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Abstract: In the field of airdrop testing, this paper presents a program designed on the Tacview software platform to convert
attitude test data collected during airdrop processes into a format compatible with Tacview. By transforming numerical test data
into three-dimensional visual images, the program enables visualization of airdrop attitude data, thereby enhancing researchers'

visual perception and understanding of the test results.
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1. Introduction

In the domestic research on airborne airdrop technology,
investigating the flight attitude of airdropped loads during
airborne motion occupies a vital position. The attitude data
acquired from airdrop tests serves as a critical evaluation
indicator that determines the performance of parachutes.
Accordingly, such test data is of great research value for
researchers engaged in the field of airborne airdrop
engineering. Nevertheless, raw numerical airdrop attitude
data brings cumbersome analytical workloads to researchers.
Subtle flight characteristics are prone to be overlooked, which
may result in incomplete analysis or erroneous research
conclusions. If these abstract numerical data can be visualized
to reproduce the full flight attitude of test articles in an
animated form, researchers will obtain greatly improved
intuitive visual perception of the airdrop process; meanwhile,
personnel without relevant professional background can also
readily understand the variation rules of airdrop attitude data.
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2. Visualization of Airdrop Attitude
Test Data in Tacview

To address this problem, this paper adopts Tacview to
realize the visualization of airdrop attitude data, enabling
researchers to intuitively perceive and process experimental
data.

2.1. Tacview Software

Developed by Raia Software Inc., Tacview is a general-
purpose flight data analysis tool mainly designed to parse
actual flight data and flight simulator data. Originating from
the demand for professional analytical tools in the flight
simulation industry, it supports more than ten simulation
platforms including DCS World and X-Plane, as well as
multiple data formats such as GPX, KML, CSV, FIT and IGC.
Oriented to individual users, non-profit organizations,
government and military departments, Tacview is a powerful
software for visualized data analysis, as shown in Figure 1.
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Figure 1. Interface of Tacview Software

Its core technical features cover 3D battlefield visualization
and analysis, which supports panoramic and detailed
battlefield presentation as well as visual display of radar

detection and missile movements, facilitating efficient
analysis of beyond-visual-range air combat and dogfights.
This paper proposes that Tacview can also be applied to



visually demonstrate airborne airdrop attitude data.
Nevertheless, raw airdrop attitude data obtained from field
airdrop tests cannot be directly identified by Tacview. For this
reason, a dedicated program is developed in this study to
convert original attitude data into Tacview-compatible flight
data formats for subsequent data visualization.

The flight data format recognized by Tacview is illustrated
in Figure 2. The first three lines respectively denote file type,
file version and data source and will not be elaborated herein.
The fourth line records latitude offset and the fifth line
longitude offset; the sixth line corresponds to flight start time;
the seventh and eighth lines are user-defined ID and user-
defined name respectively. The ninth line contains flight start
time, coalition, country and aircraft type in sequence. The
tenth line starts with a pound sign followed by timestamp data,
while the eleventh line consists of serial number, latitude,
longitude, altitude, roll angle, pitch angle and yaw angle
sequentially.

FileType=text/acmi/tacview
FileVersion=1.0

Source=Lock On: Flaming Cliffs 1.1
LatitudeOffset=0

LongitudeOffset=0

FlightStartTime=0
LocalPilotPlanelD=122325452
LocalPilotName=user|
+122325452,1,Allies,China,****** (Me)(user)
#81778.362
122325452,40.576472,120.684294,-30.416,1.418731,0.947535,-3.167144

Figure 2. Tacview Data Format

hime Stamp
Gyroscope Z
() (HHMMSSSS () () (m) (ms?) (msh1) ms™) €) () () (@)
2650 00:00:00.655 0000000 0000000 -17.000 0.000  0.000
2670 000000675 0000000 0000000 -17.000 0.000  0.000
2690 000000695 0000000 0000000 -17.000 0.000  0.000

0000
0000

586900 0894192 0.257874 0016
590807 0892224 0.251491 0016

2.2. Test Equipment and Data of Airdrop
Attitude

In airborne airdrop tests, researchers adopt the SBG
angular displacement measuring device shown in Figure 3.
Featuring small size, high sensitivity and stable output signals,
this device is well suited for measuring the in-flight attitude
of airdropped loads.

Figure 3. SBG measuring instrument

The attitude data measured by SBG during airdrop tests are
presented in Figure 4. The first row lists the names of each
data item, among which seven parameters are focused in this
paper: UTC Time, Latitude, Longitude, Altitude MSL, Roll,
Pitch and Yaw. The second row defines corresponding data
units and will not be discussed further. Recorded numerical
data start from the third row. Accordingly, the program
developed in this paper converts the original data format into
the Tacview-compatible format described in Section 1.1 to
realize the visualization of measured test data.

UTCTime Latitude ~Longitude Altitude MSL  North Velocity East Velocity  Down Velocity Roll PitchYaw Accelerometer X Accelerometer Y AccelerometerZ — Gyroscope X Gyroscope Y

(@) (@ CsM1) Csh) (st1)
0000 1584475 0895686 0252381 0.015
i
1.

0030
0029
0028

-1.002
-1.002
-1.000

0039528 -0.014881 -0.105021
0039090 0.009407 -0.102268
0054718 -0.018658 -0.070251

Figure 4. Test data format

3. Visual Program Design

In airdrop tests, the long acquisition duration of equipment
generates massive datasets, often amounting to hundreds of
thousands of data entries. Manual data editing is time-
consuming, labor-intensive and prone to errors, yielding
unsatisfactory results. To address this issue, this paper
develops a program to reformat the test data to meet practical
requirements.

3.1. Program Framework

The framework of the proposed program is illustrated in
Figure 5. After obtaining the airdrop attitude test data, the
program first converts UTC time into seconds for convenient
time positioning and subsequent data processing. For instance,
02:12:35.00 is converted to 7955.00 seconds.

Invalid data from unlocked states are automatically deleted
to reduce memory consumption. Given that the hardware
clock step is set to 0.2 seconds, time will cross days (e.g., from
23:59:59.80 to 00:00:00.00). The program converts the time
of the next entry to 86400 seconds. Finally, the reformatted
data is imported into Tacview for visual presentation.
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Figure 5. Program Framework Diagram

3.2. Calculation of Lock Core Time Points in
Hardware

As shown in Figure 6, the measured airdrop attitude data
jumps directly from 00:02:19.995 to 22:42:58.362. This time
jump indicates that the lock core of the SBG measuring device
is activated, and the subsequent data are valid. Accordingly,
the preceding data can be discarded. This study calculates the
lock core time points based on this characteristic.



141.950 00:02:19.955
141.970 00:02:19.975
141.990 00:02:19.995
142.010 22:42:58.362
142.030 22:42:58.382

Figure 6. Illustration of Lock Core Time Points

The calculation method is illustrated in Figure 7. For the i-
th data entry, if the difference between Time(i) and Time(i-1)
is greater than 0.2 seconds, this moment is identified as the
lock core time point of the test equipment, and the data can be
reformatted to meet the requirements of Tacview. Otherwise,
the loop continues to judge the (i+1) time entry.

Time*index-i

No.

i=(i-1)+>-0.2

Modify-format-and-write-

data.

Figure 7. Flowchart for Calculation of Lock Core Points

3.3. Judgment of Cross-Day Events

As shown in Figure 8, if a cross-day event occurs (from
23:59:59.98 to 00:00:00), the flowchart needs to add
judgment for this time. Therefore, the new flowchart is
illustrated in Figure 9, where variables a and b are introduced
to control the loop.

4763.610 23:59:59.960
4763.630 23:59:59.980
4763.650 00:00:00.000
4763.670 00:00:00.020

Figure 8. Illustration of Cross-Day Event

Figure 9. Flowchart with Added Cross-Day Time Judgment
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4. Program Testing and Conclusions

The interface of the Tacview data processing program
developed in this paper is shown in Figure 10. After importing
data, enter the parachute number, click the Run button, and
select a file path to save the processed data. The header of the
data format compatible with Tacview is presented in Figure
11.

Figure 12 and Figure 13 respectively display the time
corresponding to the lock core characteristic points
mentioned in Section 2.2 and the cross-day time described in
Section 2.3. Since the time conversion process has been
elaborated above, it will not be repeated here.

§ TacView Data Processing Program ~ — O X

Input File
Running

Output File

i

Input NO:

System Tips:

Figure 10. Schematic Diagram of Program Interface

FileType=text/acmi/tacview
FileVersion=1.0

Source=Lock On: Flaming Cliffs 1.1
LatitudeOffset=0

LongitudeOffset=0

FlightStartTime=0
LocalPilotPlanelD=122325452
LocalPilotName=user
+122325452,1,Allies,China,****** (Me)(user)
#81778.362
122325452,40.576472,120.684294,-30.416,1.418731,0.947535,-3.167144

Figure 11. Header of Processed Data

#81778.362
122325452,40.576472,120.684294,-30.416,1.418731,0.947535,-3.167144
#81778.382
122325452,40.576472,120.684294,-30.416,1.418762,0.946885,-3.167309

Figure 12. Data and Format of Lock Core Start Time after
Processing

#86399.96
122325452,40.570262,120.860400,1524.531,98.619660,-2.704535,111.329679
#86399.98
122325452,40.570262,120.860409,1524.531,94.687473,-2.613199,111.582758
#86400.0
122325452,40.570262,120.860409,1524.531,90.621652,-2.499857,111.836022
#86400.02
122325452,40.570262,120.860409,1524.531,86.523054,-2.363714,112.144022

Figure 13. Data and Format of Cross-Day Event after Processing

After the processed attitude data are imported into Tacview,
the generated trajectory diagram is shown in Figure 14. The
aircraft nose indicates the direction of the X-axis.



Figure 14. Trajectory Diagram in Tacview

It demonstrates that the Tacview data processing software
designed in this paper can convert raw data into visualized 3D
graphics. It greatly improves the efficiency of data processing
and analysis for operators, and provides a new approach for
relevant data processing work.
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