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Exploring the edge of the cosmos, you will change the world
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International Mars Landing Design Competition ( MLP ) Technical Manual
Part One - MLP Profile

MLP adopts an upper-air sounding balloon as the design model. Components of the sounding balloon are showed below:

Latex balloon filled with helium, which can raise the lander to 3 kilometers
(with an upper limit of 30 kilometers), and can release the lander to the
ground through a self-cutting device

Self-cutting device, which artificially releases the lander and whose design
and successful operation are essential in MLP

'\h.l'

Parachute, which decelerates the lander in the air, and thus reduces impact
| \ force from ground

Rader reflector, which allows air transportation control and government
to keep track of the balloon

Lander, composed of light-weighted, sturdy buffer materials such as
3 plastic foam and equipped with necessary devices such as GPS and other

= j devices that enrich flight experiences

Various land-based facilities, such as high-pressure cylinders as helium
containers, tubes with safe valves for helium instillation, plastic gloves
N that protects coating of latex balloon from sweats and thus avoids balloon
< explosion at high altitude

The rising balloon with lander will travel not only vertically but also horizontally under the influence of hotizontal turbulence. The

horizontal distance can be up to 100 kilometers during its 1.5 to 2 hours travel.

A well design lander can implement complicated tasks and collect accurate data. The more creative tasks will be implemented and

the more accurate data will be collected, the higher score will be earned.

Howevet, the more complicated the lander is, the heavier it is, and thus the larger balloon is required to raise it to destined altitude

BAFM 07
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and the bigger parachute is required to decelerate it to a safe landing speed. This also means that longer rising and descending time
will be taken, which increases the possibility for lander to be exposed to extreme weather conditions. Thetefore, designers should

keep lander” s real-time track more accurately to predict its landing position in order to shoot its landing process in time.

Part Two - Design Principles

1. A well-designed lander should receive and transmit GPS signals and implement telecontrol, telemetry to collect data of
temperature, humidity, real-time altitude, acceleration, etc. and other creative tasks such as siten and souvenir-release.

2. The weight of lander should be limited to 1 kilogram.

3.Facilities in lander should be well fixed and protected so that they can endure extreme conditions like low temperature and

pressure and great impact with ground if the balloon accidentally explodes

Part Three- Requirements for Excellent Team

1. Balloon can raise the lander up to 3 kilometers above the ground

2. Lander can be released by self-cutting device through telecontrol.

3. The lander can land within a radius of 100 kilometers and collect accurate upper-air data, and facilities in the lander should be well

protected for reuse.

Teams that fulfill above requirements are honored with Excellent Team.
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Part Four — Characteristics of upper-air flight

1. Characteristics of upper atmosphere

Physical properties of atmosphere dependent on altitude

mr @

Geo ;_)'%:)tential 8 SE o E?Jéﬁ L

Altitude above Sea Temperature Absolute Pressure %;EF Dynamic

e 00) (20aR/m2) (10-1kg/m3) (055N

(m) © m2)

-1000 21.50 11.39 13.47 1.821
0 15.00 10.13 12.25 1.789
1000 8.50 8.988 11.12 1.758
2000 2.00 7.950 10.07 1.726
3000 -4.49 7.012 9.093 1.694
4000 -10.98 6.166 8.194 1.661
5000 -17.47 5.405 7.364 1.628
6000 -23.96 4.722 6.601 1.595
7000 -30.45 4111 5.900 1.561
8000 -360.94 3.565 5.258 1.527
9000 -43.42 3.080 4.071 1.493
10000 -49.90 2.650 4.135 1.458
15000 -56.50 1.211 1.948 1.422
20000 -56.50 0.5529 0.8891 1.422
25000 -51.60 0.2549 0.4008 1.448
30000 -46.64 0.1197 0.1841 1.475
40000 -22.80 0.0287 0.03996 1.601
50000 -2.5 0.007978 0.01027 1.704
60000 -26.13 0.002196 0.003097 1.584
70000 -53.57 0.00052 0.0008283 1.438
80000 -74.51 0.00011 0.0001846 1.321

10

Alt(iiﬁ?:lg gf)%nvtéaéea Temperature Absolute Pressure Density \?%'ggrs?tl;
Level -t - R (10-1kg/m3) (10-5N s/
(0C) (104N/m2) m2)
(m)
1000 21.50 11.39 13.47 1.821
0 15.00 10.13 1225 1.789
1000 8.50 8.988 11.12 1.758
2000 2.00 7.950 10.07 1.726
3000 449 7.012 9.093 1.694
4000 10.98 6.166 8.194 1.661
5000 17.47 5.405 7.364 1.628
6000 23.96 4722 6.601 1.595
7000 -30.45 4111 5.900 1.561
8000 36.94 3.565 5.258 1.527
9000 4342 3.080 4671 1.493
10000 ~49.90 2.650 4135 1.458
15000 256,50 1211 1.948 1.422
20000 256,50 0.5529 0.8891 1.422
25000 -51.60 0.2549 0.4008 1.448
30000 46,64 0.1197 0.1841 1475
40000 22.80 0.0287 0.03996 1.601
50000 2.5 0.007978 0.01027 1.704
60000 2613 0.002196 0.003097 1.584
70000 5357 0.00052 0.0008283 1.438
80000 74,51 0.00011 0.0001846 1.321

11
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2. Important conclusions from table above

(1) Temperature drops as altitude increases. Temperature will drop under zero Celsius at 2 kilometers. Temperature at the
destined altitude, 5.7 kilometers, is close to negative 23 Celsius. Normal batteries will disfunction under 20 Celsius and integrated
circuits will disfunction under negative 40 Celsius. However, as long as the temperature in lander is well maintained, the heat
produced by working devices will, in turn, keep themselves working, and when the produced heat isn” t enough, several warm

pastes can be useful.
(2) Pressure drops as altitude increases.

(3) Balloon is above 70% atmosphere at altitude of 3 kilometers, where lander should be isolated from the ait, or integrated

circuits will discharge to air and thus facilities inside will be destroyed.

(4) Buffer for facilities in lander and connections between lander and parachute are important.

Part Five — Safety Precautions

1. Be responsible for air transportation safety
% Constantly keep contact with local air transportation control
% Equip lander with radar reflector

* Limit weight of lander to 1 kg

% Confirm connections between each components

2. Ensure a safety landing
% Make parachute big enough
% Equip bottom of lander with buffer materials

% Predict flight track, and update predicted track according to real-time GPS data

3. Follow safety regulations strictly when using high-pressure cylinders

 Instill helium, rather than hydrogen, to balloon

4. Follow safety precautions for land-based electronic devices
% Connect devices to the ground

%Don’ ttouch antenna with naked hand. Antenna could be extremely hot

5. Pay attention to psychological problems

% Keep calm in each stage to avoid operational mistake

13
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Part Six - Prediction of flight track

During rising time, as indicated by the green area, balloon will rise under the influence of wind to zenith and explode. After that, as

indicated by red area, lander will descend under the influence of parachute and wind and finally land.
Use the resoutces from Google Map http://predicthabhub.org/

to predict flight track of any object with given weight and location under influence of current wind. With the help from this prediction

APP, or any other similar APP, designers can manipulate flight path to avoid landing on unreachable places such as lake and mountain.

Part Seven - Recommended arrangement of components

1. Balloon

MLP provides standardized latex balloon to ensure fairness of this competition. Larger

balloon can load heavier lander, but take longer flight time and greater flight distance.

BAFH 15
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Tips :
% Wear gloves when touching balloon to prevent oil and sweat from hands erode surface coating
% Don’ tpinch balloon to avoid tiny scratch, or balloon will explode below expected distance.

% How to determine that balloon is fully filled with helium?
First of all, make sure balloon is firmly fixed to the ground. Connect balloon to a bucket with water, whose weight in total is about

10 g greater than lander and parachute. Fill balloon with helium until it can lift the bucket. To increase the rising speed, designers

can fill balloon with more helium, which, however, will increase the danger of balloon explosion.

2. Cable

Cables and their matching hooks of parachute can completely meet our need. Those light-weighted cables can endure weight more

than 100 kg.

3. Self-cutting Device

Self-cutting device receives signals from the ground that triggers mechanically or electromechanically device that can cut off cable.

This device enables a controllable flight.

Currently, a universally applicable self-cutting device is not yet developed by MLP . Therefore, invention of such device will be core

of this competition.

Potential work principles of a self-cutting device:
1)melt cable with electric current and electric arc
2)cut off cable with mechanically triggered blades

Note: to increase reliability of self-cutting device, two to three cutting mechanisms are simultaneously required.

BAFM 17
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4. Parachute

Parachute will open once lander starts to descend, and decelerate lander so that it can land in a safely low speed. However, lander

will travel a longer horizontal distance due to its deceleration.

With the help of buffering materials such as plastic foam, expensive devices such as camera can bear a relatively high landing speed.

Recommended landing speed is 3 m/s or below, and it should no more than 5 m/s.

For a small 1kg lander, a parachute with radius of 1 m is adequate to decelerate it to 3 m/s, while, for a big 5kg lander, a parachute

with radius of 2 m is required.

Use online calculator below to determine the size of parachute according to weight of lander.

https:/ /community.balloonchallenge.org/t/parachute-overview/659

Similar to balloon, a heavier lander requires a larger parachute, which will definitely increase descending time.

Two methods to install parachute

1) Parachute with a ring on the top is recommended. With the ring, designers can easily

connect balloon, parachute and lander with cables and hooks as indicated by figure 1.

2) Parachute without a ring can be connected with lander together with balloon. During rising

time, downward airflow will automatically shut the parachute off, and during descending time,

upwatd airflow will automatically open it.

BAFHM 19
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5. Radar Reflector

Radar reflector enables air transportation control to track balloon. Designers can make a
radar reflector by themselves: cross the plate coated with aluminum foil paper as indicated
by picture on the right. A single plate isn” t enough because in this way signals from

certain direction will not be reflected.

6. Lander

Lander should endure impact from the ground, and be light-weighted
and heat-insulated.

Lander could be accidentally disconnected with parachute and balloon
at high altitude. Therefore, as a safeguard measure, lander could be
connected with other components in multiple ways. However, this

measure brings reliability as well as extra weight.

Basic devices in lander include camera, battery, embedded sensors,
tracking devices such GPS; extra devices include vatious telecontrol

and telemetry devices and other creative devices.
7. Battery

Lithium-ion battery is recommended, and it can be either reusable or not. Lithium-ion battery is light-weighted with large energy
density and excellent endurance to temperature changes. Pay extra attention when using chargeable lithium-ion battety, because
overcharge will decrease its capability to store energy. All kinds of batteries will disfunction under low temperature, because their
inner resistance will dramatically increase and thus output voltage will dramatically decrease. Lithium-ion battery is greatly influenced
under zero Celsius and stops working at negative 20 Celsius. Therefore, battery should be wrapped up with heat-insulated materials,
so that heat generated at work will be preserved; if needed, warm pastes can be useful to maintain temperature. Designers should

also maintain temperature for supple lines of all kinds of devices.
8. Embedded Sensors

Embedded sensors ate essential to control system and powered by battery. Their basic function is to convert GPS signals to coded
radio signals and then transmit these signals to antenna of lander so that ground crew can receive them.
Designers can use more complicated combinations of embedded sensors , like those on the motorbikes and cars, to implement

creative tasks, such as collection of weather parameters and release of souvenirs.
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10. Sensors in lander

Lander can carry various sensors, collecting abundant data in

one flight. Besides thermometers and hygrometers, other

possible sensors are listed below.

Barometer

Atmospheric pressure is a good indicator of altitude.

uep

9. Tracking and Remote Sensing

GPS or local ground-based radio station enables

designers to keep track of balloon in every stage of flight.
Theoretically, GPS will keep working until balloon rises

to 20 km. However, a local ground-based radio station, or
even a hand-made antenna, allows designers to receive GPS
signal and track balloon regardless its altitude. Its principle

of work is shown left.

Tracking technology allows both an unilateral control

and an interactive feedback control, namely telemetry and
telecontrol. For example, designers can activate devices in
lander such as thermometer, hygrometer and barometer,
and commend them to send collected data back at any time

of flight.

In addition, creative tasks, such as siren, accelerating
balloon by releasing masses and releasing tiny airplane, can

also be implemented.
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Accelerometer

Fix accelerometer on cable that connects parachute and
balloon to collect data necessaty to calculate force exerted on
lander in rising time, descending time and at the moment of

balloon explosion and impact force exerted by airflow.

Magnetometer
Fix magnetometer on cable connecting parachute and balloon

to use it as a compass that indicates horizontal flight direction.

DL._FLIAGI

i B S
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Part Eight - Recommended Preparations For Launch

1. Preparations for one week before launch

1) Make a list of needed components and check your stuffs according to it

List for Self-check
Name Quantity
GPS 2
Balloon 2
Parachute 1
Radar Reflector 1
Battery 8
Helium Instillation Tube 1
Cable and Hook several
Scissor 1
Wrench 1
Other Tool

2) Specify and clarify work for each member in team. Some possible specifications are listed below
% Test electronic devices

% Prepare hardware

% Predict flight track

% Arrange and organize final launch

Note: make sure devices, especially GPS, antenna, and camera, work well
2. Preparations for one day before launch

-Make sure all electronic devices work well
-Predict flight track
-Finalize and clarify procedures for launch

-Keep calm to follow these procedures carefully
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Schedule of launching day
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Time Location Event / work
8:30 Cool Lake camp Prepare all necessary stuffs
9:00 / Set out to launching field
10:30 Launching field Prepare for final launch
11:00 Launching field Launch
11:15 / Track balloon
1:10 Landing field Witness landing
1:45 Landing field Recover lander

3. Preparations and work on day of launch

Follow the schedule above. Preparations after artiving at launching field are listed below:

1)Predict flight track
2)Test GPS and antenna

3)Assemble lander and connect each component with cable

4. Track balloon after launch

This task requires at least two people to cooperate:

Driver is responsible for driving according to instructions from navigator. Navigator is responsible for updating the driving routine

for driver according to real-time data from GPS.

Some GPSs have altitude limit and only work in some stages of rising and descending. Therefore, navigator need to predict landing

location according to collected data, and once receiving descending data, correct driving routine.

5. Recover lander

Lander has no motor, so it won’ t move once landing. Put your safety to the first place.

Part Nine — Not Permitted Devices

Unmanned aerial vehicle is not permitted, because unmanned aerial vehicle can be used to obsetrve balloon in flight and disturb

other teams”  balloon and signal receiver.
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(+) ERERSINMBIRITER Part Ten — Requirements for subsystems of landing system
1. EFEfe 1. Lander
HIE R L R T RS, B8 JRE. BRRIRZLINT. /& Himit. R FEEEZ . RIER; Lander is an important subsystem and includes a bottom base, a bowl-shaped streamlined shield, an equipment bay and a payload
BRI LNl AREINE A T, BN T WD BRICE AN A s 5 23 U 44 capsule. The bottom base has protective function for landing, the bowl shaped streamline shield is to reduce the air resistance.
EIEREITREEE : Factors to consider when designing a lander:
KGRI R, G % How to design an appropriate shape?
S5 Pl 9 SR e PRALE? % How to promise air tightness of lander?
o B AR AN ] SEIR R £ % How to make lander heat-insulated?
K BER L R AR ? % Whether weight of lander is appropriate?
KRR AR ? % Whether volume of lander is appropriate?
S AT CRAEE Rl A A REVR AL 2 LUK AN o] S RE TR A0t Y A7 4l 2 % How to promise energy supply? How to maintain temperature for energy suppliers?
2. ENRRRE 2. Auxiliary Decelerating Devices
B B R PSR A E N E R T RS, W MR, Auxiliary decelerating device is an important subsystem to promise safety of lander, and generally consists of a parachute.
HEREEEILTREEE Factors to consider when designing decelerating device:
e T R R IR AUR B s A R R AEThRERYB B2 Y What are common decelerators?
e ey SRS AR A 1 2 % How to deal with influence of low temperature?
e G SRR AR R 2 % How to deal with influence of low pressure?
e {42 FR A D Y % How to limit weight of this device?
3. =A% 3. Monitor and Control System
M4z KRG LA E I RGO, ks v 3= R IR 5 Arduino SEEU AN B4 1, 18]S SERS AR S Monitor and control system is an important subsystem to control landing system. In MLP , Arduino is used to control each
BEL A, SESEHGE, JT R EE e TE e &k E L. component as well as collect data such as altitude, temperature and pressure, and finally send landing location.
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HEREEERRITREEE : Factors to consider when designing monitor and control system:
e 58 U IR AR 55 2 B A3 A A IRLE? An i X e o RAF A2 % What modules ate required for this task? How to make them work well?
K B E R, Wi OR JE S Sk He 42 % How to commend to cut off balloon once reaching destined altitude?
e ST NGUR 5 3 s B R S 2 % How to successfully turn on decelerating device?
S el SEEDAIGHR . AR R IE % How to deal with influence of low temperature and pressure?
e Q] SRS A A 2 % How to transmit data?
S AT B PR AR Y AT SE 1 % How to improve the reliability of collected data?
(+—) s Part Eleven - Grading Rules
1. iETh & 1. Regional Preliminary Competition
ST RIS B B R S A BMAE AT T SR LA, SN . SR IR+ AR, KR RS R R This round focuses on design and solid model. Participants need to submit an academic poster and a solid model. MLLP committee
1, IO B, R AELY SR AT PSR AR B AT 3T will provide material pack, but participants can also use their own materials that are permitted.
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ITBHIZEIES HEN
ZIHE VES LN PME
ZHEAG: SDEHERE, Bito
RSB DASC R A T 2 B ok B K
WER A2 T, AT B ARRT T AR B AR, AR,
MRS LAERSRE R TR, Bl EAoEE 40
WA,
EIERG: USCFsE HERTER, B &% TR
L .
AR
(655) I RRBEHA O B, Wi 10
SEME: WEHREAT EATRE SR, SO 5
EE e
Ju::
YR e AT 5
R M
T
AR ESORRIEM, SRR 5
EIES MR TN 10
F AR piiiywid)
%ﬁﬁ) PR WA G TR, A AR BT 10
WU PR 25 B AO-5 CER IR B 15
&t 100

Grading Guide
Submitted . . . Score
Materials Detailed Grading Guide (point)
Lander: 3D diagram, reasonable design
Auxiliary decelerating device: text or graphical description of its type,
clear design diagram and block diagram of its work principles
GOMmERES Monitor and control system: text or graphical description of its work 40
principles, reasonable design
Landing system: text or block diagram of its work principles
Academic
Poster Creative, reasonable, and practical 10
(65pt)
Aesthetics: aesthetically good 5
Appearance
Regularity :
Al size 5
Clear and informative diagram
No misspelled word
Readability: clear arrangement of text and diagram 5
Aesthetically good and scientifically reasonable 10
Solid Model Solid Model
Within time limit, brief and instructive 10
(35pt)
Successful departure of lander from balloon shown in video 15
Total 100
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2LAREE

RIXEFEES A EI TR CHRERE KRR F AT IPIE U5 AL

AERSEZFToMEN
SES RSN &
BIRIZE. B4 2045
AT 2045
BRI
(10041) KW RAER: _LRH500g; GRS, TS5, BEsHEN305 10-3043
B D S WA 5 AR S 104}
SR (SR IREES) 2045
K RGBT RS ST 155
SR EE AT VBRGNS 155
(5053) PPTHIfHE 104
G SRR 104>
it 1509
3. RE
WSELUETFEI B, (R e N THUE SN, SRR S
REES AN
AE SRR ME
MM #iE 10
HER R IAE 10
AR
KR REER: FIN500g; AEMASg, NS5, HEAME K305 10-304}
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2. Regional Semi-final Competition

This round selects outstanding teams by oral presentation, expert assessment, etc.

Grading Guide
Submitted Materials Detailed Grading Guide Score (point)

Aesthetically good and scientifically reasonable 20
Lander’ s loading capability 20

Model

Presentation \X/c.ight of landing syst.ern:Upper limit is 1kg, Every reduced 5 g earns 5 (e

points. Highest score is 30 points.

(100pt)
Successful departure of lander from balloon on the spot 10
Real-time data transmission, including altitude, temperature, etc. 20
Opverall scientifically reasonable 15
Fluent speech, clear logic, brief explanation of design principles 15

Oral Presentation

Elegant PPT 10

(50pt)
Fluent conversation with experts 10

Total 150

3. Final Competition

Final round only requires hands-on operation. Participants need finish following tasks to acquire points in competition field in

limited time.

Grading Guide

Contents Detailed Grading Guide Score (Point)
Aesthetically good and scientifically reasonable 10

Solid Model Lander’ s loading capability 10
Weight of landing system: 10-304>
Upper limit is 1kg, Every reduced 5 g earns 5 points. Highest score is 30 points.
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Grading Guide
Contents Detailed Grading Guide Score (Point)
Rise to 3 km 15
Real-time data transmission, including altitude, temperature, etc. at zenith 15
- Successful departure of lander from balloon 10
TLanding speed / acceleration 10
Completeness of lander after landing 50
Time to fetch lander 50
Total 20043

Part Twelve — Awards

-Certification:

Each participating team is honored with a certification.
-Outstanding Teams in regional semi-final competition:
Each team is awarded with a trophy and 1000 RMB.
-Outstanding Teams in final competition:

Each team is awarded with a trophy and 5000 RMB.

4. Information Pack

Part One - Method of landing on Mars
and structure of Mars lander

From 1960s to now, human have tried to land
on Mars for about twenty times and developed a
relatively satisfactory design of Mars lander that

mainly consists of heat-insulated shield, parachute,

airbag and retro rocket.

Figure 1. Final stage of landing of the Curiosity
launched by Mars Science Laboratory of NASA in 2011

The Curiosity has the same size of a normal car, weights 900 kg, and is heaviest detector that human have successfully
sent on Mars. Therefore, landing system of the Curiosity is currently most advanced landing system. Following passage

will use it as an example to introduce a method to land on Mars.
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B2. “7&F" SKEFHEREEEIMNE Figure 2. Appearance of the Curiosity

E3. "7#&" SAEFEHSRISEER Figure 3. Structure of lander of the
Curiosity
“hrar” SIOERR G — R B R R, FHSCE — METR RO AR B ERR TS R ENA Lander of the Curiosity is like an upset bowl protecting the Mars rover inside. Its bottom is cone-shaped as shown in Figure 3
-, SR AR A5 T AR EJR PRI M EREE K. B A AHErei i, 1ER R 1IEE o num. 5, which undertakes important responsibility. It is made of heat-insulated material to prevent burning in other parts: after
KERS RS HEREANKBERIUG, BEMAELER /ST K, IXEER T & R AR B, entering the Mars atmosphere, lander still travels in a speed of 6 km/s and thus experiences a great air resistance. The bottom will
SEI (R AR I 2 AR RN i 4 B T /K ISR R B, T 1] immediately turn red, as shown below.

B4. KEEHSBHAKEKRSE | GHSLRIKES Figure 4. Mars lander turns red once entering Mars atmosphere
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WERFEN K BE LGS KBRS, I2ER RS hes8. A B a2 ik KRR, RN
LU0 I e v ol B S ¢ S N WAV E PN R 3 &) Nt : NI S Tl = =1 1] PR

IR R L IR S e il A BB s ARZSONE , B Iias KR Z SRR R 2 I B o

BRARSN7E DU o < (1813, 6%5) , AERIEMI AT TIPSR, LB fliasdt— Pk

Al L2 —EOPRERE (K3.15) , ERERROEERGEIEERVENTUE, DIERRZES AKX
BRAZ

A SR BRI SN M KR FREE KR (3. 45) R AR “shibl”  (83.35) .
KR FEv ZEpmil, X=A KB, ARSI JCEEME RS, R EEM .
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If the whole lander rubs with atmosphere, it will be immediately burnt. However, Mars lander will travel with bottom in the front, as

shown in figure 4, and, in this way, only the bottom will be burnt and thus protect rover inside.

The bowl-shaped shield reduces air resistance and minimizes friction of parts besides bottom. Parachute (Figure 3, num. 6) on the
top of bowl-shaped shield will open at approptiate moment, and further decelerate lander. The ring on the top of lander (Figure3,
num.1) will guide it enter the Mars in correct direction. Mars rover (Figure 3, num. 4) and retro rocket (Figure 3 num.3) are between

bowl-shaped shield and heat-insulated bottom.

Heat-insulated bottom, parachute and sky crane are the most essential components.

Stage Separation
x Balanc VICES Separation

Entry Interface

Heat Shield
Separation
Peak Heating
Peak
+ [Deceleration

".

Back Shell Separation

Figure 5. Landing procedure of Curiosity
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According to Figure 5, once driving lander to upper Mars atmosphere, the top ring departs from other parts. Once taking off the
heavy mass on the top, Mars lander enters Mars with bottom in the front in speed of 5.9 km/s. The heat-insulated bottom protect
rover from burning by burning itself. In this stage, speed of lander decreases dramatically, and when speed reaches 405 m/s,
parachute opens and further decelerates it. When speed reaches 125 m/s, bottom departs from the landet, and Mars rover and sky
crane are hung and protected in bowl-shaped shield. When speed reaches 80 m/s, the shield, together with parachute, departs from
rover and sky crane. As shown in Figure 1, four retro rockets are installed on sky crane, and start to work in this stage, decelerating
lander to land in speed of 1 m/s. After the Curiosity lands, sky crane flies away and destroy itself.

Therefore, we can conclude that, besides a protective shield, a lander should consist of [1] a heat-insulated bottom that protects
lander from burning and impact, [2] a parachute that further decelerates lander, [3] retro rockets that can be fixed on either bottom

of rover or shield of lander. If the rover is heavy enough, a sky crane with retro rockets is required to protect expansive scientific

instrument in the rover.

;%__ Rover can be also protected in tetrahedron with filled aitbags on
1_? each side, if it is light enough. Those airbags will buffer free-falling

rover.

Figure 6. Airbags used for the Curiosity

Part Two — Names and Characteristics of Lol

o DT Tt My o M Y
o "..' -|!|' ¥ "'I-""*‘Iv'l'*-f[':-}-“”"ﬂ

Successful Mars Landers

Mars landing plan was implemented for near 20 times, but only 7 of

them are successful.

Russian sent Mats 2 and Mars 3 to Mars in 1971. They were the eatliest

attempts to land on the Mars, but both ended up with failure.

Figure 7. Model of Mars 3
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From figure 7, we can see that although Mars 3 are equipped with heat-insulated bottom and parachute, they land by retro rockets

without any airbags, which probably leads to failute.

United States successfully send the Vikings, Viking 1 and Viking 2, to Mars.

Figure 8. Model of the Viking

Figure 9. Model of the Mars Pathfinder

However, both the Viking and the Mars are not rovers: they can’ t move once landing Similarly, they both were decelerated first
by insulated bottom and then by parachute. Different from the Curiosity, the Vikings finish their final landing by retro rockets

installed on themselves rather than on sky crane, because they don” t need to move around after landing,
After that, United States successfully sent the Mars Pathfinder to Mars in 1997. It is like an openable tetrahedron. Three sides
of it can provide power with solar energy, and airbags are used as buffer for landing, It also carries three rovers that explore its

surroundings.

However, NASA made approximate five attempts to land on Mars in 1990s, but only two attempts were successful, and one of

them is the Mars Pathfinder. At the same time, Japan and Russian made no successful landing.

Tn 2003, Eagle 2 of NASA” s Mars Express project was out of contact after landing, but was again tracked in 2015 from pictures

taken at orbit of the Mars.

In the same year, NASA successfully sent two Mars rovers, the Spirit and Opportunity, to Mars.
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E10. “Hig" SKEE Figure 10. The Opportunity

KA KRR T A K EREEE ) i

These two rovers land in the same way as Mars Pathfinder does with

X, FELERRIE g RIS —RYNEEZ 5, & heat-insulated bottom, parachute, retro rockets and airbags.
Ja I AR EGEZR v AR A A SR [
Bl #81 "Nig" SXEFNNEFRER:S Figure 11. The Opportunity in
BHcERE tetrahedron airbags lands with bouncing

AT 48 BAFH 49



MLP@ MLP@

o i AeEhit

20074F, EEMARES T R SHMG, X AEREEE R E R
T NBUIE A E] AR & o

In 2007, NASA launched the Phoenix and it” s human’ s first time to shot the whole

landing process by spacecraft on orbit of the Mars.

E12. "RE" SFNE Figure 12. the Phoenix
IHEER TR descending with parachute

E13. “RBE" SiElzEthElk Figure 13. Final landing of the Phoenix
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The Phoenix can’ t move after landing, so after decelerated by heat-insulated bottom and parachute, it lands with retro rockets on

its own bottom.
In 2011, the Curiosity successfully landed by its sky crane with retro rockets.
Those are seven successful Mars detectors and four of them are rovers. All of them are launched by NASA.

In May of 2018, NASA launched the Insight, and it will spend about half year to reach the Mars.

Figure 14. The Insight is a rover, and lands by retro rockets. It can fix a seismometer (left) and
thermometer (right) on the ground with its own booms.

From history of Mars exploration, we can conclude that we can only launch Mars detectors with acceptable cost when the Mars and
the Earth are in appropriate relative position. Such opportunities come every five to seven years and are called Launch Window.
Launching Mars detectors not in Launch Window will have unimaginably high cost, or probably human have not developed

advanced technology to construct such a rocket.

Currently, all Mars landers are unmanned, but human are conceiving a manned lander. Such lander will probably have wings like
airplane to save fuel because atmosphere on Mars

is thick enough, and the saved fuel can be used

to increase lander” s power. The other part of

it should be similar to those unmanned lander
consisting of heat-insulated bottom, parachute and
retro rockets that are reusable to launch lander back

to orbit of the Mars.

Figure 15. Conceived manned lander according to unmanned landers
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FEXT K RINEA T TR ERL L, B = AEE NI AR GRS T AR, S — MR B With more comprehend knowledge of environment on the Mars, a lander like a delta-wing glider that saves fuel will be also a good idea.

- .-:-.- i = #

Ell6. iEEZIRHAY KEBHMN itk Figure 16. Mars glider conceived by Boeing

MR, TEARRRE VL. WATHIEN T, Ifes HE e EE KRR S [l # Certainly, with development of technology and growth of capital, making reusable large manned landers will be possible.

Figure 17. Large manned Mars airplane conceived by
Lockheed Martin. The wings only have supportive
function but supply no driving force. This airplane

is basically a reusable single-stage-to-orbit rocket.
However, human still need to make a great progress to
construct it.
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(£) AruduinotsREAR TR Part Three - Introduction to Arduino

ArduinoJ2—ZFEHHERIE. FTE FTFITREFRET6. 84 (S A9 Arduinoti) FI%4: (Arduino IDE), Arduino is an open-soutce electronics platform and includes hardware (Arduino board) and softwate (Arduino IDE). It is developed

DRI & BIBA T 200544 ZFTF & by a European team in winter of 2005.
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Characteristics of Arduino

1) Openness

Arduino is an early-developed, open-source and broadly approved program. Circuit of its board and development environment of
its software are completely open. People can use, change and distribute it for any noncommercial use. In this way, people can better
understand Arduino circuit and are flexible to change it according to their own demands. For example, people can change it to a

special shaped circuit due to space limit, or connect expander circuit with main control circuit.

2) Easy to Master
Arduino IDE is developed based on processing IDE. For beginners, it” s easy to master and quite flexible. Arduino language is
developed based on wiring language and is a second encapsulation of avr-gec library. It requires minimized knowledge of single chip

and programming. People can master it after short learning.

3) Rapidly Developing

Arduino is not only the most popular open-source hardware platform but also an excellent platform for hardware development,
and represents general trend of hardware development. Arduino enables people to focus on creativity, accelerates development of
project and saves costs of learning,

Benefit from Arduino, increasing number of hardware developers select Arduino for their programs and products and increasing
number of software developers select Arduino to start their work in hardware and field of internet of things. In universities, majors
of automation, software, and even art require students to take courses related to Arduino.

In MLP , Arduino will be used as central processing unit to control sensors and motors.

Part Four — Components of Monitor and Control System
1.Wireless Transmitting Module and Characteristics of 433M Module (Recommended)

433M wireless module works at frequency from 2400M to 2483M in global application-free channel ISM and has function

of automatic frequency sweep once started up. 50 channels are available, which means 50 modules can simultaneously work
at the same place without any manual coordination. In addition, people can select modules with different working distances,
50m, 150 m or 600 m, according to their budget. Receptor and remote controller can pair their code automatically by digital

address. The large number of digital address avoids address error.

1) Applications

Wireless transmission is widely used in vehicle monitoring, remote control, telemetry, small wireless network, wireless meter reading,
access control system, community pager, industrial data acquisition system, wireless label, identity recognition, contactless RF smart
card, small wireless data terminal, safety and fire protection system, wireless remote control system, biological signal acquisition,
hydrometeorological monitoring, robot control, 232 data communication, wireless 485/422 data communication, digital audio,

digital image transmission and other fields.

2) Data Sheet
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* 2.AGTEEEIHRERIF24D-TX

JF24D-RX ( 2AGTLIRUURIR ) THEESE]

mr @

* 433M Wireless Transmitting Module JF24D-TX

* LAEHIF: 2.4G

KRS i/ AEBi

JF24D-TX ( Wireless Transmitting Module ) Performance Parameters

K TAEHJE: 2.5-3.6V

S L S 0~ HL -

Working Frequency: 2.4G

Maximum Rate: 1M

KR 23mA

KR ESTRD, A SR BE R S

Working Voltage: 2.5-3.6V

Console Port: 6E& 34841 A\

KR U . -85dBm

K RLIEA: PCBREZL

Emission Current: 0-15mA

Coding Form: Study Code

K HI T GFSK

* SR 50K (ICEERS)

Output Power: 5db

Antenna Form: PCB antenna

HfimiE : ol

B R SF: 25X13X2mm (KX FEXE)

Static Current: 3.5uA

Reference Distance: 50 m without block

* 2. AGELWIAIEIRIF24D

Modulation Mode: GFSK

Module Size: 25x13 x 2 mm (Length x Width x Height)

JF24D ( 2. AGTLIIARIEIR ) THEESEY

* 433M Wireless Receiver Module JF24D-RX

PRTEE : 2397-2483Mhz

TAEHJE: 2.8-3.6V

JF24D-RX ( 2.4 G Wireless Receiver Module ) Performance Parameter

F] iRk DA -25/-15/-5/0/3(dbM)

JEHIT R GFSK/FSK

Working Frequency: 2.4G

Output Status: Latch / Unlatch

S ETHE: 14mA (0dBm)

BRHFE: 1M

Working Voltage: 2.5-3.6V

Output Level: 0 — High level

BT . 21mA (1Mbps)

N RHE: -85dBm

Reception Current: 23mA

Coding Form: Study Code

PREE I 3.5uA

RABE: 100KEREE) 200K (Hif%)

Receiving Sensitivity: -85dBm

Antenna Form: PCB antenna

ALY : 410uA

fiese: SPIEUTH

Modulation Mode: GFSK

Reference Distance: 50 m without block

KLY PCBRLZ

FRHR S 21X12.5X2mm (KX FHEXE)

Data Chanel: 6 ways

Module Size: 25x 13 x 2mm (Length x Width x Height)
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* 2.AGTLEWUERIEIRIF24D

JF24D ( 2.AGELIRIFIR ) 1HaESH

MLP@

* 433M Wireless Transceiver Module JF24D

NSid

TG 2397-2483Mhz

TAFHJE: 2.8-3.6V

JF24D ( 2.4G Wireless Transceiver Module ) Performance Parameter

AT AR H D)= -25/-15/-5/0/3(dbM)

JEIFTR: GFSK/FSK

KHTH: 14mA (0dBm)

e KR 1M

B HA . 21mA (1Mbps)

PR : -85dBm

PRI : 3.5uA

KRR : 100K (&) 200K (KUf%)

UL : 410uA

gifese: SPIEUTH

KL PCBRL

PR R S 21X12.5X2mm (KX FEXJE)

Frequency Range: 2397-2483Mhz Working Voltage: 2.8-3.6V

Programmable Output Power: -25/-15/-5/0 /3 (dbM)| Modulation Mode: GFSK/FSK

Emission Current: 14mA (0dBm) Maximum Rate: 1M

Reception Current: 21mA (1Mbps) Reception Sensitivity: -85dBm

Static Current: 3.5uA Maximum Distance: 100 m (Remote control) 20 m (Data transmission)
Standby Current: 410uA Application Programming Interface: SPI digital interface

Antenna Form: PCB antenna Module Size: 21X12.5X2mm (Length x Width x Height)

PR

1) GPS

FEF A I GPSH] LIXT TIREEA AT AR IR B B, 3

2) SEtERiR
AU AL Rk S BRI SRR 58N, AR R

3) iBEf&Ras

T % Tt 2 R RE SRS A PR T A ) P A5 5 B J i o IR S 1 I 2R A 5 2 B Al

3. TS |, BRERE

LI YIRAR BT EMMIE R IEE T, MRERAE DA/ R R, MBI R L BB DI, AT

. AR AT
58 1 Y B JSE SAT
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2. Introduction to Sensors

1) GPS

GPS is used to track balloon.

2) Baroceptor

Baroceptor is used to measure atmospheric pressutre and altitude.

3) Temperature Sensor

Temperature sensor can convert temperature to exportable electrical signal and is used to measute temperatute.

3. Self-cutting System
Self-cutting device receives signals from the ground, which triggers mechanical or electromechanical devices in lander that cut off
cable. This device enables an artificially controllable flight.

Potential Work Principles of Self-cutting System :
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3) A, HIlEtsisE

4) NiAd%RNRTITIE DR
N TARIE B DR EENE, A A SR I B PR = 8 DR .

4. BERSR

FEH A IR R T E R 4n DG, SR BB T, T LRI U AT DUR AT A (R ST
M TR, AEREEA, BEDMATH A BRI, AR TR S M (R AR R R AE F1, {67 75 st
BT HRI TR . B IS RGO P B SR, LA Hh PR ARG SRS T A
OB AR BIUAIE I, 208 FCREIN L P52 42k K ThAE; HLib AR B AR, J30RE it T VRN (1 5=k
AEOSIRBR I, MRS, AT LU BB . . (R B A IR G o
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1) melt cable with electric current and arc
2) scut off cable with mechanically triggered blades

Note: to increase reliability of self-cutting device, two to three cutting mechanisms are simultaneously required

4. Power Supply

In MLP , batteries need to supply energy for more than four hours. Lithium-ion battery is highly recommended, and can be either
reusable or not. Lithium-ion battery is light-weighted with large energy density and excellent endurance to temperature changes. Pay
extra attention when using chargeable lithium-ion battery, because overcharge will decrease its capability to store energy. All kinds
of batteries will disfunction under low temperature, because their inner resistance will dramatically increase and thus output voltage
will dramatically decrease. Lithium-ion battery is greatly influenced under zero Celsius and stops working at negative 20 Celsius.
Therefore, battery should be wrapped up with heat-insulated materials, so that heat generated at work will be preserved; if needed,
warm pastes can be useful to maintain temperature. Designers should also maintain temperature for supple lines of all kinds of

devices.
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