.49 0.97 

 

Estimation of body proportion 

Figure 14 shows the estimated proportion over the measured ones with the reference 

line (y = x). 28 out 39 participants’ proportion are underestimated, while 11 are 

overestimated. The estimation values correlate badly to the measurements (R
2
= 

0.078). However, the extreme values of proportion: participant No. 25: SD and No. 

9: SG are correctly estimated against SNs. Unfortunately, the number of extreme 

samples is not enough to prove whether this estimation is stable in the extreme 

ranges, therefore further studies are needed.  
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Figure 14. errors of the proportion estimation 

  Conclusion  

In subjective evaluations, IAS is generally very positively rated. It is better than TS 

in terms of assistant level and usability (SUS test) with less mental, physical and 

temporal demand. In addition, it requires less effort (NASA TLX). In objective 

measurements, IAS also reached positions achieved manually by TS in terms of seat, 

steering wheel and exterior mirror positions with certain acceptable variances, which 

are comparable to the tolerance of human body (Günzkofer, 2008), while steering 

wheel longitude adjustments are very individualized. Body height estimation scores 

well with a small MAD of 3.82cm of the error. The estimation correlated 

satisfactorily (R
2
 = 0.6656) with measurement and Parameter 1 of IAS. Proportion 

estimation with this sample group of 39 could not be comprehensively rated. 

Because 37 of 39 are normally proportional as SN, which is a range where 

individual preference plays the main role in selecting positions. However, two 

extreme samples of SD and SG were correctly recognized. More reliable 

conclusions should be made upon future experiments with a larger sample size for 

SD and SG. 

In general, IAS with 3 parameters reaches the intended goal by offering assistance 

while providing the freedom to make adjustments. Centralized operation prevents 

the user from switching often and iteratively between several operation interfaces. 

IAS achieves a positive rating in both subjective and objective evaluation with this 

PC-based prototype, given the constraints of development time and budget. 

Therefore, there may be a huge amount of development potential for improvement in 

terms of implementation and application. 
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