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SUMMARY 

 

This paper presents the latest progress in the first ground-based height monitoring unit (the 

Setouchi HMU) implementation in Japan. The latest result of experimental monitoring in 

Japan shows correlation with the data measured by the other monitoring systems currently 

operated in the world. The accuracy and precision of the monitoring have been improved 

after cut-and-try type of adjustments. Japan Airspace Safety Monitoring Agency (JASMA) 

will start its formal operation shortly. 

This paper relates to –   

 

Strategic Objectives: 

A: Safety – Enhance global civil aviation safety 
 

Global Plan Initiatives:  

GPI-2  Reduced vertical separation minima 

 

 

 

1. INTRODUCTION 

 

1.1 The Setouchi height monitoring unit (HMU) is the ground-based height monitoring 

system which is installed in the western region of mainland Japan. The HMU captures Japanese 

domestic fleet plus those aircraft operating between Japan and Korea/China/Southeast-Asia. 

 

1.2 The original time schedule to complete the implementation was September 2011. But 

Japan Airspace Safety Monitoring Agency (JASMA) has to continue pre-implementation work until 

the height-monitoring data obtained from the Setouchi HMU shows required precision and accuracy. 

At RASMAG/15 meeting, JASMA announced the delay in official start. 

  

1.3 After the first program release in June 2011, obviously invalid Total Vertical Error 

(TVE) estimation values were obtained unexpectedly for a while. The engineers of Japan Civil 

Aviation Bureau (JCAB) and manufacturers worked through the software several times. 

  

1.4 Sustainably valid values of the processed data have been obtained after repetitive 

improvement of the software since the beginning of September 2011. After validation of the short 

period data, JASMA has started to gather statistically enough number of data for a long period 

validation of the Setouchi HMU. 
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1.5 The assistance from global RMAs has been provided. The data of Setouchi HMU was 

peer-reviewed by NAT CMA in detail. AAMA, PARMO, and EUR RMA provided comments on our 

validation. The height monitoring values measured by the ground-based height monitoring system 

were provided from AAMA and NAT CMA. 

 

1.6 This paper provides a summary of the repetitive activities and tentative result of 

experimental monitoring by the Setouchi HMU based on the data gathered between 10th September 

2011 and 29th January 2012.  

 

2. DISCUSSION 

 

2.1 Measurement accuracy and precision of geometric heights 

 

 ICAO Doc 9937 titled “Operating Procedures and Practices for Regional Monitoring 

Agencies in Relation to the Use of a 300 m (1000 ft) Vertical Separation Minimum between FL 290 

and FL 410 Inclusive” specifies the required accuracy and precision of TVE estimation of the height 

monitoring system as follows: 

 

 “As a means of ensuring both adequate accuracy in estimating TVE and transferability of monitoring 

results, an RMA must establish that any TVE estimation system which it administers has a mean 

measurement error close to zero and a standard deviation of measurement error not greater than 15m 

(50ft).”  

 

For the operational use of height monitoring system, Setouchi HMU has been designed, manufactured 

and adjusted to satisfy this accuracy and precision requirement in theory.  

 

2.1.1 Adjustment of Height Monitoring Equipment (HME) 

  

2.1.1.1 TVE is estimated as a difference between actual geometric height above mean sea 

level (MSL) of an aircraft and estimated geometric height of assigned Flight Level (FL) at the 

position and the time. 

 

2.1.1.2 Measurement error of estimating geometric height of FLs depends on accuracy of 

meteorological (Met) data, which is used after interpolations by the height monitoring systems. All 

height monitoring systems operated by global RMAs use Met data provided from Met organizations, 

therefore the improvement in estimation of geometric height of FLs is not likely to be achieved by an 

RMA alone. Considering difficulties to regulate the accuracy of FL geometric height, JCAB decided 

to regulate the performance of HME more accurately than the ICAO requirement so that it measures 

geometric height of flying aircraft with the standard deviation of measurement error not greater than 

‘25ft’. 

 

2.1.1.3 Flight tests for the HME were conducted by flight inspectors and engineers of JCAB. 

After deactivating a nuisance function* in the processing unit of HME, and conducting re-calibration, 

almost reasonable aircraft geometric height values were obtained. (Appendix A)  

 

*The function that uses Mode C altitude for correction of measured vertical position when 

positioning is unworkable because of multipath propagation or other environmental reasons. 

This function is usually used for the airport surface maltilateration. 

 

2.1.2 Geographical point and height of receiving antennas 

 

2.1.2.1 The accuracy of latitude, longitude, and height of receiving antennas is one of the 

most important parameters to measure geometric heights of flying aircraft by multilateration method. 

The geographical point and height of five antennas of Setouchi HMU were surveyed in December 

2010 and January 2011. 
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2.1.2.2 Significant earthquake on 11th March 2011 and successive aftershocks triggered big 

crustal change to the northeast part of Japan. Engineers of JCAB confirmed the magnitude of local 

crustal change by the position monitoring system. The ground movement of Setouchi HMU area was 

identified approximately 4cm in a horizontal direction and 1cm in a vertical direction. It was 

concluded that influence on the measurement error of HME would be relatively small and negligible. 

(Appendix B). 

 

2.1.3 Estimation of geometric height of assigned Flight Level (FL) 

 

2.1.3.1 According to the global RMA’s experience, the mean of estimated TVE value should 

be close to “zero” when a lot of measurement data are gathered. But the mean TVE estimated by 

Setouchi HMU had kept on showing approximately 40 feet for a while. JASMA reviewed the process 

of interpolation and conversion for the estimation of geometric height of FL step by step. 

  

2.1.3.2 The process for the estimation of TVE values in the Total vertical error Monitoring 

Unit (TMU) and the associated system is as follows. (Figure 1) 

 

Target Data 

 

● Target plot data contains latitude, longitude, geometric height (WGS), and Mode S/C altitude. 

● Tracks are made from target plot data by processing height difference, vector angle, plot number 

and track length. 

● Assigned altitude is determined from Mode C altitude. 

● Mean geometric height (WGS) is converted to mean geometric height (MSL) on the basis of geoid 

height of centre antenna (36.8858m). 

 

Flight Level Height Data 

 

● Japan Meteorological Agency (JMA) provides geopotential height (MSL) of FL hectopascals of 

International Standard Atmosphere (ISA) on polar coordinate grid every three hours. 

●  Geopotential height (MSL) of FLs on polar coordinate grid are interpolated to twenty-five (5 x 5) 

equal interval degree grid points. 

● Geopotential height (MSL) of FLs are converted to geometric height (MSL) of FLs by using the 

formula related to acceleration of gravity.  

● Geometric height (MSL) of FL at the middle point of track is delivered by interpolations using 

geometric height (MSL) of FLs at the surrounding four grid points on the nearest three-hourly Met 

time before and after the track-measured time. 

 

 Finally, TVE is estimated as a difference between the mean geometric height (MSL) 

of aircraft track and the geometric height (MSL) of FL at the center of the track. 
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Figure 1: Calculation flow in TMU 

 

2.1.3.3 After close coordination with JMA, a small difference between geopotential height 

and geometric height was identified. JASMA got advice from JMA about refinement of the formula 

which converts from geopotential height to geometric height. They proposed to use more precise 

latitude-dependent value of acceleration of gravity for the conversion of FL height. Consequently, the 

mean of TVE estimated by Setouchi HMU has come close to “zero”. (Appendix C)  

 

2.2 Analysis of TVE, AAD and ASE values of Setouchi HMU 

 

2.2.1 TVE, AAD and ASE were analyzed for the purpose of evaluation of accuracy and 

precision of the Setouchi HMU. 24,843 monitoring data were obtained from Setouchi HMU for the 

period between 10th September 2011 and 29th January 2012. The mean TVE value of 24,843 

measurements was 2 feet and the standard deviation was 67 feet. 

 

2.2.2 Several height monitoring systems are currently used in the world. Comparisons with 

other monitoring systems on the same monitoring groups of aircraft are good references to make sure 

of the accuracy and precision of Setouchi HMU. JASMA compared the result of measurement of 

Setouchi HMU with the result of other monitoring systems. Details are shown in Appendix D. 

 

2.2.3 The ASE estimated by Setouchi HMU correlates with the ASE estimated by other 

HMUs (operated by EUR RMA and NAT CMA). Some ASE values of the same aircraft monitoring 

groups are very close, but some ASE values show 20 feet or more gaps. (Figure 2)  
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Figure 2: Comparison with each monitoring group 

 

 

2.2.4 The mean ASE of each monitoring group measured by ADS-B height monitoring 

system was provided from AAMA. Monitoring data measured by GPS-based Monitoring Unit (GMU) 

were available in the RMA’s Knowledge Sharing Network (KSN) internet site. Comparison with 

these non-HMU monitoring systems were conducted. The result shows correlation for each 

monitoring group. (Fiture 3) 

 

 

 
Figure 3: Comparison between Setouchi HMU and other monitoring systems 

 

 

2.2.5 JASMA has made additional investigation about outlier TVE values for the purpose 

of identifying the potential causes. Several factors may influence measurement values such as weather 

conditions, number of plots, relative positions in the coverage of HMU, etc.  

 

2.2.6 JASMA continues close investigation from a different point of view as shown the 

examples in Appendix E. 

 

2.3 Time schedule of operation 

 

2.3.1 Analyzing approximately 25,000 monitoring data of Setouchi HMU, JASMA has 

made a decision to start height monitoring officially in late March 2012. JASMA is currently studying 

the way of periodic quality control by the technical staff.  
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3. ACTION BY THE MEETING 

 

3.1 The meeting is invited to:  

 

a) note the information contained in this paper; and 

 

b) note that JASMA will start using Setouchi HMU as a means of monitoring 

aircraft height-keeping performance in late March 2012. 

 
…………………………. 



 7 RASMAG/16−IP/06 

 

Appendix A: Flight validation for Height Monitoring Equipment (HME) 

 

 The flight validation for the HME was conducted by flight inspectors and engineers 

of JCAB in February, August and October. At the first time, the accuracy of HME was unsatisfied 

because unnecessary function in processing unit of HME worked unexpectedly for a couple of months. 

After deactivating the nuisance function and conducting re-calibration, almost reasonable values were 

obtained. 
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Appendix B: Crustal change of Japan before and after 11 March 2011 

 

 
Left chart shows horizontal movement on 11-Mar-2011 in comparison with 1-9-Mar-2011.  

Right chart shows vertical movement on 11-Mar-2011 in comparison with 1-9-Mar-2011. 

 

Figure B-1: Crustal change at North East of Japan before and after 11th March 2011 for a day. 

 (From Geospatial Information Authority of Japan internet site) 

 

 

 

 
 

This bar length 

expresses 1cm 

This bar length 

expresses 10cm 

This bar length 

expresses 50cm 
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Upper chart shows horizontal movement from January 2011 to January 2012.  

Lower chart shows vertical movement from January 2011 to January 2012.  

 : Antenna sites of Setouchi HMU 

 

Figure B-2: Crustal change of the area around Setouchi HMU antenna sites before and after 

11th March 2011 for a year. (From Geospatial Information Authority of Japan internet site) 

 

 

This bar length 

expresses 1cm 
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Appendix C: Conversion of geopotential height (MSL) of Flight Levels into geometric height 

(MSL) by using acceleration of gravity. 

 

 At first JASMA applied the conversion equation using the value of standard 

acceleration of gravity at latitude 45 degrees which is dependent on height only (1). JMA advised 

JASMA to change the conversion equation using more precise value of acceleration of gravity which 

is dependent on the height and latitude (2), because the Setouchi HMU is located at about latitude 34 

degrees north. The result of re-calculation using refined conversion equation brought a mean TVE 

very close to “zero” (Figure B-1) 
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Figure B-1: Distribution of TVE value for equation (1) and equation (2) 
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Appendix D: Comparison with other monitoring systems 

 

D.1 Trend in aircraft monitoring groups 

 

 For the efficient and sufficient RVSM height monitoring, monitoring groups are 

defined to classify the characteristics of their altimeter systems. And a mound of analysis over the 

years has proved that an almost constant height-keeping performance value is shown per each 

monitoring group. 

 

 Figure D-1 shows the proportion of monitoring groups monitored by Setouchi HMU 

between 10th September 2011 and 29th January 2012. 

 

 
Figure D-1: Proportioon of monitoring groups monitored by Setouchi HMU 

 

 Monitoring groups of B767, B772, A320, B737CL, E170-190, MD90, B744-10, 

B737NX and B773 make up ninty-five percent of all measurements by Setouchi HMU. Table D-1 

shows mean TVE, AAD and ASE of the nine monitoring groups.  

 

Table D-1: Mean TVE, AAD and ASE of the main monitoring groups 

 By Aircraft※ Mean(feet) Standard Deviation(feet) 

 M/G count TVE AAD ASE TVE AAD ASE 

A320 164 52  2  50  55  6  56  

B737CL 49 -45  -4  -40  82  36  73  

B737NX 139 14  0  14  44  0  44  

B744-10 83 -69  0  -70  55  2  54  

B767 149 -55  1  -55  52  8  52  

B772 129 32  -1  33  38  9  39  

B773 24 34  0  34  46  0  46  

E170-190 16 21  0  21  16  0  16  

MD90 20 39  -1  39  32  1  32  

 

 By Measurement※ Mean (feet) Standard Deviation (feet) 

 M/G count TVE AAD ASE TVE AAD ASE 

A320 2809 70  1  68  61  7  61  

B737CL 2157 -37  0  -37  52  10  51  

B737NX 1171 19  0  19  46  1  46  

B744-10 1226 -40  0  -40  49  3  49  

B767 6278 -59  0  -59  53  4  53  
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B772 5990 29  0  29  42  2  42  

B773 882 18  0  18  34  1  34  

E170-190 1593 23  0  23  51  1  50  

MD90 1391 48  0  49  41  1  41  

 

*By Aircraft 

A mean value of an airframe was used as the airframe’s value when the airframe were measured more 

than once. 

 

*By Measurement 

All values were used regardless of imbalanced mesurement times per airframe. 

 

 

D.2 Trend in individual aircraft 

 

 970 airframes were monitored repeatedly by Setouchi HMU, which was not enough 

to analyze statistically but enough to evaluate rough tendency of error distribution and bias errors. 

Table D-2 shows mean TVE, AAD and ASE values and respective standard deviations of the top 

twenty individual airframes in order of measurement times. The average of standard deviations of 

TVE and ASE were approximately 36 feet. 

 

 

Table D-2: Top twenty airframes of most number of measurement times 
 

Type 
No. of 

measurement 

Mean(feet) 
Standard 

Deviation(feet) 

TVE AAD ASE TVE AAD ASE 

1 B772 261 -24  0  -24  34  1  33  

2 E170 246 16  0  17  42  1  42  

3 E170 240 15  0  15  51  1  50  

4 B772 235 20  0  20  29  1  29  

5 B772 234 52  0  52  28  1  28  

6 B772 225 43  0  43  31  1  31  

7 B772 223 42  0  43  29  1  29  

8 E170 222 21  0  21  34  1  35  

9 E170 222 16  0  16  52  2  52  

10 B772 219 6  0  7  36  1  36  

11 B772 216 55  0  56  35  2  35  

12 B772 213 39  0  39  37  1  37  

13 B772 211 46  0  46  35  1  35  

14 B772 209 5  0  5  36  1  35  

15 B772 207 46  0  46  32  1  32  

16 E170 206 52  0  52  40  1  40  

17 B734 205 -66  0  -66  38  1  38  

18 B772 204 24  0  24  36  1  36  

19 B734 200 -4  0  -4  32  0  32  

20 B772 199 32  0  32  37  2  37  

 

 

 

D.3 Comparison with the measurement data of other height monitoring systems 

 

 Several height monitoring systems are currently used in the world. Comparisons with 

other monitoring systems on the same monitoring groups of aircraft are good references to make sure 

of the accuracy and precision of Setouchi HMU.  
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D.3.1 Comparisons with other HMUs 

 

 There are currently three HMUs operated by EUR RMA and one HMU operated by 

NAT CMA. We received data of Strumble HMU monitored between 1st July 2011 and 31st October 

2011 from NAT CMA, and also obtained data of Linz, Natenheim and Geneva HMUs monitored 

between 1st May 2009 and 31st July 2009 from Knowledge Sharing Network (KSN) internet site. 

 

 Means and standard deviations of TVE and ASE of each HMU are as follows. 

Setouchi HMU’s standard deviation of both TVE and ASE are slightly higher than European HMUs. 

  

Table D-3: Comparison between Setouchi HMU and Europeans’ HMU 
 Number of 

measurement 

Mean(feet) Standard Deviation(feet) Period 

TVE ASE TVE ASE 

HMU(Jpn) 24843 2 2 67 67 2011 Sep 10-2012 Jan 29 

HMU(NATS) 25927 -4 -5 62 63 2011 Jul 1-2011 Oct 31 

HMU(Eur) 84824 -1 2 53 54 2009 Jul 1-2009 Sep 30 

 

In the Figures and Tables, HMUs are expressed as follows: 

 

 “HMU(Jpn)” means Setouchi HMU 

 “HMU(NATS)” means Strumble HMU 

 “HMU(Eur)” means Linz, Natenheim and Geneva HMUs 

 

 Table D-4 and Figure D-2 show the comparison with HMUs operated by EUR RMA 

and NAT CMA concerning the main monitoring groups. Because B747-10 needs identification from 

serial numbers, it was excluded in the comparison. In addition to that, MD90 was not monitored by 

NAT CMA, so it was only compared with EUR HMUs. 

 

● The result shows good correlations with European HMUs.  

● ASE of B737CL, B773 and MD90 are fitted very well between EUR HMUs and Setouchi HMU. 

● ASE of A320, B737NX, B767, B772 and E170-190 measured by Setouchi HMU are 

approximately 20 feet higher than European HMUs. 

● There are some gaps between the ASE measured by Setouchi HMU and the ASE measured by 

NATS HMU concerning B737CL and E170-190. The potential reason could be that the height 

monitoring sample received from NAT CMA contained relatively few data of the said aircraft. 

Twelve (12) B737CLs were monitored 67 times in total, and fifteen (15) E170-190s were 

monitored 30 times in total during four (4) months by NATS HMU. 

 

Table D-4: Comparisons with each monitoring groups 

By Aircraft Mean ASE (feet) 
Numbers of 

measurement 

M/G Jpn Eur NATS Jpn Eur NATS 

A320 50  22  22  164 1428 132 

B737CL -40  -46  19  49 402 12 

B737NX 14  -11  -3  139 675 235 

B744-10 -70 
  

83   

B767 -55  -84  -68  149 304 302 

B772 33  20  22  129 245 264 

B773 34  41  41  24 147 70 

E170-190 21  7  -18  16 68 15 

MD90 39 44 
 

20 11  
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Figure D-2: Comparison with each monitoring groups 

 

 

D.3.2 Comparisons with other monitoring systems 

 

 In addition to HMUs, there are several other monitoring systems usable for measuring 

height keeping performance of aircraft. The data monitored by ADS-B and GMU were compared for 

validation of measurement accuracy of Setouchi HMU. 

 

 JASMA was received the mean ASE of each monitoring group measured by ADS-B 

from AAMA. On the other hand, the monitoring data measured by GMU were available through the 

KSN internet site. ASE values between 24th April 1996 and 13th September 2011 measured by GMU 

were anlyzed. 

 

 Table D-5 and Figure D-3 show comparisons of mean ASE estimated by Setouchi 

HMU, ADS-B and GMU.  

 

● ASE of A320 and B773 are close between Setouchi HMU and ADS-B.  

● ASE of B737CL and B767 show a good agreement between Setouchi HMU and GMU. 

● There are approximately 25feet gaps between the ASE measured by Setouchi HMU and the ASE 

measured by ADS-B and GMU concerning B737NX, B772, E170-190 and MD90. 

● ASE of B744-10 measured by Setouchi HMU shows 35 feet lower than GMU, but 19 feet higher 

than ADS-B. 

 

Table D-5: Comparison between Setouchi HMU and other monitoring systems 

By Aircraft Mean ASE (feet) Numbers of measurement 

M/G Jpn ADS-B GMU Jpn ADS-B GMU 

A320 50  55 41 164 86 258 

B737CL -40  
 

-38 49  237 

B737NX 14  -3 -5 139 139 186 

B744-10 -70 -89 -35 83 194 57 

B767 -55  -67 -56 149 9 170 

B772 33  17 13 129 162 33 

B773 34  30 17 24 129 19 

E170-190 21  
 

-14 16  98 

MD90 39 
 

1 20  12 
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Figure D-3: Comparison between Setouchi HMU and other monitoring systems 

 

 

D.3.3 Aircraft monitored by Setouchi HMU, EUR HMUs and GMU 

 

 Twelve registration marks monitored by Setouchi HMU were also monitored by EUR 

HMUs and GMU. Table D-6 shows TVE, AAD and ASE values of each aircraft monitored by 

respective height monitoring systems. 

 

Table D-6: Airframes that were monitored several monitoring systems 

  
 HMU(Jpn) 2011/09/10-

2012/1/29 

HMU(Eur) 

2009/May-July 
GMU 1996/04/24-2011/11/04 

Reg Type 
No of 

count 
TVE AAD ASE 

No of 

count 
TVE AAD ASE 

No of 

count 
TVE 

AA

D 
ASE 

A B744 2 -85  0  -85  1 -94  0  -94  1 -4  1  -5  

B B744 2 -69  0  -69  1 -81  0  -81  1 -98  0  -98  

C B772 2 6  0  6  4 69  -14  83  1 128  -1  129  

D A343 6 18  0  18  5 -14  -1  -13  2 -15  7  -22  

E A343 18 48  0  48  1 27  -1  28  1 -29  -17  -12  

F A343 17 26  0  27  9 -12  -1  -12  1 47  0  47  

G B744 1 -53  0  -53  15 -64  0  -63  1 -69  0  -69  

H B744 1 -39  0  -39  5 -78  -1  -78  1 -11  0  -11  

I MD11 4 81  21  60  3 78  -2  80  1 -86  7  -94  

J B742 2 -78  0  -78  1 -99  -15  -84  1 -81  0  -81  

K MD11 3 32  16  16  3 36  1  35  1 -109  15  -125  

L MD11 2 150  43  107  3 110  3  106  1 37  7  30  

 

 

 Figure D-4 is a plotting sheet by each registration marks. While the period of height 

monitoring varied from each other, the result of B, G and J are quite similar among all three 

monitoring systems. The values of A, E, I, K and L are close between Setouchi HMU and EUR 

HMUs. 
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Figure D-4: Airframes that were monitored by several monitoring systems 

 

 

D.4 The following figures are correlation charts of each monitoring group between 

Setouchi HMU and other monitoring systems described above sections. 

 

 Light blue colored line is y axis = x axis in all charts. 

 

 

 
Figure D-5: Comparison with EUR HMUs 
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Figure D-6: Comparison with NATS HMU 

 

 
Figure D-7: Comparison with ADS-B 
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Figure D-8: Comparison with GMU 



RASMAG/16−IP/06 20 

 
Appendix E: Additional investigations 

 

3.1 Additional investigations 

 

 Figure E-1 shows all raw TVE values estimated by Setouchi HMU between 10th 

September 2011 and 29th January 2012.  Horizontal axis expresses time-series order. There are 

several plots that over 300 feet absolute value. JASMA needs to conduct additional investigation for 

such an outlier TVE value estimated by Setouchi HMU in consideration of weather conditions, 

number of plots, relative positions in the coverage of HMU, etc. 

 

 
Figure E-1: Raw TVE plots measured by Setouchi HMU 

 

 Figure E-2 shows TVE plot sheet whose horizontal axis is the measurement duration 

in seconds for the registration mark that indicated high absolute TVE values. A plot expresses a result 

of estimated TVE for one day. JAxxxx (B772) was measured 190 times and JAyyyy (B763) was 

measured 88 times between 10th September 2011 and 29th January 2012. The high absolute TVE 

values were estimated when the measurement duration was not enough long for both JAxxxx and 

JAyyyy.  The other measurement results were constant and appropriate. 
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Figure E-2: Measurement time and TVE 

 

 JASMA has tried to make a position plotting chart. The middle point of the 

measurement tracks were plotted with TVE values. The TVE is expressed by vertical bar. The 

absolute value is expressed in length and plus-minus is expressed in color. Figure E-3 presents the 

position plotting chart of JAxxxx. The circle expresses the 45NM radius from center receiver antenna 

of Setouchi HMU. The position where high absolute value was measured was close to the edge of 

coverage, where the precision of HME is expected lower than the center of coverage. 

 

 
Figure E-3: Middle point positions of measured tracks and TVE values of JAxxxx 

 

 In addition to investigate measurement conditions, JASMA also checked their flight 

plans. Flight of both JAxxxx and JAyyyy which measured high absolute TVE values filed the same 

destination airport situated close to Setouchi HMU antenna sites. It is supposed that the measured 

tracks contained their descent phases. So, JASMA would not adopt such TVE values as valid TVE 

values. 

 


