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Abstract-Every aircraft is equipped with a Black box 
at its rear end. The data in Black box plays a vital role 

in every aircraft crash investigation. The Flight Data 

Recorder (FDR) along with the Cockpit Voice 

Recorder (CVR) together is known as a Black box. The 

data retrieved from the Black box when analyzed, helps 

the Air crash investigators to understand and study the 

reason behind the crash, using this Black box’s 

confidential data, the aircraft design engineers take 

necessary precaution for future designs so as to avoid 
further aircraft mishaps. If this essential Black box is 

not recovered from the crash site, then all the 

confidential data stored in the black box is lost and the 

reason behind the crash remains a mystery. 

In this paper we propose the design and implementation 

of smart Black box which stores few vital parameters, 
namely Altitude, Pressure, Temperature, Pitch, Yaw 

and Roll. This smart Black box prototype sends all the 

information detected by the sensors and other units in 

the aircraft to the ground station in real time by 

uploading the data onto the cloud server. The Air 

Traffic Control (ATC) can access and monitor the 

information and take supporting measures against any 

negligence that may lead to crash and prevent disaster. 
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1.  Introduction 
 

In recent years the aviation industry has experienced 

many aircraft mishaps. On 22nd July, 2016, the Indian 

Air Force (IAF) tactical transport aircraft, Antonov An-

32 on a courier flight from Chennai to Port Blair was 

last seen on radar at 9:12AM, when it left the range of 

secondary surveillance radar (SSR) [1]. The IAF 
aircraft disappeared while flying over the Bay of 

Bengal, there were 29 people on board. Multiple 

aircrafts and ships of IAF and Indian Navy were 

scouring the waters in an area 150 nautical miles east of 

Chennai, the last know location of aircraft. This was 

India’s biggest search and rescue operation for a 

missing aircraft on the sea in history. On15
th
 

September, 2016 the search and rescue mission was 

called off. 

On 8th March 2014, Malaysia Airlines MH 370, a 

Boeing 777-200ER, on it’s routine flight from Kuala 

Lumpur International Airport, Malaysia to Beijing 

capital International Airport, China crashed into the 

Southern Indian Ocean, taking life of all 227 

passengers and 12 crew members [2]. Though few of 

the debris were found floating, most of the bulk along 

with the Black box were missing. The crew nor the 

aircrafts communication systems relayed any disaster 

signal to the ATC for help. This incident is the world’s 

2
nd

 deadliest incident involving a Boeing 777 aircraft. 
The Air France Flight 447, was a scheduled passenger 

flight from Rio de Janeiro, Brazil to Paris, which 

crashed on 1st June 2009 [3]. The Airbus A380 entered 

an aerodynamic stall from which it did not recover and 

crashed into the Atlantic Ocean taking life of all 228 

passengers. The initial investigation was hampered 
because the aircrafts Black box was not recovered from 

the ocean floor until May 2011. 

Black box has an underwater locator beacon which 

emits high frequency ultrasonic pulses at an interval of 

10ms with 37.5 kHz [4]. This beacon is triggered when 

the Black box comes in contact with water, and can 

emit this pulse for just 30 days from the time of its 

triggering. Knowing the Black box information can 

help us improve the reliability on aircrafts for future 

aspects. But it is very tedious and unreliable process to 

search the Black box from the crash site. Hence there is 

a vital need to make Black box intelligent. 

Instead of storing the data in Black box and limiting it 

within the aircraft which is highly suspected to 

unreliability whenever a crash occurs, we can send 

these crucial Black box data continuously on a real 

time basis to the ground station. The ground station 

will gather and store all the data received and run 

algorithms to monitor the current course of the aircraft 

which can give warning to the pilot and hence prevent 
the aircraft from crashing. In worst case scenario, the 

ground station received data can also provide some 

possible help in finding the debris if the aircraft goes 

missing. This can be achieved using Glass box: An 

attempt to make Black box intelligent. In the Glass 

box system, data from the aircraft would flow to 

ground station in real time, to be analyzed on the spot 
or later on [5]. Transmission would employ high 

bandwidth 
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radio except when was aircraft was over water, when it 

would use lower bandwidth satellite links. 

Approximate values over land surface (Ground 

Network): Data rate: 16 bits per second. 

Memory required: 6 megabytes per second. 

Approximate values over sea surface (Satellite 

Network): Data rate: Ku band microwaves at 12-18 

GHz. 

Memory required: four 12 bit samples per second. 

 

2.  Literature Review 

 

Black Box 

 

One of the major components in a Black box is the 

Flight Data Recorder (FDR). The Black box gives us 

the detailed review of the parameters and all the 

fundamentals related to it [4]. The black box houses a 

beacon which makes it easy to search when the aircraft 

crashes into water bodies. The Black box must be able 
to withstand an acceleration of 3400G’s. 

 

Flight Data Recorder 

 

The FDR monitors all the information related to the 

aircraft parameters. There are approximately 91 
parameters [6] and 5000 to 8000 data points [4] 

depending upon the make and model of the aircraft. All 

the information detected by the sensors at all of these 

data points are stored in the FDR. 

FDR can withstand one month immersed in water at a 

depth of 6000 meters and one hour at 1100 degree 

Celsius. 

 

Table 1. Data points and sensors 

 

 
The FDR has different types of memory for storing 

these information, like solid state memory and 

magnetic tapes. Evolution of FDR gave an opportunity 

to save more and more information, with every 

drawback in the efficiency of collecting, processing and 

saving data, the FDR’s were updated. This information 

is overridden every 25 hours. So when the Black box 

is recovered from debris the memory has all the data 

collected since the last 25 hours of flight [4]. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Figure 1. Data points 
 
Communication links 
 

There are several communication links involved in the 

aircraft communication system. Example: 1. The link 

between the ATC and the aircraft. 2. The 

communication between two aircrafts in same 

airspace. 3. The link between the sensors and the 

Black box and so on [7]. Also there are different 
platforms used for aerial communication for the above 

mentioned communication links. Efforts for improving 

connectivity is the necessity for making the Black box 

more intelligent. 

 

Aerial communication networks 
 

[8] gives us a brief idea about the airborne networks 

for communication and the various technologies 

involved for establishing communication. It also gives 

the requirement of different types of aircraft 

prototypes for efficient transfer of data. 

 

Sensor data and processing 

 

There are lot of sensors involved in capturing the 

important data point parameters. 

Few of them are as shown below: 

This captured sensor data is raw and has to be 

processed for the study and analysis of the information 
using data acquisition system. All these sensors are 

connected to the Black box through a wired 

connection system of optical fiber network within the 

aircraft. As we aim to make a prototype, the data 

processing has to be studied and [9] gives us the 

understanding about processing the raw values of 

Parameter Sensors used 
  
Time GPS satellite 
Indicated airspeed Airspeed gauge 

Outside or total air 
Resistance Temperature 
Detector 

temperature (RTD) 
Hydraulic pressure Pressure transducer 
Pitch Gyroscope and accelerometer 
Yaw Gyroscope and accelerometer 
Roll Gyroscope and accelerometer 
Pressure Fiber Optic Sensor 
Altitude Altimeter 
GPWS Altimeter and GPS satellite 
Center of gravity All accelerometer 
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Pitch, Yaw and Roll obtained and getting a proper 

readable value of the same. 

 

3.  It Gives Us An Overview For The Need Of Glass 

Box And How Glass Box Is Better Over Black Box. 

 

System Overview 
 

[6] We have chosen six important implementable 

parameters for a prototype. The parameters are Altitude, 

Pressure, Temperature, Pitch, Yaw, and Roll. These are 

the basic and most essential parameters that the pilot 

requires for smooth flight of the aircraft, and is easily 

implementable in the prototype. Also it is required for 

the proper maintenance of the aircraft and safety of the 

flight.  

 

The block diagram of the progress is as shown in figure 

2 

 

RC plane 

 

Altitude 
 

  Cloud  

Temperature    

Pressure 
Arduin
o AT

C 
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Roll, pitch 
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Figure 2.  Block Diagram 

 

The transmitter is binded with the receiver which is 

mounted on the RC plane. Once the RC plane is airborne 

then the sensor data is being captured and sent through 

the below explained process.The process flow of the 

project is explained in the form of a flowchart. 

The transmission of these parameters to the ground 

station i.e. the server is the important part of the project. 

For this purpose, the Thingspeak server space is used 
which gives a server space of 2GB.Thingspeak is an 

open source Internet of Things application to store and 

retrieve data over the internet. 
 

 

 
Input data of Temperature, 

Pressure and Altitude from 

BMP180 and Pitch,  

 

Yaw and Roll from MPU6050 

 

 

 

Arduino processes the data and 

sends it to ESP8266 

 

 

 

 
The ESP8266 Wi-Fi module which is 

connected to the Wi-Fi communicates with 
the Thingspeak server using API key 

 

 

 

 

 

The Thingspeak 

server checks the 

API key 

 
 
 
 
 

ESP8266 sends the data to 
the server space 

 
 
 

4.  Hardware Implementation 
 

1.  Sensor Networks 
 

The hardware components were chosen after a survey 

of suitable components for our project. 

 

A. Microcontroller, Arduino UNO R3 board 
 

The choice of microcontroller was made on the basis of 

simplicity and portability. Among several options, 

Arduino R3 board was found to be more appropriate for 

application, considering its portable structure and 
simpler programming platform and its ability to 

interface multiple components. 

For data fetching, Arduino UNO R3 board is 

programmed. The data fetched from both the sensors 

i.e. MPU6050 and BMP180 will be displayed on the 

serial monitor of the Arduino IDE [10]. 

 

B.  MPU6050 

 

The MPU6050 is an integrated six axis motion tracking 

device that combines the three axis gyroscope, three 

axis accelerometer, and a digital motion processor. It is 

a small package of 4x4x0.99mm making it a compact 
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and a portable sensor. With its dedicated I2C sensor 

BUS, it directly accepts input from an external three axis 

compass to provide a complete 9 axis Motion Fusion 

output. For the purpose of measuring the Pitch, Yaw and 

Roll, this 3-Axis Accelerometer sensor MPU6050 is 

being used. There are alternatives to this sensor, based 

on the availability MPU6050 was chosen [11]. 

 

C.  BMP180 
 

The BMP180 consists of a piezo-resistive sensor, an 

analog to digital converter and a control unit with 

E2PROM and a serial I2C interface. The BMP180 

delivers the uncompensated value of Altitude, Pressure 

and Temperature. The E2PROM has stored 176 bit of 

individual calibration data. This is used to compensate 

offset, temperature dependence and other parameters of 

the sensor [12]. 

There are alternate sensors which can serve the purpose 

for measuring the above mentioned parameters, likely 
BMP085 and Groove Barometer Sensor. The production 

of BMP085 has been discontinued and its alternative 

BMP180 is available. The Groove Barometer Sensor is 

expensive. 

 

D.  ESP8266 WiFi module 
 

The ESP8266 is a Wi-Fi chip with full TCP/IP stack and 

Microcontroller Unit capability produced by Shanghai-

based Chinese manufacturer. 

64 KB of instruction RAM, 96 KB of data 

RAM. IEEE 802.11 b/g/n Wi-Fi standard. 

CPU operating at 80 MHz (default) or 160 

MHz Power 3.3 DC Voltage. 

ESP8266 offers a complete and self-contained Wi-Fi 

networking solution; it can be used to host the 

application or to offload Wi-Fi networking functions 

from another application processor. Alternately, serving 

as a Wi-Fi adapter, wireless internet access can be added 

to any micro controller based design with simple 

connectivity (SPI/SDIO or I2C/UART interface) [13]. 

 

2.  RC Prototype 
 

A Remote Controlled (RC) prototype of the aircraft is 

being built to employ transmission of data fetched by 
sensors in real time and analyze the data transmission. 

The remote control operates at 2.4GHz and is a 6-

channel transmitter. The receiver will be mounted onto 

the RC prototype aircraft. 

The design specification of aircraft is obtained using 

XFLR-5, an open source software used for aerodynamic 

design of Remote Controlled aircraft. 
The major design constraint was the total weight of the 

sensors, Arduino and electronic circuitry. A RC aircraft 

prototype of different dimensions can be built. The 

change in dimensions varies the weight carrying 

capacity of the aircraft. 

In simple words, larger the dimension, more is the 

weight carrying capacity of the RC aircraft. The 

prototype has a wing span of 1.5m and the fuselage is 

0.98m in length with a 7x7cm dimension. The chord of 

the wing is 250cm and the ailerons are 25% of chord 

length, thus forming the airfoil. All these values are 

obtained from the software. Our RC aircraft can carry a 

net load up to 0.9Kg approximately. 

The horizontal stabilizer is 50cm in length and has a 

cord length of 15cm, 25% of cord length gives elevator 

length. 

The distance between the leading edge of the wing to 

the leading edge of the horizontal stabilizer is 75cm. 

The Armin wing is placed at a tilt angle of 3 degrees 

and the horizontal stabilizer is placed at a tilt angle of -3 

degree. The significance of this tilt angle is to provide a 

positive upward lift to the RC plane. 

The Armin wing architecture follows Bernoulli’s 
principle that states that an increase in the speed of fluid 

occurs simultaneously with a decrease in pressure or a 

decrease in the fluid’s potential energy. In simple 

words, a high pressure zone is created beneath the wing 

and low pressure above the wing, as a result it generates 

sufficient amount of lift for the RC plane to balance out 
the weight of the RC plane and components mounted 

inside it. 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 3.  Prototype 
 
Aircraft Centre of Gravity (CG) calculation 
 

Correctly balancing the RC aircraft is very important 

for safe flying, because any deviation from the aircrafts 

Centre of Gravity can and probably result in the aircraft 

being quite uncontrollable. A badly balanced RC 

aircraft will, at best, be hard to control and this 

especially true for tail heavy aircrafts. At worse the 
aircraft will crash within seconds of getting airborne. 

The CG will be about 1/3rd of the wing chord(width) 

back from the leading edge of the wing. 

 

The Equations [14]: 
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Where; 
A: Root Chord  

B: Tip Chord  

S: Sweep 

Distance Y: Half 

Span 

B.P: %MAC Balance 

Point C: Sweep Distance 
at MAC MAC: Mean 

Aerodynamic Chord 

d: Distance from Root 

CG: Balance Point at Root Chord 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure  4.  Aircraft Wing. 
 
Remote Controlled (RC) Aircraft Specifications 
 

1. Emax GT 2218 Brushless 

motor. KV - 1100KV  

Shaft diameter - 4mm 

Stator diameter - 

22x18 Weight - 80g  

Max thrust - 1380g  

2. Wolfpack 1800mah 30C 

11.1V. Capacity: 1800mah  
Voltage: 11.1v  

Continuous Discharge Rate: 

30C Burst: 40C  

Size: 

L: 106 mm 

B: 34 mm 

H: 19 mm 

Weight: 140 gm. 

3. Wolfpack 30 Amp Electronic Speed Controller. 

Output: Continuous 30A, Burst 40A up to 10 

seconds Input Voltage: 2-4S Lipo, 6-18 cells.  

BEC Output: 3A / 5V (Switch Mode BEC) 

Refresh rate of the throttle signal: 50Hz – 400Hz 

Size: 73*26*8(L*W*H)  

Weight: 38g. 

4. 10 x 6 Folding Propeller.  

5. Integrated Simulator.  

6. Avionic RCB6i - 2.4Ghz 6-channel    transmitter 

with receiver.  

7. Digital 9G servo motor and spar rod.  

8. Material used: Depron as it is light in weight.  

 

5.  Results And Discussion 
 

The data from BMP180 i.e. the reading of 

Temperature, Pressure and Altitude were sensed and 

was displayed on the serial monitor. The data 

observed is as shown in the table below. The ideal 

reading of Pressure was taken from iPhone barometer 
app, for temperature thermometer and altitude was 

Taken from Google. 

 
Table 2. Sensor readings 

 
Locati

on Pressure (hPa) Temperature Altitude 
   (degree) (meters) 

 Sensor Ideal Sensor Ideal Sensor Ideal 
 output  output  output  

Ground 1008.5 1008 29.3 29 39.00 38 
1

st
 

floor 1008.1 1008 28.4 29 42.96 42 
2nd 

floor 1007.1 1007 28.7 29 46.68 46 
3rd 

floor 1007.6 1007 28.7 29 50.05 50 
4

th
 

floor 1006.6 1006 28.5 29 54.57 54 
5

th
 

floor 1005.3 1005 30.5 29 61.49 61 
AC 

room 1007.8 1007 24 24 45.31 45 
Heater 1005.8 1005 43 43 62.8 62 
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Figure 5.  Pressure data sent to the server 

 
 
 
 

 

 

 
 

 

 

 

 

 
Figure 6.  Temperature data sent to the server 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7. Altitude data sent to the server 

 

So far, our project has successfully acquired the data 

form the two sensors and uploading one sensor data to 

the server. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 8.  BMP180 Output 

 

The raw values of the Yaw, Pitch and Roll is sensed 

using the MPU6050 and is displayed in the serial 

monitor of the Arduino IDE. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9(a).  MPU6050 Output 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

Figure 9(b).  Combined Output 

 

The combined output of BMP180 and MPU6050 are 

sent wirelessly to the server space using ESP8266 Wi-
Fi module. 

The sensed data is sent wirelessly to the server space 

using ESP8266 Wi-Fi module. 
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6.  Conclusion And Future Scope 

 

Limitations of a conventional black box is overcome 

using glass box where we are making the black box 

intelligent enabling it to send data to the ATC in real 

time so that it can be monitored and analyzed 

There are a few standard protocols that have to be 

followed by the pilots during takeoff, landing and in 

flight. If at all there is any negligence from the pilot’s 

side or any system failure, the glass box can give 

warning signals to the ATC as well as the pilot and the 

required actions can be taken. This could prevent the 

crash. 

Further modifications can be done in the system to 

automatically correct the faults by running required 

algorithms and also sending information to the 

government if the plane is hijacked 
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